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Contact lenses for myopic eyes and methods of treating myopia
Field of the invention

The field of the invention is contact lenses for myopic eyes and methods of
treating myopia. In particular, the contact lenses of the invention and associated
methods are applicable to myopic eyes that are not also substantially presbyopic.
Embodiments of the invention are applicable to myopic eyes in which the myopia

is progressing.

'Background of the invention

Many people suffer from myopia (short-sightedness). The prevalence of myopia is
increasing, leading to increased attention to the development of solutions..in
addition, for many people, myopia progresses over time, despite correction using

some existing methods.

Figure 1 shows an eye that is normal sighted (i.e. is neither long-sighted nor short-
sighted). Figure 2 shows a myopic eye viewing a distant object; the focal point of
the image is located in front of the retina. This shifted focal point relative to the

retina creates blur.

Several techniques have been used to correct myopia. These techniques include

- prescribing spectacle lenses or contact lenses or intra-ocular lenses, surgical -

reshaping of the cornea and temporary reshaping of the cornea by hard or soft
contact lenses.

When looking at near objects, it has been observed that many individuals with

. myopia accommodate less than that which is needed to bring the image forward

onto the retina. This under-accommodation is often referred to as a lag of
accommodation. Figure 3 shows a myopic eye with a lag of accommodation, the
focal point of the image is located behind the retina. Studies involving children
indicate that lag of accommodation typically increases with increasing near focus '
(i.e. accommodation) demand. In a study involving children of primarily European
descent, lag of accommodatien measured at 33 centimetres using an
autorefractor found the median lag to be 1.26D (range from -0.75 to 2.82D) in



autorefractor found the nedian lag to be 1.26D (range from-0.75 to 2.82D)
in WO 2011/ 106838PCT/ AU2011/ 000235 2 children aged 8 to 11 yrs. In

chi | dren WD 2€hi/mess8 et hnicity, |ag of accommopdati on neagarTadi2atl/B®35
centinmetres was 0.74 +1- 0.27D. Patent publication EP 2004/005560 Al to
Radhakri shnan et al describes a nmethod said to retard or control the
progression of myopia by controlling abefrations, thereby manipul ating the
position of the medium and high spatial frequency peaks of a visual inage
in a predeterm ned fashion. The repositioning of medium and hi.gh spati al

frequency penikfreh abed @itod 1tyes.ah cAldrak &P CRRERE icthitifd lagTdtaceBhRiiatsh | s for
provi di ng an ocul ar tf;int emof a predeternined aberration controlled design
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and for themeasugd ata3seniimetren dastQ- (€ +5fhefPcal aberrati on.
10l nternati onal patent publication WO 05/055891 Al describes the use of a
cont act | enEatent pyhtigadipnEfe2004/003508 ALto/Redfrakrighnan el al dgserbesre msthast i ve
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near. Aller %Esfé%iapes.use of near ,centre bifocal I epses. havi nr%aan add power

of up to 2.8 QUiding, 81 OB iaLYStel Of aRRIGtemIBRd Betptian. cRrirgieder s of up

to 2.5D. 20WbsighbAEdbr tABdERI hcwgkowdm tive @pR6Rcdlaberraticry been desi gned
for presbyopic eyes. US 6,457,826 (Lett) describes a centre near bifocal

I ens anth a peednatonkl paddit publivation RVOI0BITE5881 deisdddchbes e drendor@icta
centre near bifocal |ens has a constant power centre area extending to a
chord di aneleg® tBPOQt.r@'/th?rf@btﬁ’eoq‘g‘l’%m@e?fﬁ%wm5”6\91‘-“&1‘”%%%9’86%‘1‘1%%?ng at a
chord di amepgrygr&dsich ijmmié.”ﬂwé"mgﬂ%@'iﬁ‘élEdé@ﬁ\%&in?i)@h?ﬁé‘f%Lﬁ’ﬁé’g%stf&%\;ar@é ovi des
a continuous power tranSition fromthe centre area to the outer area. For a
3.0 nm pupi relativeito theyelinanwhile alowina clegpaentral yisign. es 48% of the pupil area
and the distance power 18% For a 5.0 nmpupil Lett says that the near
power occupM8spatent®T 52,489 (Ajsir) deasdbes thegiset of mauitifssalgontapdenses to

15 control the progression of myopia in myopic eyes with esofixation disparity. Aller
describes providing‘ alens tha_t provides for acceptéble distance visual acuity and
‘reduces or corrects esophoria at near. Aller deséribes use of near centre bifocal
lenses having an add power of up to 2.25D and fhe use of disfance centre lenses

- with ad_d bowérs of up td 25D. k ' |

20 - Multifocal and bifocal contact lenses have also been designed for présbyopic

~ eyes. . | | } | |
US 6,457,826 (Lett) describes a centre near bifocal lens and a centré distance -
bifocal lens. A described embodimént of a centre near bifocal lens has a constant
p’Ower" centre area ~extendihg to a chord dia_meter of 2.07 mm; a distance power
- 25 outer area commencing at a chord diameter of 2.71 mm and a gradient power ;

- aspheric area that provides a continuous power transition from the centre area to
the outer area. For a 3.0 mm pupil, Lett says that the near power occupies 48% of
the pupil area and the distancé power 18%. Fora'5.0 mm pupil Lett says that the
near power occupies 17% of the pupil and the distance power 71%.



3 US 5,139,325 (Oksman et al) describes a lens with a vision correction
power that is inversely proportional to the radial distance of the lens. In
a descri b&0examops3e, a | ens has an add power over distaRC®/Al28116003F 2. 75
diopters centrally up to a radius of 0.72 mm w th the add power decreasing
i nversely proportional with radius after,0.72 nm Another exanple has an
add power over distance vision of 3.00 diopters up to. a radius of 0.66 nm
The add power i's described as not reaching zero unless the function.is
truncated. US 5, 754, 270 (Rehse et al) describes a lens with a central
aspheri c zous 5\ 89,325 (@HsMANEAI) oéeénbéls%t Iéﬁ§W|tM|aS\h§iBn @brregfioresswer-tRat t 0
2.50 Dup to a di aneter of .10 about hange i n add -power of about
0.5 to 1. 25'SWWé¢'ytnﬁeocat'%?|t§ethﬁe@ﬁlad H@taﬂcartaét"@rl@néflnza deseribas @xamplerm and
Lhen a Progaeal N& &Pdus poRlr bl agwg.art%w.mrsge¥§9atﬁrarrp«ap%fed for

di stance vision correcti at' about | amet er. erence. 1o any prior
art in the gsius 6f @32 imm, with thet addprivertdegsrehsing inberselykeropertiondlvitm
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coul d r easoB®0l diofitersexpteca exiinoot et suer The addlpoweadie desodisedasinstegar ded as

rel evant by a. Berson _skl;IPI g'g n he. rt. ngmrary of the invent.'i on 20 The
i nvent i on gEfRENENIAPO LGSR ns and to the ‘use of a contact

l ens for tr e wth Tecotact ens i ncl udes I nner
opt ¢ sone e 28k 2292%9'6%?‘&'%‘?%”%%@ Snelh 8 gent:ebasebeingpizedhan | oast
a portion Wagd podef bVsitdistanes visivalof bbfiben®.29td 260 @Uﬁtt@aféﬁarﬁét%t gn. The

i nner optic zone has a relatively nore positive power_.(an add 25 power). In

sone entfbdi ARHIL 4 AN RANFRARIP add RAYSRE CAARP WO @t%aétfbﬁverattae@s%a t he inner
optic zone. bét'We%hhﬁé d%ﬁ&@ts@@@ m8nd9% RAVEARd tt%nva'"broﬁpéél\%%eﬁéudnhﬁ i nner

optic zone. l'e in sone enmbodi ments the inner optic Zone has a power
desi gned 't oada!r pgwandow ty thel pavaidequiresfoudistance visirmeerazetion at Beowhy® wit h
nyopia, in [anfdfRedi nent s, t he add power may be higher, for exanple up

to about- 4-30diopters. WO 2011/ 106838PCT/ AU2011/ 000235
' Reference to any prior art in the specification is not, and should not be taken as,

- 156 - an acknowledgment or any form of suggestion that this prior art forms part of the
common general knowledge in any jurisdiction or that this prior art could "
reasonably be expected to be ascertalned understood and regarded as relevant _

- bya person skilled in the art.
Summary of the invention

- 20 VThe invention generally relates to a contact Iens and to the use of a contact Iens‘
for treating an eye with myopia.

The contact lens includes an inner optic zone and an otlter optic zone. The o'uter'
" -optic zone includes at least a portion with.a first power, selected to correct .'
_ distance vision. The inner optic zone has a relatively more positive power (an. add
25 power) In some embodiments the add power is substantially constant across the
- inner optlc zone. In other embodiments the add power |s variable across the inner’
optrc zone. While in some embodlments the inner optlc zone has a power
. desrgned to substantlally eliminate lag of accommodation in the eye with myopia,
in other embodiments, the add power may be hlgher for example up to about 4
30 diopters. '



The reference to correction of distance vision includes providing a | ens
with a first power that substantially elimnates blur. In sone enbodi nents,
t he out erwopbpiiciogssse i ncl udes at | east a portion w th aPCHATpONE3S
relatively nore positive in power than the first power. The portion with a
third power is distinct fromthe inner OEtIC zone; the third power is
separated.-fromthe inner optic zone by a portion having the first power.
The third power nmay be substantially equal to the add power if the add
power is constant or the third power may be substantially equal to the

maxi mum add Thewsferdriteltb@otraetin ¢fRfistan@ONSioh findiltesasteviBMEES fehs withfd Akl €-
Al ternatively, the third power ¥be different to the IO second power. In
g

sone enbodi H@W@éth@héuﬁw”ﬂt@“bﬁmm es bll.ativel y nore positive than the add
power. |In sonme enbodi nents, ‘the outer optic:. zone includes at |east two

portions w irhsq‘»rae&mhpéurperﬁésth@wterméioeemwdeaawasha, portiost wipadhird
separ at ed bgo@ep%mm Widrb Bgiﬁvélrr]\ GHES the' fts e?i?&pl fIRR t\ﬁith gach of

said at |eaSt twWo port ons ave same povver erna each - of
sai d at 9 eathirdtpaoverds distinet fmm/thednhémmntzopev\thesthlrd/\beweitllsesepamcedsfrdmffer

cont aot | entidbRer Gu@ofe'ed AiBérfoR A3k e FREROVRE Tp8To SRS maY bt 1 vel v
Lﬁ?j /S'Ofog/te[] .efmgstammiy@mbatﬁortwwd pbwer i treadcepowér it lkenstantor thptthied power

| gortlog% of the Igns |s/ar6 selected to he a
maxi mum whi &Y %W “ﬁ WP &P BRI add ROWREIR tF &NGK OP§RZORRfect i on
nmay be an i 4Ry &dd pewsr ievanRsble tAtErRgtiviety, ﬂw@ﬁﬁﬂ%bveﬁhwwélff@fén@io fheopi a and
t he effect on di stance vision of the portions of the Iens with add power.

I n sonme!@nbéeransHaver H\ssqmmémbeﬂ'm%'t§3}$éhtf‘éﬁﬁWPé@ie@t'H@V|"H?f8ri’°§5€'t/§nd| ng 25
across the ggnltﬁe%gae,ov,}ep sone enbodi nents, the inner optic zone is |ocated
of f-set fromthe centre of the contact lens. In these enbodiments the

contact | eng, ésnd bhibaithéits [tRe BERR ophE z0kd %megemée(@e bortigAs Wtnt he eye
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so that the inner optic zone is fégca ed of f-set fromtﬂv centre I1n the
nasal di r ectélatively pesitiusrrowarisodipaeed to tha fiyst power iseparaied by apastion wih f or

Lhe refr act sl fdlio Oln Lo EMBoleril SRAGR s ke S pbltnt RETEHHE Ve
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i nfl uencing t ia progression and/or an objective o
mai nt ai ni ng ﬁgéﬂﬁ?ﬁY%sﬁrygF’%ﬁcepw gl on. 10 A range of cjont act |enses may be

ded t | | t th d ch t t
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I ndi vi dml b@\ﬁéd@p&ﬂbns of the lens is/are selected to be a maximum while still maintaining
acceptable distance vision. The selection may be an iterative process, taking into
~account progression of myopla and the effect on distance vision of the portlons of
the lens with add power

In some embodlments the inner opt|c zone comprises a meridian extendlng
25  across the optic zone.

In some embodiments, the inner optic zone is located off-set from the centre of the |
contact lens. In these embo_dime_nts the contact lens is structured to adopt an
| orientation when fitted to the eye so that the inner optic zone is located off-set from

the centre in the nasal direction.



Further general aspects of the invention and further enbodi nents of the
aspects described in the precedi ng paragraphs wll becone apparent fromthe
fol | owi ngw02dusies83pt i on and/ or from the acconpanyi ng fi @oradi20Braoex3s
description of the figures Figure 1:shows an eye that is normal sighted.
Figure 2:shows a myopic eye view ng a diitant obj ect. Figure 3:shows a
myopi.c eye wth lag of acconmodation 20 Figure 4:shows a plan view of an
enbodi ment of 'a contact |lens of the present invention. Figure 5:shows a
cross-section through the contact |lens of Figure 4. Figure 6:shows a nyopic

eye vi ew ngind$crhesmbolijnesrits, driyringlthatsteRdoneict fopfise Affraktienlefordof tRE Fi gure
near objects through the contact |ens of

7:shows a C eye viewn
Fi gure 4 Eg&%oéd %’Pﬁ?\/\’@aécgtrﬁ‘ft the ref@cqua 9€°bMPV'QQéPH§t?”P%tU|QJ%affor
sever al "enbgdigmeBi&ig | ens according to the pr esent |nvent|on VO
2011/ 106838PCT/ AU2011/ 000235

~ A method of provndlng a contact lens for a myopic eye mcludes providing a lens as’
| 5 descnbed above with a proportion havmg a power to correct dlstance vision and a
proportion havmg an add power. The proportlons and/or the power-profile and/or
the magnitude of the add power is then varied with an objective of influencing the
-rat_e of myopla progression and/or an objective of maintaining acceptable distance

vision. .

10 A range of contact lenses may be provided to allow selection of a lens with varied
-charactenstlcs as described above, without having to custom manufacture a Iens

for an |nd|v1dua| reC|p|ent

'Further general aspects of the invention and further embodiments of the aspects
described in the preceding paragraphs will become apparent from the followmg
16 descnptlon and/or from the accompanymg figures.

Brief description of the fi gures |
Figure 1: | shows an eye that is normal sighted.
Figure 2 . shows a myopic eye viewing a distant object.

' 'FigLire 3 shews a myopic eye with lag of accemnt_odation.

20 Figure 4: shows .a pl.an view ef an embodiment of;ar centact lens of the present '

inventien. - | | o
Figure 5: ~ shows a cross-section throtjgh the contact lens of Figtufe 4.

- Figure 6: shows a myopic eye viewing distant objects through the contact Iens
of Figure 4. | | o : |

25 Figure 7: sh_oWs’ a myopic eye viewing near objects through the contact lens of
- Figure 4. - ' :
Figure 8: shows a plot of relative poWer against radiue for sever'al
embodiments of lens according to the present invention.



6 Figure 9:shows a treatnment profile for nyopia of increased relative
curvature of field. Figure 10: shows a plan view of another, enbodi nent of
a cont actwbensl/w6838he present invention. Detailed descrippfiaanonfoooise

enbodi ments 1.1ntroduction As discussed briefly above, nyopic eyes may
experience a | ag of acconmmodati on when vj ewi ng near objects. Larger |ags of
accommodat i on may be associ ated with progression of myopia. Due to.the |ag,
it is possible that when reading near texts 10or objects, the retina is
exposed to blur or def ocus” (hyperopic). This blur or defocus has been

theorised tpigaeé 98 ashdisnatrestmiedt Siofiledion ybﬁla%ﬁndféééwlﬁe‘fdﬁvb)bu%t@r’é t he
accomodati ve_error can be reduced is with the.use of a plus lens (a |lens

with p05|t|9f3'§56wer relative to the distance power of the lens) during near
view ng. The positive power serves to bring the inmage closer to the

. Eret 'na,  EIRMES A8duSHRYSGH PIBh MisMhat SR TRBaRBR 6l eamikl densont thei f ocal
spect acl es fengUn\,%R&?{ spect acl es such as progressive addition | enses
(superior zone o ens providing for distance vision and the inferior

zone cargyi Dgtéifé%'% 5“1},@@{,53&",; ¢ghe distance zone to provide for

near Vi ew ng) o provi de such additional positive power. for
near view ng. 20 nﬁbdﬁ‘d& with the use of spectacle I enses is conpliance
whi | st view hg at near jects. For the lens to be effective, the | ower

portion of }\Q?tléc%%ed“oﬁgﬂya%@g ygﬁiit:ie‘{@% % éh@hﬂé’atﬁ&&%@oma&%ﬁh ooki ng

at near Ob ects. Howeve s n tirve to rect gaze throug
t he | ower pwhencyrevalng nher etpe@tsdcareer lag® ohagdogrmodationtmayibe mssoaidtet avitbn, rray

tilt their B%%‘?e&?%om%ﬁig ISl?é)tS tﬂg I?é |ﬂ§%55§9|’eqﬁ£ﬁﬂﬁé}preadmg near texts

10 or ob;ects the retina is exposed to blur or defocus (hyperopic). ThIS blur or
defocus has been theorised to act as a stimulus to eye growth.

One mechanism by which the accommodative error can be reduced-is with the use
- ofaplus lens (alens with} positive power relative to the distance power of the lens)
during near viewing. The positive power serves to bting the image closer to the
15 retina, thus reducing or eliminating the:lag of accommodation. Bifocal spectacles'
| “or multifocal spectacles such as progressive atddition‘ Ienses (superior zone of the
~ lens providing for distance vision and the inferior zone carrylng positive power
relative to the distance zone to provide for near. wewung) may be used to prowde -
such addltlonal positive power for near vnewmg

200 An |ssue with the use of spectacle Ienses is compliance whllst vuewmg at near
| objects For the lens to be effectnve the lower portion of the lens with added
. positive power should be used ‘whilst looking at near objects. However, as there is
. hoincentive to direct gaze th'rougti the_loWer portion of the speetacle. the patient,
particularly children, may tilt their head down whilst looking at near objects) and
25 continue to use the distance portion of the lens, rather than the near portioh.

In this situation, a contact lens provides for better compliance as it is aligned with
. the eye thus ellmlnatmg the need for eye versus head. movements Also, in the
spectacle wearing S|tuat|on even in mstances where the child dlrects gaze
through the lower portion of the spectacle the gaze shift and eye movements that
30 occur behind the spectacle make it difficult to align the appropriate power with the



25continue to use the distance portion of the lens, rather than the near
portion. In this situation, a contact |ens provides for better conpliance
as it iswbi2gnewesssth the eye thus elininating the needPCorateys/wexssus head
novenents. Al so, in the spectacle wearing situation, even in instances
where the child dlrects gaze through theylower portion of the spectacle the
gaze shift and eye nmovenents that 30occur behind the spectacl e nake |t
difficult to align the appropriate power with the WO ‘
2011/ 106838PCT/ AU2011/ 000235 eye at all tines. G ven that the cont act Iens
i s pl aced. omye Atalf timas. Sivdrsibat thie ctdmta%;e@sémdlaced oartphé ébet surtdcegifid¢ite Wi t h

encur ee. { naEve AR e T RPPRIL PR g R P BRE? Bisclle iR el 2 |

vi ewi ng- di prpm@aate powet.prélilalensirelsenstalse childrecenes aﬂfaaérdﬁrﬂt@eérrmwér
Figure 4 shows a vj ew of an enbodi nent of .a contact |ens 100 for use
in correctl ﬁ@wﬁril%fﬁ g"'e‘ﬂﬁ‘g qi¥{A8Ce%0 i ncl udes three zones and a transition
zone. three ones are an |nner optic zone 1, an outer optic zone 2 and
a per| ph raP- zongontact &"%%W5R§Pf‘%ﬁffﬁf’éeﬂt P@WEBBcat ed between the inner
optic zone 1 and the out er I c. 10zope- 2. All zones are within the lens's
outer peri phiguse 4 s8gws 2 pﬁﬂl"@ﬂ"?@W%’BP@@WEW%SO%%H%%&O@ fisernFi gure 4.

Figure 5 Sh%\ﬁeéhn@rrﬁWéePAé @nst1bo<mmefshﬁre®z%ﬁe&%hd%fuémxd elffe N the

enbodi ment shown the I'ens 100 is rotationally symetric. Manufacture of
rot at i onal | {hreg gares are arvingesoptinzane kiamsiuter aptigzoas ranst a peripharalezone:

However , 1533;& hBHigh '}Sﬁ o085 %té@’%@ég@%ﬁ’ dﬂﬁ&t@pt f7dn@Pakd ﬁxgﬁ@ﬂ%i cal .

The Iens |nclu es an anteri-or sur erior sur e,Iens
100 maylbe zond2rAlhzends arerwithimhthedenss netar peuphearatedm which isexanpl e, 't he

per mea! e e EERE 2l @RThe SEEBFR A 100 my al ternativel'y be a corneal
o . B 503098 .06 AED Rt MR I B PV (2L
is arigid embbdieteritghswnrth@lens 100 is rotationally symmetric. Manufacture of
' rotationally symmetric |enses may be simpler than asymmetrlc lenses. However
15  as explalned below, some embodtments of lens are asymmetncal The Iens
_ mcludes an anterior surface 6 and a posterior surface 7.

The lens 100 may _b_e elth_er a soft or a hard corneal contact lens. For example,.the

lens may be-a silicone-hydrogel corneal contact lens or a rigid gas permeable |

corneal contact lens. The lens 100 may alternatively be a corneal on-lay, provided
20 on the cornea, be’low' the epithel'ium which may for example have been scfaped‘“""

away and regrown over the lens. Where the lens is a rigid contact lens or a

corneal on- lay, the peripheral zone 3 may be omitted.

2.1 Dlmens10ns and power of themner opt/c zone

The diameter D1 of the inner bpt‘ic zone 1 apprc;ximates or is less than the pupil
25 diameter P1 during viewing at near dist?nces. P1is typically between 2 and 4 mm, -
depenvding on the recipient of the lens. The near distance may cdrrespbnd to the
distance where there is more than negligible or insubstantial.lag of |
- accommodation. The inner optic zone 1 may be about 10% of P1, up to about
100% of P1. HoWever, it is expected that for many lens _récipients, an ap}propriate :



corneal on-lay, the peripheral zone 3 may be omtted. 2.1 D nensions and
power of the inner optic zone The dianeter D1 of the inner optic zone 1
appr oxi mewe0ar106838| ess than the pupil 25 dianeter Pl decirmag2oiien2ig at
near distances. Pl is typically between 2 and 4 nm depending on the

reci pient of the lens. The near di stance8 may correspond to. the distance
where there is nore than negligi'ble or i'nsubstantial |ag of accomrdati on.
The inner opti-c zone 1 nay be about 10% of Pl, up to about 100% of P1.
However, it is expected that for many lens recipients, an appropriate -

di anet er Dljigrheld?®1 GRS iRk bIZEAHR 1w bd sBIBCRAIHRM RAth fth@ ket dt Sobg T ange
of 50%to 100% of Pl1. The power of the inner optic zone 1 is relatively .
more posi t it0d0Pkaef Phe refractive power of the outer optic zone 2. The™
differential power of the inner optic zone 1 to the outer optic zone 2 may
be sel ect edTlTBr rawer af iherinaer eplisezase hisgelakivelinedrg Posiive shan thegefactiver

exanpl e, e r nner
HTE! e AT A LSPLE ZA8% FbfndtoRIGEMRE of kit deiEdohT
enbodi mént sthe bb@rmﬂezom 2mlma/ berselecteq fiioon withie alra'ngesaélappltoetdnd!talyi ngr egard
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or to eli mlﬁ@ér&;;ﬁtlbezohagna;ihmca)mmela%omraboﬁhel POD&S zmothen be selected to
be substantially uniformacross the inner optic zone 1. This approach may

be partlCU|Iﬁrsbmeaél’ﬁbét[ll’rleats$thd';mWérhﬂtlllemm@eroptidzionko’ﬂls sklécted Bag@A (I .e. 50%
of P1 or nore I n ot her., enbodi nents ower %(hvar across t i nner

opti-c zone @ngﬂéolllh%lalse?fa&ﬁo'ﬁmodﬁll%np W@ YR BYE BREN IV V‘S@E@b?eqfl or More

and at 1bea§$|st§ntl%§ rbpex%pkh@legmdwwbéweaedrt@%@béta.aﬁhlryhaaudee&%r ed to
correct |ag of accommodati on di nents where add power “of the inner

optic zone aligvingtedhe lpgrofrassemmedationd hedJQWﬁ'r@%X thepdq sleded k®nmodat i on
nmay be part r | ess t han
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I nner optic zone 1
may be baseaérigulartycagpippriate waestiee lrmlerpmac s blSelﬁtgecbl(lQl’-i@‘Vq:oﬁlPth | ens,
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to correct the Iag of accommodation may be particularly appropriate where the - -
inner optic zbhe 1'is less than 50% of P1.

20 The selectlon between a smalier or larger inner optlc zone 1. may be based.on the'
~ pupil dlameter of the recipient of the contact lens, subjectlve acceptance of the
contact lens 100 and havmg regard to the requwed proportlon of plus power zones '
(see below). ' '

In the embodiments described in this specification, the inner optic zone 1 is shown

25 as extending from the centre of the lens to. a certain diarﬁeter so as to represent a
solid. disc when viewed from the anterior surface of the contact lens. The inner
optlc zone 1 could however have another shape other than circular, although thlS
may increase the complexnty of manufacture. '



WO 2011/ 106838PCT/ AU2011/ 000235 9 2.2 Di aneter and power of the outer optic
zone The outer optic zone 2 is annular, with an inner dianmeter equal to D1
(when botWwozonewessse neasured froma md point in the tramsiizionoesse 4)
and an outer dianeter D2. The outer diameter D2 approxinates the pupil
dianeter P2 during 5 ' view ng at di stany objects. P2 .is typically between
3 and 8 mm depending on the patient. In other enbodiments the outer optic
zone 2 may be larger than. P2. The outer optic zone 2 has a refractive power
chosen having regard to the nyopic condition of the eye to which t he
contact | eng210Qjametdr 410 mdrictthe buter eptierapne, -i n many enbodi ments, it is
expected that the refragive power will be chosen to give 10the eye

subst ant i al Tie LRRbPHE SSRNE & AArRiIANwith Bn S8 dRieer BGUEI30 Dhwhentbdth opt i ¢
zone 2 has a substanti al Ic}/&constant power with increasing radius. |In other
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10 the eye substanti'ally clear dis{ance' vision. In some embodiments, the 6utér opﬁc .

zone 2 has a substantially constant powér with increasing radius. In othef

embodiments the outer optic zone 2 may include a plurality of sub-zones with

different powers. In these other embodiments, a substantial proportion of the outer

~ optic zbne 2 is still allocated fo correcting distance vision of the myopic patiént. -

15 2.3 Selecting and adjusting contact lens design parameters

" The p_roportibn of the lens occupied by the one of_ more zones of add power
relative to the distance_correcting zones can be adjusted by ad_jUsting any one or '
combination of the variables: | o | |

The size of the inne‘r optic zone;

.20 -~ The power profile of the inner optic zone (e.g. Wh’eth'er it has subs‘fantially
uniform power across its radius, or whether there is a plurality of powers across ‘
 the radius, for example a smooth aspheric function or a stepwise function);

The poWer profile of the outer optic zone.

‘ n vsome embodiments approximately 40% to 50% of the entire field of vision un'der“
25 normal indoor lighting conditions when the eye is viewing q.distént object is
allocated to correcting distance vi_éion. In other embodiments approximately 50%
to 60% is allocated to correcting distance vision. In other embodiments at least

70% is allocated to correcting distance vision.



The power profile of the outer optic zone. In sonme enbodi nents
approximately 40%to 50% of the entire field of vision under 25nornal

i ndoor | iwybtomigoessadi tions when the eye is view ng a di CaAMU201100e835i s
allocated to correcting distance vision. In other enbodi ments approxinmately
50%to 60%is allocated to correcting diqgtance vision. In other enbodi nents
at least 70%is allocated to correcting distance vision. 10 A nethod of
treating nyopia therefore includes an iterative process of prescri bi ng a
lens with a first proportion allocated to distance vision and a second
proporti on Almetbed efltreatirgvayapia thierefore inetudeistan iteehtiei pretgsspofisesmibarg - The

di stance vision i eval uat d .t rel ative proportiqgn of distance
vi si on cor r@&Nsd "ﬁ‘ﬁkﬁﬁé{g PLORPTIQY) éij(’@gedpp Stﬁ’&?ﬁa\“s'%ﬁg‘g ad’r‘?QP '@%ch or
get closer jpcatddedinest moepohks WithablaBlélg pmvwwezrow%dusvﬂncb%m\ Rt ai ni ng
acceptabl e distance vision. The required proportion may be the maxi mum t hat

still. mai nt@eALvak@as am @edﬁ?ﬁ'&%e@ﬂﬂ”&%‘ﬁ d'StFB‘Fe \@ﬁl&ﬁmoérew%zmsm may
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substantially equal to the g | anet er atr Vi ew ng
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patient is W ng ant o S un condrt ' 9ns. The
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vision is accCe I'on o ower~ may op |onaIIy
be increas ezbndxyf dumem51r@bstmtldllyaemaélto thie pluimltdmehenameomm patemiés and/ or

provi di Ius zone jn th ter.optic | st ance
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i f necessaryubsféht&npéqaa&a oabrelamrtaarstrregoameeiumemptzlmero&memaﬁam)qewer with
acceptance) _as a

accept abl e di st ance Visi.on ude ti

criteria foyiewngdistagt ‘PtH%CtBP\Ag%rrtf‘ﬁéﬁﬁ?a'ig?‘béo%ﬂigﬂsegﬂeﬂﬁta Yigipe of e t he
patient's 2048 RiaY thén BERIARGRIINT tRElstahce Nidic B dR¥plabR) tHepropaarA on the
| ag of accommodati on -and/or based on the anount. of defocus as determned at

the peri phepfaelative ips Pavesr nesyaeRsioaally h@ inerepseds byrigrensingggidiameter phe
patlent S I r 0.8D
ar yeald °) PeicypIR3RE falol BoRIAG s R b ZBRE WIS, dObiT 1
i nner opti czcmmé' hewdjstarce2d@side of ﬁ@smiteahmamthahpe r%BmIU&féd;ﬂndsthgol ker zone

in the out eﬁroBBHo?\ e RREEAEH,. 'T'Fussﬁrégeg of u%}@@ﬂg the proportion of plus

power with acceptable distance vision (whlch may include patient acceptance) as
“a criteria for limiting the proportlon may be adopted, for example, if the patient’s
20 - myopia is progressving past a certain level and/or based on the lag of -
accommodation and/or based on the amount of defocus as determined at the
) peripheral retina. For example, the process may be adopted if the patient is
pfbgressing more than 0.5D per year or more than 0.7D or 0.8D per year. If the
distance vision is not acceptable, the diameter of the -inner'optic_: zone may be
25 decreased and/or any feiative plus, power zone in the outer optic zone decreased
v ‘i_n'size_or removed. . | -
~In addition to, ,or'inétead of varying the proportion'of relative plus power 7’_on'es", .the
~ relative positive power of the plus power zones may be varied, using a similar
approach as described above (e.g. ‘increa"sing the power of the plus power zones -‘
30 ' until a limit of acceptable distance vision is reached, perhaps less a buffer). Also, |
as described above the power profile may be changed, between constant and -



In addition to, or instead of varying the proportion of relative plus power
zones, the relative positive power of the plus power zones nmay be vari ed,
usi ng a swoi2bar1oe3pr oach as descri bed above (e.g. increasirag2oh@omsder of
the plus power zones 30until a limt of acceptable distance vision is
reached, perhaps less a buffer). Also, a$ described above the power profile
may be changed, between constant and 11 variable power across the inner
optic zone and between different rates and/or magnitudes of change within
the inner -optic zone. The design of a lens for a patient may be nade with
ref erence twarisble paver axrosntbpiirngrroptic essé and détvezenadiffénent iadés smtibact | ens
100 has been th%fd f.0 f tinme, for exanple 3 to 6 nonths or 12

; h a P:)ergt].ocz 0
nont hs. -ForMax% eé,o £ a"% Wibing P%H@rer ﬂﬁ%%‘%r}%t ‘Wth a Iens’I with an i-nner
optic zone of di angter: substantially equal to the pupi i gheter with
Che. pat | entTHEdeH R P Hnsdpr 8 bRteRinais ikl Win feferbhvs fhRecalifll s ons and
di amet er DZ2mgeia tpraliregdibl afeitian inlital 8ontgetdane 100 has bbb fifed fdr aberigatsr P2
when the patient is view ng distant gbjects. The entirety of the outer
100pt i ¢ SzorléNe: fpsemplea&@% mnmssqréﬁd{aomﬁhg‘@ Fef %m%tth%ﬁracm%ﬁr PR
eval uati Onnﬁsﬁm d'RRs Withl drffnet MicPidPn@Heéﬁdié}f\gte'r]fp13§0bsté?ftilag}’8d§t')§l th S

measured and i f this above .a certain threshold, for exanple above an:
annual r at e¢hefpupil Siameter with the patient isodewing mear abieetstinagroalipdenr ighBD per
year: or So ‘ t. e Whi ] i jred .
reducti on {Eﬁo@?{@ﬁ%g{n@ %?na}g‘{ég%r:]%%@%s?&?t%ﬂ%gﬁ%?:&%ﬁ%@%@%g%{?@ﬁt he cont act
| ens 100 wediafieterdt® whem éhe patienhisrviagiod distap@bjdcts Thie arfticety of thenautebe

dedi cated to . rel ative plus,pewer. .and/ or: qT0r S ZoN: may be
gi ven a@ i n t'é"a?é’& 2(-'8Id%tdﬁ%eocgt8§{'?t%(}%é @%\Rﬁ%ggéﬁﬁ ﬁ?@gk%%?aﬂf%{o&pe?ﬁa I nner
optic zone Wayexpire@htvegadgrebsiongik anylof niyopia it Imeapeined ahd jtids abeved | enses
L1-L3 to the general prafile of | enses L4-L ee description bel ow and-
Figure 8). %&Fh@feﬁgq?%ﬁ%?xaénméﬁ&%?" Q"B‘é"giré%to(?iosgﬁﬁ@éﬁ] ?{REronj unction
with the sedmpbdifns mbREthRAVETD oF 0i8MEpérg/aar oFS6me RHicHIa®R, WhidhIAay béi oner
may - sel ect the portion of the outer optic zone dedi cated to di Stance vision
correct i on deieumined aghengca 1 QWGW%I%P“f%ﬁheé_ﬁWIFHOWS&'BBm COMBaFBY about
0.25 D.qg t R33:&88Re LBRQEL RRS 160 WasiedRihdrPAs InchURIRRPSIOS ob ihd8ENs
correction may assist in reduci n?- the rate of progression of. 25 nyopi a. For
exanpl e, a panbeidedinaéed teaplative plugdrower andios oRp OpMOre GlUsRAWSIIFONEg Ui red and
adj ust if requi for. i ' ks il set
the " pover ooy e Eiarish iEHATRY folbfhy lye ST el G BRMEGt ek | e
power requioptit Zonefroayibe thangeal $orfexampie fierarthe geeeral poYite eiensesdel-bdi nt
closer 10, @ne YhnbAll broHY oilnddie 4-E8 (448 adsfiftioN blioWSHE b NG N
20 The design of a le_hs for a patient is made'in_ conjunction with the selection of the

power of the lens. For ihstancé, a practitioner may select the portion of the outer

optic zone dedicated to distance vision correction to under correct the myopia, for -

“example by about 0.5 D or about 0.25 D. It has been theorised that for at least

- some patients under correction may assist in reducing the rate _of progression of '

25 myopia.
For example, a practitioner may:

1. Identify the myopic correction required and adjust if required, for example to
" under correct the myopia: this will set the power of the outer optic zone 2;

2 Identify the relative positive power required to focus the rays from a near object |
30 -to an image point closer to, on, or in front of the retina: this will determine the

power of the inner optic zone 1;



power of the inner optic zone 1; 12 3. ldentify the power for any relative
pl us power subzones in the outer optic zone 2, which may be initially

sel ect ed WO 20afb838he power identify in step 2. 4. Adj upCTARIT&0EA3EVeE
proportion of plus power zones to distance correction zones as descri bed
above. After the patient has worn the Igps for a period of time, the
practitioner may: 5. Re-evaluate the viston of the patient and identify any
correction required to the relative power and/or relative proportion: of
plus zones to distance correction zones; 6. Prescribe a second lens with

the adj ust egl pRify theQfowe? forkdhy FBRiItIPE BRisi fowaR 8UbFHesOh tKOUIRE o EdARIE tO
nonitor the patient and repeat the steps described above periodically to
mai nt ai n* accept WHich naypeinitialy selectasstodnateh the peweiideatifpingiesssi on of
nyopia, if any.. Exanpl es of the power profile .are described below with
reference t4 Pijst thegrelgtyeiprorgriion fplup pewer zanes toigigtancecepresction@enesmy be
nodified to aggid%g&i@éyatf]&/gui red 15proporti.on of zones to .distance
correction .and zones with relatively positive power. 2.4 The transition

zone The tr 'théggti%ﬁ&nﬁaswﬁttg\%gaggggar bofsd oﬂ%é,qhég%ﬁkoﬁ@gn& e outer

optic zone l'en he 1 nner optiCc zones, 'sO as provi de a-

conti nuous Power ' I Lt e | t here
is a step vmgs\eﬁ%c%\%{lllggeté ;tge Y)%-'tQ ﬁ@l%@@@éﬁ‘g\%‘?% t'ﬁ’hﬂ%@%ﬁﬁé%ﬁﬁ%ﬁ' ;I{@g#@i nner
optic zone 1 seldtivehpovpevand/afrelatiee proportiqraofiplusf zares todistanagptarectione 2. I n
ot her enbodi mgﬁég .where the power across the inner optic zone 1 and/or the
outer optic z > changes with diameter and both intersect, no separately

designed trangjtion zo i e ktion is an inherent part
of the ’desi%n?.r%cglggéar%%gﬁgé)efﬂsﬁ@ﬁ} @\%a%dm%§%$§%\&§ﬁ}§hk25 zone nay be narrow,
S0 thaty herROYRIcHfSRr May &'dotifde dhtiMub REMEARS: e FatiEN Urld ¥ebbdt the

” steps de,s'cri.bed _abové._periodically to maintain acceptable vision and in response '

to measured progression of myopia, if any.

| Examples of the power profile are described below with reference to Figure 8 and -
) it will be apprecia_ted that each of these may be modified to achieve any required
~ 15  proportion of zones to distance correction and zones with reiétively positive power.

2.4  The transition zone

' The transition zone 4 between the inner optic zone 1 and the outer optic zone 2
blends the inner and outer obtic zones, SO as to provide a continuous pqwer
profile. The transition zoné 4 may be provided where there is a step wise change

20  between the power of the peripvheralvpart of inner optic zone 1 and the pdwer-of
‘ ‘the inner part of the outer optic zone 2, In other erhbodiments where the power |
across the inner optic zone 1 and/or the outer optic zone 2 changes with diameter
- and both intersect, no separately designed transition zone 4 is necessary (the
tréhsition is an inherent part of the design). In some embodiments, the transition

25 zone may be narrow, so that the power prpfile effectively includes a discontinuity.
2.5  The peripheral zone |
- The perip_héral zone 3 is shaped to rest on the sclera of the eye and acts to locate

and retain the contact lens 100 in place. As previously mentiqnéd, when the
contact Ivens 10_0 is a corneal on-lay, the peripheral zone 3 may be omitted.



2.5 The peripheral zone The peripheral zone 3 is shaped to rest on the
sclera of the eye and acts to locate and retain the contact lens 100 in

pl ace. Aswpnreu/wessBy nmenti oned, when the contact | ens 100Tial2a11000238a
on-lay, the peripheral zone 3 may be omtted. WO ,
2011/ 106838PCT/ AU2011/ 000235 13 2.6 Effggt of the contact |ens Figures 6
and 7 show a myopic eye view ng distant and near objects through a contact

| ens 100 of the type shown in Figures 4 and 5. In Figure 7 the dashed |ines
show the path of light rays through the |lens 100 and the solid |ines show

| i ght rays @i6t hatffedt bétHesstmtddderfsor t he purposes of conparison. In this
exanple the lens 100 has been designed so that Iight froma near object

passing t hrpigghestdand @rshodd a Aybpie eyen@wusg tiscart aad near bbﬁcfs&htd”'ugh(ar in

ot her words the .inner {IC zone has_ been desj g (} e7lh e the ‘| ag
of accommodsas 185 HIGB e tTHbSITHID FISuTRS 4 Srsks b FiGUR T1the dAshehines |
Figures 6 aa%vitr@wh%hﬁghtlrawﬂqrél@h&hmnstm Mﬂwb%neﬂmé@shém.msa?@s' gned

for the distance of theiT respective objects. In particular: Figure 6 only
consi ders t wshoutdhe lansyiH0: far Hegrirpeses b comearisan. ﬂm@*l%ax@npl@pthedea%ﬂagoz t hat

has been deplaped Bé’s:gr?écf?&fha@'hiht%%’?ﬁ‘h'eéi Bhleeiliasitly hifughife BhatA Y

positive powere are onsi ders t
t hrough t heoptierzaneris dicbcushed pnitiee retipaior lrz@ther WOtdsetheﬁnndrpptlozomﬂ das he | ag

O e ot e o ISR B 3o SRR By D PRI ER e e
exanpl es of olsiestsionl tae petiver. Fiyunés BeaddﬁdrmsshGMEthnaﬁfwMe portionef theanﬂ h he
outer optic zone 2, ai nst,_t.he radi-us,o r as
been dr hn' 655 SeaineReS pbEdislitera tudif fesp e niratt IS PrBRHIATESSE § b '« he
power requi gRig cbRsiBers thE lighthaysltHrbadit®e\dosticofthe duttr @pti€ zomé R @fdt-hakn

Fi gure 8, the relative power difference is 'g(l)otte on the .vertical axis

with a unitbegn 9%%@?9(1 fo Qﬂ’(ﬁ‘if distance)visigand ot the reltivalsPesite ROWRPE he | ens
axis (or si fﬁﬂeyo;?]e dh%H 'If’l%@leqtérﬁ?c&’isléé’@ th@Fgrﬁ%Vsathré‘U@:hsthé BoFﬂdn'df'ﬁ?é res.

Figure 8 shows t pr of i six different "ultizon enses L1 -
where: . inner optic zone 1 that fully corrects the lag of accommodation. .

15 - '2 7  Power profile embod/ments and m/sallgnment of the pupll centre w;th the

- /ens centre

Fi ngure 8 shows a graph lllustratmg examples of possmle power profiles across the
inner optnc zone 1 and the outer optic zone 2, plotted agalnst the radnus of the
lens. The graph has been drawn to show the power dlfferentlal of the lens relative

- 20 | to the power requnred to correct the distance vision of a myopic patlent In F|gure
8, the re!atn_ve power difference is plotted on the vertical axis with a unit of power in
dioptres (D) and the radial distance from the lens axis (or simply radius) is plotted
on the horizontal axis in millimetres. Figure 8 shows the profiles of six dlfferent
multlzone lenses L1 - L6 where

25 - L1 has an inner zone 1 with a differential power of a maximum of 2D
that peaks at the centre (radius Omm). The outer optic zone 2 may be vieWed as
commencing -anywhere between a radius of about 0.5t 1.0 mm; the two zones
combine to form a continuous and relatively smooth power profile. The outer optic

_ zone 2 includes two sub-zones: an inner sub-zone having a substantially constant
- - 30 power Selected to correct distance vision; and .an' outer sub-zone with positive'
o ~ power diffefential, commencing at about a radius of 2.25 mm.



25L1has an inner zone 1 with a differential power of a maxi mum of 2D that
peaks at the centre (radius Omm). The outer optic zone 2 may be viewed as
comenci nyoanyvtees3e bet ween a radi us of about 0.5 to 1. PCERU2011400286 zones
conbine to forma continuous and relatively snooth power profile. The outer
optic zone 2 includes two sub-zones: -anqgnner sub-zone having a
substantially constant 30 power selected to correct distance vision; and an
outer sub-zone with positive.power differential, comencing at about a-
radius of 2.25 nmm WO 2011/ 106838PCT/ AU2011/ 000235 14 -1 L2Has a sim |l ar
power differentil®d prssia eimiler power differential pratile o thenlens Ll eexaspt the audere 2 i s

entirel y deﬁpt?caicﬁ%lé% SREST b RGeS ANESI GbRoe bliRS @ simiTar pover

di fferential™ pro ens rger di anet er - i'nner zone

1 and a slower e ' N . ; Iternatlve
near and di stan lgg ri n%s leﬂﬁl ?8\&?&%%&%&}%&3%‘8@%% ﬁ;@@&e"y'ﬂ] ®zone 1
of 2D nore @iaricténinngrawse ’tdilwaislwepwﬁerofpqugeacfok@trmnnen:ion@l‘Etance
vision. The outer optic zone 2 conmences at a radius of about 1 mm The

outer o@ic zond.4@ |mdsud63al&nsameznemsana dmtagcelt‘nr@estmmré ireiudiig ect

over 10 rSeNecaPH obet ek k2D B e osh i FouiERLaan ey seAIdSaT ® rm o

about 1.9 ngaredt didtéaese ﬁ@l@hhﬁﬁe blRg oncQ@ﬁé 2Cdonithehcica & tadi@of abuatther
enbodi nents nore rings may Erow ~al ternating between the power for

di st ance co’f"r"%cﬁ%ﬁ“tﬁﬁ@Pﬂc F@'P%t ipglu %’S?tﬁqpez%’&i/eﬁ ringzRIHheinyesito rcérfﬁfiti ve
posi tive. pPoyR{anEBWidié-6a Eaﬁtl\%&gﬁw@p\‘lﬁé 0@%[?% ?bgiﬁ{le pbWélr tﬁ)efn fe mé(pr of

the rings may differ. | nner zone subst ant st ant
power ali wiequited 40 &QU@@t distaneenvisiordbetweeara radluaaofrbﬁ/mm@sahm@ﬁ &mm 4 is

pr ovi ded t Oq U FotlH iy 6EWredt BRtrcB i 1R ToBRl AhoRAMERSTRENETys! Ne

zones is 3D
may be provided, alternating between the power for distance correction and a

relatuve positive power. Each ring of relative positive power may have the same .
power as each other ring, or the power of the rlngs may differ. | " ‘

15 : L5 Has an inner zone 1 of substantrally constant power and WhICh is
about 2.0 mm in diameter. A narrow transition zone 4 is provided to an outer optic
zone 2 and the dlfferentlal power between the zones is 3D '

L6  This Iens provudes a larger diameter inner zone 1 and a transition
zone 4 located generally_ between a radius of 1.0 mm.and 1.75 mm. The outer
20 opt_ic zone 2 has a constant power with radius. ' '

- L7 ‘This lens provides an inner zone 1 with relatively constant power of -
abo'u_t 1.5D more positive than the distance vision correction. The inner zone
~ diameter is about 2 mm (1 m radial distance from axis). The outer optic zone is
divrded into an inner sub-zone between about 1_‘mm and 2 mm radial distance and
25 an outer sub-zone beginning at about 2 mm radius. “The inner sub-zone providee
" a constant-power for correction of distance refractive error while the outer sub-
zone repositions the perlpheral image points forward by providing increasing (up to
+1.5D) perlpheral power

~ Alens of a configuration like Iens L1 may. account for possrble misalignment of the
30 ~ pupil centre with the lens centre by still providing adequate power at all distances.



L6This | ens provides a |arger dianeter inner zone 1 and a transition

zone 4 |l ocated generally between a radius of 1.0 mmand 1.75 mm The outer
20 optic worneli2wbsss a constant power with radi us. L7Thi #Craoprooviddes an
inner zone 1 with relatively constant power of about 1.5D nore positive.
than the distance vision correction. Thq I nner zone dianeter is about 2 nm
(1 Mnradial distance from axi§). The ou?er optic zone is divided into an

i nner sub-zone between about 1 mmand 2 nmradial distance and 25 an outer
sub- zone begi nning at about 2 nmmradius. The inner sub-zone provides a

constant pomiexafipl€,af theupfReffre @ @éosner@d b9 @ firh MAeR WHeh thBWeardrhe out er
sub-zone rep05|t|ons t he peripheral |ima 1p0| nts forward by providi ng
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st prOV|d|ng a equate ower | St ances.
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the |ens Ceéltghgdlvﬂtha;hélpl’rbhar way and ot her enbodi nents of |ens may include
two or nore positive power sub-zones that assi st wi-th near vision when the

l'ens is not23gl i Radtivndily syhendii®bhd adyMmBRiceémbd@ieytssymret ric and
asymmetric enbodi ments 10 While the foregoing description has predoni nant |y

focussed) onwné #id RAEIJINg aymhbn ia PRERMInAtyFoclisved cradtdt@pami i ons may be
used. For exanple, instead of a generally circul ar inner optical zone 1
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t he di aneter of i-nner optilcal 15 zone
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and a perlp
sideof the inner optic zone 1. Figure 10 shows the general structure of a lens 50

of this confi iguration with a meridian inner optic zone 51, a first meridian oute‘r_ optic

zone 52, a second meridian outer o_ptic zone 53 and a périphe'_ra__l zone 54. As with -
20  the lens structure s_hown‘i‘n Figures 3 and 4 the peripheral zone 54 may be

omitted for a hard contact lens or corneal on-lay. Thé power profile along a vertical ..

half-meridian (with reference to the orientation of the lens 50 shown in F igu're 10)

may be a'rfy of the profiles described above with referenc'é to Figure 8.

If a lens is ballasted or otherwise formed to orient on the eye and remains in
25 posmon when the eye moves then the inner optical zone 1 may be Iocated off—
~ centre. This location may reflect the inward movement (towards the nose) of the

pupil when wewmg near objects ThIS movement may be about 0.6 mm.
3. Peripheral treatment profile

~ In some embodiments, the contact lens 100is des«gned to prowde a penpheral
.30 _treatment proflle



20 the lens structure shown in Figures 3 and 4, the peripheral zone 54 may
be omtted for a hard contact | ens or corneal on-lay. The power profile

al ong a weotnoalosssal f - meridian (with reference to the oPCemEbilgnoss t he

| ens 50 shown in Figure 10) may be any of the profiles described above with
reference to Figure 8. If alens is balkasted or otherw se forned to orient
on the eye and remains in 25 position when the eye noves, then the inner
optical zone 1 may be |located off-centre. This location may reflect the

i nward novenent (towards the nose) of the pupil when view ng near objects.
Thi s novenmeRt! ey pbrptavalttea@mbntprofild. fBlemypbiar al treatnment profile I n
sone enbodi nents, the contact lens 100 is designed to provide a peri pheral
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Fi gure 8 netiemonngloraarksfithd fscal poineiatfrontbf theattine for nyopia. As
previously discussed,-in addition to the relatively positive power . |nner
optic zgne 3.2 tif_e(ainmie/énis'eh&mtmqubeiue@méﬂphemereamhmlpudmg an outer
sub-zone with positive power differential, comencing at about a radius of
2.25 nm BoTthe ‘.léwstm‘ErepnewntemhrRigmermrnéypr@lddﬁepedplwrastuéatmmpm"te fop nove

peri pheral inages forward edom of. design.to place
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requi rement- t-o provide clear vision at near distances. 20 The 'ring design

|l ens L4 rep‘f’@k@ﬂ%‘%‘(ﬁ powes djtierentialnegmaeseing B sbetd aaraﬁéisiqii?e%m rBb nent

profil eisf Ortpgli%r% tnb'}ohéh%nhﬁiﬂé olife? sib28né ABTRHbpéiphraiafiagss of 1.5 mm
acts to shi eri pheral i mages forwards. In other enbodl ments, several

ri ngs may bf@rvpardsehi@wewcimcerasmfreﬁdmm deeign te elage perinfera! t BRAGESAN O f r ont
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“zone may be constrained by the reqwrement to provide clear vision at near

dlstances

20 The' nng desrgn lens L4 represented in Figure 8 may also provrde a penpheral
: treatment profile for myopia. In this lens the ring commencmg at-a radius of 1.5
mm acts to shift peripheral images forwards. In other embodiments, several rings
may be present, each of which move peripheral images onto or in front of the |
retina. The rings may be constant width or alternatively 'may change in width, for
25 exampie with the outer rings being wider than the inner rings | |

As dlscussed above the relatively positive power sub—zones within the outer optic
k zone 2 may be useful in dealing with possible misalignment of the contact lens 1
wuth the pupil. In some. embodime_nts, the relative positive power sub-zones may
have a power selected to match that required to clearly focus near images. Tne
30 practitioner may check whether this also places perip'heralb images through that
part of the lens on or in front of the retina. If not, thé power may be increased to



25example with the outer rings being wider than the inner rings. As

di scussed above, the relatively positive power sub-zones within the outer
opti c zorwO20nmaes38 useful in dealing with possible m saCirgareniooe3st he
contact lens 1 with the pupil. In sone enbodi nents, the relative positive
power sub-zones may have a power sel ect to match that required to clearly
focus near imges. The 30 practitioner may check whether this also pl aces
peri pheral inmages through that part of -the lens on or in front of the
retina. If not, the power .may be increased to WO
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zone 1 to approxi dianeter. Next the practitioner may add a
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priority zones that or _ext Into the 0 25 The
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referring tl?VPﬁQflﬂ‘%che)é!s'P@r\%rme&rave a power profile of the general vs‘hape

of 'L1 al ong nost hal f
As prewously mentloned dtfferent combinations of lenses may be formed, for

example by combining the lens L1 with one of lenses 4 to 6 to control the posutlon

of penpheral images.

The Iocatlon and shape of the relatively posutlve power 'sub-zones may be selected
to avoid any image priority zones that are in or extend into the outer optic zone 2.
25  The combination of image priority zones with peripheral image aberration is
~ described in international patent publication WO 2007/082268 A2, the content of
which is incorporated herein it its entirety. For eXampIe, referring to Figure 8, a
lens may have a powe'r profile of the generat shape of L1 along_ most half
. meridians, bdt have a power proﬁle of the general shape of L2 along one half
30 meridian, that half meridian having a width of between 0.5 mm to 3 mm.



meri di ans, but have a power profile of the general shape of L2 al ong one
hal f 30 neridian, that half neridian having a width of between 0.5 mmto 3
mm 18 Iwowniiobessunder st ood that the invention discl opet/Aandiidedizaed in
this specification extends to all alternative conbinations of two or nore
of the individual features nentioned orqgvident fromthe text or draw ngs.
Al'l of these different conbinations constitute various alternative aspects
of the invention. 19 Cai.ns: 1.A contact lens for nyopia, the contact |ens
conprising an inner optic zone with a dianeter of between 1 mmand 4 nm a
transi tion lzwilldbeaunteastood that thpinventiemdiselasedamdidefipadis this spscificationzone,

the outer optic, zaon ' ' - j i nredi af ' nt said
transition e%?{bds\zf\thot aﬁt%é%@g?&g\ﬁ@?l%ﬁé%% rﬁﬁree _mgﬁﬁﬁéq%%ﬁ%%has -an

add power paebticriedvdridvidens frositthatéx lor dramings. silt of dekepdifferent ebrabinations t he
negative power of bEImegg O%g.diogtérsfﬂgg 4 qiopters inclusive,- and
wher ei n' t hENsHiNe YarpysAeEn Ve @sPeds o edME™® st ance of 0.5 mm or | ess.
10 2. The contact lens of claim1, wherein:-the inner optic zone has a '

di anet e® between 2 mmand 4 mm 3. The contact |ens of claim1, wherein the
i nner optic zone has a dianmeter of less than 2 nm ‘ :
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CLAIMS:

1. A contact lens for myopia, the contact lens comprising an inner lag reduction optic
zone with a diameter in the range of 1 to 2 mm, a transition zone and an outer myopia
correction optic zone surrounding the transition zone, the outer myopia correction optic zone
having at least a portion immediately adjacent said transition zone with negative power that
corrects myopia of the eye of a wearer, wherein the inner lag reduction optic zone is such as
to reduce or eliminate lag of accommodation by said eye when viewing at near distances,
said inner lag reduction optic zone having an add power portion with a substantially constant
add power relative to the said negative power of between 0.5 diopters and 4 diopters
inclusive, and wherein the transition zone occupies a radial distance of 0.5 mm or less.

2. The contact lens of claim 1, wherein the outer myopia correction optic zone includes
at least a portion with a third power, relatively more positive than said negative power,
wherein the portion with a third power is distinct from the inner lag reduction optic zone.

3. The contact lens of claim 2, wherein the third power is substantially equal to the
power in the add power portion.

4, The contact lens of claim 2, wherein the third power is different to the power in the
add power portion.

5. The contact lens of claim 4, wherein the third power is greater than the power in the
add power portion.

6. The contact lens of claim 1, wherein the outer myopia correction optic zone includes
at least two portions with power greater than the power in the add power portion, separated
by a portion with the first power.

7. The contact lens of claim 6, wherein each of said at least two portions have the same
power.

8. The contact lens of claim 6, wherein each of said at least two portions have different
powers.

9. The contact lens of claim 8, wherein the portion with more positive power is located
on the contact lens at a greater radial distance than the portion with a iesser power.

10. A contact lens for myopia, the contact lens comprising an inner lag reduction optic
zone and an outer myopia correction optic zone immediately surrounding the inner lag
reduction optic zone, the outer myopia correction optic zone having at least a portion with
negative power and the inner lag reduction optic zone is such as to reduce or eliminate lag
of accommodation by said eye when viewing at near distances, said inner lag reduction optic
zone including a central portion with an add power relative to said negative power of
between 1.5 diopters and 4 diopters inclusive, wherein the inner lag reduction optic zone has
a diameter of between 1 and 4 mm, and wherein the add power of the inner lag reduction
optic zone progressively reduces with an increase in diameter and wherein the power profile
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of the inner lag reduction optic zone equals the power of the outer myopia correction optic
zone at the intersection of the inner lag reduction optic zone with the outer myopia correction
optic zone.

11. The contact lens of claim 10 wherein the outer myopia correction optic zone has a
substantially constant negative power with radius.

12. The contact lens of claim 10 wherein the central portion has an add power relative to
the negative power of between 2.6 diopters and 4 diopters inclusive.

13. A contact lens for myopia, the contact lens comprising an inner lag reduction optic
zone and an outer myopia correction optic zone immediately surrounding the inner lag
reduction optic zone, the outer myopia correction optic zone having at least a portion with
negative power and having a substantially constant negative power with radius, and the
inner lag reduction optic zone is such as to reduce or eliminate lag of accommodation by
said eye when viewing at near distances, said inner lag reduction optic zone including a
central portion with an add power relative to said negative power of between 1.5 diopters
and 4 diopters inclusive, wherein the inner lag reduction optic zone has a diameter of
between 1 and 4 mm.

14. A contact lens for myopia, the contact lens comprising an inner lag reduction optic
zone and an outer myopia correction optic zone immediately surrounding the inner lag
reduction optic zone, the outer myopia correction optic zone having at least a portion with
negative power and the inner lag reduction optic zone is such as to reduce or eliminate lag
of accommodation by said eye when viewing at near distances, said inner lag reduction optic
zone including a central portion with an add power relative to said negative power of
between 1.5 diopters and 4 diopters inclusive, wherein the inner lag reduction optic zone has
a diameter of between 1 and 4 mm, and wherein the central portion has an add power
relative to the negative power of between 2.6 diopters and 4 diopters inclusive.

15. A contact lens for treating an eye with myopia, the contact lens comprising an optic
zone including an inner optic zone and an outer optic zone, the outer optic zone including at
least a portion with a first power, that acts to correct distance vision of the eye and the inner
optic zone including at least a portion with a second power, relatively positive than the first
power, wherein the inner optic zone comprises a meridian extending across the optic zone.



