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15 assigned US patent 7,025,460 by Smith et al., (hereafter “Smith™).

It is understood that a multi-zone contact lens is one where different portions or areas of the lens
have different optical properties or functions, most usually different refractive powers or
aberration correction functions. Multi-focal contact lenses are a sub-class of multi-zone contact
20  lenses characterized by the fact that the central portion of the lens, corresponding roughly to
normal pupil diameter, has at least two zones of different refractive power. Usually this is to
provide the wearer, simultaneously, with both distance and near vision and, possibly, with a
transition zone providing transition power between the distance and near vision powers. Thus a
multi-zone, non-muiti-focal lens is one where the central portion of the lens does not include

25  multi-zones that provide multiple foci on the central retina.

BACKGROUND OF THE INVENTION
Myopia or short-sightedness is a problem of the eye wherein objects at a distance are focused in
front of the retina, causing bhwred vision; that is, the focusing power of the eye is too great.
30  Myopia is normally corrected with the use of ophthalmic lenses of sufficient negative power to
bring distant objects back into focus on the central retina, while allowing near objects to be
focused on the central region of the retina by accommodation of the lens of the eye. Myopia is

commonly a progressive disorder associated with gradual elongation of the eye so that lenses of
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plane in front of (anterior to) the peripheral retina. However, the lenses, especially contact

lenses, suggested by Smith are difficult to design and manufacture, and may introduce noticeable

20  visual distortion in peripheral vision.

Prior to the teachings of Smith, a variety of multi-focal contact lenses had been proposed on the
common assumption that aspects of the eye’s central image provide the stimulus for abnormal
eye growth in myopia. Though such prior art is not of direct relevance to the present invention,

25  those items considered to be of most interest are reviewed below.

US Patent No. 6,752,499 to Aller teaches prescribing commercially available bifocal contact
lenses for young myopic patients who also cxhibit near-point esophoria in the hope of
controlling the progression of myopia. The preferred lenses were those with concentric near and
30  distance zoncs within the normal pupil diameter of the patient. Such bifocal contact lenses had
been designed and prescribed for the correction of presbyopia in older eyes. However, Aller

proposed that they should be prescribed for the selected myopic patients to provide additional
2
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aberration in the central image for the control of the progression of myopia have not been
reported to the applicant’s knowledge.
20
International Patent Application No. W0Q200604440A2 by Phillips et al. (Phillips) discloses the
use of bifocal contact lenses in which there is (i) a vision correction area for correcting the
myopic central vision of a wearer and (ii) a myopic defocus area which simultaneously presents
a myopic defocused in the wearer’s central vision at both near and distance gaze. Since (as is
25  characteristic of multi-focal lenses) both areas of the lens fall within the normal pupil diameter of
the patient, the same basic problem of degraded central image is also present here. Similar
problems are evident with the teachings of US Patent Application No. 2006/0082729 by To,
which discloses the use of multi-focal Fresnel contact lenses that provide myopic defocus in
central vision, but they are exacerbated by the fact that Fresnel lenses degrade image quality

30 relative to refractive lenses,
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by the prior art.

As progressive myopia commonty afflicts children and young adults, the diameter of the central
25  optical zone will usually be greater than about 3 mm and not more than 1 mm less than the
normal pupil diameter of the eye. Due to the existence of what is known to vision scientists as
the Stiles-Crawford effect, light rays that pass close to the edge (also called “marginal rays”) of
the pupil of the cyc on their way through to the retina, has less visual significance than those rays
that travel nearer the centre of the pupil. Thus, the central optical zone need not be precisely
30  greater than the normal pupil diameter of the cye.
On the other hand, it is preferred that the maximum diameter of the central zone shouid not be

more than 1 mm greater than the normal pupil diameter. Where an annular peripheral optical
4



the Stiles-Crawford effect, light rays that pass close to the edge (al so
called "marginal rays") of the pupil of the eye on their way through to the
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20  While it would be ideal for the lenses of the invention to be tailor-made for each eye, it will be
generally more practical and economic for the lenses to be mass-produced based upon estimates
of the range of normal pupil size (and eye shape) in the population of interest. In practice,
therefore some tolerance on the match between normal pupil size for a given patient and the size
of the central zone of the lens may be necessary in practice.

25
More specifically, embodiments of the present invention are directed to a contact lens
comprising a central optical zone having a dimension substantially approximating the normal
diameter of the pupil of an eye when the lens is worn by a wearer on said eye, said central optical
zone having a central zone refractive power adapted to provide the wearer with clear distance

30  vision in a central rcgion of the retina of the eye, and a peripheral optical zone disposed radially
outward from said central zone, said peripheral optical zone lying substantially outside the

normal diameter of the pupil of the eye when the lens is worn by the wearer, said peripheral
5
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mm in diameter but not more than 1 mm less than the normal diameter of the pupil of the eye;

and an annular peripheral optical zone surrounding said central zone and curved so that, together

with the base-curve, said peripheral zone is adapted to produce a peripheral optical zone

refractive power, when the lens is worn, that is greater than said central optical zone refractive

25  power by an amount greater than 1 Diopter and sufficient to focus off-axis rays that enter the eye
through said peripheral zone onto a focal plane that is substantially on, or anterior to, the retina

in a peripheral region of the retina located around said central region.

Still further, embodiments of the present invention are dirccted to a method for forming a contact
30 lens for reducing the progression of myopia in an eye of a wearer, comprising forming on a
transparent material a rear surface comprising a base-curve that is adapted to fit an eye of a

wearer of the lens; and forming on the transparent material, a front surface spaced from said rear
6



mmin dianeter but not nore than 1 nmless than the nornmal dianeter of the
pupi|l of the eye; and an annul ar peripheral optical zone surrounding said
central zone and curved so that, together with the base-curve, said
peripheral zone is adapted to produce a peripheral optical zone refractive
power, wheg iR {4635 1S worn, that is greater than saipegeghilnaptical
zone refractive 25 power by an anmount greater than 1 Diopter and sufficient
to focus off-axis rays that enter the eye through said peripheral zone onto

a focal plane that is substantially or anterlor to, %he retina.in a
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opti cal Zone refractive power and a peripheral optical zone w
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per i pher gl sppof thaleaneptitlezobs @ughireatd tﬁane.pm*oaﬂnamby m somrel pmpﬂamreﬂfteror to
the peripheral retina of the eye, and selecting the size of the central
optical zone to be greater than approxi mtely the normal pupil dianeter.

Havi ng praving efbvitld enlbhtiifeofhe inbention\weaiplonwil encanty @Scribietl vithevfedoscedescr i bed
with reference to
25 the accompanying drawings. It will be appreciated, however, that many variations to the chosen
examples and many other examples of the application of the invention are possible without

departing from the scope of the invention set out in the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS
30  Figurc 1A is a front clevation of a first example of a multi-zone contact lens formed in
accordance with the teaching of the present invention, the plane of the lens being assumed to be

vertical, as if it is being worn.



25 the acconpanying drawings It will be appreciated, however, that many
variations to the chosen exanpl es and nany ot her exanples of the
application of the invention are possible w thout departing fromthe scope
of the invention set out in the follow ng clains. BRI EF DESCRI PTI ON OF THE
DRAW NGS 30, H, ?Hﬁﬁn#A is a front elevation of a first gxppRhé@éid

mul ti-zone con ens fornmed in accordance with the teaching of the
present invention, the plane of the | ens being assuned to be vertical, as
if it is being worn. WD 2007/ 146673PCT/ US2007/ 070419 Figure 1B is a
sectional plan view of the contact |lens of Figure | A hatched to indicate
functi ong {J@égﬁ' it L L St Qa éﬁﬂ@}%wogftﬁ nfa€NEns Jffﬁg%?er 14 haea iy sidfeale! v di fferent
porti ons. ront el evation of a contact |ens conprising the
second emapinellso¢1ffmht jongsarigheclons; wgher then shysinebedificrenbpréedance with this
invention. Figure 2B is a sectional plan view of the I ens of Figure 2A
hatched to indicate functionally different zones of the lens, rather than
physi £al Figudi2fAf ie  éoht qmmatid:romfa com@cﬂ-‘iblglmmpﬁsihg tha sepoag kraofple of natliivzencopt i cal

power with r t ens, dia [ the optical zones of the contact

| ens of ?ﬁﬁwff&?g %Pﬂﬁﬁﬁﬁ%ﬂ% nghgmﬁﬁgﬁPes 1A and 1B. Figure 4 is a
graph of relative optical power with respect to | ens dianeter for the

opti cal zone of 15 th ontact n t he con sho |n Fi gures
2A and 28U EU‘F@S%:“P ? Hlvb?&r‘?fﬁ'ﬁeg]f’?so gé%’ﬁ%‘igfﬂ%éq%é L? Cug Yman eye
fitted Mi‘fﬂ@reh%n@@ﬂﬂtheléw&t&@ﬂtaaghyduﬁnﬁ didferdnbgorfibrsst exarrpl e (Figures 1A
and 1B) showi ng the focal plane for the central and peripheral retina

geneﬂ%ted by the zones of the lens. 20 Figure 6 is a diagrammtic sectional

el evati opjg QJe s Qg{ﬁ@ﬂ ol &ﬁt@ﬁi Zﬂwehwhh gespatk t leQEn@ToAGE optRBISz0nds dfhe
second exanp e ﬁ ures 2A and showi ng the focal plane for the central

and per i {faepnfpct %@Pﬁ@ﬁé@%éﬁ@ﬂ%ﬂmﬁvn@hg%ﬂﬁﬁéé38¢I?he | ens of the second
exanpl e. 25DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Figure 4 is a graph of relative optical power with respect to lens diameter for the optical zones of

15  the contact lens of the second example shown in Figures 2A and 2B.

Figure 5 is a diagrammatic sectional elevation of a human eye fitted with the multi-zone contact
lens of the first example (Figures 1A and 1B) showing the focal plane for the central and

peripheral retina generated by the zones of the lens.

20
Figure 6 is a diagrammatic sectional ¢levation of a human eye fitted with the multi-zone contact
lens of the second example (Figures 2A and 2B) showing the focal plane for the central and
peripheral retina generated by the zones of the lens of the second example.

25 DETAILED DESCRIPTION OF THE INVENTION

The first example of a contact lens (generally indicated at 10) formed in accordance with one
embodiment of the present invention will now be described making reference to the lens
drawings of Figures 1A and 1B, the refractive power diagram of Figure 3 and the sectional eye

30  diagram of Figure 5 that shows lens 10 in place on the comea 12 of a myopic human eye 14. As
is conventional, lens 10 is molded from a homogeneous transparent plastic material with a

selected refractive index, so as to have a rear curved surface 16 that is matched to the shape of
8



The first exanple of a contact lens (generally indicated at 10) formed in
accordance with one enbodi nent of the present invention will now be

descri bed nmaking reference to the | ens drawi ngs of Figures | A and 1B, the
refractive power diagram of Figure 3 and the sectional eye 30 di agram of
Figure 5 t{afshqus;lens 10 in place on the cornea 12 géy/gsipaphGo human eye
14. As is conventl onal |l ens 10 is nolded from a honbgeneous transparent
plastic material with a selected refractive |ndex so as to have a rear

curved surface 16 that is matched to the shape
2007/ 146@71313@'3/@@2-’0]0‘73/“6 rdiwndcuswdsagfaced Soln thiy éaSMlO&ﬁaefafﬂPIF Sfece 4B ifed surface

18. In thy %t ﬂ@&ﬁlﬁlﬁéﬂonfﬁlf?ﬂﬁe SHapd @ifr@ar%ﬁrf&c% 13 h%%tl@i? z&ﬂ%@ﬁr@ prdVided;

conbi natl O rear surface 16 t wo ptl ca Zones are
pr ovi dednamﬁébnéll) g cerftiia) ciggu nmtrcal zogk 2@ thahis sehstantially oaseldo. 2o 1p Riker werds,

subst ant éu% talﬁlaﬁg H@@B?}ﬁ%ﬁteg ke QeIr B?& g&ﬁ{aﬂ%ﬁ%&%ﬂ ta{ ﬁ 1'113[31@1? rl%nﬁ%? es the

di anet er I cat in Figures 1B and 5) 5of eye
14, and téﬂdﬁ lamnanﬁwhannlpamcpﬁ'@rﬁélopmi raval24 ponanging sentrabzandiZf dhat best r al  zone

20 t hat es subst anti.al | tSi i 22. In
addi ti on*’u PP ﬁyﬁ‘ﬁtag kehgrno}séﬁ%i ﬁlgg’ge?fg Rgﬁ)&%ﬁagﬁ %dagtﬁ% %ﬂt%d #%‘?%P%Pétségen ng
annul ar el i6i ags shppadtto cﬁomﬂﬁmpeemgumaﬂarmgmenpmmmimteeﬁgamg&,ladam edge28porti on

26 bei ng desi gned ist in retainin etral 0 e 14 during
use, rat ‘I"'f'é’i‘ertp ’é”t‘?“fzgge‘iﬂg es(')%’tefi&anssﬁ%lgﬁeé?lgﬁn%iens‘}%86 &Y 8 eyeyl drl}Heé/ of” such
per i pher@thet Gk K fits PHtidal SOPertids. Il(ilss:&ttsiga@ﬁd liens eschipsriphetdl cdmavpmrmamﬁme art:
Finally,

front surface 18 I.s_ shap rovide snoot,h transiti on, zone 30
Dot bl SHPLRS il v e A S eEes 1 T RE T B RS R Bl o' o
opti cal &é&@ﬁkh@&e@@tbeﬂ&reﬁb tidal 2nes20 bt 2Adh) iniNgeREPRS dek nopjdforh azones 20
and 24 for_ user confort. e wwdth of ring-Ilike iran5|t|on zone 30 is

exagger a@riigakfgpction duisarely blends thy adipwinesess el ppiice eacs 20 aWP4fer Ustlgain, it is

to be notggh.tihate il O(#Irlil %k@ﬁ&nshﬁh%@h&ﬁﬂ) Patd-eEmSd Fdt tﬁéﬁk@ﬁqﬂﬁs‘ﬁﬁti@lﬁndr awi ng
of Figure 1B are intende show regi ons of Il ens 10 that performdifferent

f unct i onEigaise LAgnd 1B &&Pg‘getsﬁ tqh@apteﬁﬁ}@é@ezi@ﬁﬁ%ntéﬁféhlﬂép%&wwg’ thgiseqtiep ent
physical 4Bt ro'f%}g%re ﬁ%e%&ﬂ@é %Ssh% rtt:%ibrﬁ ARRRL 1 6 Bld Wforth UirfePend ARG 00 t hat

the ternms cermntral®™ zone a central I cal zones are used interchangeably.
Si mi | ar | ynd rioh® sugpassthpgahdsp h@reahrecfmedé;bf difament ahichiqebmpierids. dlor pwpescyple used

h | field
interc a{(g%m ghé’ag% %H%ﬁ%@agﬁﬁﬂe r%r'rﬂw:gl?tﬁﬁ tz&%danméetﬁﬁﬁoﬁﬁﬁhl 2088 e fie

of lens
interchangeably. Similarly, the terms peripheral optical zone and peripheral zone are used

interchangeably as would be readily understood by one skilled in the field of lens design and

20  manufacturing.

In central optical zone 20, the combined shape of front and rear surfaces 18 and 16 of lens 10
provides the refractive power needed to match the refractive status at distance for myopic eye 14
and the diameter of central zone 20 is substantially matched to the normal pupil size so that a

25  single clear distance image is formed on the central region 32 of the retina 34 (Figure 5).
However, it will be appreciated that precise matching of central optical zone 20 to normal pupil
size may not be practicable or desirable for a number of reasons. First, measurement of normal
pupil size may vary somewhat between practitioners and instruments and actual pupil size will
normally vary in accordance with environmental lighting. Sccond, the demands of volume lens

30  production may mean that only a few standardized central zone diameters are offerced; these
being based on the average pupil sizes for the human population concerned, such as, for

example, in this case, young people. Third, if upon examination, it is found that there is a
9



In central optical zone 20, the conbined shape of front and rear surfaces
18 and 16 of lens 10 provides the refractive power needed to match the
refractive status at distance for nyopic eye 14 and the dianeter of central
zone 20 is substantially matched to the normal pupil size so that a

25singl e %O.,gll&g nce image is formed on the central pdREd8M0319f the
retina 34 igure ? However, it will be appreciated that precise nmatching

of central optical zone 20 to normal pupil size may not be practicable or
desirabl e for a nunber of reasons. First, measurenment of normal pupil size

may var ysmﬁwmffeqsmb@weppaélﬁnleqeaﬁ@trcsf therdsurhrndionte mies e SUiSChENe Bupi |
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average 18 H 2NidEie dod’fv]ieQFto bﬂm}faﬂlowf;&ﬁl% gﬂgq@%ﬁ{brﬁg’exﬁhﬁ@ aﬂ%ﬁehlé‘t@%r

exanpl e, YhRi's case, upon exam nati on,
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di fference_between_ or d| SP Vv
subj ect BYED P° A T pre B’Ir eb%rt“g{onc 2 lkugtH%lean o%'tlthh &glc()ihg egg t hat

is sli gh}by gpednan@bnt ktapmglopltﬂe fchnaam/mreazzurfetoe oétlnsdmxe tmmmeeausmal

Vi si on. 0. be desirab sel e r ger, tral zone to
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exanpl e, clade tathleaEalso called Otagiimil 865’9 of th@uplEbStﬁ@ e)ranyl thme\fve}r theough thethe

di stance zone to reduce | gn |sturbanCﬁ?{ f eq sf% m"rgn in the
ar t , 19 hetcnsb &cafiless vishe! sighiligance apise gyp et gyre ‘E)ea'éew ecf’ﬂee?rji ual eye by
speci fyi pglst Rith Fesﬁé&ﬁ@'v'ik@orpﬂletdib@giﬁil%inoaﬁﬂ(hﬁi’thé gafil is usf Faegeht shhe | ens to
correct astigmatism And fifth, is known that due to the presence of the

Sti l es- OrmpRFtancg agthearare Cqﬂi’ﬁr@lm"“i‘%‘;&fﬂiwi pass close to the edge (al so called
“marginal rays") of the pupll of the eye on their way through to the

10retina, is of |ess visual %nlfl cance than those rays that travel nearer
the cent ktevibbe armpecciigs that themavgtra wptige! Fens o8 s inyenjios pegd n0f brecifealaginthifPepor t i on

Wi this tﬁgpetaglgg bo i IHIcB‘%'ldQJI f@—%@mﬁ; le%E‘vdﬂ'ITPé)fh%Q:HB@d afrd PeadRAGe é},%\t ral

portion o pupl | e appreciated that the central tical zone
of this sotectmg & wn-cisstir sope e th qeufmal@ptmahzeﬁa@elmp@ f@@]ﬂ‘@ﬂdhlﬁglab ¢t he

| ndi vi duaa{rtlcu?arw%gmtz%ﬁggus 1§ﬂ1§de%l%tl a.ré)r? t RhRRE ]Ed swhgl'ﬁ'h 166 &oe@‘ﬂk{ﬂ{@ ages in

selectin% Te cent opt |ca zone. Exanpl es for
when t hi &nnayndomtpéxemprﬁnhé yyeadfha;hmaagéae ususcqth wdescéiibially pesitiasted piml. t ed t o)

cases when th S doe Ot h d‘n f %%ne
: t
whi ch ma¥f b e“?%%@% §/n° r?c’%l i n v e‘rflccgr%%l% pggel r%eﬁe BA du% v %‘g | ens
does2mot mﬂ@é géolmny of gie Icérneeeairtdyamﬂ ynﬂmnd:ela en mrlﬂsa{)tlwnmmptmyf Wwhenduent o
asyrmet r | nt he })ka' cornea he
ane, B s R ORI D o e P B e s s e LB R Bl " or
t he Cent fn@%' fepetr la(h@hzoh@lﬂl? widg i feRaeHEsivh k. tf(h&ir]l'\fﬂlgb Wo@luﬂtulamham efgr a
hori zont al fy wi der field of cl ez%r Vi SH on S 9. Lor d |V|fl1g()) [1 circul ar
shapes nlaeg,o any geometrical description including ellipses or “p&ar-shaped”. n such Hom-circular
central optical zone designs, a key geometrical parameter is the minimum dimension of the non-
25  circular shape (e.g. for an ellipse, it is the narrower “width’, i.¢. the length of the minor-axis of
the ellipse) to ensure correct sizing of the central zone relative to the normal pupil diameter. For
similar reasons, the shape and size of the surrounding peripheral zone also need not be circular.
For purposes of this application, it will be understood that the term “dimension” refers to size
and shape, as would be readily understood by one skilled in the field of lens design.
30
In any event, it is generally desirable, in accordance with embodiments of the present invention,

for the central zone 20 to lie substantially, if not entirely within, the normal pupil diameter and
10



be of any geonetrical description including ellipses or 'pear-shaped . In
such non-circular central optical zone designs, a key geonetrical paraneter
is the nininun1dinension of the non- 25circul ar shape (e.g. for an ellipse,
it is the narrower "width', i.e. the length of the mnor-axis of the

el lipse) ta,qg&M&&ﬁgorrect sizing of the central zone pe}abhyRirQot he
normal pupil” ‘dianmeter. For simlar reasons, the shape and size of the
surroundi ng peripheral zone al so need not be circular. For pur poses of this
application, it will be understood that the term_ "di nension" refers to size
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increase I'n re tive power ove ran5|t|on zone 30 and that, in
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roken lines 40 becatse, B this example, power within this narrow zone will not normally be
20  precisely controllable. As previously indicated, front surface 18 of lens 10 in transition zone 30
is not shaped to provide a graded or progressive power transition, but merely to blend or smooth

the discontinuity at the junction of the different profiles of optical zones 20 and 24.

As will be seen from Figure 5, the step increase of 1.5 D in peripheral zone 24 is chosen because
25  itis sufficient (for subject eye 14) to shift the focal plane 42 in the peripheral region 44 of retina
34 anterior to the peripheral retina 44 in order to provide the stimulus needed to inhibit eye
elongation and myopia progression, according to the teachings of Smith. The *anterior step” in
the focal plane which occurs in transition zone 30 of lens 10 is indicated at 46 but, as previously
noted, the shape or slope of this step is not optically controlled in this example and its depiction
30 is notional. Embodiments of the present invention rcalize an important improvement over Smith

by obviating the need to figure peripheral optical zone 24 of lens 10 to provide increasing

Il



20 precisely controllable. As previously indicated, front surface 18 of
lens 10 in transition zone 30 is not shaped to provide a graded or
progressive power transition, but nerely to blend or snooth the

di scontinuity at the junction of the different profiles of optical zones 20

and 24. Asy [mggﬁ.@een fromFigure 5, the step increagerpbndr@oddin
peri pheral zone 24 1s chosen because 25it is sufficient (for subject eye

14) to shift the focal plane 42 in the peripheral region 44 of retina 34
anterior to the peripheral retina 44 in order. to provjde the stlnulus
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t eachi ngg,f; Bt bhm phRRulaANt erior step' in the focal plane which occurs in
transition zone SOHH% ﬁgﬁs 10 is indicated at 46 but, as previously noted,

the shape or slope of this step is not optically controlled in this exanple

and its E%Rrecst §h8?aa2’ ?w]nﬁer 3P L%I‘R ?ﬁ)tb egtggf‘l?@%’e% Hom l%fl%v RfoRhESRAD, dofkgnti on

realize a lating the need to figure
peri pher aid Impﬂ 2@ ahe dmmetcﬂﬁf vifich ledstcamntdﬁydh@mséié These waisnaignaliypass

200 .7/ 14 6&; 3 Pgﬁéh g OO 460“«'1%111 %13 H%L.‘rﬁ%ﬂb %?thB% rtheft{ 1tlé}1§ ng%h%rdepgteh tP&

peri pher Pha Th or cro pheral optical zone 24 in
parti cul aie.salel (gldraﬁty‘SA&hdmhasaﬂm nbearitgfa slmgdtmetrafysys@niteang thg eﬂy@orm&lbdweom

bel ow t hrough | en cornea 12 5 2 a e chis
deternin@HH%VnPﬁﬁﬁﬁégén%%ﬂS*ﬁ%@?“?ﬁ%’wggfﬁﬁﬁafy“d?g%?“?ﬂfgﬂﬁﬁgéﬂﬁ%%al poi nt
48 wi t hi plusthBed) &tisisskmédns aafaxiahy 69 evill bhevimadent alth beth shendduabaid ogticképi ct ed
f or the sake of clarit Al so for the sake qof it sim | set of
rays 1@nt & A§exeHe: @9 e%/rl(grh“‘ Y %@rqepgﬁ]s?ﬁ@%ay gh&’ﬂ%{g?%(??%ﬂ“ ﬁ&@s Tare not
depi ct edRitheg st Reting 34. CFE8a8 ¢k ?954 YasSipbbleate tﬁrb@@ﬁ:ehﬂrfillpsiﬂ’oﬁtzedf lehg 10 s
assuned that an axial ray 50 w be COInCIde .the visual and

opti cal Ifdh&fé%'béiﬁ“t@%f%zsedtoﬁéfﬁnt}'aé%ml‘@ jof Tetinpg mglﬁ}g F?ta(‘?b? joets 199 sBYPt hat ray

50 will Rﬁu?{heféglhtlea%&g ne&lb%Je% 1 besdkeyady §&oﬁﬁnord@ﬁdnrb1“t&4mtﬂlfler@xr}ﬁls rays 54
passing obliquely thrcough central portion 20 of lens 10 w |l

subst ant viatue pf o presaibed rﬁf@éﬁwerpawer effientral ZoncA0 qfé%ﬂis A% W‘B‘#ﬁ”ﬁ@ﬂ ﬁ@m@iog’t ant
obj egks 'd{g{aﬁt Es ag ﬁtottgféy%%}oué Mﬂrﬁ%gﬁ@a@ﬁo&%%ﬁ $e bRUPE td AGHSREDY

accomodat | on tural ‘|l ens y virtue of the prescribed
refracti vecepmubnegloﬁ 3% efwetind tofomeapinagt af indisatadby datied lia¢ F3+ al | rays from
15di stant objects passing into the eye through central optical zone 20 wl|
be brought to sharp focus

More oblique off-axis rays such as 56 that pass through transition zone 30 of lens 10 might

notionally be conceived to create anterior step 46 of focal plane 42, but, as already indicated

20  above, transition zone 30 is not optically designed and ray 56 is likely to be dispersed in an
unfocused manner within eye 12. However, here again, the purely notional path of such a ray is
depicted by broken line 56a. Peripheral ray 58, which is more oblique than ray 56 and much
more oblique than off-axis ray 54, will pass through peripheral optical zone 24 of lens 10 and be
directed close to the edge of iris 36 (i.e., close to the outside margin of pupil 22), by virtue of the

25  greater refractive power of zone 24, be brought to a focus at point 59 on peripheral focal plane
42 that lies in front of (anterior to) peripheral region 44 of retina 34 to provide the desired
inhibitory stimulus for eye growth. As will be seen from an inspection of Figure 5, peripheral
rays entering cye 12 at peripheral angles between rays 56 and 58 will be brought to focus in front
of retina 34 along focal plane 42, with rays that arc less oblique being brought to focus further in

30  front of retina 34 in a manner that provides a strong stimulus for the retardation of eye

elongation.
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on central region 32 of retina to forman inage as indicated by dotted |ine
55. More oblique off-axis rays such as 56 that pass through transition zone
30 of lens 10 might notionally be conceived to create anterior step 46 of
focal plane 42, but, as already indicated 20above, transition zone 30 is

not optical onmg@\%&?ged and ray 56 is likely to be di sp%ﬁﬁgoéﬁb.@qg unf ocused

manner wit i However, here again, the purely notional path of such

a ray is depicted by broken line 56a. Peripheral ray 58, which is nore
oblique than ray 56 and nmuch nore oblique than off-axis ray 54, wll pass
t hr ough Persepidreaimplpof bainveuine i nofv Hedaseribed witlirefaenge tele kgs d12p#Est o t he

edge of iris 36, (] cl 0 ' I 4@ h SR noRdih virtue
o the. 2 Eafer budtyn, oF GREphRube By YR I PRLE Qo meteRbipotdhe o U
poi nt 59%iegraper Fighsr@Bikacak bptfingcdntdigdicss Figures wilf mndigate.ohe fivghandr i or t 0)
peri pheral region 44 of retina 34.to provi LI IR

sti mul usSf %@%‘plﬁ? Wa%cown}qn%%aemrggéhﬁe thiglg ﬁ’%f%(r%nﬁ%ﬁlzl{png%?sl %1}]”1"5'8?1 k%ﬁtp & 5,
peri pher @kmémysf thhicesidganye Ha2 hatc thesanphe nalmiknfinesontetiweenf thafist 56 and 58

w |l be brought to focus in fro of retina.34 al .0 | ape , With
rays thatxegpl, PESRt t{ﬁ‘ﬁlﬂi‘e(ﬁﬁ ") i‘ﬁ’af Iberqgﬂﬁ‘ﬁ?h‘t‘% 1?%%%sﬂ2 g?il%age?tlhe %Hﬁgndftrﬁ%nt of
retina 3éibiddt &eBRMRGEohN Stanilq while Sheaefitl optfrabidnoyttansitibozonehed petpherdat i on
of eye el ongati on. VE)2007/146673P8a:¢£2081%?%%4%? Ehe.sefOQd gﬁg | e of
the i nvePRICBPORE pie reBoFtEY deicaadded ~(i P op GRS AEV P RRE™ ngs of
Fi gures 2A-and itfBis Jdetns QdcasRpntiindcRmitkagsiapih B ustiuy ssbréviasd t he
correspondi ng eye diagramof Figure 6. Since, as a brief inspection of

thesé Figures will indicate, the first and second exanpl es share many

common f gal Jﬁcgzai iR e ST BeREEHE ARS R EBHR SaMble! iR ths@dich OF thehand@inement s
of the seco xanpl e that have the same or a simlar function to those of

the firstonexaprphdperiphoelyone ktoftléns 199.exs will beseqs fram e paWERIr Ve U140 and
114 i ndi ﬁl%t ffie E{A&ele@ QFCG?‘QQ ogrhga.i 4V 186 5s HY6 04 mh RGN BEAIPh&il Whi | e the
central optical Zone, transition zone and peripheral optical zone are

respect i diahyte i2 dfayetl iy aiRO the 530¢ antatif 4ye Byofj therfisbaxemglesHenv¢var. thd enent s

and nctions.in this e i i n be
oer if 1y gD Peihabiah fort(Hin pLUF ARRIANLAR Rl PECAMLOI AN Suflll 0
second exanpl esr keapticnl tsprdeshigronsf Thikectrsadims atriudar peapheral ahedad isper i pher al
zone 124 of lens, 110.

Fhat { herdTeErapsarm Fure R ErEar ~ae ron R g U Euthe SR’y |
t he nor malampiepidbostisan®y &9 z0h2 24 of leeyH). Disbite hambetrtpetipiera aoe 124, thhiainerof eye
12 of t h?eﬁ]:aictrivsetpogv)e(:;fjl gg‘p zlorelé lm\é\llelgteornly érgaﬁer than that of zone 24 of lens 10 (2.5 D compared
20  with 1.5 D relative to the power of the central zone) but it increases significantly outwardly
toward carrier portion 126. This design is intended to enhance the stimulus that inhibits eye
growth by increasing the average amount by which peripheral focal plane 142 ofeye 1121is

shifted anteriorly.

25  As will be seen from Figures 2A, 2B and 6, transition zone 130 includes a progressive focus
zone 160 with a first biend zone 162 between it and the central optical zone 120 and a second
blend zone 164 between it and peripheral optical zone 124. As in the first example, blend zones
162 and 164 are not intended to have an optical function but, rather to simply form smooth
curves between progressive zonc 160 and the central optical zone 120 on the one side and

30  between the progressive zone and the peripheral optical zonc 124 on the other. This allows for a
substantially linear increase of refractive power in progressive zone 160 as indicated by portion

164 of the power curve of Figure 4 and for corresponding certainty about the path of rays such as
13



15 width of transition zone 130 of |lens 100 of the second exanple is 1.25
mmso to all ow sone control over the optical design of this zone. This
means that annul ar peripheral zone 124 is narrower in this exanple, having
an inner dianeter of about 6 mm but essentially the sane outer dianeter
(about 8 My, A5 ARHS 24 of lens 10. Despite narrower pggtpiRbiaAleaone 124,
the inner refractive power of zone 124 is not only greater than that of
zone 24 of lens 10 (2.5 D conpared 20 with 1.5 D relative to the power of
the central zone) but it increases significantly outwardly toward carrier

por ti on 1¥fenovishevifiasngabroker et st Braghatmed 69 tredefing thishaperoh sep 14fhi bi t s
eye gor O%tﬁw@éﬁ thO EnGRSInA @eﬁﬁ@ra@%@cﬁg @3%‘&&9 omhe %Bapﬁlar&e(ff 'r&ﬁ'ﬁ n84. AQealt pl ane

142 of eye 112 1s shifted anteriorly. be seen from Fi gures 2A,
2B and 61 preferabli thableny blehas 8 ocar prafagel ko taatpsrf wp@stguﬁxv eorpioetally sBHE coBOa Wi t h a
first bI nd a
second b J%&g%néﬁéﬂgg&tmggﬁh%%ﬁgn BE%P?%E%PGngg%?gg qﬁ%ﬁgn%%gnﬁAs in the
firsts exarrmgitc&gweb}pemi zownéd atd Periphdrall epticalrzonn b4 drepletmdedibyt deumag ghedronbpt i cal
function bﬂmelﬁ?%herlﬁf sinmply form snooth curves between progressive zone
160 and thé“tentTa ical zone 120 on the one side and 30 between the
progressi ve zone and the peripheral optical zone 124 on the other. This

allows for,a substantjally lin i ncrease refr v,

o bor osol e SEART GRBbI i hurpinad Bl BYST SRR Taon 5t BASh BBt s of

Fi gure ?gﬁg%%ggmmﬁﬁggg%g?ﬂggz?gmﬁmtmnmﬁﬁmﬁhﬁﬁkrﬂhﬁlpabhﬁoﬁdmay?naUhh,ﬁs-13
WO 2007 ; now shown | n_an unhr 1 ne) that
s 10 by BT P BHEATBEOR o Beriia T he e Saa Sonbhs ARt SEEe (S bont ¢ a

and peri piieegibn (QEIRRInA 32 Bikh. T, Sfentthrigh akakgdt aN@nedl vistdn migopladday Agai n,
it is preferable that lens 110 has a rear, surface 116 that is shgg to fit
confortaB?Veéﬁn%ﬁ@bﬁﬁﬁﬁgafﬁ@éh%ﬁx¥ﬁécﬁﬁﬂ?@ﬁﬂwéﬂﬂePﬁﬁ?ﬁWﬂ%Kﬁ€§F¢é fagvel s of

refracti ygioRQYeat fo@uscﬁp&ﬁtﬁﬁceqplgrbﬁgﬂt oROREtAL eicRRNBOOr RESd YR, AR iig@ zone 160
and erl heral optical zone 124 are obtained_ by figuring the front. surface

118 of ikely tbmnycvma BorsEwal nesarpive i ¢yeild2 R adfmpgermeetiptigyonrequired
exam g at ke ?egﬂﬂera'l %s{&ﬂtm 81,3!:%? fbﬁh%]ﬁlle Ehat pieyer b leliis ﬁm(tQH kGink 134 Bgleripli@alf OCUS

for centra Ision lles in the retina 134 but it is determ ned

t hat, 10iagionHd4phybeftrermataxiabrfivosuchias i Hbare etspmed tp4allow the opijesl asinplsives strong
hyper opi Thus
even thoﬁﬂhﬂphgg%g%pgﬁﬁg E%%%?P%FHV|S|%ﬁgnthm%@gAgggnéﬂhékggﬁgﬁ%g %

12 of t haon‘e| 128 Mﬂéhabrph@t teefpas dnnig4 i Borearfecap plese k35 contral eeetor 8o thoent r aI

vision so 1%1!11 9 przn(% %ﬁ?}«‘,fﬁl?ﬁentﬁi t%rtui%r{fcfst?% ?ncpobcfl&gg f)erlgnﬂgrgl r%?sn%.\cl?‘!is 1{5%%139 g 51532 of

retina 134 gressive in
eye 242 ﬂmo@h@ahlﬂpimgé bptmabame |1b4 wilhbd twought i foed ohFdai plper ]@hm‘cad logatesli on i n

g;?lelghte?atﬁérllorQO 'Ehe perq%eral re%mnrﬁﬁl ]dét%e\{‘\g{nla 15&' front of retina 134 in

While the present invention has been described in detail with reference to specific embodiments
thercof, it will be apparent to one skilled in the field that various changes, modifications and
25  substitutions can be made, and equivalents employed without departing from, and are intended to

be included within, the scope of the claims.
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region 144. As before, paraxial rays such as 150 are assunmed to follow the
optical axis of eye 120 and to be brought to focus at fovea 152, oblique
rays |ike 154 passing through central optical zone 120 will be brought to
focus on 134 to forma focal plane 155 on central region 132 of the retina
to provide excellent distance vision, and oblique peripheral rays such as
158 that pass _20 through peripheral optical zone 124 wll be brought to

f ocus onGi MIS:pI ane 142 that is located anterior to the peripheral region
144 of the retina 134. While the present invention has been described in

detail with ref t ifi mbodi ts t f,o it.will .b t
e P e s SRR e B0
oo B B QoSO o o 1 | o

1. A cambpsi-aiienss, il coatacHyes dohatisings a natural curvature of field that
results in off-axis rays %‘gat ent.er the eye, and \thch ar.e recgei Y.eaﬂ bé t he
t PUEH-2%F s

per i pher al arcgafd PrHedl 7gne vised BBKnHen of éf &qast, &5 gy _ﬁ%‘drcgf'ﬁr aPHEt-
rays, yLhgs ﬁg&gﬁﬁ %%f{f??ﬁg&@%‘w@ dﬂggted to pro 'ldE Sl WdkerQMAtH etk d&RREe (iglh tga 2

di mrension©o sald central optical zone having a central
zone keitfahedgionefpieverinaadfalx @d; 4aml provi de the wearer with clear distance

vision in a central reqgion of the retjna_of ,the eve: an . erni_pher al
optical zoALCHPIHYPHH Za1% stsﬁgﬁéqlh ?‘V%?FF‘QJ';‘I“&S%@ﬁ?‘%&ﬁ?z%'l?néﬁ‘gé’g’i‘@‘e%
peri p.*&gﬁ&'i 2SR HaGR -aﬁ:@ﬂﬁim’?ﬁ\bbﬁ&i RorRAEFAIEOE BbwehitGadredenRar Gid RekalvpLROVE
that IS greater than sald central optical zone refractive power by an

anmountzosaufefractiverpowenby acamowdiseffiofent taxfpeys said off-axistayse thab enterfbe gyedhrayelugh
said pe

i ph I i, cal -the | ' , '
ant or BoR Fabie sk e “PAGPERTES Vi FIE phi B S anRLPOReRERrtellln

r egi orf e rbtitR 16@tddPound 2aid toGtrat espicdacdf theerednaaccording to claim 1, wherein:
t he peripheral optical zone refractive power is at |east approximtely 1
Di opter greater than the central optical zone refractive power. 3. The

contagt | emnhe a6madt ®nd dcdordifig B dRith 1, Wiherei: N
the peripheral optical zone refractive power is at least approximately 1 Diopter greater than

the central optical zone refractive power.

3. The contact lens according to claim 1, wherein:
the peripheral optical zone refractive power is between approximately 2.5 Diopters and 8

Diopters greater than the central optical zone refractive power.

4. The contact lens according to any one of claims 1 to 3, wherein the dimensions of the central

optical zone are greater than or equal to a diameter of the pupil of the eye minus Imm.

5. The contact lens according to any one of claims 1 to 4, wherein:

said central optical zone and said peripheral optical zone have differently curved adjoining

front surfaces, and
a transition zone formed between said adjoining front surfaces, said transition zone shaped

to smoothly blend said adjoining differently curved front surfaces of said central optical zone and

said peripheral optical zone.

6. The contact lens according to any one of claims 1 to 4, further comprising:

a transition zone between said central optical zone and said peripheral optical zone, said

15



t he peripheral optical zone refractive power is between approximtely 2.5
Diopters and 8 Diopters greater than the central optical zone refractive
power. 4. The contact |ens according to any one of clainms 1 to 3, wherein
t he di nensions of the central optical zone are greater than or equal to a
di anmeter of the pupil of the eye mnus 1mm The contact |ens according to
any one of clains |to 4, wherein: sajd central. optical said
per i ptrersitionong pravidingriearadayen gf ;eﬁ'@pté\ﬁtgoyvegbqtvggl thﬁfe&aﬁ o Oﬁe{)éﬁﬂgﬁr Shes ,
and . ca trapsit] . FIEGehsione epti&Rsheadj 0i Nning front surfaces,
sai d PPUGALTYE SR ggﬁéﬁggﬂgﬁgﬁv{rg S Stﬁrlty bPend said adjoining differently
curved front surfaces of said central optical zone and said peri pheral
optical zope. 6.The cantact |ens: r.elj: L RS R0 Gatfitich] 2h8%s L i oft,
furthér coﬂﬁ‘? F%‘?E?Fé?e“éaﬁoé L8 {9 gl?]imggﬁog cgdé@\%éenesai?i central optical zone and
sai d pggipheral optical zone, said transition zone providing a gradation
of refractive power between the refractive power of the central optical
zone and the refractive power of the peripheral optical zone. 7. The

cont agt | effie aGHM B Gf Eiging b5 @ Blafn 6 whérginnsaid, trankicipe zonesiaatleast dddinmaend zone
is 1 mmor less. 8. The contact lens of claim5 or clai.r]bG,. %ere{n iaid
t r ansicomprisez anprogressive opigak zoneds wiHeh e RAYRH cNaNEES Sub5iagRIS URaEY bEMYCED
zone in which,the power L @hdaYely tHRERRMr We8Noptical zone
appr oﬁPWﬁf'é‘}EStfl¥H1§c§8m r°£ﬁ9a§%?ﬁe§ I Zg{;}g IJ(())wer et% appr oxiarfg{pel y the annul ar
peri phgyat optical zone power. 9. A contact lens for use in reducing the

progreéssion of myopia in an eye that has a natural curvature of field that
results in off-axis rays that enter the eye and which are received by the

peri pheral o g5iine 198iBYude0 uehdirpehe pebgpessian iof rmympi, intdneeye dhat des alnatveal
conpri si ng: a transparent materij al hav\il)g% front .and rear .sgrfag‘gs,
r .~ and

wher eicarvatise o6 fieldstint eeseltspnoRif-ae8 rayshaeenter e CxBART SPITOVFIEe R Ry
;"ﬂg{?'pggélg%hlfrétﬂﬁFbeﬁﬂif%@E{ya&%mrdnS&% rays, the coftabQBis AmpABhpcal zone curved so

er Wt se-curve, said central optical zone produces a
central optaiteakpaenandedal heting dropowet read syfases, vdheptinb thedeat fsfage Bo¥IERAL h

clear distance vision [n a ceptral, region of. the retina of the eye, the
cent reha_s%‘fﬂ"}’?:%aptféﬁéﬁ F R Qﬁg‘é’{‘%{ﬁ‘f’itﬁ%f’?/“qéﬂf%cﬁlcgpplg#s's hape of at |east 3.8
nmin di amgt e Andid166&d AuirtdiEsodh@Migetheokithi e tasnured, saiftcemadl optirabzire
greater than or equal to said dianeter of the pupjl of the ep{e m nus 1mm
and  produces a central optical zone refractive power adapted to provide the wearer with Clear distance
vision in a central region of the retina of the eye, the central optical zone being substantially circular
in shape of at least 3.8 mm in diameter and wherein the diameter of the central optical zone is
greater than or equal to said diameter of the pupil of the eye minus 1mm; and
an annular peripheral optical zone surrounding said central zone and curved so that, together
with the base-curve, said peripheral zone is adapted to produce a peripheral optical zone refractive
power, when the lens is worn, that is greater than said central optical zone refractive power by an
amount greater than 1 Diopter and sufficient to focus said off-axis rays, that enter the eye through

said peripheral zone, onto a focal plane that is substantially on, or anterior to, the retina in a

peripheral region of the retina located around said central region.

10.  The contact lens according to claim 9, wherein said amount is between approximately 2.5

Diopters and 8 Diopters.

11.  The contact lens according to claim 9, wherein the contact lens further comprises a transition

zone between the central optical zone and the annular peripheral zone in which the refractive power
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an annul ar peripheral optical zone surrounding said central zone and curved
so that, together with the base-curve, said peripheral zone is adapted to
produce a peripheral optical zone refractive power, when the lens is worn,
that is greater than said central optical zone refractive power by an
anount greater than 1 Diopter and sufficient to focus said off- axis rays

t hat enter, t£§ e 6$hrougf sai d heraH zone, q ? ocah ane tp
subst dHEFEPTPeEHeen PRSI 20B° a‘t © AR H P REY IR Fagﬁ8?ea‘|‘“ r ‘@ﬁ‘%‘ﬂ Yt t he
ret|nqﬁbggatggmquHﬁgo§@@d central region. 10. The contact | ens according
to claim9, wherein said anount is between approximately 2.5 Diopters and 8
Diopters. 11. The contact lens according to claim9, wherein the contact

| ens furt he i nsition zone between the central optical zone
and tﬁg annhfggmgggégﬁgggﬁﬁgone in which the refractive powr transitions
bet ween t hevieesit thelcontpttilensAorler aowi ptites adransitiar zone befween die cepttal opticazzme and

wher ei n sal d t ansi, zone i,s .1 ess 12...The cont | en
cl aj mayd the annu %@tétewﬁzme Ied*fhlgtbthe|r%f??§t%1>%%ﬁraea%ne@é\§eeaaﬁt f%'ﬁ zone
bet we n&E&ﬁitﬁ@Qﬁx{uﬂrP%HeFa% &&Pfo:%%ﬂdt he annul ar peripheral zone in which

the refractive powe tran5| Ions between the central optic zone and the
annul ar perwheksn aid dpbsited zonerae lastd] .25 mm anheorepises aipdogresaive iopiicah zownie at

o atiidh b BaivsT ragees i AESmtip JRGEEn beenD P ar Ry, te bl GpeicACzdtenr

Zane [RVRF td HpARRHALY MR Shilatb ReiRBANbAkalkBhé pheéral optical zone power. 13.
A coll'ection of two Oor nore contact |l'enses according to any one of clains 1

to 12, wherein at |east one contact |lens has a central optic zone of at

| east 4. 0 MNoliettfon @f Rt @sbrE Qéné&rléﬂsékgac@oﬁ%tt@%y b&OSF &ifns flngql Rfertifie

progression of nyopia in an eye of a wearer, conprising: ormng on a
t r ans & leasttoneraensadt nShaSrae@nntrshnpnac@nemfnpka%ﬁr@gnm base-curve that i s adapt ed
to fit an eye of a wearer of the |lens; and form ng on the transparent

material a front surface spaced from said rear surface and that conpri ses:
a centidal dptietwd fenfosninglaecodiantiess fomsedofing dhaiprogressier ofopydpiain anogye odme
sel ected so the m ni num di nensi on of said central optical zone

subst 2 S9PPASYPoxi mates a di aneter of the pupil of the eye and that is

curved so tfhling b @ etansiareit hiatcriaPa Bas Snrdtt CEmpfisihel a bastt dudle BB ik GadpiatoBe
generates a central zone refractive power that provides the wearer with

cl ear fiasewhefca weasgr@fthedens; atht ral region of the retina of the eye, and
a peri pherqf{)mﬁg °ﬁ%§e&¥'ﬁ§a’§h%m @Jrlr ? SuFledp @g;f}ﬁ sQ@trEéfashrfg%nﬁd%eq lies

substanti al Ty outsi he "pupi e eye, sald peripheral
opti cabmpeisgs: i S curved so that, together with the base-curve, said

peri pheral optical zo ener tes a erlp eral optic zone refractiye
power that 3 %eﬂ@'?'egtttﬁa %H“‘E?@WP A s6ig; Pl ?B‘i’Fé‘?IZQ'Ferét?t*&éﬁ%oWep‘eby an

amounty, g ih ﬁlrﬁé?{smh%f kAgentRe Bbmﬁﬁéﬂe sb@éfﬁtti%ﬂ} %ﬂrﬂﬂn{at@ aQNEndidt Wk puphe

peri phera optical zone onto a focal plane that Ties on or anterior to a
per i plodtheleye and that is tunvidsa bat, logeber witkethebese-quimess saidh eeritxehepticsl 200¢ gensratashe

et r adtROuR o s orEe Ripines PPy P BeBThRRE Blor P e £3RF
cent r f tRRkhGI] tHgye, 4ndf racti ve power.

a peripheral optical zone that surrounds said central optical zone and lies substantially
outside the diameter of the pupil of the eye, said peripheral optical zone is curved so that, together
with the base-curve, said peripheral optical zone generates a peripheral optical zone refractive
power that is greater than said central optical zone refractive power by an amount sufficient to focus
peripheral rays entering the eye through the peripheral optical zone onto a focal plane that lies on or

anterior to a peripheral region of the retina of the eye, when the lens is worn on the eye.

15.  The method of claim 14, wherein said peripheral optical zone refractive power is at least

approximately 1 Diopter greater than said central optical zone refractive power.
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16. The nmethod of claim 14, wherein said peripheral optical zone refractive
power is between approximately 2.5 and 8 Diopters greater than the central
optical zone refractive power. 17. The nethod of any one of clainms 14 to
16, wherein the dinensions of the central zone are selected so the m ni num
di rensiqgn of said central zone is at |least 3 nmand greater than or equal

to tpe dfaretbe msthodind clrimi 14, whemehesaaypenmaﬁsoﬂtncmnonégeﬁg%ﬂee H@Jdé}?g b@lveGl @ M
14, fur e ste shapi ng sai ront surface to
forma %P&B ﬁ&@ ?3&2? H%erig et%@@vv&@ﬁe%tal préféﬁlqﬂSImfthQ:mwezone and said

peri pheral opt| cal zone, said transition zone being curved so that,

t oget he] t he . base-curve, a gradation of refractive power is generat ed
bet ween zhe F B PE@P?&E any,ors Oflaims étrta |1 6 oyhereinlthe dimensions offthe cafaRednic \vee
power ofelédiel saakd @ I thpd of claimi14, further
conprising the st enﬂg% RRLASFA Of%%(ralentéagizcﬂl-gf' gat:@sgﬁ?’f’b‘i{@ grepter dham oz equal to
ring-1li Q?@dﬂ%ml@mumbnéthbeymmssm central optical zone and said

peri pheral optical zone, said transition zone being curved so as to
snoothly bl end the curve of the central optical zone with the curve of the
peri phe¥%| o'ﬁhqreqhodzofrmm }zofunﬁhaamigmgtmstw one of claims 14 to 16,
wherein the di nensi. ntral zone are selected so the m ni num

di mensi on of &4l %S@gﬂf épur Fléo Qmya ringdike t@ﬂstlmﬂme@wwtmd tchanl @ﬁncaqual
t o t he zbnanmd eiid @kridHeeal

i nhibiting the p q, gl'trJ ess%ﬁé% Hhe tsghﬁatfé%ﬁﬁngﬂ Q%ie e“}gncél ﬁat Eﬁ%‘gFrsY‘Wgtftehe
steps diase-curve, a g'fﬁ @Imnchfrlgfr&tn'ﬁI;tomezmgenetamdalﬁ‘dtwé&rlﬁe fr@ffachl?@ p&YE efifla Jhas

a centr raI caI zone refracti ve power ‘an
peri phe éf:é}%%}tmlc%{gltﬁéz)%ﬁ Wg“b{eﬁ‘? B‘T{ ‘Eﬂﬁ’tcﬁlczﬁpe zone refractive power

di sposed radially from sal d central optical zone; sel ecting said

centraljgzon t|v 0 provide clear central vision to the eye;
sel ect i r?gzg a%ggﬁ%}% EHE?%F}’?GH@W‘@P% estepefiponer that |s greater than

the central shyingsdid Zxﬁﬂtesdrﬁf:é & fdntea Hﬁ%‘@ke tr h:l?s lc&ce 'nQQ) g elga? Ei:aq%gtléqllzq%ggql he

refractlve ower being selected to ens
eye t hrBify ds*&ldopeﬁahqr%mﬂaal zont, isaidItrapotien zme bbnngugm:d k®ad RGHROMYy lﬂ@ﬁd“tthﬁ on
e

or ant guhRlr iR ckht retina t he selecting t
size of the cer?tr%l B@Fdalp%glfe%’z’%}n 'flg"‘f)%gta? B?{{Pg‘ ra Wﬁﬁalaﬁ?fiﬁom mately a pupil
di aneter. 22. The nethod of claim 21, \/\herel n the step of selecting the

si ze obhpt he nef rt ises the selection of a
cent ralho'opt Fgﬁﬁkg@hé’?g’ %8&{ og%gmgt ﬁﬁ ;@t Wg { fidinggrsieneef the sentedl zeguae t o

t he puptléctell srtbe sunimlimulménsion of said central zone is at least 3.8 mm and greater than or equal

to the diameter of the pupil of the eye minus 1 mm.

21. A method of inhibiting the progression of myopia in an eye, the method compiising the
steps of:

providing a multi-zone contact lens for the eye which has a central optical zone with a
central optical zone refractive power and a peripheral optical zone with a peripheral optical zone
refractive power disposed radially from said central optical zone;

selecting said central zone refractive power to provide clear central vision to the eye;
selecting a peripheral optical zone refractive power that is greater than the central optical zone
refractive power, the peripheral optical zone refractive power being selected to ensure that off-axis
rays entering the eye through said peripheral optical zone are brought to focus at points on or

anterior to the peripheral retina of the eye; and

selecting the size of the central optical zone to be greater than approximately a pupil
diameter.
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23. The nmethod of claim 21, further conprising;, the step of selecting the
peri pheral optical zone refractive power to be at |east approximately |
Di opter greater than the refractive power of the central optical zone. 24.
The net hod of claim 21, wherein the step of selecting the refractive power
of the Egri pheral optical zone further conprises the selection of a
refract iPge pdiemegiodidielaimrlipmderin tptstapadf seloctingt the bige RE theeRAtARIPiM I Z0Rd €l ¥
2.5 Do ] s areater than the refractive power of the central
opti cal Bﬁzrg{ré]:gc_:ér{?%% ¢ %ggl%%’gﬁ a Gpntal gpiicad i?ne\ﬁﬂér‘%gﬁ at Iggst 5 &P apd greteethan ny
the sizequal tdthepeghdisadteaninu§ fnnzone further conprises the selection of a
central optical zone size to be at |least 3.8 nmmand greater than or equal
to the pupil diameter mnus 1lmm 26. A contact lens for an eye that has a
nat ur al 23.ur VEkimethed of dihih it B@thek {sing: b S 2Ys. Lhat enter the eye
and which are received by the peer.?%ﬂ%éggqé’ Ehéa&ieﬁéﬁseé%%;g lbe_cl?fé‘@ TBleptif) zone
on- axi srefagtive paveer do e at leasteapproompelys | Mhopter greattr thhn 9 i'e‘ﬁ%&ti\%oélﬁv foffﬂ%e

ral optical

| east 3 r;qpf ngter, wherein the central optical zone has a cen
zone refrac ‘?@@68% to correct a nyopic refractive error and that is

substantially uniformacross its dianeter; a peripheral optical zone
di spos radjal | y, outward from said central zone, the peripheral optical
zone h:gﬁ' ngdg’es’ﬂ%tg?‘gﬁf\tl\(ﬁ%{m 41, RhRTGIBINE Sten 96 selgnting theaefrptive pbwantfiteaperipherel

r ef r actdptiealRONe FurthBdon Bis& Rk et 4. central tical zone refractive
power by an anount suf fpi%gi ent t%:tlkggﬂgs%%&vgﬁogef VBQPEH' erghprifcalqae ke

t hr ougHPedsea aperoxishvdelnl2. OPidpeat t 8 Miopbe gréabie thange 're?rawenp&wrg,fm %;,aalon
or antq;iﬁg,c{l_zgge‘a peri pheral region of the retina |ocated around sai

central preg| on'of the retina; and a transition zone between the central
optical zone and the peripheral optical zone in which the refractive power

t ransi t4:0ns t n, t cenfral aqptic zone and the peripheral optical zone,
wher ei n2 % he_.[\l/%\n%d%\%ﬁ%% O{I ﬁ@m[ Egr@feﬁ'ﬁ phe, Bepof seleptingythsrsia she cential offtival zwwet act
| ens offuichericompfises WiedeRiciion Ha EirdaBSRicallont B8e ¢8R LdlasPRR! Sl 4 reater than t

| east 3.5 mm o
or equal to the pupil diameter minus mm.

26. A contact lens for an eye that has a natural curvature of field that results in off-axis rays that
enter the eye and which are received by the peripheral retina being focused behind on-axis rays, the
contact lens comprising:

a central optical zone of at least 3 mm diameter, wherein the central optical zone has a
central optical zone refractive power to correct a myopic refractive error and that is substantially
uniform across its diameter;

a peripheral optical zone disposed radially outward from said central zone, the peripheral
optical zone having a substantially annular shape and a peripheral optical zone refractive power that
is greater than said central optical zone refractive power by an amount sufficient to focus off-axis
rays that enter the eye through said peripheral optical zone when the lens is worn onto points on or
anterior to a peripheral region of the retina located around said central region of the retina; and

a transition zone between the central optical zone and the peripheral optical zone in which
the refractive power transitions between the central optic zone and the peripheral optical zone,

wherein the width of the transition zone is ! mm or less.

27.  The contact lens of claim 26, wherein the diameter of the central optical zone is at least

3.5 mm.
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. contact lens of claim26 or claim27, wherein the peripheral
(zjgtil-g?a zone refractive power is substantially constant across the I
peripheral optical zone. 29. A contact lens for an eye that has a natura
curvature of field that results in off-axis rays that enter the eye and
which are received by the peripheral retina being focused behind on-axis
rays, tR& cohhacentiaienscohgainsRbgr chimelt, rvetleredi tieCdriph@aR o fcaPlonk §86 ctiFe MM

[ ' | zone
di anet e in.t central o ELg_is_cal, one has a central optical
refract ?/‘ggigg\g/\‘gorsap%aq@ocf’?%ﬂt g9 |p8r‘Pé‘?ld?ﬂ“F%le’-°@¢-r or and that is

[ [ [ i ; i pheral optical zone
bstantially uniformacross its dianeter; a peri phe _
ai Y rd fromsaid central zone, the peripheral optica

Sgﬁgoﬁg 'Lgd‘é%lgh%gﬁéﬁﬂ%w Srediat fang nafurabeurvaiureaf fieldithh eesalts inp;ﬁ-mfit ra&t.(;)ﬂﬁ; y
. . . . . ) o
i Ch 1 o R et R BRET e bl PR SRl P iBed bt s inravhe
il Chtléqm?atcflaﬁglg;ﬂntmrg?dgcs)ghs gff-axi S Iroays that enter the eye through said
ag??gheral o] E al zone when the I%ns i's worn onto points on or anterior to
g peri pher al 3 rée"&atﬂp%@??wg pedt; lrast Bomat digmates uwreinitte cental _apnuabgmnhasfadt he
he. annalar ey o oy PRAYC PARer@B el L5 MEIR BinaR b sivsinecly ¢ n
r peripheral z .
;hgugg?‘ﬁu}‘ﬁ"'aFfHEFSQSﬂpiFSrFﬁ%metemcrease with increasing radius at a second rate,

i j h idth of the transition zone is
about 1. 25 mbeHBpbil BhichEeche dShosel il oiviard Gomyanid esnval poncd theepesipheralof
the_cerpuied z0n¢ haidle # WS FlarhfBShark &d%eﬁﬁgﬂ%lﬂéﬂcéi%nﬁeacfrat'gens Sereal ng

i ' E iPOYFT B3ine
' f ¢clains 26 to 30, wherein: eri pherar *gpei
:gf ?taii?fer}gasg%w@h inegeasing) radive abp frs wateand lwhith bigpdtarthgr ead eénttal 8ptidahSone

i\ i 32. .The contact |ens according to
iy onc DRI FonePBE sh Sl B RANE foel ot 535 fiphenar Csporecarousbed
r ef r actpestphepalopticdl goreeviverahe RAPISAYIHBLR) pbirds on & HRERE B fﬁ@ipﬁelra)l r%Bfoﬁ "oF the

r.than the centragl optical zone refractive power.
greater i ocaEeIa around said cenn%l region of the retina; and

a transition zone between the central optical zone and the annular peripheral zone in which
the refractive power transitions with a substantially linear increase with increasing radius at a

second rate, greater than the first rate, wherein the width of the transition zone is about 1.25 mm.

30.  The contact lens of claim 29, wherein the dimension of the central optical zone is at least 3.5
mm.

31. The contact lens according 10 any one of claims 26 to 30, wherein:

the peripheral optical zone refractive power is at least approximately I Diopter greater than
the central optical zone refractive power.

32. The contact lens according to any one of claims 26 to 30, wherein:

the peripheral optical zone refractive power is between approximately 2.5 Diopters and §

Diopters greater than the central optical zone refractive power,
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