WO 2011/ 106837PCT/ AU2011/ 000234 Corneal renodelling contact |enses and

nmet hods of treating refractive error using corneal renodelling Field of the
i nvent i orwohe11fioedsd of the invention is corneal contact pcEmdesiiane3met hods
of treating refractive error incorporating renodelling of the shape of the
cornea of the eye to which the contact lens is applied (sonetinmes referred
to as orthokeratol ogy). Particular enbodj nents relate to contact |enses for
treating nyopia and nmethods of treating nyopia. Particul ar enbodi nents
relate to contact lenses for controlling progression of nyopia and nethods
for controlling the progression of myopia. Particular enbodi pents 10 of the
 nvent | orCpEiea gemgdgiling coact lensas @nddnethodsrofitreating refeantiye: ereom using| at e
to contact |enses for treating hyRehédl ranfddfenieg hods of treating hyperopi a.
Background of the invention Many peopl e suffer rom either myopi a
(short-sightedness) or hyperopia (long- sightedness). The preval ence of
nyopi a i SFielsbettheiinyentieddi ng to i ncreased attention to 15 the devel oprent
of solutions to deal with myopia. In addition, for many people, mnyopia
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nmyopi a a yperopi a. These techni ques include prescribing spectacle | enses
or cont aceontagidenses Soirigeating hynprapia and methaests efiirealing AyBeIoRa. | ens (e.g. an
anterior chanber phakic intraocular |ens), surgical reshaping/ rermdel i ng
of the cornea and tenporary reshaping/renodelling of the cornea :

Background of the invention | |

Many people suffer from either myopia (short—sightedneés) ‘or hyperopia . (long- -

‘sightedness). The prevalence of myopia is increasing, leading to increased attention to
f5 the development of solutions to deal with myopia. 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, also called “emmetropic”). 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
20 point relative to the retina creates blur. Different myopic _eyés may have different
magnitudes of myopic blur. For example the retina of another eye may be IoCated at the
broken lines shown in Figure 2, this other eye experiencing less myopic blur.
Conversely to myopia, a hyperopic eye has a focal point located behind the retina,

which also creates biur.

25 Several techniques have been used to correct myopia and hyperopia. These techniques

| include prescribing spectacle lenses or contact lenses, surgical implén-tation .of an
. intraocular lens (e.g. an “anterior chamber phakic intraocular lens), surgical
reshapfng/remodelling of the cornea and temporary reshaping/remodelling Qf the cornea



WO 2011/ 106837PCT/ AU2011/ 000234 by hard or soft contact |enses. Corneal
renodel | i ng using soft contact |lenses is described in International Patent
Publ i cat iwo 200/26553/ 022242 Al, the content of which is iPoTaporianed4herei n
inits entirety. International patent publication WO 2005/055891 Al, the
content of which is also 5 incorporated herein in its entirety, describes
the use of a contact lens to control the relative curvature of field with
an objective of controlling the progresston of nyopia or hyperopia. The
met hod i ncludes noving i mage points at .the peripheral retina forwards or.
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patent publication nu 0040237971 Al describes the control of ‘the

opti c39 asentrubiprliandMQBeRI/014i4Rti thimcantenhphinhispas alap inGaserratrdheseiik s
to alter iR 39%“ tive lag. Reference to any prior - art in the specification
IS not, an hou not be taken as, an 25 acknow edgnent or any fdrm of
suggestion that this prior art forns part of the conmon general know edge
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the art. ammmqatedmatMMe\ammﬂmane@&mmm imageifavaid joptp the
' retina. This under-accommodation is often referred to as lag of accommodation (or -
15 “accommodative lag”). Figure 3 shows a myopic eye with lag of accdmmodation; the
» focal point of the image is located behind the retina. In a study involving children of
primarily European descent, lag of accommodation measured at 33 centimetres using
an autorefractor found the median lag to be 1.26D (range from -0.75 to 2.82D) in
children aged 8 to 11 yrs. In children of Chinese ethnicj;y,' lag of accommodation
20 measured at 33 centimetres was 0.74 +/- 0.27D. Attempts have been made to treat k
accommodative lag. For example, United States patent pu'blication number
US 20040237971 A1 describes the control of the optical aberrations to reposntlon

medium and high spatial frequency peaks to alter accommodative lag.

- Reference to any prior art in the specification is not, and should not be taken as, an
25 acknowledgment or any form of éuggestion 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 ascertained, understood and regarded as relevant by a person skilled in the art.



Vi ewed generally, enbodinents of the invention relate to the surprising

di scovery that lenses with refractive power have enhanced ability to affect
t he progrweznonoed37nyopia if the | enses al so have a cor reaiatzenmdedski ng
effect. This corneal renodelling effect may 5 in some enbodi ments be
broad- area corneal renodelling and in other enbodi nents may be |ocalised
renodel I i ng. Ot her enbodi ments of the i ny vention generally relate to | enses
that, in addition to providing broad-aréea corneal renodelling, also provide
one or nore |ocalised renodelling effects. Structures for |ocalised

renodel | | §gmiRarydfine fvéitidd ed to an 10 otherw se traditional

ort hokeratology’l ens. In various different enbodi nents, renodelling of the
cor nea d t 4R
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provi sion of increased thickness (for treatment of nyopia) in a second
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provi de concurrent Ird) po r 25 positive relative to the outer
optic zone. This relatlve positive power being suitable or re-positioning
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effectl ”grrﬁ%rl;'/%m ;ﬁcer{wgr?tgoef t}\e ?ocapEeJ remodelhng of the central cornea delivered by the
inner zone by the prowsuon_of increased thickness (for treatment of myopia) in a second

(more peripheral) sub-zone of the outer optic zone.

20 Through appropriate profiling of its thickness modification, the inner zone may provide
concurrently 'a differential power, which is positive relative to an outer optic zone. In
some ‘embodiments this relative positive power is suitable _for treatment of
accommodative lag. Similarly, appropriate profiling of its thi'ckness increase in .‘t_he
second sub-zone of the outer optic zone may provide concurrently a, (third) power .

- 25 positive relative to the outer optic zone. This relati\}e'positive power bei'ng suitable for

| re-positioning of peripheral image points'fovward‘to closer to, on or in front of the retina.
This re-positioning of peripheral image pomts may also be achieved using normal
refractlve power variations and thus may be provided in lenses that do not include the

above-mentioned thickness modification in the second sub-zone.



5 Methods of providing a lens for an eye may be iterative, so as to reflect
the intuitive and/or enpirical exercise of providing a lens for an eye with
a cor nealwopenudebssrng function. Both the size and ext entcofatzhiiakoss s
variations and the power profile of the lens may be used as variables to
wor k towards an acceptable or optinmum | ens. For eyes with hyperopia, the

| ens may al so provide a conbi nation of q%pomered |l ens 10 with corneal
reshaping, to correct the hyperopia. Generally, the broad-area corneal
reshaping will steepen the corneal profile when treating hyperopia and the
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“conprising”, "conprises” and "conprised", are not intended to exclude
further additives, conponents, integers or steps. 20 Brief description of
t he fi @urMethEdgwfq:rdvidimgvs lexrs foy ant éyﬂ ma&y beitewdtive| gbtasdto( efieet thepintuitive
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of increased thi-ckness. Figure 7:shows an effect of the eye-lid on the |ens
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10 with corneal reshaping, to correct the hyperopia. Generally, the broad-area corneal
reshaping will steepen the corneal profile when treating hyperopia and the localised
thickness 'variatior'\s will be areas'of lesser thickness instead of areas -of increased

thickness.'

Further general aspects of the invention and further embodiments of the aspects
15 described in the preceding paragraphs will become apparent from the following
description and/or from the accompanying figures. ’

As used héréin, except where the context requires otherwise, the term "comprise" and
" variations of the term, such as "comprising", "comprises” and "comprised", are not
intended to exclude further additives, components, integers or steps.

20 Brief description of the figures

Figure 1: shows an eye that is normal sighted (emmetropic).
Figure 2: -showsa myvopi'c eye viewing a distant object.
Figure 3: . shows a myopic eye with lag of accommodation.

Figure 4:  diagrammatically shows an embodiment of a contact lens, including a
25 refractive power and corneal modellmg



optic zones. Figure 9:shows a cross-sectional view through the | ens shown
in Figure 8. Figure 10: shows a plot of relative power against radius
for severwb 2ermboas3nents of 10 |l ens. Figure 11: shows a pcamuvzdbawoe34an
enbodi ment of a contact lens including a rotationally asymetric power
profile. Detailed description of the enbodi nents For the purposes of

expl anation, the present description’ hassfocussed on |l enses for 15 nyopic
eyes. The invention may have particul ar "application to this field. In
general, a myopic eye requires negative power, optionally with one or nore
regi ons ofighRlmti VGIabré’rﬁ_ﬁia?ibéﬂﬁ'Eﬁ%rand(tﬁ’ér &ﬁ@é’ﬂ?ﬂn@nf&f@ﬁ&ﬂ?@ﬂ hQint1Adng
accommodat ron and/or "to i npl ement peripheral 1 nmage control. E‘onven I onal
corneal regmyabronenef incregsed ticknepepi a, using for exanple rigid gas . :
perneable (RGP) lenses, will tend to flatten the cornea. This 20 flattenin
is applied to a wide extent (broad area) of the central cornea. Wth a
hyper opi digyi€ &:he Higgearmmaticalyahowssanather grahesimeopef @ pantast lans,indudingia
nor e regi Qs ' i RV r to inplenment peripheral inmge
control. @oaf%éggalh%féel%héﬁ%ﬁ%&tﬂlﬁ‘é@é}sgﬁ obj ective of correcting hyperopia
wiil tend to steepen the centre of the cornea. Enbodi nents of the invention

may - al 50 ppl | | L G ‘
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| enses, <APpEkzevesi | i cone hydrogel |enses can also effect corneal - :
renodelling. This is described, for éxanple in international patent
publication WO 2008/ 014544 Al, the content of which is incorporated herein
in its edtigurety. Thkowkaerostesardinnaliiey thinughthedeneahownin bigure 8nses cause
corneal renmodelling is the subject of ongoing research, but the resulting

shape of the cornea after use of the lens i -
Figure 10:  shows a plot of relative power against radius for several embodiments of

10° lens.

Figure 11:  shows a plan view of an embodiment of a contact lens including a

rotationally asymmetric power profile.

Detailed description of the embodiments

‘For the purposes of explanation, the present description has focussed on lenses for
15 myopic eyes. The invention may have particular application to this field. In general, a
‘myopic eye requires negative power, optionally with one or more regions of relatively
- positive power, for example to account for lag of accorhmod,ation and/or to implement
peripheral image control. Conventional corneal remodelling to correct myopia, using for
example rigid gas permeable (RGP) lenses, will tend to flatten the cornea. This
20 flattening is applied to a wide extent (broad area) of the central corhea. :

With a.hyperopic eye the lens will have positive power, optionally with one or more

regions of relatively negative power to }imple'ment peripherél image control. Corneal

‘ remodeliing that has an objective of correcting hyperopia will tend to steepén the centre

of the cornea. Embodiments.of the invention may also have application to hyperopic
25 eyes. |



may be a function of variations in contact |ens thickness, posterior
surface relative 10 curvature, |lid influence, nmaterial properties such as
t he nodulwe 20ft/web&#gticity of the | ens and/or the origi nacTstiapa/06238 he
cornea. Accordingly, selection of an appropriate lens to achieve a desired
corneal renodelling may be an intuitive and/or enpirical exercise. An

obj ective of corneal renodelling when u§§d I n the context of -the present
invention is to flatten the central region to nove images backwards or
steepen the central region to 15 nove inmages forwards and the sel ection

process Wl | Uafedachon oflodd 6 Corl3PRhygting. Lenses wi th both a power
and corneal renodelling effect dinments o e invention generally »
relate to the correction of refractive error of an eye using a lens with a
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for exanple an RGP lens. An optic zone 110 provides the appropriate '
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peri pher Ysubfect oNysging msleamh out thelresalting slapecoiithe@brnea after use of the lens
may be a functlon of variations in contact lens thickness, posterior surface relative '
10 curvature, lid mﬂuence, ma_tenal properties such as the modulus of elasticity of the lens
and/or the original shape of ‘th'e cornea. Accordingly, selection of an‘-appropriate lens to
a_chieve a desired corneal remodelling may be an intuitive and/or erhpirical exercise. An
objective of corneal remodelling when used in the context of the present invention is to
flatten the central region to move images babkwards or steepen the central region to '
156 move images fonNards and the selection process will take account of these objectives.

2. . Lenses with both a power and corneal remodelling effect

Embodiments of the invention generally rélate to t_he‘corréction of refractive error ofan
'ey‘e using a lens with a power that also remodels the cornea. The combined effects of
the power of the lens and the remodelling function of the lens may provide advantages
20 over known conventional refractive error correction lenses and conventional
orthokeré_tology lenses. ' '

in Figure 4 a contact lens 100 of the present invention is shown illustrating its cross-
section thickness profile. The contact lens 100 is an orthokeratology contact lens,

' desighed with thicknesses and back surface shape intended to- apply broad-area
25 4remodelling of the cornea. The contact lens 100 is a rigid contact lens, for example an
RGP lens. An optic zone 110 provi'des the appropriate refractive power to correct
distance- vision while the lens is being worn. The peripheral zone 120 of contact lens

100 acts in similar manners to the periphery of conventional or orthokeratology contact



WO 2011/ 106837PCT/ AU2011/ 000234 |l enses - i.e. to blend the thickness from
the optic zone to the edge in a way that naxi m ses confort and stability of
vi si on. Iwoabhemwesnbodi nents, the lens 100 is a soft comCaxu2bav®923kor
exanpl e a silicone hydrogel |ens designed to apply broad-area renodelling
of the cornea. The silicone 5 hydrogel |ens may for exanple, be an everted
| ens as described in incorporated_intern?tional pat ent publication WO
2008/ 014544 Al .. In these enbodi nents, the optic zone 110 al so provides the
appropriate refractive power to correct distance vision. The peripheral

zone 120 jepsgdraprél {PbleRdlthel thidkhBss #df e dpieidoneoRt Mt eéiés‘% Awa&hat

sclera, and in the case of a rigid gas perneable or hard le on the
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renodel | i zuhe 110 albe peoviddzoitierappicpriatd réflaetive pavesteccoreebdistdriceyision, be
added to an- otherw se conventional (nonorthokeratology) contact lens - i.e.
a contact lens that, without |ocalised renodelling features, does not

produce chheipetipherabdehe 1120 isfshaped tb mestyah thee casee of heoft oonrtiackleds on the -

renodel i n may ‘gr»ot | de their onl.%g renodel | Blngq ﬁ{ﬁf{@?t to tBe cornea O her
enbodi ment S8t ANEHL G GSEP!HEIF HA% RMEA S &t 8 PEHRNSTRLEYGRAd t o
appl y1@5 dfitha@yaadd dctsrietatenihdoletdin thecesritaet 16is flo@ir Fl@bégthﬁ thoeostact and
whi ch i ncludes_an additional |ocalised central renodellin functé' on.

lens 100 is a hard or rigid gas permeable contact lens, the peripheral zone 120 may be

reduced in size.

In still other embodiments, the power profile of the lens 100 is selected to provide a

multifocal lens with an _area of increased power centrally. Accordingly, different
15 embodiments of the lens 100 have any one of the power profiles described herein

below. ' ‘ |

3. Lenses with central localised remodelling-

Embbdiments of lens have an optic zone with a refractive power selected to correct
_ distance vision and have central localised corneal remodelling. In these embodiments,
20 the localised »femodelling may be added t6 an otherwise com)entional (non-
orthbkeratolOgy)_ contact lens — i.e. a contact lens that, without iogalised remodelling
features, does not produce corneal remodelling effect. In such a case, the localised

| remodelling may provide the only remodelling effect to the cornea. | |

Other embodiments of lens are in the form of an orthokeratology lens, designed to apply
25 broad-area remodelling of the cornea by flattening the cornea, and which includes an
' additional localised central remodelling function.



WO 2011/ 106837PCT/ AU2011/ 000234 8 These enbodi nents with central |ocalised
renodel | ing nay be particularly suited to inplenentation as soft contact

| enses, iwol2oditogs3ffor exanpl e silicone hydro-gel | ensespcas@iitthese
materials allow for transfer of forces fromthe eye-lids to the corneal
surface to be nodul ated by appropriate selection of |ens thickness: and

mat eri-al properties such 5 as nodul us ofg el asticity and b) provide for

i ncreased wearer confort, given that the | enses may be worn while the
patient is awake. However, in other inplenentations corneal reshaping hard
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refractivg aWese At Rls BNQR oA SRG U 6Rbs '?r%ﬁ{z’g\%' %)}eﬁﬂjs%ftﬁggo ngal surface
correcting distance vision and an I nner zone 220 of’ increased thickness for

ef f ect i ngo(biermotielatedshy appraprate\setadtion af lensribizknedscary) materiah peoperties Such t he

case o rt erai ol €O ct . | ocal i sed renodel.ling of fhe

centr aé? g%l’r ﬁ‘é’gnﬁ}ér&?%%Bﬁﬁqﬁfga'ﬁ{)?}gipé‘?‘"&ﬁ%h @%Beaﬂsgaa %%rgﬁlicﬂg]f?/d’r &'ﬁ?%éé%t E‘Fj ve

?f ;hrefr:dﬁlzéése?ﬁ:ytbé:WcﬂgOﬁhim{tr}@‘ péﬁedt?ﬁ%wék@ddq-md fiet, inether im]Ple_mentationsd
non- or t hoker at ol ogy ontact |lens w an added i nner zone of increase

I cknes 0184 T8PAARIRG MAH COBIACE BISKE M7 ALSO0S IPHSY 4T B ShaTBr BASIRr ea

r eshapi ngyeRbribdeheinBalognd additional renodel ling by the inner zone; and

20. 3An orthokeratol ogy contact |ens designed to provide broad-area-
reshapi ng of the cornea and additional renodelling by the inner zone and

whi ch hasigire( 9 &h) ill@stEdtonZeNBeVrbss-SedtRn! ffdkhess PROME of @ cenacteiehs P00
di stance vision. The outer optic zone 210 provides the appropriate :
corretQ i GOMRIIsing ap 4avten\eriicorPnen2{ G avitherefiaetiverpaweh aag/of breadatpantiedes

(for the Jéﬁl%ﬁte@fﬁgteﬁéfct ??P@E?]r?éctiﬁﬁ &i%h@@%ﬂo@%na r&r{?m%?%hg?ézcﬁ%;f]?ﬁ‘c&éased.
| ocal i sed renodefling of the cehtral cornea to reduce myopia. ‘The jJunction
bet ween tthicknesscior effactirgp(in theicase ef a spoventivnakcontactiens)ar g¢nhiancingi(in the

SmoOt N MRARETor Gy SrtndieFAGBEY Biitdcl forl) REaRie refodbilgPotht | Bt&PBséS for
~ reducing myopia. Figure 5 is accordingly representative of three different categories of -

15 lens:

1 A conventional (non-orthokeratology) contact lens with' an added inner zone of
increased thickness; S
2  An orthokeratology contact lens designed to provide broad-area reshaping of the

cornea and additional remodelling by the inner zone; and

20 3 ‘An orthokeratology contact lens designed to provide broad-area reshaping of the
' cornea and additional remodelling by the inner zone and which has an (outer) optic
zone with a refractive pbwer for correcting distance vision..

Th_e outer optic zone 210 provides the apprbpriate correction for distance vision in the
wearer. The inner zone 220 provides (for the treatment of myopia) an increased
25 thick_ness that effects ioc_élised remodelling of the central cornea to reduce myopia. The
junction between the inner zone 220 .and outer optic zone 210 may be joined in a

smooth manner (i.e. blended) by the provision of a transi_t,ion zone 230. :



WO 2011/ 106837PCT/ AU2011/ 000234 9 In all enbodi ments represented by Figure
5 the thickness of the inner zone 220 is relatively greater than that of

t he out erwopviiciogssne 210. The thickness is sel ected to proutelitdee23sequired
anount of |ocalised renodelling of the central cornea, in order to reduce
nyopi a. Since the forces inparted on the cornea depends on the variation in
5 thickness, the thickness of the inner ione 220 i s best expressed as a
percentage of the 'projected central ckness of the outer optic zone
210. This projected central thickness |s the thickness the | ens 200 woul d
have due foall %wdirﬁén@ntepﬁesém by .FAgure$ tRE Ghitkhéis bhtheS ftite? hel sy put er

optic zone to.the lens centre) he”inner zone 220 is not present. The
t hi cknessTeltivelyegreatasrthan ﬁbatZthhﬁanl@é optic @one? 0: the fhickngagds selectedatenut

105% (1 . SprobHe b Kales er il 6F 0B S8 Ve lac) P A8 Seflaf NinH L crdl ke

zone to a out 2 ro ec CeAtT Al SS 0 er opt C zone.
However, fetduce anpen:t&dce lhtae fcbroes nmpartq:rhbnethés;orm dppemngy patthe |vanamonzcme

hi ck d of 105% 150% :
i B e nltkhbs T BriGleSe of BTt otk 525 i B Sxlossed b netpengt o ) e

bel ow a npiojedisd oteritid) thickhebe | swmhe botereaptitl roné 2-12(9% Thig ﬁl@F&éed centralt
e SO as (0]

enbodi nmen the t ss of the inner zon 220 ma profi

concurr eré‘lcif"ﬁ%ﬁ g@ g\*@ﬁﬁ? dbg lensinéPo \Wﬁ% rqé*!eaia the 9“%%’%5@!‘%@/% (an
ADD pOWeréxtFa'b%latuhQQh@' 'sﬁé;?é‘6f3tr@06Lit8F6bﬁH‘z&@"@fthefléWé sittrd) Nt PidlifherORine2tONe
210. Providing su DD power -is useful for treati n[%ﬁaccorrrmdatlve lag. -

| n vari ous notiperfenbnthe mnAEDomqom@r zerie 2R mayhke sglestedofpomithe sange-okd
fromypthin,g 10%@%@ 5°ﬁ‘HR&:Ré‘ p‘?{;}gc@d‘r’%ﬂ%? ttﬂle}%E s dF%he Wéﬁlc ic;rhet e

outer optic zon I nnér- zon ave a
power fr cabaaib@00% JofOﬁrijeomedFZ:eﬁﬁﬁi tHickresseofethieo duter naptic dea.ABmNpmnent rsay
be about 1.,25D or in the e of ‘a D.to 2. 750, i ch be '

oui tanl ¢ DeCisahahformagy BaflEns: o AR5 oRTan s 708 BickEEonbHR SE R e
ADD IOO\II\Bffréi*ﬁ m?m lmdsaﬂyfet @mwsa%lw 1(509’§bﬁﬂanW|tﬁiEMhé&éMg@?f Ic):’.e%t lmeuov;aernd
zone. In other enmbodi ments, the inner zon ckness -pr of,j is selected to
resul t i rSOARe ADPHMEPtss dfhs thigkness) ?‘amee%ﬁt%fhat maxinuy of, ?eﬁo%’o oég’ref%ta | ag

of acggMmmBdAiupmof 120%exanpl e greater than 2.75 D. Figure 6 is an
illustration of the cross-section thickness profile of a contact |ens 300

for correcting distance vision through providing refractive power and/ or

through bhoggin@lehibodimemtsn & ttﬂ@ﬂﬁ@@'dﬂtﬁéj infe?rzopkf 220 may be fuaedo as to
renodel | ing of the central cornea for reduci n nyopi a, and | aBJSI yin

i ncr eas edcPCHIENNEPIOVIdeRN PRtigH Powes which isdely 'uely n\me positive (an ADD powe
2011/ 1068@35’ Grd AiRiEL/ AAeetich power prqvuded by outer optic zone 210. Providing such an

ADD power is useful for treating accommodative lag. In various embodiments the ADD
-20 power of the inner zone 220 is s€lected f}om Within a range of approximately 0.5D and
4.00D. For example, if the outer optic zone 210 had a power of -1.50D, then the inner
zone may have a power from about -1.00D to +2.50D. In some embodiments, the ADD
powér may be about 1.25D or in the range of about 0.5D to 2.75D, which may be
'swtable to substantlally reduce or to ehmmate lag of accommodation. The ADD power
2'5 may be substantlally constant or may vary across the inner zone. In other embodiments,
the inner zone thickness profile is selected to result in an ADD power substanttally more
than that required to correct lag of accommodation, for example greater than 2.75 D. |

Figure 6 is an illustration of the cross-section thickness profile of a contact lens 300 for
_ | cofreCting distance vision thfough providing refractive power and/or through broéd-area
30 corneal remodeliing, for effecting localised remodelling of the central cormnea for
reducing myopia, and for applying increased pressure (from lid forces) to the mid- :



10 peripheral cornea. Like the lens shown in Figure 5 Figure 6 represents
three categories of |lens, representing |lenses with and w thout broad-area
corneal rwehapimgssand | enses with both broad-area corne&CTraaghamoos4and
refractive power. The contact |ens 300 conprises an outer optic zone 310
and an inner zone.320. The 5 inner zone 320 provides (for the treatnent of
nyopi a) an increased thickness that effqgts | ocal i sed renodel ling of the
central cornea to reduce nyopia. The extént of increased thickness was
descri bed herein above with reference to Figure 5. The junction between the
i nner  zongeriph@ralRErria elkedRs idhsZshRvndhFigireg R FidUre Befrddents irdd Extbgbidy of
a transition zone 330. The outer optic zone 310 is further divided I'nto an
10 i nner. ¥fUens darresanting lenans sithedswithowrhsoaterea gorbenk igshaping @nidnenses,

t he i-“”erwifHJBétﬁ%?Sac?-%Pedoé&rﬁégﬁésg\{tﬁréq"Hg{i- A€ poRef act i ve pover, to correct

di stance vision i n e wearer, e one or in conbination with a
certain extent of corneal renodelling. The outer sub-zone 350 provides (for

treat ment ' i Grises | . ISl t D ek:
facili tatTer;ﬂéc gn ggﬂnﬁ'g%?@g étlﬁ‘g I,ocgﬁ Eg@?@ﬁ%&gﬁ?,ﬁo %Wtsﬁzﬁgeernitarngl 3‘2}5;5@& nea
ef f ect 2d ibpen Bené H26r prayites3dor. the keatrhenti m‘nmyoziag@ rrpeassRiothickmess that

i Nncr ease L.C f .t sub- e S

ber cont aciedts fREMSed tohBifd BF (G HefAF cotBalt) ek BhFRR Ine elten of
310. Thi dSngreaped tthidknesy mas tbscaribedsheiein tabeve hwittk refesendee td efigur@06. vithel d
have due .to .t he outer optic zone (i. e., extrapolatin he sha of the, outer
ot o e rTuRation bwegh R insies 2008 420, 47q piter, 8Bl 2ane 3ab Men B Hertles BigtrR: °
present. S&Bﬁ_si@ﬁi ¥t a tansmish PoRE LIBOC KARSSUtET opfiezeny 810 S/ furimitalivi@éd iy dpe
about 105% (i.e. 5% ¢thicker) of the projected maxjmumthi ckness to about

2500 &9  JRofretbezent4 0rand ani uisresib-zqne 320.dp ceraipembedimests, the Pngasilmt s,
an appr opfinat € ey’ ' f hi ieffn HOBW t O
200% or 120G 349 AIOVRRS el apbropfialf [GfcEle fihferth! Qiect duadRa Tt o
maxi mum twearkn eitbevalonaerimeembinetien Bith azedtaimextest ef osreal igmedeiin®50 ar e
the sane. In other enbodinments they are different. In sonme enbodi nents of
the lens the thickness of the inner zone 320 may be profiled so as tg

concur r enthe/oyensikizone 360 previdesidordreatmenhof myeriphan insreasegrtbickaass: iThis ( an
ADD:- power,

R0, Bone s AL AR s ROIES GERUAS el g o B Cont

may b5 mestenea effectetianethecinner 20né 3800t ikectberinnerazores 220,320, Hee incseasad

than t hatth{cﬁﬁgsisr % tthg. 'gﬂt%?‘tsdb?z%n%f 350 may be expressed as a percentage of the.

‘projected’ central thickness of the outer optic zone 310. This projected central thickness

is the thi_ckhess the lens 300 would have due to the outer optic zone (i.e. extrapolating

the shape of the outer'optic zone to the lens mid-periphery) if the outer sub-zone 350 is

20 not present. Tﬁe point of maximum thickness of the outer sub-zone 350 may be about

105% (i.e. 5% thicker) of the projected maximum thickness to about 250% of projected‘
“maximum thickness. It is expected that for mahy patients, an appropriate thickness will

be selected from within the range of 105% to 200% or from within the range of 110% to

200%. In some embodiments the maximum thickness of the inner zone 320 and the

25 outer sub-zone 350 are the same. In other embodiments they are different.

In some embodiments of the lens the thickness of the inner zone 320 may be profiled so
as to concurrently provide an optical power which is relatively nj'ore positive (ah ADD
power) than the distance correction power provided by the inner sub-zone 340 of the
outer optic zone 310. The selection of the ADD power may be made with reference to
. .30 lJag of accommodation or may be greater than that required to treat lag of



WO 2011/ 106837PCT/ AU2011/ 000234 11 accommpdati on, as descri bed above wth
reference to the enbodinents illustrated in Figure 5. In sone enbodi nents,
t he thi ckwesiiofied3ne out er sub-zone 350 is profiled so a&sTtaw2carmowssent |y
provi de an optical power which is relatively nore positive (an ADD power)
than the distance correction power provided by outer optic zone 310. Such a
positive power can reposition the periag?ral i mge points ta closer to, on
or-in front of the retina. This ADD po may be used to control the focal
position of peripheral inmages (inages received at sufficiently large field
angl es t hdcokitydaA0R, BS WRiskASeP¥bbIE withl lefiteAtl % dwe ehdoeﬁnérﬂwﬁ)stramd fh an
obj ective of affectlng the progression of nyopia, as described in

i ncorpora'f'ﬁwel%t ernati onal . patent publication WO 2005/ 055891 Al . For
exanpl e, the control over the focal position of peripheral inmages may be
present at field angles of 25 degrees and nore. The | enses shown in

Fi gures Jnatme embadimaptsydee éh'ﬁ'ﬁ'iqsﬁh@rfé‘? one subsrpe 3R iseprofiles sams oy
L i) BECORM sty i o o o=

to 15 Figure e cont act ure
il ust5attbsn ah@dﬁaMeeccvmlammwefrmromed by cutes eptic emﬁjérlm fyclvf pasitive

outer - st e=SabpoSuct e natel o BARYs lfsefte, @Nfy niforkiet Beoul. ' "

renodel | iTtis ADD peb\fveucrmegl besusedstuluoatrbl thée foasajcplosgoneﬁpenpﬂierahndqagesr(mﬁages 20

the d t t t ended t
bvent 1 naebeVEB AL subReRIL FOa sbandiey faythey Miecrecened Ly berFing gutide st
Duri ng t ke Fb@sed watnear? lobfckiés dp hFeeting ftee @Y@ésao@wlmm@ 8%/ @a8tribeldoinc e

onto the.contact lens 300. This force Is the surface of

the cbht aeeorp@med THeEatiogak pateat .pyb{'q%aéwgmcg 890\‘5/955%11/\6 h@oas shegwe.| bgs
300 to t tﬁ@‘?oc%rl %ﬁélﬂ&? of R?ﬁﬁ?& ek %f@é ent'af 98 ghg%% dgifosect
r em) el i pres

25 cornea e anou ures ‘on e cornea ends on
vari abl esdagneesjamd]gwn’ele lid force, the material pr opertl es-(e.g. Young's
modul us) and thickness of the contact |ens 300. WO

2011/ 106837PCT/ AU2011/ 000234 12 i hi ckness. In the contact |ens 300, the
i nner zonEhestenses shewn im Eigstie® Standck aisosnclude @ perinheml Zoseawhisbasaresithe

pressure ¢ %g#egpgct.&?ffw&%n%%ﬁ apttegb_pgrg?ggﬂ;éra l4ckBR&PLEGR piRhERreddio

renmodel | i 'ocal Tse cornea. e contact ens
300 i s5ofFigtme 4.onventional type (i.e. not intrinsically intended to effect
corneal, renodelling), 5 then the i nner zone 320 will provide |localised
flatteni ng of the central cornea to partially or wholly reduce nyo

t he cont dﬁgudeehshé@@ the cofitach ensr30fotdelrigure Q@yldtiytmram&erpqsﬁl@lq)m@ﬁémm of -

th

ennancendAl N8V 'Betieb romeHRlilg o ity BRI AR E g e phidied By€Tner zone. oy
to a periaﬁmeawd fdolitated @y, the Wtiterasubt-reneodE rAssedplaioed, the édé@t piechamismstbyl ens
300, | I d del | 70 duced to the md-

of the cattieh comprLvaroddlid o alfededds apbidtt o7 CBfP BadPRGT B O Eel ERe 1 o
370, p@ditp o%@mr&néfsth@‘ méehgmémagqmo@nﬁea@éa & BO lirftny trSthel evenbehateghem
nor.e peripheral to the outer sub-zone 350, the radial faqrce ct%g;pspaent S

out war ds eehanisms g4e jat yauk with the iansen deseibesh hatsie Purrg he EY8'er
sub-zone pfinhklE, thadyallid applies a dynamic force onto the contact lens 300. This force is

perpendicular to the surface of the contact lens. This lid force is transmitted through the

contact lens 300 to the cornea and provides pressures on the cornea surface that effect
25 corneal remodelling. The amount of pressures on the cornea depends on variables . -

including the lid force, the material propertles (e.q. Young s modulus) and thickness of -

the contact lens 300.

With a soft contact lens, a locally thicker cross-section will result in greater localised
'remodelling pressures on the cornea immediately below the location of greater



15 force conponent is inwards (centripetal) 390. This centripetal force 390
serves to 'push’ and relax the central corneal region which in turn
facilitatwe 2helosssrodel |ing of the central cornea by theciraaabiige3pr essure
360 produced by the inner zone 320. 4.Lens -power profile Figure 8 shows
a plan view of an enbodi nent of a contact |ens 400. The contact |ens 20 400
may be any of the Ienses 100, 200, 300 scri bed above with reference to
Figures 4 to 7. The |l ens 400 includes three zones and a transition zone.
The three zones are an outer optic zone 410, an inner optic zone 420 and a

peri pher 43

ot Bhet ahickRas, Frthe Coltbatleht 080, #@NAndrithrle>sd Phal ol iRGASE hibiifessi Thi

l ens's glmtmdqmesmlmw'sedacpgms&m 360hen iandefinesharaa abtiee 4potrgaidhel doynea.

CO] I’lCI n ocatl on
550 1 EitRrioRs e aistBing BHeE RTCASER P Inbrial forhdf ot B lorfigitiers ey |
g Ihamr ?3? Frdf&??] Q:bnvteﬁﬁ@@d ttyﬁe (ites rmrrmﬁnéucawmﬁaidednm eﬁectacdraeals@numemng)
ont a e Haeb e RherEanb el wl broyedo s GoR Natenios ok e gsntial comeato partially -
2011/ 10683 (f¥eliy MEREIMIONA3H tH@’c&‘rtﬁHﬂ@ﬁs éoer@loﬁthel dhhwepataaggwd@emem thehe
e

power profile of the oUtér optic zone varies. In sone odi nents, the
out er opthrevisioneoi the i INGEU Nea 3§wabﬁeﬂhﬂ0§na¢\@% rayRRIz ofegugtion,  thravgh

Z:Jlrareﬁglngr?iﬂ\%p?%ﬁq/?%frg %p&q éﬁ@&&@b y coincides in location, shape and

he ou er zone in Figure 6.

When eye-lid forces are applied to a peripheral location, such ae the outer sub-zone

10 350 of contact lens 30'0, localised remodellir\g pressure 370 is introduced to the mid-
periphery of the cornea. However, d'ue to dissipating (i.e. spreading) of the pressure
370, radial components of forces 380 and 390 also results. In the regicn more
perrpheral to the outer sub-zone 350 the radial force component is outwards
(centrrfugal) 380, while in the reglon more central to the outer sub-zone 350, the radial

15 ~ force component is inwards (centripetal) 390. This centripetal force 390 serves to ‘push’
and relax the central corneal region which in turn facilitates the remodelling of the
central cornea by the locelised pressure 360 produced by the inner zone 320.

4. Lens power profile

- Figure 8 shows a plan view of an embodrment of a contact Iens 400. The contact Iens |
20 400 may be any of the lenses 100, 200 300 described above with reference to Figures
4to7. ‘ '

The lens 400 includes three zones and a transition zone. The three zones are an outer
optic zone 410, an inner optic zone 420 and a peripheral zone 430. A transition zone
440 is located between the inner optic zone 420 and the outer op.tic zone 410. All zones
25 are within the lens's outer peripheral ed'ge 450. The inner optic zone 420 generally
coincides in location, shape and dimensions with the inner zone 220 and 320 in Figures
5 and 6, but is now described with reference to its optiCal characteristics instead of its
corneal ‘remodelling characteristics. Similarly, the outer v'optic zone 410 generaily
coincides in locetion, shape and dimensions with the outer zones 210 and 310 in



5 Figure a shows a cross-section through the dianeter of the |lens 400. It
w Il be appreciated that the variations in thickness described with

r ef er encewoaotineedsenses 200 and 300 will nornmally be i nPChAmangeosi 2 to
100 mcrons, the earlier figures exaggerated the change in thickness for
the purposes of illustration. In the enbodi ment shown the | ens 400 is
rotationally symetric. Manufacture of ag rotationally symretric | enses may
be sinpler than asymmetric | enses. Howevé&r, as explai ned bel ow, sone :
enbodi nents of |ens are asymetrical. The lens 400 includes an anterior

surface 4gQuasds anBE IRTdoRte BHIbbBFerfld Othe Titwei ;oML &Y thi 'o%ileré{}fii_ci ZYMEr4fpti C

zone 420 approximates or is less than the pupil dianeter Ing view ng
at near dyaftesnbrsome emhogimentadibgrouterppticizgne dridiinglodes a pubizone310g@indal | v

bet ween 2 d ' n | RLES f e . : Lo

di st ance ?m"gdqyg%rﬁer g@%’oﬁﬁgﬁg} bf @%d?is an\&@éﬁ&é&@&?cﬁeqéeﬁ?asl|yn§cr§gcu-grggﬁr?_2§%qﬂpa‘ bl e
or i nsubssheape ard diegensiona wdthrthe datersub-zbne 350rirFigyeibc zone 420 may be
about 10%of Pl, up to about 100% of Pl. However, it is expected that for
many patients, an-appropriate diameter D1 of the inner optic zone 420 wil |
be sel &cteigufer nshowsia aross-sestipa tfrodgtothe didbederf ofPthe 2éns@00hdt wilbrbean

eye with 3 hen D1 will .he between.1 . 5.mand 3.0 mm _The er
optic zoranySejated Bhr iecYarfiofh ', i ussh e B Pl arened 8P preith
éones, ar earﬁzdaammrh ol frroomgay rbed.ipothet ranget be 2 tansdo immrmetrt:é%amafi _f?gurewt er
irameter D2. The ter diameter D2 -gt | east approxjnptes the pupi i amet er
o ot | ng AR aES The thatlog Ik YaekBss Jorhe RSB AL BREIa L | b ond! t Lone.
P2 is typically between 3 and 8 25 nm depending on the patient. In other
enbodi nents the quter optic zone 410 is.l.arger. than P2. D '

2011/ 10687 e PSS TR H08HSN 1%, ERe 49 'f dolaopeLsyimstnc Magyfgpture of
enbodi genfotatiofglly &fmasdtriy Semsasemay bd shfiplen @i abgmBietifc lerises. Blowever, as
substantially clear distance vision. In sonme enbodi nents, the oquter optic

zone 410 w@aiae%@s&wam ebegimaninof [RiwcAre dymmatticaladhaderndpi dncludes
expl ai nedy bgh@Wor %M@%Wo %Q?lﬁgﬁﬁ?%ﬁ%ewr optic zone 410 may include

a plurality of su zones W ferent t'hi'cknesses and powers. In these
ot her enbodi nents, a substantial proportion of the outer optic zone 410. is

still allpraigppndtar €O bEHd Mhedlichtia WoReVAR) ppRkinidtes MBraBi16s Bidrethe, pliEir
exanple at |east 50% of the area of the outer optic zone 410, or in other
enbodi nendismeten 1 deadviewind-atorear distancas aifnarmal deer ligpingcopgitiens 1 is
Figures1 ' r &t d Dok j 1 d

ot 045 PRGN bEHeRRand 4 i digte G BIeRopler O Mt Dot ipnes
agai nst tinay caresgoraf tof the distasce Wheregthaphishmsrebthan niighigiblet or inauhstantial [agner

differential of the lens.relative.to o] requi r.e O.¢ r
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di f f er encfn0% opPat HoWever, lithie expedted thatded many bhtiérts, amappropriglevaiameter D1
?;O&t Lf ts eq(f[t%ﬁ?r{]q%étogﬁc rzgr% 3'20 g\'/ilf &)g rs‘gleeclerdo 'ror% r\]/ﬁth%neﬂmsée r%)r(mlgg og 86%%'0%0& of' 9‘1 ,us) |

20 so that for an eye with P1 of 3 mm, then D1 will be between 1.5 mm and 3.0 mm.

The outer optic zone 410 is annular, with an inner diameter equal to D1 (when both
zones are measured from a mid point in the transition zone 440 and an outer diameter
D2. The outer diameter'DZ ét least approximates the pupil diameter P2 during viewing
at distant objects at normal indoor Iiéhting conditiohs. P2 is typically between 3 and 8

25 mm, depending on the patient. In other embodiments the outer optic zone 410 is larger.
than P2.

In embodiments where the outer optic zone 410 provides refractive. power, the refractive
‘power is chosen having regard to the myopic condition of the eye to which the contact



15 horizontal axis in mllinmetres. Figure 10 shows the profiles of seven
different nmultizone power profiles L1 - L7, where: LlHas an inner optic
zone 420 wotzh11a106837f erential power (ADD power) over thePpomaroifme23di st ance
vision of a maxi mumof 2D that peaks at the centre (radius Om). The outer
optic zone 410 may be viewed as conmenci ng anywhere between a 20 radi us of
about 0.5 to 1.0 mm the two zones conbipe to forma continuous and"
relatively snooth power profile. The outér optic zone 410 includes two

sub- zones: an inner sub-zone 410a having a substantially constant power
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15 horizontal axis in millimetres. Figure 10 shows the profiles of seven different multizone

power profiles L1 — L7, where: "

’L1 Has an inner optic zone 420 with a differential poWer (ADD power) over
the power for disténce vision of a maximum of 2D that pea'ksv at the centre (radius
Om‘m). ‘The outer optic zone 410 rhay bé viewed as commencing’anywher'e bé_tween a

20 radius of about 0.5 to 1.0 mm; the two zones combine to form a continuous and

refatively smooth power profile. The outer optic zone 410,includes two sub-zones: an

“inner sub-zone 410a having a substantially constant power selected to correct distance
Visiqn; and an outer sub-zone 410b with variable (increasing) positive power differential, -

| commencing at about a radius of about 2:25 mm. This embodiment of power profile may

25 be usefully combined with the lens shown in Figure 6. In such a lens, the outer sub-

zone 410b generally coincides in location, size and shape with the outer sub-zone 350

shown in Figuré 6. However, the lens ~s’tructuré shown in Fi‘gure 5 may also be provided

with the power profile L1.

L2 Has a similar power differential profile to-L1, except the outer optic zoné
30 410 is‘ entirely dedicated to correcting distance vision. In other words, the inner optic



power inner optic zone 420 of ADD power of about 2D. The outer optic zone
410 15 comrences at a radius of about 1 mm The outer optic zone 410

i ncl udes Bosuh/mwesses: a ring at the power to correct di sCamapomi®Inm; a
positive power ring of 2D nore positive power than the power required to
correct distance vision between a radius of 1.5 nmto about 1.9 nm and
then another ring to correct distance vhglon I n other enbodi nents nore
rings may be provided, alternating betweéen the power for distance .
correction and 20 a relative positive power. Each ring of relative positive
power mayzonawuad ks S oR- mooaﬁomcdi 203, RicH fanibs @dwih B tHOMRILIred dishéhdel Ngs
may differ. The positive power roflle L4 may assist in dealing with .
mdz al i gnrRAergver e perral redins o M?g i @ne them gerpairs rad the distange prwey. This

addi tion t 2,
4y be parTtRen B poRef PR ra b REAu comBned wilh AT Rafe s Hiidtule®

st ruct ur elesetbed with rzﬁeramehtq Efg@reeﬁcé' heqoomegmrefue.La_msalm bermewdecp)wth
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gégeazgotrhhgé dgtm{)ltetrn:ﬁirlng?ulﬁmigﬁ; fsr?g; ?weeﬂ\att ﬂsmv?o;?ﬁﬁlei g hi’eDmo;ﬂife:atwm dronofx flat
i ot ance RAVE FHONIE 18RS BYNTISEICoRER SR3Y 1/ 000234 16 may be partioul arly

suited to provision on a lens with the structure descri bed vvith reference

zone 4401 ocatda gbREraI o iR S He AR Rroble o 6Bt B e diafir | "

out er optiherZspiie zbhe A20haRI AsloWRs r#t8lof RhuEde uérobs trrdinker zorteS42m>Attaeraduus
particul arlﬁgsw ted to provision gn a lens with thS %ructure escrlpt%d

with 1@f afe emrgnothp, 'g0$ §t|I5 has an ADD power of about 0.3 e Increased area o
inner optic zone 420 may correspond to an increased area of inner zone 220 or inner

zone 320.

L4 Has én alternative near and distance ‘ring’ structure, including a positive

~ power inner op'tivc zone 420 of ADD power of about 2D. The outer optic zone 410
15 commences at a radius of about 1 mm. The outer optic zone 410 includes 3 sub-zones:
a ring at the power to correct distance vision; a positive power ring of 2D more positive
power than the power fequired to correct distance' vision between a radius of 1.5 mm to
“about 1.9 mm; and then another ring to correct distance vision. In other embodiments
more nngs may be prowded alternating between the power for distance correction and

20 a relative positive power. Each ring of relative positive power may have the same power
- as each other ring, or the power of the rings may differ. The positive power ring profile
L4 may assist in dealing with misalig_nrﬁent of the pupil centre with the lens centre, by
providing additional power in its second sub-zone of the outer obtic zone. Like L2, L4
may be particularly suited to implementation on a lens having the structure described |

25  with reference to Figure 5.

L5 Hag an inner optic zone 420 of substantially constant power and which is
abbut 2.0 mm in diameter. A narrow transition zone 440 is provided ,‘to an outer optic
zone 410 and the differential power between the zones is 3D. The outer optic zone 410
‘has substantially constant power at the required power to correct distance vision. L5



L7Has an inner optic zone 420 with relatively constant ADD power of about
1.5D. The inner zone dianeter is about 2 mm (1 nmmradial distance from
axi s). Theoautienwesspti ¢ zone 410 is divided into an i nnePCIwiRanne02%1i0a
bet ween about 1 nmand 2 10 mmradi al distance and an outer sub-zone 410b
begi nning at about 2 mmradius. The inner sub-zone 410a provides a constant
power for correction of distance refracg've error while the outer sub-zone
410b repositions the peripheral imge pornts forward by providing
increasing (up to +1.5D) peripheral power. L7 nmay be particularly suited to
provisio i : esc : MG €
b, Fonevarsy 12 pAMRuPY SR, f DRI dHCAHERS UL e STRLERE MeBched WY 7
Fi gure 5 refgrendesto figungsed and designed to have the power profile of L7.
Different conbinations of | enses nmay be formed, for exanple by conbining
the power profile L1 or L7 with one of the power profiles L4 to L6 to
control the pd&itibasod lgger shameter imnajeepticoponss 42Rpand Aetiansitions appe 440

o0t e Tbated SBnBORY AehwedlS aBITH 100l Sl 8 iR, TneBLIA R ok s

profile, Tor e fve curyature of e i nage
poi nt s5 athasha cpastaphpoweér with iradius| 0 erayt Ite particularlyi suited dotprodisiohenr tensa
for nyopia

he use of a contact |ens t trol th | ati t f
field o't SRS geeiedbd reRaes BoFRRS: nt ernati onal patent
publ i cation WO 05/055891 Al. Enbodinents of 25 contact lens may therefore
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,patients to provide peripheral imge treatnent.
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inner sub-zone 410a provides a constant power for correction of distance refractive
error while the outer sub-zone 410b repositions the peripheral image points forward by
providing increasing (up to +1.5D) peripheral power. L7 may be particularly suited to
provisionlbn a lens with the structure described with reference to Figure 6. However,
15  like lens L1 the lens structure described with reference to Figure 5 may also be used
- and designed to have the power profile of L7.

Different combinations of lenses may be formed, for example by combining the power
profile L1 or L7 with one of the power profiles L4 to L6 to control the position of
peripheral images. | |

20 As explained, in some embodiments, the contact lens is designed to provide a
peripheral treatment profile, for exampie {élative curvature'of field. This may move
image points at the peripheral retina closer to, on, or in front of the retina for myopia.
The use of a contact lens to control the relative curvature of field to this end is described i
in incorporated internatiohal patent publication WO 05/055891 A1. Embodiments of

25 contact lens may therefore perform the functions of both: ' |

1 correcting myopia through a combination of corneal remodellihg and one or more o
appropriately powered regions, or through a combination of broad-area and localised



Enbodi ments of lens therefore take both these functions into account. For
hyperopi a, the power profile is reversed, to nove image points at the

peri pher avonretimessor cl oser to, on, or behind the reti naCT/Abeanploe3powner
profiles suitable for this purpose are L1 and L7 in Figure 10. The 'ring
design lens L4 represented in Figure 10 may al so provide a peripheral
treatnent profile 10 for myopia.- In thig, lens the ring comrencing at a
radius of 1.5 nmacts to shift images a?7the peri pheral retina forwards. In
ot her enbodi nents, several rings may be present, each of which nove inages

at the peyy r a be
o e PR B BlIngRR o Binan i aRked mdanjefi PRoofSaid] SRRV
outer ri raﬁtlayelmgewedmveraimrtdwonmm rings. The rings nay have a constant
power 15 across their w dth, as shown, or have a varying power, for exanple
to effect a peripheral treatnent proflle across their wdth in the form of

curvat ur € of MM tmages()at theTperipheirait retina forwards, éorpmiepic natigoiseto providee

out er opt the obj ective of inmage control at the
peri pheraﬁeq'lpﬁg&ﬁ"%ai@% B2 |n ependent fromthe power required to clearly

vi ew near objects. Were there are two or nore relative positive power, 20

subzo >y Qoa,n{éﬂgs @'ng'tﬁgre?&gqéké %Bﬁpﬂféss aﬂ)\ﬁ% iftoDaSlun £ "edr ﬁr@'é?lﬁ)ave a

accoun near Vi sion requirenen an ou zone
Povver desthg IpeWeWptdflle &f reversed, toomove reage pOnntsI atathetneelpbelral peimazor Qkaelrrt@.

or instance a _power differential higher than that required to
correct t%ofgléhag\{'l&%&;%datlon of the eye. The location and shape of the
relatively positive power sub-zones may be selected to 25 avoid any i mage

priority zones_ th re. N, ¢ -i ouf t h
conbi nat i "g@e'pﬁg}gé%rfﬁ%%]sgf bg%hoggq'vs\n Bogé]greher af’dq'g ;h%é@r@ﬁ(ﬁﬁ%ﬂﬁng
descri bedifesvl‘\g}]n leﬂe Ldaeprsehtedaih digurp Ui may&talsmmedé(ﬁ)ﬁéﬁtﬂ%?ﬁ&re&nentwoﬁle
content q i C orporated herei.n i
Son1s oo doroepmubbis BO8A5 e Prucersity aba chduRar Acs i acltprsnit mases
renodel | ifighe peripheral retina forwards. In other embodiments, several rings may be present,
each of which movef‘ images at the peripheral retina onto or in front of the retina. The
rings may be constant width or alternatively may change in width, for example with the
outer rings being wider than the inner rings. The rings may have a constant power
15 across their width, as shown, or have a varying power, for example to effeot a peripheral

treatment profile across their width in the form of curvature of field control.

The relative positive power subzones of the outer optic zone 2 may have the objective
of image control at the peripheral retina and be independent from the power required to -
clearly view near objects. Where there are two or more relative positive power
20 subzones, an inner positive power subzone may have a power that takes account of
near object vision tequi'rement_s and an outer subzone may have a power designed with
reference to image control at tne peripheral retina, for instance by having a power
differential higher than that required to correct the lag of accommodation of the eye.

AN

‘The location and shape of the relativelyvpositi\‘/elpower sub-zonés may be selected to
- 25 avoid any image priority zones that are in or.extend into the outer optic zone 2. The

combination of image priority zones with peripheral image~ aberration is described in

international patent publication WO 2007/082268 A2, the co‘ntént of - which is

.incorporated herein it its entirety.



Further enbodi nents of the invention generally relate to nethods of
prescribing contact |enses. The nethods take into account the conbined
corneal rwehapimgsseffects of | enses of the type descri bedTainua/onish an
objective of providing a nore optinumlens. To prescribe a contact |ens
that both has a corrective power and which effects corneal renodelling, and
taking into account the currently enpirH al approaches to achieving a
required corneal renodelling, a practitioner may approach this in two
stages. In general in the first stage: | dentify the myopic correction

required:gthi SPr%Hlbﬁngta pBWePERInsOWith k@ rh@dlrdfiodeltlityg 10 2. Prescribe a
| ens’ expected to reno the cornea by flattening the céentral part of" the

cornea. Following a treatnent period, this first lens will likely

over cor r emjrttie @mboRiithénts f ehé mvbh@omgéﬁéramﬁreﬁté%rnaﬁow@r SHeb&Hbi &maétone

and the result of an extent of corneal renodel |n? In the second stage: 15

3. Eval uat!eénsase Thesimatheds take jitei ageount the ce C@'EN’@' T?%ﬂap&gaﬁﬁ%tsa% er
10 d , £
ays n'téﬁ?égs?f the g}g\\,%etzéréc ed g?&é‘ﬁrtﬁ% fér t|(l§6pﬁl%vtd| an Wl.to? Htuhnz 8 neal

t hen ide educe IC cofrectioh req
renmodel ling. 4.Prescribe a second lens with the adjusted power profile. In

oSt CaSefy, BFeslcﬁb@éQ%?ﬁé‘r# ERERIE BS ﬁ?d“g%orrac{ @@&ﬁér‘ éﬁtﬂwﬂfdﬁpéﬁéc'tseéor%él\’veen

the first 20 and second lenses w il be minor | enses should, to the
full extdemodelisgbard falingink faocwrﬁghe worree&twemwcohan@r@apheqomehfo\ﬂoo al e

have the r ) 5 lﬁ%ﬁ vi de
clear vi S@gﬁe{bﬁnggfr%rﬁ@énﬁr e g‘ﬁgé@?‘ }A/'Dalp g’ﬂﬁfﬁ ? ﬁgpﬂlt\bgr@gat ons g?&frﬁl
second stingke fimystageconpl eted. WD 2011/ 106837PCT/ AU2011/ 000234 19 that the
estimate has resulted in an acceptable |l ens or proceed as before, but a

reduced | evel of change required would be anticipated, which may result in
[ rrpr oved ‘accurldmmfy the myopic correction required: this will set the power of the contact lens

10 2. Prescnbe alens expected to remodel the cornea by flattening the central part of

the cornea ‘

Following a treatment period, this first lens will likely overcorrect the myopia, due to the
combined effect of the outer optic zone and the result of an extent of corneal

~ remodelling. In'the second stage:

15 3.  Evaluate the vision of the patient after several days, for example after 10 days,
so as to give time for the corneal remodelling to stabilise and then identify the-
new (reduced) myopic correction required with the corneal remodelling.

4. Prescribe a second lens with the adjusted power profile.

In moet cases it is expected that the change in remodelling properties between the first

20 and second lenses will be. minor (the lenses should, to the full extentvpossible while
| effecting the required change in power profie have the same characteristics).
- Accordingly, the second lens should provide clear vision. However, if required one or

more further iterations of the second stage may be completed.

A practitioner may estimate the refracti\re effect of corneal remodelling and incorporate
25 that into the design of the first lens prescribed in stage 1. Stage 2 may then either verify



If the contact lens is a nultizone | ens designed for nyopia as descri bed
herein above with reference to Figure 5 and Figure 10, the process may
conpri se:wb 2piwvmws83gt age: 1. ldentify the nyopic correctipomAaRouiooexss this

w [l set the power of the outer optic .zone 410 of the lens, either as a
refractive power or as an expected overall flattening of the cornea from an
orthokeratol ogy lens; 2. Determ ne the igcreased thickness required to

ef fect | ocalised renodelling of the 10cggtral cornea to effect or enhance
central corneal flattening: this will determ ne the thickness of the inner

zone 220 that thBRAlimae Rasrlultdd irf ar B@cé?ﬂétﬁé |E1806r7288eePEs béfoRd, Bt 498duced
determ ne the increased thickness required to inpart renodel ['i ng forces

via the reelgéchargs iequired moulsbbe aaticipated f which GrayeeRul reimpsavediacassacyeal
flattening: this will determ ne the thickness of the outer 15sub-zone 350.

4. Optionally, determ ne the thickness profile required to concurrently
produce df Besfentae Igaads atnultizansless Aesigned 06 Myosia as Aesgribe) kereint @bca/ﬁ

i mage poin & r4@n reduce or

elimnate gc%o&mérgé e p@”@ a%tF'h er 1 fheggngﬁ%gstﬁgg'ceﬁtp h‘b%t ep 2 wll

det erm ne the power of the inner zone 420 and may 20affect the t hi ckness

and thscﬁ;q tdgeof il e of the inner zone 220 or inner zone 320 (which as
gene

expl ai ne ally coincides with the inner zone 420); 5. Optionally,
determ ne the thickness profile required to concurrently produce a positive

power thaf fogattg tiRemydpRY éérré&fbhr\@huu'réﬂigﬁ% Will St aMé GRwRr lo¥aHé foRker optic
peri pheral image treatrment profile, for exanple relative curvature of
field: th| s, .Zzope 410 of the lens, either as a refractive power or as an expected overall

ﬂattenlng of the cornea from an orthokeratology lens;

2. Determine the increased thickness required to effect localised remodelling of the |
10 central cornea to effect or enhance central corneal flattening: this will determine

the thickness of the inner zone 220 or inner zone 320;

3. If the outer sub-zone 350 is provided, determine the increased thlckness required
to impart remodellmg forces via the mid-periphery of the cornea to effect or
enhance central corneal flattening: this will determine the thickness of the outer

15 ‘sub-zone 350. ' .'

4. Optionally, determine the thickness profile required to ccncurre'ntly produce a
positive power that focuses the rays from a near object to an |mage point closer to,
on, or in front of the retina (i. e. reduce or eliminate accommodatlve Iag) this, in.
comblnatlon with step 2 wnll determine the power of the inner zone 420 and may

20 affect the thickness and thlckness profile of the inner zone 220 or inner zone 320
(which as explained generally coincides with the inner zone 420);

5. . Optionally, determine the thickness 'pr‘ofile required to concurrently produce a
" positive power that focuses peripheral retinal images to provide a required |
peripheral image treatment profile, for example relative-curvature of field: this, in
25 | combination with step 3 will determine the power of the outer optic zone 410 and
may affect the thickness and thickness profile of the outer sub-zone 350 (whlch as
explained generally coincides with the outer optic zone 410).



25 conbination with step 3 will determ ne the power of the outer optic zone
410 and nay affect the thickness and thickness profile of the outer

sub- zone 8BQo(Miobssh as expl ai ned general |y coi nci des w PhTiARoOE340pt i C
zone 410); WD 2011/106837PCT/ AU2011/ 000234 20 6. Prescribe a lens with the
power and thickness profile identified in steps 1 and 2 or in steps 1 to 3,
either alone or in conbination with one,gr both of steps 4 and 5. This |ens
will be expected to renodel the cornea %y flatteni.ng the central part of
the cornea and provide a first power for vision correction and (optionally)

a second @OoWePresEbel 4 s With BHeCssWEIRId fhﬁ‘;khé‘@pr@ﬂ%qﬂénmeﬂgﬁisi%ﬁvéhé!@t& the

vision of the patient after several days, for exanple after days, so as
to give tinme ingtepshbtedr pither alene @ein rombinatien Mt engsor both of steps ‘yiﬁend 5.

I dentify the e d ' ' ' i 10
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renodelling to ral rnea and, focus the rays froma near object to
an i mage poi r&°‘”}cﬁ?$%'(eiferl{‘!89 a&ﬁ,"‘B@P Ve P@nt of the retina; 8.Prescribe a

Sﬁcond |l ens with the adjusted thickness and power profile. 15 O course, if
the |l ens ri.bed at the end of the first stage is acceptable, then the
second st%%cg%gaﬁgiee‘ omtted. Alternatively, there may be a nunber of
iterations in which the practitioner and wearer of the lens try to find an

accept able or L awm | . . - t kgl '

avai | abl & t n AAEHE UER of I BENEREIY SRAAENAR, 1 BT nel 1085y SRS

?/ari a]E)I es w tas tolgivedtime farithe cofneal ramodelirgttostakiliseept abl e or 20 opti num
ens for a wearer. ' ' )

~A) Identify the new (reduced) myopic correction required with the corneal

10 remodelling, _ |
o 'B)  Optionally, identify the new thickness, thickness profile and power required
to deliver the appropriate amount of localised remodelling to the central cornea and
focus the rays from a near object to an image point cIosér to, on, or in front of the retina;

8. - Prescribe a second lens with the adjusted thickness and power profile.

15 Of course, if the lens prescribed at the end of the first stage is acceptable, then the.
~ second stage may be omitted. Alternatively, there may be a number of iterations in
which the practitioner and wearer of the lens try to find an acceptable or optimum lens.

Theré are a substahtial number of variables available that can be changed alone or in
combinations of two or more variables with the objective of arriving at an acceptable or

20 optimum lens for a wearer.

For example, the proportion of plus power to disfahce correcting zones can be adjusted

by adjusting any one or combination of the variables: the size of the inner zone 220 or

~ inner zone 320 and size of the inner optic zone 420; the extent of variationin thickness

of the inner zone 220 or inner zone 320; the extent :of variation in thickness of the outer

25 sub-zone 350; the power profile of the inner optié zone 420 (e.g. whether it has

sUbstantially uniform power across its radius, whether thé power changes); the power
profile of the outer optic zone 410; and the width of the transition zone 440.



For exanple, the proportion of plus power to distance correcting zones can
be adjusted by adjusting any one or conbination of the variables: the size
of the i nweromones3220 or inner zone 320 and size of thercmmanonpbixs4zone
420; the extent of variation in thickness of the inner zone 220 or inner
zone 320; the extent of variation in thickness of the outer 25 sub-zone
350; the power profile of the inner optkg zone 420 (e.g. whether it has
substantially uniform power across its di us, whet her the power changes);
the power profile of the outer optic zone 410; and the width of the
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25 decreased and/or any plus power zone in the outer optic zone decreased in size or

removed
6. Rotationally symmetric and asymmetric embodiments -

While the foregoing description has focussed on rotationally symmetric lenses, other
lens configu}ations may be used. For example, instead of a generally circular inner
30 optical zone 420 (viewed from along the central/optic axis of the lens), the inner optical
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optic zone 52, a second neridian outer .optic zone 53 and a peripheral zone
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therefore substantially as descnbed above with reference to Figure 5 or Figure 6.

If a lens ‘is ballasted or otherwise formed to orient on the eye and remains in position

15 when the eye moves, then the inner opticai zone 420 and the inner zone 220 or inner
zone 330 may be located off-centre. This location may reflect the inward movement
(towards the nose) of the pupil when viewing near objects. This movement may be.
about 0.5 mm.

It will be understood that the invention disclosed and defined in this specification -
20 extends to all alternative combinations of-t_wo or more of the individual features
. mentioned or evident from:the text or drawings. All of these different combinations
" constitute various alternative aspects of the invention. |
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CLAIMS:

1. A contact lens for treating an eye with myopia, the contact lens having
an optic zone comprising an area having a refractive first power, which corrects
distance vision of the eye, and

comprising a structural profile to effect flattening remodelling of the cornea of
the eye when the contact lens is fitted to the eye;

wherein the contact lens comprises a central zone and an outer zone
surrounding the central zone, wherein the central zone has an increased thickness
relative to the outer zone, the increased thickness providing at least part of said
structural profile to effect flattening remodelling of the cornea; and

wherein the optic zone comprises a central optic zone, the central optic zone
having a differential refractive power, which is positive relative to the first refractive

power.

2. The contact lens of claim 1, wherein at least a portion of the central
zone has a thickness of at least 105% of the projected central thickness of the outer

zone if the shape of the outer zone were extrapolated to the centre of the lens.

) The contact lens of claim 1, wherein at least a portion of the central
zone has a thickness of at least 110% of the projected central thickness of the outer

zone if the shape of the outer zone were extrapolated to the centre of the lens.

4. The contact lens of claim 2, wherein the central zone has a maximum
thickness of 120% of the projected central thickness of the outer zone if the shape of

the outer zone were extrapolated to the centre of the lens.

5. The contact lens of claim 1, wherein the differential refractive power is
between 0.5D and 4.0D or between 1.0D and 4.0D or between 1.5D and 4.0D.

6. The contact lens of claim 1, wherein the contact lens comprises a
central zone, a first outer sub-zone surrounding the central zone and a second outer

sub-zone surrounding the first outer sub-zone, wherein the central zone has an



24

increased thickness relative the first outer sub-zone, the increased thickness
providing part of said structural profile to effect remodelling of the cornea and
wherein the second outer sub-zone has an increased thickness relative to the first
outer sub-zone, providing another part of said structural profile to effect remodelling

of the cornea.

7. The contact lens of claim 6, wherein the second outer sub-zone has an
increased thickness relative to a projected maximum central thickness if the shape of
the first outer sub-zone were extrapolated across the second outer sub-zone, of at
least 105%, or at least 110%, or at least 120%, or at least 150%.

8. The contact lens of claim 6, wherein at least a portion of the central
zone has a thickness relative to a projected central thickness of the first outer sub-
zone if the shape of the first outer sub-zone were extrapolated to the centre of the

lens of at least 105%, or at least 110%.

9. The contact lens of claim 6, wherein the optic zone comprises a central
optic zone, the central optic zone having a differential refractive power, which is
positive relative to the first refractive power, and wherein the differential refractive
power is between 0.5D and 4.0D or between 1.0D and 4.0D or between 1.5D and
4.0D.

10.  The contact lens of claim 9, wherein optic zone comprises an outer
optic sub-zone, separated from the central optic zone by the area having the first
refractive power, the outer optic sub-zone having a differential refractive power,

which is positive relative to the first refractive power.

11.  The contact lens of claim 10, wherein the differential refractive power
increases with increasing radius so as to provide relative curvature of field for
images of objects at field angles where the image is received by the retina outside of

the fovea of the eye.
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12.  The contact lens of claim 10, wherein the outer optic sub-zone is
surrounded on its outer peripheral sides by a second area having the first refractive

power.

13.  The contact lens of claim 1, wherein the contact lens has a structural
profile to remodel the cornea by flattening the corneal profile over a broad area of the

cornea.

14. A contact lens for treating an eye with myopia, the contact lens
comprising:

an optic zone comprising an area having a first refractive power, which
corrects distance vision of the eye, and

a central zone and an outer zone surrounding the central zone, wherein at
least a portion of the central zone has a thickness of at least 105% of the projected
central thickness of the outer zone if the shape of the outer zone were extrapolated
to the centre of the lens;

wherein the area having a first refractive power surrounds said central zone;
and

wherein the contact lens comprises a central optical zone, located, shaped
and dimensioned approximately the same as said central zone, the central optical
zone having a relatively positive refractive power in comparison to said first refractive

power.

15.  The contact lens of claim 14, wherein the central zone has a thickness
in the range of 110% and 120% of the projected central thickness of the outer zone if

the shape of the outer zone were extrapolated to the centre of the lens.

16.  The contact lens of claim 14, wherein the central zone has a thickness
of greater than 120% of the projected central thickness of the outer zone if the shape

of the outer zone were extrapolated to the centre of the lens.

17. The contact lens of claim 14, wherein the contact lens comprises a

central zone, a first outer sub-zone surrounding the central zone and a second outer-
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sub-zone surrounding the first outer sub-zone, wherein the central zone has an
increased thickness relative an extrapolated thickness of the first outer sub-zone to
the centre of the lens and wherein the second outer sub-zone has an increased
thickness relative to the an extrapolated thickness of the first outer sub-zone into the

second outer sub-zone.

18.  The contact lens of claim 14, wherein the relatively positive refractive

power is between 0.5D and 4.0D.

19. The contact lens of claim 14, wherein the contact lens comprises an
outer optical sub-zone, surrounding the area having the first power, the outer optical

sub-zone having a relatively positive power in comparison to the first power.

20. A method of treating a myopic eye, the method comprising providing

the eye with a contact lens as defined in claim 1.

21. The contact lens of claim 7, wherein at least a portion of the central
zone has a thickness relative to a projected central thickness of the first outer sub-
zone if the shape of the first outer sub-zone were extrapolated to the centre of the

lens of at least 105%, or at least 110%.

22. The contact lens of claim 11, wherein the outer optic sub-zone is
surrounded on its outer peripheral sides by a second area having the first refractive

power.



