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WD 2008/ 014544 PCT/ AU2007/ 001063 1 Corneal and
epithelial renodelling Field of the invention This

WO pwsoi4seh rel ates to net hods of shaping the aPCBAUR007/001063
surface of the eye for controlling the progression of
refractive error of the eye. The nethod may enpl oy the

shapi ng t echniaEaCa) N eBTTRtAC B aIRGT Cuna of
the invention In the treatnent of visual acuity

deficiencies, correction by neans of eyegl asses or
es is used by a |arge percentage of the

. t. |
F"‘-E@%E?ﬁ? i"b‘?ﬁnnstgﬂsh deficiencies 10 include patients
Thiz V6 h Pl nts dheloas sicrranad dbe: e b sbriggeseidihe eye for
corﬁh"ﬂf@’ﬂ%%rbﬁgéggidm& RAECEN efroP¥Lthe\RfeE Threer?\%g';dgi/maﬁl%mploy the

eviate t urden of wearing eyegl’asses an
use oot awthakemsielogy demspssaklthewdhi ofhes Blaamingeéechniques are also

| pped for altering the shape of the patient's
en@%%’ge]eeog in an attenpt to correct refractive errors of

the eye. Such surgical techniques 15 include

photo-refractive keratectonmy (PRK), LASIK (laser
Backgmiund &fthet mvieindiosi s), as wel | as procedures such

as automated | anel |l ar keratectony (ALK) or others.

in fReetseatne of diswed aguity ideficiefeids] GosectinceY Invedmslbf Byeglasses or
t he curvature 8f the cornea to reduce or elimnate

confficgNSeR fecsed hha igEs PEIGanaas ob doh PopUlaNoRuSsichadeficiencies
include’ pag&itts Ih&ARG Y r?é’rbgiasb?‘lﬁeiﬁé”fa'r—%%srﬁé]@ "rﬁﬁf)ié P RElr-sighted
t e as wel | C

he procedure I1Ts as~ post -surdi
patientp laisceaell @ssastiinalisnas tcavsed ibyeagyonipetryresfethie paticgitsadye. More

rocBhfi; ot Ayl hehuldsh, 3 Siatho |egfRses ppndlh diact lenses,
surgltel eychriiquésSMBOE abédry dedblopedt fof ARG He SHE¥SL Fhe patient's

of the cornea by mechani cal reshaping of the cornea
corsgafimae atigmptitecasigct Refraddive ermiie of §¥hape.nJudi suigical techniques

: j k A f s\

incfiB Wbt RefbcB G AL (B0, BAST: TeBRLIERl BratPBituss). as

welbhstprogediés tsach eshaptentidied tonmelea. keY¥tebfimy (ALK) or others. These
ort hoker at ol ogy | enses) have

orthokeratolog | enses ( ]

progagires kg intgp ég,te, su lly medhity therpvsyature ahthencaypen to reduce or
S RARAFS0AYEA s T pbPuBRE] LY cLgHON P8R Rhd aoaty bu
stillnadiess theotisk imimtle the prosedoresibsedfuss well as post-surgical complications.

An alternative to permanent surgical procedures to alter the shape of the cornea
include orthokeratology, where a contact lens is applied to the eye to temporarily
alter the shape or curvature of the cornea by mechanical reshaping of the corneal
surface imparted by the lens. The reshaping of the cornea in orthokeratology has
been practised for many years, but typically has required an extensive period of time

to reshape the cornea.

Whilst orthokeratology lenses (orthokeratology lenses) have been used for many
years, the manner in which such lenses operate, and in particular the physiology of

the process of corneal reshaping, is still not fully understood. There is no consensus
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SUBSTI TUTE SHEET (RULE 26) RO AU WD 2008/ 014544
PCT/ AU2007/ 001063 2 on the optimal shape for such
wo ecvspsis4and because no two eye shapes or ref rBCT/AU2007/001063
error paraneters are the same, selecting an opti nal
| ens shape for a particular patient is, at least to

onshewptiniat shapgfol Slich lenees| ahidechlisd nd tAOES Siﬁ’é]ﬂ)é’&eor refractive
rocess. O her corneal shaping techniques, such

erfgﬁ&aéa@ie&%s%r@dt@oé@@e aifeé,%ctmqanr@ptanalsie@ﬁe%h%@ for 2 particular
pamé sitq854tng ngrh tahrfmunf\%@% Hinb g p‘?‘%ﬁ?%np}h&\c/av\%roclzess.

appreC|ate ecause et ences
m crons in thi ckness at different positions in the eye
Wi G d i y _of .
Otlgé}‘;c?r‘rﬁ%ﬁsﬁa@hg%fzﬁﬁl‘gﬂ%%e él*?'é gﬁ%é giéécHgs%{i ‘é@g af¥o require a
praqma uadesltmnhng of tla@pqharallsmdper ofethe ege.clongil der adptes@:ated that,

bediineL FHlerirs pEd Tomaisromivickness SEPtposTions in the eye can
makies @U@V 8ifferdifceC QP C vy réﬁl@é’qp rbf‘c %gstr?gtnllérﬂht an improved

enterlng the eye along its axis,
standing Qiathe optimal iehapgefdrsany qtmmmgalateye llowensidered to be
imﬂ)&t s recently been suggested that to control the
progression of the refractive error it is not only
inportant to optimally focus this central or axial

Tyénb?l@’r, ! oY Erﬁg{'@cg afte)9 tté %qfhg\?q a%f)lrqu@%f X%S}H'h é]%?l’{go the techniques
dISDOSBSHdSalD(IWd haves contntreied on fav@sing h?m éﬁ’(@gﬁ@ly 'tpf%érbg@ RAlong its axis,

e l.ooki ng' - sonetines ca
thé\% 'Ssuffﬁ/m thﬁ PAF¥tinhacengah e pig '%)d@@'ﬁﬂ@@t Hayvaveraijhas recently
ol B S0 BRSPS U 4 LAY b i o ot onty

impustant do ioptisyedly dociepihis eeniraigor pdali ligheralt alss t®Bohtol the focus of
erl pheral and i pheral field,

_al | l.ed the nd-
ot Ao 36° Y atud Al b b BYMPRe| Ragts b visual space

i * nt
A e A

Engieesng pagancesight oaystrave!tbng froh) pdintcawagdrarhéhe direction

of {/%RPH hE eeé’%a? éé@ {bﬁnggge“ Paerﬁ@ﬁh%)%{ognt%élbz?g%a kepresenting
peripnermemm g a0 aalied nthet hsid! Wevbgh@ﬁa?' A Qferfomé%?' flel@ and the

;}ég og % ﬁS Thus, it wl arent that a
'SUFIZE] | Swrie d by d 6rvoaectt%ote%nwhﬂrabfémetstheh@ffemmnee:pheral field
onggd 8 g BeckdvBhrt 19, fB: TR pRERESBRRACE o 2oosiotosoar

(Sraitth) aliscusses dhei Impmtaemd y’étpos@nnms peehebf, esff- aki&afocal points,
rela%ve toxt'he err'aP G- axus focal pomt for retarding or abating the progression of

myopia or hypermetropia.

Thus, it will be apparent that a fairly wide region of the eye influences the long-term
refractive state of the eye. Any process which reshapes the eye to correct only
central field to achieve acute vision and yet ignores the effect that off-axis peripheral
field light entering the eye may have, could potentially be damaging to its Jong-term
refractive state. Thus, a treatment regime or process which produces an optimal
shape over the whole optical surface of the eye is considered important.

SUBSTITUTE SHEET (RULE 26) RO/AU



10

15

20

field Iight entering the eye may have, could

potentially be damaging to its long-term refractive
wGet@s®145Fhus, a treatnment regi me or process WhPCIHYAU2007/001063

produces an optiml 30 shape over the whol e opti cal

surface of the eye is considered inportant. SUBSTI TUTE
ReSEREdINcANSEUA63 hBGE AUgy€st2aQBIitKLESHVE PGy ARIR2ABHM0 2406 3he use of

orlbekBIony (RS B ADIUENGREE IMEriia e SvGreIsteBlahere gyblications

(ad ﬁuﬂ%ﬁﬁarfse oW #at hzvéaa@»é%eé@msws@eaware of only
ree pub ications (as summarised bel ow) that have
addressed this issue. 1) Cho et al. (2005) 5 a. 2 year
pro [ hkpt study with a historical control

1)gr og)g%c%.a\('gztggb& year olds c. 43 enrolled, 35
conpleted study d. Difference in axial |ength and

vi t Leous ygaggg;s[p%eatggﬁ&t ew%aqmgtonegmcrrﬁ@l g& !

10 1 nt e in K treate

Concl u3| ons G( can have both corrective and contr ol

effSct | B0 G%J?%%js myopi a but there are substantial
variati ons | n anges in eye length anong children

and there is no way to predict the effect for

[ nd| vi du t not random zed, no
|ng ﬁgo%g@lf%gltg?déqmﬁ%@ ﬁkja)ﬁg 15 protocol 2)
Cheung et al (2004) a. Case report: 13 year ol d Asi an

(r:n.al goexaﬁ'lffbergnco,é{ i a)%aYFzﬁr &ahd V‘m{bess éﬂﬁtb'é‘?\%?n OK and

ncl usions an ey
cohtrebgroaps 20 d. L| mtations: patient had uneven

refractive errors to begin with and the eye wthout

treatnment may have been trying to "catch up" to the

nyopi ¢ eye SHBOUt T2%HrE teht effbiitin 2K trBGlodlbNAR
2008/ 014544 PCT/ AU2007/ 001063 4

e. Conclusions: OK can have both corrective and control effect in
childhood myopia but there are substantial variations in changes in eye length among
children and there is no way to predict the effect for individual subjects

f. Limitations: not randomized, no masking, no standard lens fitting

protocol

2) Cheung et al (2004)

a. Case report: 13 year old Asian male examined over 2 years

b. Monocular OK treatment

C. Conclusions: eye with OK grew less than eye without treatment

d. Limitations: patient had uneven refractive errors to begin with and the

eye without treatment may have been trying to “catch up” to the myopic eye
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e. No control, case report 3) Reim (2003) a.
Retrospective case series b. Only | ooked at change in

wo ejsactskon at 1 or 3 years after 3 nonths of PEI/AU2I001063
K wear C. 253 subjects at 4 year, 164 subjects at 3
years d. Conclusions: rate of myopia progression
singlar 9 GReoll Baseteiypt G osvenor/ Koo study e.
Limtations: no controls, no axial growth neasurenents
10 The only controll ed study was the pilot conducted

by which still requires confirmation
3) t hr%@?]?%o@gr ger study. However, their findings

suggest that orthokeratol ogy may slow the growh of
the, eye lgé!froéﬁec 08%288eRsk for all children. No one
fulf &7 VA

y under st'an y orthokeratol ogy gave a nyopi a
control effect in only sone of the children in that

t . ol LAV: .
sLugy 1@{1&30@%@ at Jﬁ%nb@vlﬁ%fr‘iéétléﬁ @t 0br WIS gaff%egrB/ months of

st udi es cted to the“specific optics relate
stabld Opkweat ol ogy. Many have attenpted to anal yse the

shape of the cornea via topographical anal yses, but

few have attenpted to quantify and descri be the exact

cor peal 25@mpebjectsatdf yaar, filo4 sgbjedtsvatsd yearée. g. 6/ 6

vision), let alone nyopia control. 20 US Patent

Appl i cation 2005/0105047 (Smtth) describes opti cal )

i nt @r venCopolusionsont rraie  of/ opiyapi@ ogrogsession  Sheilar to GPs  in

publication discloses the optical 'profile' required
Stene/GERRNENOHIf9B; U@f owh and identified some techniques

and devi ces which could be used. However, it has been

determ ned that not all patients respond_in the tsarre

way®to  LiialRast noLamgl. N6 g Aopt Meppiremts

exanpl e, who undergo an orthokeratol ogy 25 treatnent

wi Il show a slow ng do qr . hal ti f opi.a . . .
Thr oy cosiroliedusticin Wendp ot canpusEe peCEAReS el whick st requires
coaﬁpmﬁgrﬁ%mgﬁpoég/ %}%t?/wstﬁ’@j/ ARBREEO1GEY findings suggest that

recei vi ng orthokeratol ogy treatnent, others will show )
orthoeratolbby kemaslovoting growdn of tive eladudlitrdnas pet werketar all children.

on rryol?i a rogal‘re Si g0 . :
No one’fully Understands why orthokeratology gave a myopia control effect in only
some of the children in that study.

To date, the inventors are not aware of any studies directed to the specific optics
related to orthokeratology. Many have attempted to analyse the shape of the cornea
via topographical analyses, but few have attempted to quantify and describe the
exact corneal shape or profile for good vision (e.g. 6/6 vision), let alone myopia

control.

US Patent Application 2005/0105047 (Smitth) describes optical intervention to control
myopia progression. The publication discloses the optical 'profile’ required to cease
myopia growth and identified some techniques and devices which could be used.
However, it has been determined that not all patients respond in the same way to
treatment, and whilst some patients, for example, who undergo an orthokeratology

treatment will show a slowing down or halting of myopia progression whilst they are
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Summary of the invention In broad terns the invention
provi des a nmet hod of changing the focus of incomng 5

w@essphsaal |ight rays into an eye in a controPCEAU200/001063
predi ctabl e manner to slow,5halt or reverse the
progression of myopia in a nyopic patient using an

redeiiig loethaketanglpgy ltesatmeh exthérscwilll shavih éhatperthdiiecatblogy treatment
teaches nef hodol ogi es and design paraneters to

hag aEmesing %ff%m&nemg%m'@ Rrpgre§ef’yn and production of
ort hokeratol ogy | enses which will enable the nethod
to be effectively carried out. 10 According to a

SuRiMbey beth@apaiitiof the invention there is provided a
met hod of altering the profile of the anterior

In PSR ESILHLMVBAtGT tp?d/\ﬁdég admBHdEBE changifgitR¥ docus of incoming
I nproved vision for the patient, including the steps

pedpheras ightsiayg igtenan sye dme ¢rtigiRdrand pedidiableveagnerde slow, halt

par anet.ers faor : termni t.he: L@l
or RRLHRE 5O b leskt, BY FaBph Y Ebige Htsfp LRl o orrokeratology
lerRotSpechiRallf heppecifitativrnicaehes ndthodologies amtldasigh rmrameters to
effective optical peri pherg of the

._which .
faciaiesand seple Meaderig Aad pProdugien ¢ %E@S?%f@}f%ay {enses which will
engﬁfé:tglﬁ‘?n 89 écy‘fﬁ'b%'é?%cfti(%’%lxtcaﬁi&yéu@nd the desired

per era raction urvature of field) for the eye
for controlling progression of refractive error; and

Actgéfcﬁngé(grga% Q;Frggrﬁfd’fasb@@t BAUhENhvhiidh #kre is pro%ded a method of

ens to achieve sald optina _ _
alterihg rthe rprefilef aicthepanteiide sufacd eegibhyoft &1z eyeeqf afpatient to achieve

. treatjing the e of the patient jnvol.ves applying an

'mBFqVi‘FQk\égan%ﬁ% Hag'ﬁE{t"bc"ﬂﬁngk‘/ Is{eﬂ?e"fnet hod i ncl udi ng
selecting a |l ens which has characteristics which wl|l
shape the anterior ,surface of the eye tq achieve said

asspeenaCo R ITbP IR aL BBt RS FHEndat B SR TR
has characteristics which will 25 result in the

epi thelial volu of fhe eye bei reserved. . The,.
defraninea (her PRIBRLANISOF GUF AR bk BT BYes N gjng at both the

ophiRk! &Wﬂile]l of tﬂE%‘?r?%é H&d BEtHP GRS @ve dpftichSérigHERg Bf tHY €ornea, which
an y th

erior an the retina for controlling progression

wafld mysydt Bn. a desBST IrafuadiveBERCtiRuItE azbjevR@oud vigion for the eye and

2008/.014544. PCT/ AU200// 001063 The furt -
08 oG of PP | RUBRDP o CHINER e Sfethad il S gy controling
prbfRssReSEreRbEIAR &foryandous exanpl es and

net hodol ogi es, descri bed bel ow by way of

treating the eye of the patient with an orthokeratology lens to achieve said optimal

anterior surface profile.

Preferably the step of treating the eye of the patient involves applying an
orthokeratology lens to the eye, the method including selecting a lens which has
characteristics which will shape the anterior surface of the eye to achieve said
optimal anterior surface profile. The lens preferably has characteristics which will

result in the epithelial volume of the eye being preserved.

The desired peripheral refraction (curvature.of field) optionally places the peripheral

retinal image more anteriorly than the retina for controlling progression of myopia.
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exanples. In the description reference is nmade to the
acconpanyi ng draw ngs whi ch al t hough di agrammati c,
W@s®B®145ehn expl ai ni ng how the i nvention m ght PEI/AUR007/001063
into 5 practice. Brief description of the draw ngs
FIGURE 1 shows a flowchart depicting the manner in
Thebé ChndT OFASE fehturEe dMYRETIN0BNtIdE WIRl be el a BbFéHBEfrom the
2 shows di agranmmat i cal |y the manner in which an eye Is
deperintioal pl vaﬁaw@@mmes Wichdgnethedelpaiesr dessriseddelow by way of
o S
oxbY !, B S8plon L1882 AU 19 4 Bl oy gevings which
althtgh etagraminsatiop dadsistdinbgxplpiping diowo thefinentims ntightt be put into
front surface of the eye.. FIGURES 4a to 4q show the
@Ss to be followed in produ0|ng a lens, once the
deS| gn paraneters have been determ ned. 15 FI GURES 5
to 7 show cross-sectional views of |enses produced in
Brm@ys@ﬁwgn%ftthe dravingshods of the invention. Figures
8 and 9 show di agrammati c depictions of the focus of

&%e before and after treatnent according to the
F'@H 1 sbaws petoyyahadt drRietingtednaaper inavhish piRarssad theinvention

is %Egéggjtoupkerat ol ogy, typically a rigid gas permeable
contact lens is used to tenporarily change the

shape of the cornea in order to tenporarily elimnate
FIGURE 2 8bews dirgrammaticaily themanneoin whisheyeeyeisenittelty asalysed

|l ac n_the.. | t.her _over- night or for a |onger
us%\g% gc%ngﬂtgtrlagsngy@er%yotg%?g Hl?rqehg the treatnent period.

At the end of the treatnent period, the RGP lens is
FI(BHREV@dhd)wa\ai sigilahidustestiapecthaboiEigute? o? anmyeMh dehithehe focus
. %J rrectl n for the eye. Wil e the exact
s FeaHif rﬁrﬁﬁlcm%ﬁ %J%nﬁof@éhstf@néayﬁm REtheseyari | |

bei ng researched, it is known that the anterior

FGORERA, R S0 T G50 A SRR BTN e

deS‘GWDﬁE@D@WS)M@@beem det¢rghinednd | ocal curvature at
various | ocations on the cornea depending on the

FI%’?H@S ?(g Z qh%W &EB&-s@Eﬁ'oﬁJI ‘?ne%ssbiglgngés bltb%uced in accordance with

the methods of the invention.

Figures 8 and 9 show diagrammatic depictions of the focus of an eye before and

after treatment according to the invention.

Detailed description of the embodiments

In orthokeratology, typically a rigid gas permeable (RGP) contact lens is used to
temporarily change the shape of the cornea in order to temporarily eliminate or
reduce the refractive error of the eye. The RGP is placed on the eye either over-
night or for a longer period (up to a few days) during the treatment period. At the end
of the treatment period, the RGP lens is removed leaving the reshaped cornea to

provide the necessary correction for the eye.

While the exact mechanism by which orthokeratology works is still being researched,

it is known that the anterior corneal surface may increase or decrease in sagittal
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This method thus provides the greatest flexibility in
achieving the desired cornea profile for sinmultaneous
wo edogactsive correction and reduction or elim ne¢T/am2mi/001063
5 progression of refractivererror. In soft contact
| ens orthokeratol ogy, a soft (instead of RGP) contact
heigrtnand soass exlirvaturd esrpearinisl catiamgent the shepsa depehding on the
cornea in order ril eI|n1n te,or reduce
meifnd o GerRRT AR S PhBe KRB PR n: | ona
orthokeratol ogy, the lens is typically placed on the
eye over

This et 1018 RURTHER{NBeatealES NG 40 Pyl S ‘aiiea comea

proi’nlSaYér“%ll’f\ﬂ%ﬁé‘bﬂ%a%ﬂa%éqe(%)rFéthBho‘éhGe rédectione (s THfdination of
orrection he eye. The aimof the present

prognessioniafmefractive girasvi de a net hod and associ at ed
ort hoker at ol ogy device by which corneal reshaping can
be achieved in such a way that the refractive error
In soift. eontadtdens orthakeraddlogyt & weftsinategd of RGRR) paitteshlens is used to

eye can be 15 correcte ile s
tompbrariRraner Ahse e O Heneorae: Hed L ddstefpndrdfie glipinate or
redaée McdRiiraktigd drranef gfe &V@NALhR cahvantinat ahﬁaldetgail@gy, the lens is
direction) can be repositioned to be at |east aon

typicelly nlaceq‘mnsthea@xeeeveﬁrmj‘é dusipgthe i teratignb PEUPG: eﬁttth@ end of the
tre ttlb%‘h?@)@%b Cth%t lé?i'él l%srefn%v (ﬁ%‘é@lr{@gth‘é{ reeéhég]ra ch’HQa to provide the

Ssraon e patl anced
nedﬁ}SWy&oh’reaetlemforthb@yperl pheral image may be placed in

front of (i.e. in 20 a direction fromthe retina

towards the cornea) the retina. This introduces
The ehiat | ofe thery prasentefneentiors uist dbl erdvide i ac nesthodgante associated

th ff Th d .of | [
orthkEBHaIoRY deDienBY VG oM SRETARING 568 1 Aol Ve dicueh a way
thaﬁiﬂé Péfé%%ﬂ{/é‘ il (féomééﬁtrél%frféBWs@ie Fd)igﬂfeepéﬂent s eye can be

e refractive error (i.e. centra refractive
corgaGita While smmlteyueouslynﬂmes@eeahemd)zr)wagez(sewtmmn@:é@ the images of

o0 8 S R0, BB LBRLAY B dtion) can oo

repgbl@&:féa_ J Be StEEst (dRtHe PeﬁhwaR%t%Uabe RO Pptisitibning provides the
PCT/ AU2007/ 001063 8 Next, the:'corneal shape is

thetapewtic fstiswlys oryredusing arlinyeating prgsessin ﬁ@ MyRpPian the patient.

For, %%ES? ar{\gcgfr I rabggﬂmﬁr@ﬁfﬁ?ﬁgﬁt@héﬁ%%g placed in front of (i.e. in

a deatién fioanée retina towards the comnea) the retina. This introduces relative

myopic defocus suitable for increasing the myopia therapy effect.

The method of corneal reshaping according to the present invention entails the steps

outlined in the flowchart 100 shown at Figure 1.

First, the refractive error (i.e. central refractive state) of the eye is measured (102).
This can be achieved using standard refraction instruments and techniques well

known to ophthalmic practitioners.
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The peripheral refractive state of the eye now needs

to be established (106). This 5 can be obtai ned by
walzeosot4saeasur ement wWith the sanme i nstrunents BOTAU2007/001063

techniques as for central gefraction with the

additional step that the patient is instructed to gaze

Next, AR &51aksl bhise fd ahgnm £104)0 Thite cdh rtfébbmavgé l}s'iwg any of a

rreasur ement | nstrunent Al ternativel Y, typl cal val ues

nufmber aoh aiuneali mpo(g@apmutgygtﬁmatm;@ vej@kerqtogr@@h&)fknown to the
nts of nyopia) from published sources
Opﬂ@\? rb@%fgé%&q%pl cally the 10 refractive state of the
eye is established at a pre-defined angle relative to
he [ LS. her al angl e i,S
T B erafi: BHE of DI 608 IBR FeBua o B ariiblisssh106). This

cadtbe OPtatnddyby @abbw rﬂ@%\tsmmer&bmﬂh t% s@ﬁﬂa ﬁfstruﬁqents and techniques
treatment regime i s now sel ected

as pf%ﬁ@?tr%defrﬁafﬂorawgiatth@ adddioned o1t thaf HroReriantds dge;tructed to gaze
| |
at ' &l pe“ riche a( ﬁ% ‘?@hﬂ O?ry@ ‘P@ 8”H I‘é?‘?(%)ﬂr ;’Hf qeptﬁﬁﬁ’]éeééu %n f,lgstrument.

Altegtstivalyi rtypihel vahuesr fcﬂeac pobelétlblel (@W smlipddmmmby e.g. myopes of
iate i, oned, accur at el

paifGulas BRI o mEBRaTIR P liENe a0 s FRY b gt Typioally the

reft4B906 tshite cﬂ‘ttﬁ@ eyB i§l %Efé‘b'ﬂklﬁ]éd‘ at bhfesdtfiRBd Ungld &l to the central
treatment cornea. I'st it Is inportant 2o seek 10

eyplaxise theepedpharal apgledawefﬁrawg@lwted tie heebétmeeanoabout 20° and
[ ful
R T TN RV U s
faci I itate myopia treatnent. Once the desired
A BEAIN Pl B Rl TBAEETRIES: REBPEHET R patient spociic
orthokaraddlogh ve is ditteditd 8s patichethar Wllﬂﬁ@SlﬁNn the Qéﬁpheral light focus
neasurenent (120) or. may be established based

a“’f%'ﬁﬂb/aﬁ bR @@t@rﬁgégt'(‘q2Q)themana@vd@%crfb&d bolPWedp thereby initiate
m%?oc@%ué%,s' 'ﬁsz@gﬁfgor?%gldcﬁggatt&gté%‘?a %hin gsdrrl%tlﬁﬁdﬁnga(ﬁe shape of the

se o nven Ion corn
eye ds hmpiimpotantt stepeinadeteomining 1h&)shapecef thee post treatment cornea.

wiSlsF it Bttt T abek dp iace e coakale st @AgR R the retina to
enédréddndrPhsoP EERIEASASIOR! RIS FaRETd! Wbhtorast tﬂb%%ﬁl%@%l%’nage that

outlined below to calculate (126) the target ape o
wilt fagllitaiagnyapidpéeptrogedd to the eye. WD 2008/ 014544
PCT/ AU2007/ 001063 9 From these target design
paraneters, the final |ens design is derived by taking
Onicat the desiserhtpesiphetal dﬁﬁacﬁmmﬂ@mach\amubngncdmﬁennmed (110), the

oplFAE TR k3 AR hl bR en P B ginea by cirec

meae8fenend120) or may be established based on-population averages (122).

The device for corneal reshaping is then applied to the eye using similar procedures

to those of conventional corneal reshaping (orthokeratology) (118).

Once the pre-treatment shape of the eye has either been established or determined,
the shape data is input (124) into a processor programmed with an algorithm as
outlined below to calculate (126) the target shape of the lens to be fitted to the eye.
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In sone cases, the final design may be intentionally
varied (refined) according to 5 known factors such as
wQatsensis history of rate of corneal reshapi nBCEHAU2007/001063

recovery (116). Followng 4he initial treatnent, the

pati ent response nmay be nonitored and the design of
Fnomathﬁﬁenf@s@etrt%r@rppagamQW&dhad]mﬁtm tﬂfeBIng)llS giedged by taking into
ects .o

Th th
a#%@@%@@ﬁ”ﬁ?gﬁ%@% ‘gﬁq:'nga‘?oé'nﬁ“e%gﬁa?%ﬁt'oevé\”@aPPB‘H'SE‘“O” of
mébharficdlleffestsame tengormehr RWri¥etotidHisvedtorhEl .%\éﬁﬁg'ﬂgt h
in the central region and the peripheral treatnen

zone. Using the data thus obtained or estinmated, a

Inl snfe icasab) the hﬁab@esigﬁlraa?CbéMHt@ﬂmdeu&/ \%Qreﬁeﬁéﬁﬁeft!) according to
central refractlve error, and treat he peri pne

kr@y@ fapiersesugty as thatigngs dustery Dé(ﬂafenOfrr@fDr@eaétrmhamm @wd recovery
yputat|on of Key Design Paraneter Val ues 15 As
tated in the previous section, the aimof the present
|nvent|on IS to provide a met hod and associ at ed

HAE 8 Lo SPE d SERBRLP o LA an v
dees;gn m:fathe kmerrml restigpingweliee agljusidd BGStitRisE thé A@atment effect.

peri pheral image can be repositioned to be on or in
front of the retina. 20 In terns of optical design,

Thus[ thec ke @sphetsocffrthe dhvertionaguire i atcuraRIpic- ﬁéatlrrhélﬂtevaluatlon
of tgom on- axi.s points to be focussed to the

Rt $haPs 80d i "écaée ENaPdhe g¥er bpEn)n thaj eentrad region and the
petipRbRY 8atAsnt for‘fé’rlyﬁﬁg éﬁ%‘ﬂbtacﬂ{dge@ét?fn%ﬁr@pﬁmnétga a lens is able

ort hoker at ol ogy), the (centra
to b degigradiwbiakf thlIm)rcent rieacertral ugfrachvel ecat, iama t@éattthe peripheral

hapi I Ce. r to reposition
eyt%hiﬂgﬁlr ?Eé]%ﬁiﬁﬁp? ﬂgﬁg%ﬁ’ |'Ht”§°ret4?éa'ré§ 4ped cornea woul d
need to have a peri pheral shape t hat WI Il focus Iight
fro the r al e onto the retina or in
C‘?'PB atjgn Sﬁgeggf ngn e%?%&amﬁﬁ us of curvature at
t he peri pheral cornea, SUBSTI TUTE SHEET (RULE 26)

AU WD, 2008/ 014544 PCT/ AU2007/ 001063 10 the region
fated I e PERAO Y seslipn, 1t f@% L?éﬂh@fothegﬁfemmmlpp%értal provide a

mé’th@&'@hd%lséé“bfed deass bymlé}?c&lntaﬁf%@hgplnﬁf%a%clﬁ%égﬁ@ved in such a

his is achieved in the present | nvent
Wad’f thaks gher irgfaadtives leaprd dbathe spaticnt’ss eye tdaa de neArected  while

suﬁf?lﬂ?\%%hgﬁ/, ﬂ?evbgﬁphér%l Tc’n?age ¢an e‘be repositioned to be on or in front of the

retina.

In terms of optical design, correcting the central refractive state requires light from
on-axis object points to be focussed to the central retina (i.e. towards the fovea). This
is achieved, as in conventional corneal reshaping (or orthokeratology), by modifying
the (central) radius of curvature of the cornea through application of the corneal
reshaping device.

In order to reposition the peripheral image points, the reshaped cornea would need to
have a peripheral shape that will focus light from the peripheral field angle onto the

retina or in front of the retina. Thus, the radius of curvature at the peripheral cornea;

SUBSTITUTE SHEET (RULE 26) RO/AU
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this is further facilitated by the definition of two

di fferent zones under which corneal 5 reshaping wll
wheooshisses ed. The two zones are; the "central PEI/AT2007/001063

zone" that delivers the caprect reshaping of the

central cornea so as to bring about correct central

’theVrL i thet @8 h%ﬁdn@lﬂ)lé fdﬁ foé&sﬂhg l@ﬂﬂ‘f’r%m F@H{%eral visual objects, needs
oker at ol og and peripheral therapeutic

to b@rﬁitere%é@ efies Hp%sThlﬁéS pahigiesk il theopriesant inventien yothe use of
as@ﬁgr{}%ll?gﬂ%eé tﬁ%cﬁ‘%ﬁg L& 3hSthe %@HQS trhégwagjzrﬁéi; @%g{cgli In some cases,

I oNn" necessary O reposi

this iﬁaﬂetlmntfaclmate’mby Ithé ldeﬁtntloh dfhWop@ffém\erz@hes emidaa which corneal
he trapsitign or boundary "junction” in

PHRGBIIRE clectednt b twe ks a@&‘ gtHSr §9nt5@tcw&@ﬁ' fane” that delivers
thecc%ﬁécﬁlre%eﬂ ﬁg‘{i’ gfgj‘@evr\?ﬁ cbifea B&E5RO%, frff‘\g A0k @8%&{ Eentral vision

zone may b a snnoth sur e curve
conracptmwelmﬂatmtot mm@@tiohalnedhaMramlow,eammbe “penpthmal therapeutic

car and ort ortant,t has se, t,hat ,
zofy Pt R v Gobeerab PO i g Wtnahach i eppropriate
chdfge®n p@ﬁ@wa! feBAcHbn m%@@sgarprt@ctés§§it;@rﬁl tied pbﬂ%ﬁeral image onto or

i nventi on are descri babl e using any er of

in fephef riheaperirheral keting s h@rtr@ssﬂmr ioc tmmndaaeﬁor fiwection” in the
ter@ﬁqlé@ato'frc%rﬁmtleﬁy@% ertsg%ert\ﬁ é)r? 't éoc,Q—:!n@r%l %fptl'égfﬁone and the

ral her ocu3| ng)
pedgherat impﬂutlctzlmaeapaydn@rblahéedi wﬁhl a samboﬂs sofface curve to improve
vat ur ver the region co ondi n tothetarget
SmEEHNGTS L MedENisaLAEFELISRPTIE FUPEBAT RGN
nmet hodol ogi es can be enployed to accurately establish
of the t eye tot ereb enabl e

1t i3 JB0P e 19TBPIASTA K VRIS R lens Hesisst G mbleaiaegrelimination
or ?é{éfo%%n‘?ff rﬁ%gné %Pégre bhcs thlﬁ '8%% rﬁ%ﬁ% lﬁmg any of a

raC|ng IS net I gure
numbeon‘bleemetrmg CaaﬁlS@htW@&pbetlalsUB‘aCes tha;keyz‘éature that effects

tnetfsHPEBali o BRRRSAL S fiengetiafe b idiaareiidns 1RE Setection of
thed@ppr@aha@nzscbleraumdof SuvAILBY IoR e R tHel fsBidn @bﬁﬂé%ﬂd‘lﬂ\g t@fhe target

optical nodel 210 including an aspheric opti cal
perphgratiield 8pglgescri bi ng the cornea and an aperture

stop 214 representing the iris pupil of the eye is

laid out. Using nethods famliar to optical engineers
Thafellavéng twe ¢nejedelogiesccarebe eptployststa aptusaieht esigblish the shape

o b R, e 1 SRR SR PER B 1 shapo of o

tre@.‘UBS‘ITIS'ﬁUﬁEeSHEEEﬂebRULE 26) RO AU WO 2008/ 014544
PCT/ AU2007/ 001063 11

Method 1 - Computer-Assisted Ray-Tracing Model

In this method (box 128, Figure 1), a computer program/software suitable for ray-
tracing (e.g. such as commercially available software dedicated to optical ray-tracing
or optical lens design) may be used. In Figure 2 [Zemax diagram 1], an optical model
210 including an aspheric optical surface 212 describing the cornea and an aperture
stop 214 representing the iris pupil of the eye is laid out. Using methods familiar to
optical engineers and lens designers, two sets of rays representing light from a
central (on-axis) object point 216, and light from a peripheral (off-axis) object point
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218, are directed to the eye and configured to pass

t hrough the cornea 212 and on through the pupil 214
woboosloetseye. The surface 212 representing the POI/AB2003/001063

anterior surface is given tihe appropriate paraneters

(e.g. conic equation including central radius and

218hape diraétedrth thereyedamdPRbRMGUral 8o Pe@e! thidifyPfhel édtnea 212 and on
opti cal behavi our. The val ues for these paraneters nay

th'@é‘QBBE‘%DHEtﬂ%ﬁQﬁW%@Ve nmeasur enent of cor neal
t opography using a range of instruments and
techni ques such as a vi deokeratograph, which is a
TheovHriace 412 yeprgsamlrwaﬂte pcpr@tea@mipn@bﬁnﬁaw isgiviehdbe eppropriate

pa LA RiL :;'@ 055'} Gofilc! @ dﬁ&ggﬂb %58%%& LV %(f ggvallwdj s%apeyfactor) for

e assu rom pu
appuairiadd heoddllny of |[Siogl$:al behaviober The vatuenfor thése parameters may

g}%&aa@il ons A% under st ood by optical engineers and
eficect ymeasprernepic 0 o‘f'Pr§9§|t dapographyr weinat agrange of
msftr%n%nt?aa?ﬁﬂtét'hn‘f&d@s”b@ém%s@%dé&%r&%gﬁapﬁﬂg@iﬁlﬁ% i3 @ commercially

distribution of rays intersection w
avgilatile cieptrument r@mmpnb'navallamﬂa|meoplp5tlh|ahh|sat:hmos. Alternatively, the

the f ocal os iLon for the centra 0 Xi
a8 REY bel ASsum@f Bonf bl afuibtin SY0E0ES SR fom a targe
nuﬁrbymotfb@@ﬁtmd\pufblmbn@osm ons 220 and 222, the

central corneal front surface power F,, and

peri pheral corneal front surface power Fp can be
AsobiddrsRdd bevbticalnendiRédreadnd IRl daiignam! it m%Hf‘ﬁIridﬁBn system is

systemis nodified using techniques famliar to |ens
fOfHé&@@ﬁe(%@larh@S@ﬁt PR aminimigingdhe (aotdnedysquare distribution of rays

T T R Sy
foc20 pesition Yor he é'ergml @orﬁaxn&h&ay&tmﬂ ang tmbeﬂplher@l/ (fdfﬁm(ls) rays 222.

Q, of Fi e% be ITD(?I fied to becone th
Frap paee FHE sl Saaons Z20sand 336, theoanira cepual Temb sudace power
Fo 3AdpbtiBAgIa) cMidRinESiardt3S o T | i B8 UBRAhed N S

surface 332 I1s configure e fray-tracing  program
to represent the inverse of the central refractive

Ne%t)aﬂw% BBﬁ él' %Hef ﬁk@lt ff[lﬁéﬁont% Eﬁf'rﬁ{)ﬁ*ﬁ@& @émg techniques

j ect. e starting ract
fammabrtotlenbedézﬁglwsrend eaptical /@n@megars @0)., by e lnltreductlon of an
adﬁﬁwer of .surface 3 ehave a

] .g. +6D ,
b Slrrde Hathod crefiestive fomac coustl i obpeste ko the refractive
ereANin Fiird 3,ahe %@érﬂﬁ@@pttbé‘ﬁsﬁt’éﬁwoﬂo bhEigupy & ﬁ&s BEeﬁ 'ﬂﬁodmed to

peri pher al refractive state and the additi onal

bemmsemepﬁ@mutatm%cqrgmb m%iejefﬁ@j frorthishenoglat |@ﬁ)l; am additional

e r hat
o5 B LR IR TRN SIRNP goF 18 po i 1 v
proaptait maepresfwt mmmvafse%f thefeeatral RGraufios etk SoDidHe r8ys 316 from
+0. 5[3)( t hen s%rface 332 will behave as -B-D (f g[]
the, gg-axis/central object. That is, if the starting central refracfive error to be
corrected is A (e.g. -6D), then the power of surface 334 will behave as —A (e.g. +6D)
to the central rays 316. In addition, surface 334 is configured to represent the sum of
the inverse of the peripheral refractive state and the additional amount of peripheral
refocusing targeted for the patient in order to reduce myopia progression. That is, if
the starting peripheral refractive is B (e.g. -5D) and the additional peripheral
refocusing chosen is D (e.g. +0.5D), then surface 332 will behave as -B-D (e.g. +5D-

0.5D=+4.5D) to peripheral rays 318. This modified optical system 330 is then re-
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0.5D=+4.5D) to peripheral rays 318. This nodified

optical system 330 is then re- SUBSTI TUTE SHEET ( RULE
WQ8)osRA5AL WO 2008/ 014544 PCT/ AU2007/ 001063  1PCT/AU2007/001063

optimsed using a nerit funetion systemto bring the

central 316 and peripheral 318 rays to focus on the

op%ﬁ'is@dn@énp# or pest fLﬁ\‘(‘:‘ElBﬁ%%sféPﬁ 3 bRiRg the WentrdR818nthd3g&ripheral 318

second opti'm sation, the shape of the
raysdnrfeaus onfthe erigBal cerneal sugdce fodal eesitieng 328yand 320. During this

seq\:/cﬁrj‘ﬁ Wg})on,ﬁ% %133)91 §Pﬁ]va%&é8go ?%gg esf itsoéliomf‘éo‘:?o flex (e.g. by
van?ﬁ’i(% rﬂss?édIQQ ofWclilva@rey esrepet Qacﬁom;%tn)zaln Shlsf aﬂag 3Bé ray—’tracmg

wi |l achieve correction of centr a:%{ %
Soliware, SIing SPaTTsa il ReNYAIBe Ihé GNP Ak iass, it Wil achieve
coﬁgl:t‘?orf bf c@n{réloﬂ%ﬁ‘ra@ﬁoﬁ e Wel 'd?re?&sﬁ%ﬂmfmeoﬁe%heral image points

I'msa e corneal face
ontceor ma‘ﬁ:mt df lhB tedingedn compdﬂtionscbfapa)mmmhammntthe gomeal surface 332

tar treatnment) centr corneal power (in
W"i}lf%g he. quet\chgnf@l %‘ = Ltc?'atp gt post - t r eat ment )
peri pheral corneal power (i n dioptres) = Fp + B + D
ral,refractive state of thee

Wh A
Fof GptadiepstiereaibegureRen Aol it follred B §

eye (in dioptres), and D is the additional myopi c
SRR A e é 0

the target field angle for 15 designing the myopia
whereghic hedigLis EotHe ALta 21 i €1F 110 donerded i1

focu5|ng for both central 316 and peripheral |ight

ra3318 Thus, the i pheral focys 322, follow ng
eperipherl reffactiv;s ﬁ‘teﬁgfth%ﬁy? figrieRirRs): ‘ﬂ%(gnt of
aberratl ons (as sone peripheral light rays will not be
able to provide an optinmal, peripheral focal g
D jsothetadditianatmygpis AT R 10EP PRI I6 10D BNNARISEDY Riathprapy-
of radial astigmatism (a type of aberration) whi ch IS

seen as a line focus at 336. However, provided t ﬁ
It iemiarthf natng dhats gepending edribe rinilesize k&g ;target igld angle for

o334 i BLAPBITs 455 Hokpal] Hy[58 185k on e e
reshapeh moeneet 382 veniph oigi inyolvedayn tfoassing fovdbbth scentral 316 and
e e i SR B SR B pmisaton
wift's ﬁg?ﬂ‘gﬁ] §drﬁé'a"f\*imﬁﬁ%‘?'afb'e%hbﬁé‘%é%oﬁﬁ@%érﬁl)h@@él Ilght rays will not be

res cornea 33 For exarrpl e, I nst ead
ahls do qn‘rovade and@mimale@bnnimrak:@k:alslmna@a: poBtY lm &Igwsr%s@ﬁtaberraﬂon

includes a type of radial astigmatism (a type of aberration) which is seen as a line
focus at 336. However, provided the merit function system is constructed correctly,

the ‘most optimal’ peripheral focus will still reside at 322 in the modified model 330.

It should be noted that the above method employing a ray-tracing model is
illustrative. Many different approaches using ray-tracing/optical design programs
may be used to arrive at similar specifications of the target reshaped cornea 332.
For example, instead of making use of an ‘idealised’ optical surface 334 to represent

central and peripheral refocusing, some software permits the use of specific merit
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central and peripheral refocusing, sone software
permts the use of specific nerit SUBSTI TUTE SHEET
w@ RUBB146) RO AU WO 2008/ 014544 PCT/ AU2007/ 001BGBAU2B7/001063
function operands to directi3the focal power of the
target reshaped cornea surface 332. Thus, the exact
fuacptmmaperamirs i difeot the docali powvéo of ltiee ?emfgtev\@éﬁrdfffe@idc@m@a surface

a oach t constructing.a nmerit function
33%?% &’%81[' 8hBI37g Rear. fifiss e mﬁetphts@ spftwarenesed and the
ex@@ﬁébﬂ)r’@%@h té*&%Hbﬁud&f Va fferft BEn Qi rﬁ”?h? 89, describes one
| ens’ desi gners suf ficient guidance

methed yyiriclh apw d%ﬁgnhgdnsmmld pmvrdmﬂmmpmrgaf tehgrneer and lens designers

Wil Sfteleil Lt elo. eBFelie P Bt Bbaldpisgmputing the

spsmﬁtaﬁbr(dﬁrrh@%héﬁ@ar Bt 8h8se erhods for
elimnating or retarding the progression of nyopia by

altering the peripheral refractive state (i.e.

Fiekl Ahgieto-Seleet foieMobpld Pr&greefs:oﬂfrhaﬁaﬁy e while
si mul t aneously provi d| ng the appropriate correction of
any central (on axis) refractive error in order to

Sriitth\(USe7 0060160) Siie0issS¥het b dRep REAHRHRS d ¥ar§ii?§ the progression

peripheral retinal imagery is inportant "an
of myapia bytaliegngriee @ﬁanhnrabrefrmlveeqt@teb(aler reratwacnunvatura of field) of

|
anp%y eye%f’ﬁ%‘ é@] @EP.%}Q tﬁé’%ﬁéﬁquoge ﬁfrg? ﬁgy Yntral (on-
axg;r) erafractr\ea‘ Erroacuy orrdermy)opnoaudeh goePwisien. Shitte ceeturRYetes that the
refocusi ng of the peripheral imge
PePbhHL TS5 INTageRy 3 Bepiamiand muRisierti o) drasigo doetgrawth of the
eyélb%\'llt Wﬁﬁbrﬁts BleSHRAryRRAY gge\hﬁ’rhhfm%prﬂ é‘ssabo'ﬁ’t‘g%r’o‘ﬂgatron of the

as | ai ned above,” dependi ng on st ze an
eyeahegbt one this,ai ghight beinferreditbat gfeettdereeffrt;acget myopra therapy can

b lved in f
Do ERRRAR L ARG e RSB AG BpkPhof iaag pbres Plaring at tower
pefphpad icke anfles RRSH fotarghd o g}éatéa%ér%e?ér%rd %%Qﬁa%e%wever as

20 cornea shape - needing to provide good centr
explgings aféowerdep&@d\@ecnn BHRG S@@ral@ttargeteﬁeidmgi@ sgime region of the

tar@@fédpﬁ%hahed %ﬂ?e%pwrl 1{9 ﬁﬁ/o'i foﬁgernﬁnfl 'cﬁé %{rgl and peripheral

equi rene ractice, |

lrghtnsayrse Tinds meaamsam af caveponaise arrobmjrfrd@hen adf Ihedfdr§eted reshaped
s _,on the re ed cornea. ‘A good conprom se of the

Cor:ﬂ?y st ° PEYIRS @ﬁ@ﬁt%eﬂt@' feruseds wvell as providing correct

refb@&drﬁé’eﬁbéﬂ Retal ﬁﬁﬂb‘?je%' iSRS Hiin éBSnf‘H?f nﬁgﬁrﬁ%ﬁgnﬂd

le 25 that corresponds to the 0] ec
puprl margin (i.e. edge of the iris puprl) on to the

In Et%????(neg r??fg?%gﬁgs%gy gc? @rﬁﬁre HH%\JerI%bZ&Scerﬁrte'l 2nd peripheral lights
rays on the reshaped cornea. A good compromise of the above contrasting
requirements is to begin introducing peripheral refocusing the peripheral field angle
that corresponds to the projection of the pupil margin (i.e. edge of the iris pupil) on to
the reshaped cornea. For typical pupil sizes, this starting field angle of therapy is
between 20° and 40°. With this configuration, approximately only half (or less) of the

light rays from central and starting peripheral field angles would overlap.

Example 1 — Ray tracing method
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between 20 and 40. Wth this configuration,
approximately only half (or less) of the Iight rays
wo ecasiocesmt ral and starting peripheral field anet®BaU2007/001063
woul d overl ap. Exanple 1 - 1Ray traci ng net hod
SUBSTI TUTE SHEET (RULE 26) RO AU WD 2008/ 014544
In FP@UrAUZ,OGﬁi/cQﬁitﬁaﬁ%odel as délsguh)@d Aboae |epland:aiutrmd@|coat$mermally-

avaife LoEs (oamer LHmRX Miialor| RBJCHoresian o he surface 212

re&@é‘:érﬁﬁ}g theecSmehas FoP A2patlcPPVRRB! ddtHebNEnS5Y URR r'n%asured to be
for a patient whose corneal shape was neasured t

eqnel@faienhrt@m coica sectior svihecentom nadius @ferTftYrOamrnaandJshape factor of

%Ha?lﬁ%%tléﬁ/ggﬁmsrﬁ%hﬁt BM% gg?ﬂtﬁﬁlgn%f éﬁ$ éﬁi/ > ?/tsl mpersectlon with

the maigéem’lfamat/\bbﬂh thbf@ntmhgﬂdqwrﬁ‘paéml&IeIdJthletshme focal positions
central ok?gerl heral field angles, the fo
asgpeated gith thes Sepral e ang ipernBowa Tk P23 A cletwere found. These,

by Bﬁﬁi‘gﬂ%fo%l welr€ lf(%r%fo B d%ﬁl@gf@?\f fo é%ﬁﬁgal dARES RO} %(:} of Fo = 49.0D

wer e ent to a
andarp&rmlhemj\mrne:ﬁl pewver ad 8500f F@H(M&ﬂ Peri pheral corneal
power at 350 of Fp = 54.1 D. 10 For this exanpl e,
suppose the patient's central and peri pheral
For #fis axampée, ssupipesedhe pdtientisl centrbleard periphO@ID rafnactRe=state were

fougd @ HR:AGH R a8 BB urtheh: sURBPHOLHwaR d38red to provide
an @ﬂbhb@ﬂ%ye@@ﬂf&a@} bR ducHRf 88 delditioRal Qﬁ\d@tﬁf bpﬁ%}hc defocus

OD. In order to conpute the target reshaped
to Blﬂ n@rénh%]arOff&@ODslmOfdﬁittomnnwtadheéaweﬁ;ersshaped corneal surface

33% g{e{t%%fgé? @%(/e BALPEFO R foggglhp(?énél%h %hﬁ Eggn”ﬁ%%il if8ge, an ideal

¢t ng surface

refma:ltlhgcse)rfamaﬁspl (2ar hartixibhsurfee wessplbted atishd B8me posmon as the
anterior corpea. ,This ideal refracting surface 334

anteRt 9 B dfadlerefEacing rtpee B34 A5 Q¥igserd fal behave as a
ORI AL b ey A AP R R DI e el
a

first optimsation, second optim sation is

Ke&ﬁibgiﬁ%ﬁé&caggﬁsﬁ%g%i@ dsgggnéis ?@ﬁﬁdﬁr}% {8 firdHTd ﬁ'gsatlon a

target reshaped cornea I's assu rre
sechmdaopﬁmm{sathcm cselsctlaltema dFbloveing dhis segent ioptimisditiorg elntinglwhich the
di u factor of ed cornea,

tar zfeaﬁ%p%fl pSha 33 13@§§9m@gttgztmt ¥ aﬁ%q:pregsh ed by a conic section,
theC&rites Fadids Ghd %haﬁ”le%@fo? of IR fhsitrieshsbe P EOH'[?aLC?Q‘Z are allowed to

i ntersection the image surface), the s
varyre achigyettherhesh apersytlm(ueememse KNS udistribaticmof cay intersection

Wlt@ I“r‘r?% |n§£§é lﬁl‘?ac%ﬁe@%t%lﬁgboﬁ@% arge?%sﬁaﬂe%lcomeagiam is found.

A conic section is a geometrical shape family including circles, ellipses, parabolas
and hyperbolas. It is a particularly favoured geometrical method for describing
aspheric surfaces in contact lens design as there are few parameters involved in the
unique description of a given conic section. These parameters are the central radius
of curvature (r,) and shape factor (p, or p value). (Note that often, instead of the
shape factor, p, eccentricity, e, or conic 'constant k or g may be used. However,
these factors, p, e, k or g relates directly with one another mathematically in precise

way and so do not produce distinct surfaces through their use). In conic sections, the
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25 and hyperbolas. It is a particularly favoured
geonetrical nmethod for describing aspheric surfaces

wo posonsact | ens design as there are few par ankeCBAE2007/001063
involved in the wunique degsription of a given conic
section. These paraneters are the central radius of

ce@wv@tiwse r{,"dBscAbek shanssthacihebusPradiis 6f M@ﬁvhlﬁ)re dtaé &ery apex
often, instead of the shape factor,

t
(oreveEARDIthg Sugiaces 10dhp deeaiReR A Rs.cisy iy 1eiussaldthe central
‘tlp"'%‘ﬁ"%ﬁéroorﬁgat?ﬁéeshfaﬁ tt%ﬁﬁrrngt deschb&y [hﬁV\f ﬁleagﬁépe Jeparts from a

direct one a hematicall'y rn prec
cirdlaya qmwlalsce) oﬂo raptespn@lwcnscld; pts Odd aswrétatdespmt\m.@ho and 1 is an

their .use on| c sectians, . .the Tl TUTE
olipfee 183 Sisai i > otiPC REaANE MR BT ReISE Gy PaTRola. For the

puﬁﬁ@br 8f thigdpiificallon dRSE! inf&sitdriteo U%ﬁh@lﬁ‘ltsﬁnt%%%en twc% types of

radi us of curvature at the very apex (or "vertex"
elhpﬁ@s sulgredeis leas than 1| @edl p Seareateriban .t she forntes (0 < p < 1), the

eth) é@aﬁttotb%e IQ‘@"%&' fb@%{eﬁ@@%lgég dé ﬁ%@ew&gﬁ%l@ggptﬁe focusing

power of surfa?cepdafcarba@esaéwéy frept eseapex/tp Cllnrtﬁb Gattdr (P >01) g§hé ellipse is
B“'éetweenOandllsanSe pse as is
Sa'srf@a er oblalg er E\Aﬁiﬁeseamﬂea%lpﬁ% 5] M%@”kﬂ’éﬁ%{ the épcusmg power

inchyaRIsN8harter@tal Igﬁ% ht é&é@dlgétrmaﬁu%\j\%ﬁ%)@gé@ ﬂagrbpéxytlp.

I's Important to ui sh between
ellipses; where pis less than 1 and p is greater than

%ns éJ@artnP% by Eﬁémﬁ%tuﬁnbefhé)cargH‘Fesh%ble %%gne%eﬁ gfﬂﬁégcla trc]i%scribed as

pro ate" or a atteni ng
a oghid paaiontdre rydtargeheentpiwediusy = sﬁﬂ?zhmnmnéa(wgem‘m/pe factor)

: / > , th [ 1
= i%§§1ﬁ£§ﬁt'@ e%s%éBGWBgﬁ‘@%caftfiﬁ%iec egpenil)ng fel Iei Ssel. IOIS(ne

such ellipses, the focusing pomer i ncreases (shorter

G5l B A BB B 4 Bl o
anfefibf&orh&s rl%‘?)e@e‘?@lbt%ﬁféd N faﬁ9 SnERRRU: dl t\?ﬂué’ss _;9@ c%ﬂf?’blc refraction,

section are r'o arget central radiu

perpphe(rabwe@r@tch@muaqshiltfcma? pejipherapnyepic cmfocua an@ carneal shape
steepening elliptical shape. 15 It can now be seen
that by follow ng the above nethod, the target shape

It fsorimppgantrioee ae@&n@ar@ahmabethebtaapmtla‘mraxamymt of penpheral

o R b0 55 B e85 B s BRI computin

and eeftihg theiscal radius df@ﬂieit@:@at oft heCERRRTeSRap&y @oﬁﬁé@l surface at
t he appropriate anmount of peripheral refocusing (i

they eggian @ssasiatpdowith e F;@nppﬁéaldmt LV iHewaver, iig order to translate
theréégfleﬁx‘g%g]ahé LP:é\?lgﬁHFél | I%%%??ﬂc&r@ fifL! gc‘flggtlér%cﬁg? a lens design,

ure o rge res aped corne
thesarrbdii erattypically summarised into an aspheric surface that possesses these

radii at the respective location on the surface.

For convenience, ophthalmic practitioners have conventionally described the cornea
as a conic section. Hence, throughout this specification, conic sections have been
used. However, this is only by way of illustration as it can now be seen that the
above method is not limited to describing the target (post-treatment, reshaped)
corneal shape as a conic section. The initial and/or target corneal shape may be

described using more general aspheric descriptions including but not limited to
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the region associated with the peripheral |ight rays.

However, in order to translate these central and
w@essphsnal | ocal radii of curvature specifi cap€DAB2007/001063

into a lens design, thesetsadii are typically

summari sed into an aspheric surface that possesses

L S | ostaf | @8 oundéetood by applied

poli&b@ﬁ%&sé a%ili'nggr tfca)’ﬁl\?(%ﬁl g‘ﬁl@jéeﬁe\é%pht hal mi ¢ practiti onerg o
matheveatictanss nptical gingjinetss endtests demdne®iBnea as a conic

section. Hence, throughout this specification, conlc

sections have been wused. However, this is only ¥
Foroéxambleslm 4hé @boxe Exarople howhge resxiinipgd LtSI'ﬂQ aﬁb%\f@ der even

t m t h th
polY ?t(lkéagg%%’nombaiﬁgégﬁ)%mrLg‘lé'ggth%hg‘éée@ g% rs up fo 8 order)
adc%%cfd QrbasT&Q%hédel aurfabd/ or déwngetthedarmlcosmmefennm a surface

descr | usi ng nore general aspher,ic

desheiption o whishi thel bavinERRercAoETaGh Dan 1891UsSoRsFT U and the
ad(fE' rgag écﬂ%ﬁﬁg%‘?)suﬁ%:@%md %%Qﬁﬁ@g“' BCLE AUZ0Q7/081883 a5 in

I nes, Fourie nthésis, etc, as
whi¢hdg 1is tiee dubfacafmighed(in maitlineateets) oif ghe swfgaqecwhlch is added to the

oS e bESE e T ST B M g octed

JisEARB x ROMYARTAAL: ég &.803 ROl eyi=alt Bhak 101 axdes.368 ¥ 10 and
e even powers up to 8th order) 5 added to a basic

as sph@&2boall02ur f ace, to describe the target cornea,
returns a surface description in mhich the basic
spherical surface has radius = 8.

Thaothﬁsigmpararwby veliesl cannewche as@d ftcm @el%alatﬁéhgrftn% design for the
he
cofeel esbRaffie T 1| e BB WA BT opeh W o
is added to the basic spherical surface defined by

e radius for a n.surface point |ocated at 10
M%ingf’a%w @BP’P?‘BH?F%Ea ghign>2o 273 813 10-3, a4 =

-1.354 x 10"3, a6=3368x104and a3 = -1.826 X

10-5. The .d |
Wil gomimietoReor ekrodiey fesdh Barfis MAlleS fOfSFE koo is most
pre%ﬁé’%? ?ﬁhg"'v'ea B blnd&%nﬁ@%cﬂavh@imgﬂnﬁbdeaberdmﬂbedrabove there are

Appr oxi mat e Equation 15 Wiile co tion
ocodsiohe wraquccpr@aumsargﬁorpmfaweefpr vay-trasingom h‘"é) de Praitable. I

suEﬁdgqpssetgs |g lg W% %Iea J"e%\ﬁﬁﬁj %)%prd | g &e’ qz %@fﬁklﬂ%tely, but

ove are SI on

neYeRREIEss vﬁﬂﬂ/sofﬁcwfttmueecfyoforr@fﬁcaayacsta@mgayelues foe these design
pa?e\aﬁle’l[e?g Ib(i/ aplmﬂylng the system of equations detailed here. By employing these

equations, using e.g. a hand-held calculator, good starting values for design

parameters of the current device can be derived.
Given values for:
A = central refractive state (in dioptres),

B = peripheral refractive state (in dioptres),
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such cases, it is possible to estimate (box 130,
Figure 1) approximately, but nevertheless with

waedoBiocisent accuracy for efficacy, starting vabCEAUR®I/001063
these design 20 paranetersiby applying the system of
equations detailed here. By enploying these

D L@RbURNSE additibBalemPopié defodud b dndeC v ﬂ{eOEeriﬁlQéfr? for enhanced
starting values for design paraneters of the current

mygeia heraan(ipdiopiiesked. G ven values for: A = central
refractive state (|n di optres), 25 B = peri pheral
refractive state (in dioptres), SUBSTI TUTE SHEET (RULE

o 26@NitiRoPresipeimentd contislradivem Auretareoihezomea finmillimetres),
anount of additional nyopic defocus to induce in the
periphery for enhanced myopia ther ap]y (in di optres)

p Sridnitial pra-treaiment) shapetactaralcuseaturedf thadiomeafand
curvature of the cornea (in mllimetres), p =
(initial, pre-treatment) shape factor of curvature of

5 0 3 fieldcapaleaat whishsperipherplrairastigh ¢ Batis wheasurpa ranshayabia therapy

defpBS 1) k38t SR TP sl ceo) " These val s ey b
obt ai ned by direct neasurenent using a range of
gkl Uil ple Lo AR BY AR TESTERH i = rapoe of nica

msﬂume&@andﬁ&tﬂﬁmjuys Krivavrpepspighapfic Q)@é/@!ltlbﬁbrlse of B8SUMied according
nunber of puplished scientific 10 articles)

to PiTage @SS OF 41 REPYIgtion dayailablexfrorpa @umte%rtquwlshed scientific
10 artitledde can first be calculated as: x = approxi mate
ray-height (in mllinetres) = 6.77 / 60 rs = (initial)
sagittal radius of the cornea (in mllinetres) =r 2 +

a3l Fiabiy 6T AB85RG Sl byt it o
central corneal power (in dioptres) = 1000.(n -1)/r0

< Rgiob s oL MRl 2o AT (L1 O o)

i ndex of the cornea mhlch according to scientific
PR =
e bR s P TR 2P b
cal cul ated as foI I OWs:
re= (initial) tangential radius of the cornea (in millimetres) = r%/r,2
15 F. = (initial) central corneal power (in dioptres) = 1000.(n — 1)/r,

= (initial) peripheral corneal power (in dioptres) = 2000.(n — 1)/(rs + ry)

Where n is the refractive index of the cornea which, according to scientific
publications, is typically about 1.375.

Good approximations for the design parameter values can be calculated as follows:

20 F’, = (target post-treatment) central corneal power (in dioptres) = F, + A
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20 Fo = (target post-treatnent) central corneal power
(in dioptres) = F. + A SUBSTI TUTE SHEET (RULE 26)
WR0AW14M 2008/ 014544 PCT/ AU2007/ 001063 18 F' PCEHAU2007/001063
(target post-treatnent) penspheral corneal power (in
dioptres) = Fp + A+ Z. (B- AtD) FFS = (target
'pa ) r ih i reg) 4= -
Fﬁﬁ—' gtalb%tle:p%ﬁ?%gto) / %é'%l\%?g' cflﬁgltaal [ séraé'gu@r')ﬁtfg) y f rTeA *Z(B
Atddnpensation factor. Research has shown that 5
enpirically assigning a value of about 3 to this -
factor gives a good approximtion to the design
F'yaftargst @ost-ipatmentHeagiitel cornaalpaveart(ty dioptres) afadt (6, — F'o) / 2
the pupil and zone size of the patient and device
respectively. For smaller or larger pupils or zone
Nade Abet Z s smpupdlaryrzoner gempénsaijpac faclet. yResedrak has shown that

] . f t i mtion. Finall th .
enfififieal AR oL Al E R o ERE b FRbbP Bivesia BRothepasdimation to
the aesighadnrter FQluesO Howlerdrgtiy #dter iofelsat todhe pupil and zone

radi us of curvature of back surface of device (in

sizgi of thﬂé}aﬁ@@‘) and devige rRspectively: fEOr smallgeer grosrapuniisiaizone sizes,
o Bl ] S0 ) By 2 BB Gl maton

shape factor for back surface of device =1 + (r'o2 -

Py B ke 229 peRP Koo i tedce I abulatedas:
oflkey Sesigp parameters to anaI Ieni ?esigrnkbving

o2 LPFL Sl 0 P08 [0S S058 0 Ba PP of cevico

millimetresy correction of central refractive error while

_ Sl ta usly repositions the peripheral inmage onto
"Bkﬂyé“Tﬂ@%Q of the peripheral 5 retina, these
paraneters are now conbi ned with secondary design

, features to %onglahe the final design for the |ens. i )
F's Thlesighs Valkeafqroagiftal sadivgiqigCyaiuie 9fi hask guuiage of device (in

mifiepEResSes the principles of
=1000.(n - 1)/Fs

p’ = design shape factor for back surface of device = 1+ (I's? — (F.r'c2)*® ) / X2
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achieving centration of the device with respect to the

corneal/ eye, applying the appropriate nechani cal
wepdosoi45eh t he cornea in order to reshape the POI/AB2007/01063

the 10 nost efficient and abpficaci ous manner, as well

as providing acceptable to good confort throughout

TrhRSItRA 6Ny HeSigiEparanréicds to Bmal iRl dysignl ens of
known back ‘surface shape nay be sel ected (box 132,

Figure 1) but preferably a patient specific lens is

Héiﬁﬁg ﬁﬁﬁqlaﬁé@Koﬂ&ﬁmgFﬂh@%@thﬁdsl dedchiBed @h tevpReyioBE 8BELON) the key

I'n summary, the follow ng inputs are required prior to
design | pareRigtense thah sgeuesngn corregfiosu bple caentiaht rafraciixgi egror  while

snﬁg?érgegc{uls \)) ?éeor S 'tFO(}‘%OfTH-peL #}‘é db%ase u%%\lgg) rstgégr E??rgn’?‘é?l & peripheral

reﬁﬁé theze patameztefs mrepm)\l\n esmBinedDwitAOseeorsiaty ntdsasmglmrfeatures to
ferg § (&%\? P QZw, m ni mrum and maxi mum
onletebe dinabirtion QﬁtQ? %ﬁ‘ﬁmut er controlled |athe

deS| gned to accept neridi onal input in ternms of x,z
coordinates. Ste s to be [11 ovve SUBSTI TUTE SHE{E
Theropesideiatirgp AL b6 vinsoal o ﬁ&ﬁ«%ﬂﬁl@?ﬁ@@f@%@s goprinciples of

achicth cﬂl ‘cenfiation bf e d@b@eBﬁﬁtﬁ fSEp%et Qc?QPeRbérnea/eye applying the

coordi nates are conpute The Ro'and P tfromt
appoeiaiate mechamical eftect ioonther eormeadn oFtler écpe&shﬁpetﬁ@ cornea in the

st §fiiond And, St BarBS, s gl s, proiig. Spbsptable to good
co‘ﬂr‘ifortﬁh%@@ﬂiut tiiad v@’efé?lri@;/t@éath’f@@]tf i@bdf €btidaaky GUlere 6 known back

onputed at small intervals u) fromcentral axis

swf@cersé\as)@nmah bereelested {BorydB2¢ Aigure e t{tttwef@a&bly shpptient specific
3 S
'e'lt?%&%?d."%%(bif‘ﬁ%?;g@ gqeglése rv@rg)prgl nts are =

i ncreased by an increnent of the lens centre
In summary, the following inputs are required prior to initiating the lens design:

Subject flat k reading

Subject flat k eccentricity (e or p) (p=1-e?)
Subject refractive error

ComputeQ Base Curve (BC) R, & p for MC
Lens material properties RI, Dk

Lens dimension preferences (CT, Dia, ET, OZw, minimum and maximum

thickness constraints)

Computer controlled lathe designed to accept meridional input in terms of x,z

coordinates.

Steps to be followed:
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thi ckness (CT). Step 4: See Fig 4d. The alignnent
curve (AC) is conputed. Conpute at equival ent small
w0 ndosoveshs t he sagittal depth of the nodel ed se@}/at2007/001063
15 cornea using flat k (converted to a radius) and
eccentricity if available over full dianmeter of the
Sté@ng;g@gim@_ &anme orientation and coordinate system as
enpl oyed for BC. Three Corneal relationships are
depicted in Fig. 4d. Corneas relationships A and B

Thf@aBa@@ Gt qBOM R dorimates akl @bﬁ]mqf.erm 104t gﬁf@»m the MC

or a flatter central zone. Corne ationship
mafighlin avgaric sactioreatewasedb nhecapeeaf thecc@®e (202 Bisaplabed at position

ee FHi Lust, (vi,sually. on chart or
0, ﬁht%”?ngﬁ)f’i@m @)dé'#%eed é'? hﬁ %51%(}8‘ corneal sagittal

conputations (green dotted line) to allow tangenti al
St%g?tg%% ornea to BC at |ocation where all other

h i Nt's are above (greater Z) than BC. Step 6:

See Fig. 4f. SUBSTI TUTE SHEET (RULE 26) RO AU WD

2008/.014544 PCT{ AU2007/ 001063, 21 The adj,usted cof neal
ThE S Gk & HhA TEBUR B8 -Cu 5P domhited & iy Misvals (~54)
frohimeenialdaxiéGo Ak asBrbitiord ©faRBi ONEcHAINBURYHibAlly half the subject's

Conput e sagittal points for alignnment curve

nopraghwk dipdetey).oz) starting with spherical radius in

the range of 1 Dflatter to 1 D steeper than subject's

flat_k. 5 Adjust origin of the alignment curve (AC
SteridhSeadig.i4s sagittal depth at the semi- chard of O

equal s that of the BC at that sane neridi onal

location. Step 7: See Fig. 4g. Conpare the sagittal
AllgeagitialoBash Cumeapeintsharadpereased hybpacincresnerdaof k&Pddns centre

; ull dianeter of the lens. 10 Wile
thlang}etr?tgzprﬁ)hg t he equi val ence of the sagittal depth of

AC and BC at the OZ dianeter (by adjusting AC origin

n ary the radius and/or shape factor of the
St 4,{%8%??(%6% he AC into near alignnment with the ACPs

such that at the full di aneter the | ens and cor nea

Thg%Yibﬁﬁw%nPXqu%S(%d)qg Eor%%ﬁted.

Compute at equivalent small intervals the sagittal depth of the modeled subject
cornea using flat k (converted to a radius) and eccentricity if available over full
diameter of the lens using same orientation and coordinate system as employed for
BC. Three Corneal relationships are depicted in Fig. 4d. Corneas relationships A and
B can be fitted with a single oblate curve without need for a flatter central zone.

Cornea relationship C is dealt with in the two zone concentric OZ.
Step 5: See Fig. 4e.

Adjust (visually on chart or mathematically) the origin for corneal sagittal
computations (green dotted line) to allow tangential contact of cornea to BC at
location where all other corneal points are above (greater Z) than BC.

Step 6: See Fig. 41.
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Step 8: See Fig. 4h 15. Blend Junctions. At the
| ocati on of any posterior junction, one or nore

w@bkdosonste curvatures (of relatively narrow wdr/AYP2098401063
be inserted mat hemati cal |l y2at posterior junctions or
mechanically after fabrication to snooth such

Thé waifusteh sotreahpoirds ACESs) may ber usad as eogpidesini sateatingrimproved
snal | ?or neal , areas.. 20 A depi ction of the bl ended

ACERaATaMElRSd0 aEhONEWRPIMHMRIG 4i . Step 9: See Fig. 4i
and Fig. 4k. The edge of the lens is then determ ned

CoRhuts RRSHHl GO EonAIAREEN: b RACRIATTs b B sterpgauit spherioa

' 26
raoﬁtﬁ%ﬂé $a%eggf 8?3’5&@% At SU@%%@%E%‘?%% EC(Z%%E('C r Zaat e a

conti nuous series of points fromcentre to | ens edge

Ad%@t %ﬁ?ﬁ'{ 8t the ali %ﬁ}ﬂbnt e f?fi\ fs@@ﬁ‘?h&“ﬁé’ QaHRES 'deBlih B the semi-

See curve (FC) i's now

chai’dmf@%dquals Ltlsatrrgf the BCBat Rat same men@lomiﬂ lapatidrens

materi al properties, conpute the radius of a front

Curve (FC) that will yield piano (or other desired
StgpoeBeasbigh4gs "overshoot") optical power on the

central axis. Placing the apex on the front curve at

0,0 and its origin on the z axis, conpare point by
Copuiane théhsagitabdlepthsifdhe A® anddibe agpisted salhjecheornea (ACPs) at the

C osite, ,BC 10 Step 11: See Fig. 4m Determne if
fu”afﬁé}‘gﬁfﬁrr??@%‘?n?he FC and final BC are either too close
or too distant (as understood by those skilled in the
one o

wilecheTiinio: B B3RP alenc®; of e sl eBBtecor 4G gnd;BC at the O
dlaﬁﬁﬁef (<] aé‘;[]s’urik?IS A oﬁbﬁ*ﬁé‘%@éﬂé@ﬁvﬁ@%é radfisTBEEbr shape factor of

pre ICtS an ate curvature resulfing in a BC cornea

ther ACate drigi thesAéhinte nearcalignmetywith thecASEsr suehy that at the full

eSS oS SRARARAfolie LRSS LbG, 70, (0 r e

Blend Junctions.

At the location of any posterior junction, one or more alternate curvatures (of
relatively narrow width) may be inserted mathematically at posterior junctions or
mechanically after fabrication to smooth such junctions to avoid excessive corneal

compression over small corneal areas.
A depiction of the blended Base Curve is shown in Fig. 4i.
Step 9: See Fig. 4j and Fig. 4k.

The edge of the lens is then determined by techniques well known to those skilled in

the art, and the x, y coordinates of the selected Base Curve segments are combined
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Step 13: See Fig. 40. Conpute radius for central QzZ

(Ria). 20 The OZ of this lens conprises 2 curves, a
wa@emBoais4cur ve Rla and a concentric zone of dp€T/anzm/001063

curvature R b. Subtract subpect's refractive error (in

di opters) fromthe subjects flat k reading. Further
to Urbhteas lconfliNudles s5&ss oPpYentd fem -

result.. SUBSTI TUTE SHEET (RULEn (2;%'?@%2%" Y€ to generate a final
copmsite BeseC e/ RIZoptiPm01063 23 Convert diopteric

result to radius using Rl of the cornea. Conpute

Central Base Curve (Ria) Coordinates. Using conputed
Stead0r 8eedr9r4di us Ria as RO, one may el ect to adjust

this spherical curvature to aspheric by including a

slight flattening (typically p <_ 0.6) as 5 suggested
Theyfremfecusyb(RE) isiomedesigaed.eccentricity. Definition of

Zones And A Multizone Lens It should be noted that

since the objective is to achieve correction of the
UsirgtheaBC Ref é’f‘@clt%hs@'féandrlenm imatesalnpriopartiesysbmpute the radius of a

r LL1ep h | pheral i e point, the regiop ,
o RS 1B e Wl P BB on IBSF dBSibh power sucihs Tpvershoot)
optiesli fwwetedri thictdepival bxie. 10 central ly pl aced zone is

configured with the appropriate back surface radi us of

curvature to achieve correction of central refractive

Platingthe Spex ourtde Mebnit ldubyeCand Nadnd RQBﬁgirﬁoﬁ bR ARk, compare point
peri pheral therapeutic zone configured with the

by aaitdpe iextad distance keivegpeaintaiolthe cormppsite BCe t o

reposition the peripheral inmage onto or in front of

the retina. The appropriate radii of the two zones
Stepiy 1heee g ted fol | owi ng the steps 15 and met hods

descri bed previously. However, the benefits in

defining and A considering the design as two key zones
Defeiynipe ifrraepeiptsconmihe 6L @k finalBG age leither to dese gnéab distant (as

LOG: (. €. hqker at ol . th
G5 2 O SRRLETI U e P P BGRB8 inclife, ane, or more
“lenticliias cofvaturesdh areonpaditedF@at er than the initi al

radi us of curvature of the cornea itself) that the
first point of contact is at the corneal 20 and |ens

StepéR. SéeFagidpnal |y, some |ight contact at the periphy
could occur first or simultaneously, but it is
general ly of such nature that the cornea under this

In ravcamstances where the model predicts an oblate curvature resulting in a
BCl/cornea relationship such as in C, it may be necessary to include a second zone in
black optic zone to reduce the sagittal depth of the BC at the OZ semi chord.

Step 13: See Fig. 4o.
Compute radius for central OZ (R,).

The OZ of this lens comprises 2 curves, a central curve Ry, and a concentric zone of
different curvature Rq,. Subtract subject’s refractive error (in diopters) from the
subjects flat k reading.

Further subtract any desired “overshoot” from the above result.
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peri pheral contact region could give way quickly and
sufficiently to allow the apical contact to take
w@b@so1#md proceed to reshape the central cor nREr/ATRI03/001063
is the basis for inproving3central/foveal focus by
correction of the central refractive error. 25 \Wen

CdribR dIIRBAETRERINK toSaBRIAISHEY RI bhthehoriegui renent  of
repositioning the peripheral inage point, as conputed
usi ng the net hods descri bed above, the anount of

o@ﬁﬁh@@&iﬁa}r_B(a%egsur%BQR%T)f@Hr&h)atéss usual ly |arge.
us, occasionally to requently, depending on the
anmount of correction and peripheral refocusing to be

SUB T 0 . thi
ST AOlof ), 18 RS s o acit

sphetived courvatarec to aspheicl by éndudingl al slightaflattening (iypicady p < 0.6) as

of t optic zone and al ignnent .curve (the outer
SUSQ%‘;@QZ’M}B?@HWG&P% m%@%‘r?%g‘é?@ﬂp@?y'cor rect alignnent

and centration of the lens to the cornea), and this

coul.d occur with Jmagnitude that the corneal apex
DQTUBQOH(ﬂf%JC&?@é@dslswlfqtﬁ‘%ﬂ?tﬁpéat ment to correct 5

the central refractive error. This condition nmay be

readily identified b pl.yi the, follow ng test.
it ey e veind dratcaiges BF e R Boo SehiBle bl the central
reﬁéét% 8RBF ‘%\)Hoillét §i%dlt%|n'é%agl'$/) repBEBhng fl@“plsl*i?h?ﬂﬁg ima§8Spoint, the

esigners and optical engineers, the sags o _ o
regionrddharens may be gensidetettas twazpage. Wspurh adasjgradefinition, the

coffpfil et abhg' 8nghMdUtEo e Nar AioRiafe, bALE oo radius of
cunvdll®Y i ashiel@arrection dfteenahl esfractidesarabe8uimounbieg this central

previ ous paragraph exists and nust be dealt with. In
zongdsghegente pataherabiherapeulitizene saniigwedoith dhe @ppropriate back

su%l%{e?rggﬂg & dpPStute @ el savsor! i P erle'ﬂ'rﬁ’ér“gé MEtOO{)rO in front of the

cen correction and 'peri pheral refocusing, is
rethoas Theragprepriatesiadin of the twovzo nes enaapbe caotputddéollowing the steps

oot eSSt Bt G 6, bRt fg8ing. and
c&ngéf.gléigaﬁﬁé ebsrgh é%SMbeRéftédés(rﬂa? be dd3@RBed astfeNows.

to also effect peripheral refocusing. (Indeed,
this optic zone nay even have no asphericity simlar

when %"I%}é%‘ér g?ﬂgll’é?? "fdrr’flfﬂfﬁééltr%lﬁ’&}iné ans %‘i’e#o‘kérat@l%bpﬁ]@ﬁe central back

even he asphericity of the back surface L
surfacetie typicaliyt s flat (iehbab ecradiusofcanvaispe maiciygreater thap the initial

raggvﬁfec%’fgcﬁ\%ﬁ%e{)ﬁ{r}etncgoerh%g ﬁt%%lfftgtz;’xg e firTs-? ip%in% i %ow.(a{ck i@g’t the corneal
and lens apex. Occasionally, some light contact at the periphy could occur first or
simultaneously, but it is generally of such nature that the cornea under this more
peripheral contact region could give way quickly and sufficiently to allow the apical
contact to take place and proceed to reshape the central cornea. This is the basis for

improving central/foveal focus by correction of the central refractive error.

When this phenomenon is coupled with the requirement of repositioning the
peripheral image point, as computed using the methods described above, the
amount of asphericity (e.g. shape factor) is usually large. Thus, occasionally to

frequently, depending on the amount of correction and peripheral refocusing to be
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asphericity to provide the appropriate |ocal radius of

the back surface to effect peripheral refocusing. The
W@ oovsi4sm and transition between the central opeT/aU2@Me01063

and the peripheral therapewtic zone may be bl ended to

I mprove confort and renove severe |ocal 25 changes in
adhilean itiea firgt roestact detwsei ke cormenand lens #osld be at the junction of

“snmoot hness' of . the nechanjcal effecrp . Despjte the
thg{ RtiSyEPNRy AIniHERSRT BWyeothe quUipr sHive applisdath @ |ans to ensure
oo focf BRARRLACENd BohtralHar tHoABhe 5 i Eofidahdindthi< €86 ocour with
suchymagnitustsi that thg cdreeabjpt does nof rachiveufficient treatment to correct
thi nve tgro are the central and | ocal SUBSTI TUTE SHEET

PROLES é’fra ¥"No 2008/ 014544 PCT/ AU2007/ 001063 25

peripheral radii of curvature. The use of aspheric

sur s_serves to,mintain a colnti 350¥s sur f

R £

f ac. . .
Thjs cRdon RREBS erdiVidentiad P apelyipadhe TaligMig iesh Using standard

saFRfdl UG (oPrSFReECalBiideD oTeFSabéfiatet @ Wsay) ¥ AT Sfamiliar to
iTlustrate how t he steps described in the above
lepedrsigseroand Spiealrnaineers, e Regs abiegeopanans thestargeted back

t 2t t fina
= e AAREYEH, O, S AR R TRERE o e, S e e comes
hashe rsmlentsdgwléﬂightomarf dhe staegetbdc aspitbrid @gﬁbce, the%l the effect
atjents, Exanple 2 A pic patient is to be treate
despribEe i e aviRks PREAGRPRIRKIStS APd FRUSt PReARaNtN The 10
procedure described in Figure 1 was foll owed nmaki ng
use of the nore precis ult@g:{_aSSi sted ray-traci

e C ng .
In 8¢ REREeIt HRYSPEPN e AR s tiopabetateadl fosihe &reiog) of %!%\Satﬁc%h'eVe the
ddﬁfdtg%ét!v@”oi( %ﬁﬂalacéﬁééﬁdn Qhd- 6en2;9?ral”?%f?ﬁg{§ih?£'i§% consider the

refraction techniques understood by op
dgsigrcini a ivvmzore apprachhd heatérdral optisalmeas wadd erconfigured in such

s oy Bty S 0RFeb ol RoE iR BenhSP e P Sy Y asghericiy (e.0
shépdeRkRirphesaéd o -aldd efecs p@ﬁFmae refoBEsiAgY (1R8LedNBRE optic zone
was sunmmari sed by the corneal topogr aphﬁl/\pout ut as

may\eve§ Bavemor aspherinityssistilardo-conventisnahptthokeratelpgy lenses, or

= 0. Next the peripheral refraction of
per ge‘t’%é}l%ggp\y\%lgte' asured using standard refraction

equi pnent and techni ques but with the additional step

Thoef asphericity of the back surface is then started at the location corresponding to a

novel peripheral therapeutic zone. This zone will be configured with the appropriate
asphericity to provide the appropriate local radius of the back surface to effect

peripheral refocusing.

The junction and ftransition between the central optic zone and the peripheral
therapeutic zone may be blended to improve comfort and remove severe local
changes in mechanical pressures on the cornea (i.e. ensure ‘smoothness’ of the

mechanical effect).

Despite the aforegoing considerations of a two-zone approach, it is emphasised that
regardless of the number of zones and their sizes (diameters), the features that are

key to achieving the objectives of the present invention are the central and local
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30

instructing the patient to gaze "side on' to the
refraction instrunent. In this exanple, 20 the
w@eosphsnal refracti on was neasured at the fi ebdr/angdog/001063
of 35 and found to be -3.Q@8D (i.e. the peripheral
refraction is relatively nore hyperopic by +1. 00D t han
pdripheralemradiiadf cefvahce ofhe U‘SeCOfT'pobeH@SSi’fat@ﬂ serves to maintain a
ray-traci ng node escri bed i.n the previous
corBbipihe it Sumedh 1555 cBiflortd: SoNBISRRd and minimise
mBSHFHIBAIPresd e dbhgptRasd ent (i.e. central and 25

peri pheral refraction, peripheral field angle, corneal
shape paraneters). In this exanple, it was deci ded to

Trrer Nbding BRambltsHItFME El’i@éﬁa‘b\é &éé‘cﬁ%% abBO@ methods for

devi ce esi gn paraneters were cal cul at ed angi n
cmhwtamm@élkes'hd@@gm Pacametars ambttrﬂnsla@oomfthhase am‘ameters to the

fm%grg:egggl:@?y %@Bhlgﬁg . atggr ﬁ% tag llétgﬁgamdrg}%gﬁ]cqf ﬁ@e present invention

fofgyediﬁ@mdngdmmq)@heﬁtsst andpoint, the nerit 30 function
was set up to mnimse inmge qur circle size while

correcting for -4.00D SUBSTI TUTE SHEET (RULE 26)
Ext3hpld MO 2008/ 014544 PCT/ AU2007/ 001063 26 al ong the

axis and -3.00D at 35 field angle. Optimsation of the

nodel according to this nerit function returned a

A @8RpIn Péﬁ’éntt iB &0 hectteste8 fRcsp Jﬂlklmgl al dbOlﬁe tdiehé @0freat invention. The

op tica correctlon Zone an he perl her a
prpﬁ@citaseqwzﬂbﬁsn@ Figura tewes dpllewed uvakipgotise ®f3the mare precise

tér—ﬁ?ﬁ df qﬁ%‘:ﬁ)@ mafbd. e n@%ﬂ%rﬁ“Wa‘éC%%esﬂr@@ for central

orpora ese desi gn’ para as wel
dlstddcda i r@lfrabtlmr(mpﬂrne aaesatid oé dge00DBs ugimgp alivioalt egfeadtion techniques

oo ST P RRehi, 6 6 Pk e S fr e
|15
sHaBeolé%tﬁé 3 ‘?;ol‘:?e%{l'?tggo%rgﬁ G é@lﬁﬁg d@@r%@{ tvﬁgaﬂz)l?gb%bﬂmalmlc clinics

(e@e@t\n@epkera‘@grmh)l trethis éxamapledths mm{aakshap&s\m@sn@mdresed by the
i,n_Fi

oo Bnarably SuBARR Fatle Zote i dagh Bt Op't'l 7of) pifagiith a shape

fa6tan of ph €V .t Next! B perptierdiadfrbetiord bf ﬁq@g t&vas ﬁféés@red using
1 DATE TARGET TARGE TERI AL DOCTOR S PATI ENT &

stapdasd | refrasticoneruipment Terd Cleobniquige  bBENTith| the adqsmonal step of
m%n%ﬁé&ﬁ&eﬁﬁt&%&ﬁé}%ﬁ% %e%ﬁ%c&%&ru%nﬁamgﬂg example,

the peripheral refraction was measured at the field angle of 35° and found to be
-3.00D (i.e. the peripheral refraction is relatively more hyperopic by +1.00D than the

central refraction).

A computer-assisted ray-tracing model (as described in the previous sections) was
set up to incorporate the measured parameters for the patient (i.e. central and
peripheral refraction, peripheral field angle, corneal shape parameters). In this
example, it was decided to provide the minimum myopic therapy effect. Thus, the
device design parameters were calculated for changing the corneal shape to correct
both the central and peripheral refractive state without introducing additional
peripheral myopic defocus. From the ray-tracing model's standpoint, the merit

function was set up to minimise image blur circle size while correcting for -4.00D
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cm7.7 p0.8 4,B-3 / OU 7/29/07 3:29 PM 21265907 84
110+0 0.000 11.00 100W 4 HARMVONI C TOTAL BASE ACTUAL
WOBMBIOBISRFACE ACTUAL CENTER J1 CURVE EDGE POMNERI/AU2007/001063
THI CKNESS Dk/t AREA (i) DBAI\/ETER THI CKNESS THI CKNESS
MAX SAG LENGTH +/ - X. XXXX O, XXX XXX XXX XX. XX 0. XXX
alongitive yaxioandk -XR0D. at 39" figld myple Outimisation ofdhe nowis! accordlng to

o, 2P R B R B U N, M g s

cEERMIBNCHRNVE éWGﬁbQﬂeriﬁQ@bUSthb‘éHtiSW&)FMﬁanml Widius 1, of

50D 308 ENERR ReRKRK S S00HRA bBgbeuRcepdenign inosuporating these

d@s@ﬁ@a@ar’ﬁéf?&g ags?‘r\g/e% a‘%g%d%h%%% pge %ﬁ%r&ﬂi :ézfgnge :éigjoe%@f’@arameters to

fatiligte cerdcdion. 6Dthey devizeiwitbthe. ) ap@gdahée. WoﬁrlatBOmechanlcal

7.570 0,000 0.600 0.
ofitd oy thEoctnad Tp Biddiots 53 h8eE e SaMis R gs WElhas TaPaRing comfort is
applRA2a8 . ddderibet huridel 7 thel pRSAbs €86tON.57Phd . r@@@lt&t%l design for
0.966 1.942 0.110 7th 7. 470 0. 000 0.600 7.570 0.
reshgpindothssgomesuof dhis 1exanaplp is. shawm inddoareso T"ﬁ.b@zd show ones

oS50 OB 8367 i 20 o OB, M ramoe

0. 600 7.570 0.060 0.600 2.123 1.992 0.100 When this
T96iRi£€ is applied to the patient's eye in an
ort hokerat ol ogy procedure, the devi ce will provi de

corfrect—gtstange ¥t H—as ?ARéE'r" "ﬁ‘A‘R(ET M'A?ERIAL
per i|plersql pagdi yul us Srfnoe MR d Powagr jesSdal) . cooe
Depd it d dnt™E i In AR dusEE o gl oaki Ve S il W =V

be necesyancyrirg adj ust| or fijne- tune the par afeters of
t-he 148 SHand8 ¥ e AP gnftel gr o e | 4

tevice Ol e Tabove destHam H—be
noni|trored iveel ydi ng pgr ek g of CURVE | EDGE
q I - m’) T AXSAG | LENGTH
SUBS ’TQW ?@E‘:ETT QORULE @E@? F‘I q‘%ggz 2‘!xxxx XXX
—PCTY AROP TR TI63S 527 [cemT 535 2126 020

refractive states as described In the IlTowhart

: + BASE BASE FRONT FRONT FRONT BASE FRONT FRONT
de pi Ccﬁx%g 4 S CURVE CURVE CURVE CURVE CURVE CURVE | JUNCTION
RADIUS WIDTH SHAPEFACTOR |  RADIUS WIDTH  |sHAPEFACTOR|  sAG SAG | THICKNESS
XXXKX XXXX XXX X XXXX XXXX XXX xxxxx | oxxoxox |ooxxx
1st 8.390 1.500 2.537 8.420 3.000 1.000 0.232 0.553 0.095
2nd 8.390 1.500 2.537 7.340 1.250 0.600 0.684 1.223 0.120
3rd 7.470 0.600 0.600 7.570 1.000 0.600 0.966 1.942 0.110
4th 7.470 0.000 0.600 7.570 0.000 0.600 0.966 1.942 0.110
5th 7.470 0.000 0.600 7.570 0.000 0.600 0.966 1.942 0.110
6th 7470 0.000 0.600 7.570 0.000 0.600 0.966 1942 0.110
7th 7.470 0.000 0.600 7.570 0.000 0.600 0.966 1.942 0.110
8th 7.470 0.000 0.600 7.570 0.000 0.600 0.966 1.942 0.110
Oth 7.470 0.000 0.600 1.570 0.000 0.600 0.966 1.942 0.110
10th 7.470 1.710 0.600 7.570 0.060 0.600 2123 1.992 0.100

When this device is applied to the patient’s eye in an orthokeratology procedure, the
device will provide correct distance vision as well as eliminate the peripheral stimulus

for myopia progression.

Depending on the patient’s individual response, it may be necessary to adjust or fine-
tune the parameters of the device. Hence, the patient’s progress with the device of

the above design parameters will be monitored including periodic measurements of
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Figure 1. Exanple 3 A patient was found to have -8.00D
of nmyopia (i.e. central refractive state). It was 5
walewsdes44 0o treat her progression of nyopi a byPCT/AU2007/001063
ort hoker at ol ogy using the device of this invention.
In this exanple, the ophthalmc practitioner did not
cet CarRf pRFIPhb Rl AefBBivie Btatbo RROHBBEIbRY M @Rt (fovihart depicted in
vi deoker at ogr aph) and peripheral refractive state
Figweaadur ement was not avail able for the particul ar
patient. As a starting point for estimating the
corneal shape, with the unavailability of a corneal
ExagwdeBaphy, a 10 keratonmeter was used to measure the
central radius of curvature of the cornea. (A
keratonmeter is a commonly avail abl e ophthal mc
A patient segs fordr imbave f-&ﬂoée@fsmypﬁ@ (igementiel cefrandiye state). It was

o ) HeStneyeBrosdi oy Siad  otfhBESBRE) g ths dayice of this

inveR@dMNin tHis Sexemhple, ithe Qip)ﬁlﬁalﬁmﬂlpgébttti@nbhejl@ermﬂhéve access to a
radi us Ro of a cornea for the currens ur pose, of
I

comea| {anegraRMAsVEISHR ésidmaideckieotph) ANd Reribpibefigctive state
me%sg%e"i‘ﬁn%rr:\tn‘%ﬁg%&t availbfe 46" ﬁﬁé’g’%ﬁﬁf gécro rﬁ rﬁ%dbu&a?tfng point for

popul ation aver ase
estobling kel crnealt shape,| withrtheu uaa\xmllabéw oef rmpmmeaicthnography,
assune

o ShaBales Yt ubed o8 TR bt coRirdl B B cbALirReskibescomea. (A

keltaﬁﬁné@i"|§f@b@hrﬁ@ﬁlya&ﬁdll‘éﬁlesbpﬁtﬂaﬁﬁlct&In&awahétﬂmhelﬂﬁ%r measuring
assuned to be the t {;aacal publ i shed val ue for a
i

centgal goMeg) spksvatyrg s Vhitgainuactyality, 7thgosratesmeter sreaswses an average
racLL% atdlihdP e pglﬁ{r@gcérg‘ééggérﬂlér’ altﬁrsgil?lgé'tlﬁgcrg?g’elleﬁgpﬂﬁEBQhe central

yperopic rela
radixaRplog a ¢drneasodive clerbrit cpuepﬂwmf@mhmgra’(m appmm shape for

effect b |ntroduc:|n di tion nt of, myapi
they EpiNSReRrBIR Bl HRQ, POBYT aﬁ‘%g@ato"ﬁﬁ rpr?aea.@ iraige Qf]l‘o 7.80 mm. The
t t
poplb R ARG (bSsdsiof iy RHERTEL SOBAIRYRGERO0AIES) shape

factar ofup &= 0515 wab caﬂsamenlgfolr Hiais qradient. g thé abseinga of direct peripheral
araneters was fro t he above

refigBaSh AR eats g rebhel STastSe ot o BITP Rl yias assumed

to B8Ghé APpicAl pu@l@%ﬂa‘llalﬁ@fféiaét-B%D:my%p@oﬁ'hlﬁs-a value of -7.00D was

peri pheral refraction = -7 _gqy&)c peri pher al
asglaned der ﬂwapeoghm@bmthestgl%ﬁﬁ( LD 2mpreRhyperoply relative to

cer?t%al/e%éﬁc%‘). 'fﬂ(\é%%ﬁlgoﬁ%é%s decided to enhance the myopia therapy

effect by introducing an additional amount of myopic peripheral defocus of +1.00D.

The practitioner of this example did not have access to computer programs for ray-
tracing an eye model. Hence, the approximate formula for calculating the starting
design parameters was used. Thus from the above parameter values, we have for

the equations from the previous section:

A = central refraction = -8.00D
B = peripheral refraction = -7.00D

D = myopic peripheral defocus = +1.00D
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28 8 = field angle of peripheral refraction = 350 Ro
= 7.80 Mmp = 0.75 Putting these values into the above
weouwanisasm returns a target central radius for PEEAU2007/001063
back surface of R = 9.35728m and shape factor p =
4.157. Wil e these design paraneter values are not as
eﬁf@elaﬁg@ﬁf@é}@@%rg%ﬁ@bﬁ&#ew ng a ray-tracing
they are sufficiently close as to provi de good
st art| ng desi-gn paraneter values for a device for
Roi5{-8Pd0iMg nyopi a therapy for this patient. As for
Exanpl e 2, the back surface design incorporating these
p J6F59n paraneters, as 10 well as additional
peri pheral and edge design paranmeters to facilitate
centration of the device wwth the eye, apply.the
PURRRS BRO6AIIE 118 the HnoFh &fifatiB rbifing o et BentPdid8Hius for the
to reshape the cornea as Inproving confort IS
baclaberfidce etiRaschB8a7 mmtand shapedaeips pdeéd|5|7bed above.
The resultant final lens design is given in Figure 6
and an exanple of a prescription table in Table 2.
WitleBbesa dERigBHERTEN{dRER #a1R63 aRONAUaS\Drecied/a311#hbéd calculable using a
PCT/.AU2007/ 001063 29 Table 2 DATE TARCET TARGET
raCH R ATOIBoREIATEASHERIPNAY (4IPS RisniP Ry FesRek Starting design

/
o GT 80K HOUB SN LB Mt

7.8 p0.75 8,B6 / QU 7/29/07 4: 02 PM 20903452 94 110 +0

Al 08 S OO R, o

wethas adgifianalnpgrimhessiEammk eﬁlacu!ee@s parargriES$o NRSilitates centration of

ST il e R, S S5 e g omes
ordAIE rEdttEp BBEcEHRERTas RN Tas NP viBForiidaNS dafédidied according to

the steps described above. The resultant final lens design is given in Figure 6 and
an example of a prescription table in Table 2.
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CURVE CURVE CURVE CURVE CURVE CURVE CURVE CURVE

JUNCTI ON  RADI US W DTH SHAPE FACTOR RADI US W DTH SHAPE

WOAGSORSSAG SAG THI CKNESS X, XXXX X XXX X, XX XPOMXK2007/001063
XX XX XXX X XXXX X XXXX O2XXX 1st 9, 357 1.500 4. 157
9. 387 3.000 1.000 0.219 0.492 0.096

Tableld7 7.120 1.250 0.600 0.643 1.187
0.600 0.500 7.420 1.000 0.500 0.928

2nd 9357 1.500

0.136 3rd 7,320
1.906 0.120 4th
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Ty Opi a—AS Tt prevous—exXxanpre, nme—practtti-oner

di d not have access to a corneal topography system and

WikSH {rﬁé‘g{é\%? lslg?ﬁ%{or 0% bé;b% b?g %@@f’ﬂ% %Bw%?feﬁ%sp rpgo }Jrocedure the

aval € par

dekleeamm@vldmeomddismn@easlskﬁ\ taze widintasatedirdi 08 éliminate the
curvature of the cornea. The keratoneter found a

perighergsstimutisder myPPia-IRIMSSIONshed popul ati on aver age,
a shape SUBSTI TUTE SHEET (RULE 26) RO AU WO
2008/ 014544 PCT/ AU2007/ 001063

Also as in Example 2, and perhaps more importantly since only an approximate
starting design was used, it may be necessary to adjust or fine-tune the design
parameters of the device following some initiate wearing/treatment period by the
patient. Hence, the patient's progress with the device of the above design
parameters will be monitored including periodic measurements of central and

peripheral refractive states as described in the flowchart shown in Figure 1.
Example 4

A patient was found to have -6.00D of myopia. As in the previous example, the
practitioner d?d not have access to a corneal topography system and peripheral
refractive state measurement was not available for the particular patient. Thus, a
keratometer was used to measure the central radius of curvature of the cornea. The

keratometer found a radius of 7.80 mm. From published population average, a shape
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30 factor of p = 0.75 was assuned for this patient.
The peripheral refractive state of this patient was
wa@s@amef4t o be the typical published val ue forPEr/A620M01063
myope. Thus a value of -5300D was assuned for the
peripheral refractive state. In this exanple, it was .
factoded ipce 0. Towas asumedHer this patienthdhaperipheedtretigetive state of this

et s e B A3 BB, it 288 90D myope. Thus 2
valu® & - lpealvali fAlstinfstfst thefpetphers refraoins statet methis example, it

starting field angle of therapy. Again, as in the i~
was premidasli o esnapice, 8’\%903{(%@: itherapyf ?*%%‘eblf dhirediiging i3y additional

an, & i AN R d1& peripheral field angle
amogﬂw%riyﬁ@??e{l r@rﬁ?a%?%r CJ%FQ% ng Esﬁgaéét’arpierrll% d
of 25¥afhg planped aseherstaning fiekkahgld Of therapent ral refracti on

= -6.00D B = peripheral refraction = -5.00D D = nyopi c
peripheral defocus = +0.50D 6 = field angle of
Agaipe bk efiebrevidusekample; raptraBimg=softvlerfor tomputing anseye model
Putting these values into the_system of equatigns f .
wastneb appiEpieuEiease NGrRARRIPXIFRE fprinulg frrcalGHlatng HRatp(ld design
surface of Ro = 8.912 nm and shape factor
par%ﬁétgf%g?@%%%se key paranmeters were translated into

the final |lens design according to the 20 steps

A=?§@t?5lirgﬁ£‘cﬁdﬁ|§_ hep ous section. As discussed under

sectiron "Definition of Zones", it was found in
this exanple that, due to the | arge anount of

— o L6 QUisr of this back surface, a two-zone
B g%ﬁ‘?@%%ﬁ'letvf\%ﬁpéﬁel i5r'rﬁbat e the problem associated with
peri pheral zone contact with the peripheral cornea

D=%kigp§®%ﬁgg%e¢ggsyﬁgmnt effect over the central

or correcting central refractive 25
error). SUBSTI TUTE SHEET (RULE 26) RO AU WD

9=§§'§?ﬁ}%§ﬂﬁ%@%ﬁ%ﬂ%§ﬁm;%s 31 Hence, a two-zone

scri bed above was adopted. The
resul t ant

R, =7.80 mm
p=0.75

Putting these values into the system of equations from the previous section returns a
target central radius for the back surface of R, = 8.912 mm and shape factor p =
5.268.

These key parameters were translated into the final lens design according fo the
steps described in a previous section. As discussed under the section “Definition of
Zones”, it was found in this example that, due to the large amount of asphericity
required of this back surface, a two-zone approach would eliminate the problem
associated with peripheral zone contact with the peripheral cornea (which reduces
the treatment effect over the central cornea required for correcting central refractive

error).
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15

final |ens design consisting of a central optical zone
and a peripheral therapeutic zone, is given in Figure
wQ@ 2008014540nmpl e | ens prescription table for thiBCT/AD2007/001063
|l ens design is given in Table 3. In Table 3, it can
bisfeenhthat the central optic zone (row | abelled 5 as
) ! f [
Henggh et BT ISR BPRRTEY, ool wBEy € Giasiiopted Tife resulant
findl héng @é‘elghOGmSIé‘xMQngf bheerpiemll qnttmaalzonheambeupﬁ%r(tpwﬂbtherapeutlc

ol 3P o0 b TaE W R 4l s s

|
s AR o 2l Ke e o7 SRR TR VAR o g s oo

as X" XKas axshape factaanas= Qindieating it |$@oconp§ntlglga|§ph@r@ﬁ{ surface

ostm@?ag gooFPReYs 1o n%r%%%@@%ﬁ%@%@é@é@%ﬁ% has the

RlPRaAGRAC RS rdFNBERe HboUoRVE. ERGE). PONER

H CKNESS Dk/t AREA (mm) DI AMETER THI CKNESS THI CKNESS

MAX SAG LENGTH +/ X. XXXX O XXX XXX XXX XX. XX O XXX
TableZaX X XXX XXX 0.000 0.103 96.5 217 10.99 0.095

O 092 2.054 0.20 BASE BASE BASE FR(]\IT FRONT FRONT
VE CURVE CURY TA ETeRURVE
REWEUP WOTH &%’ AT D RAD L
SA SAG [ HICRNESS ™ XAXXX X[ XXX KXX
XEXAEXK QXX 1sh §. 92 2. BEO0; 4
OT043058()()C? 2ndl 8 912
n L ] BASE

DQUEQ:CEG()OACQJ?\L CE;L1'E]2C4 Q :I'II'QJURVI;Sr dEDGE

. D Gkl ) Graldrs8 GHl@NE@E3HIC]SN58 0axGhe ] 28
4t b V& PN a=x00l 7 #0010 B0 8o lg "8 | 9% XXX

Al 9000 0003 Al 85 A AB 2174 A ] _,1099‘,‘, Ao‘.‘ég S000% o | 205 0.20
—IZO ot 70U U700 U 50U 40 U000 U7 30U0U U. Yoo

0

oG- [7gw 6 o 0P 67000 G800 700 080] TragoroT
0. 963™E. BFFD. 1287t h #730¢ 6760q ¢"3oq 7740 V0 d“”cm“
0

. 3P &3, O5@ ] | 8@@& F@Tog_ D JraDiGt [ PO (JSHEEF SA G ICKNESS

8 #YaYum o) X4 h R, 4 X"’Shouc g’b&n 9"’%‘9( XME 0{07"0‘
&t L 917" [~ X500~ *Nul 000 - S AT T ST AT IATCACAS IS 7= ASAV A Y ESL AS K
4s 20Wo10- 008k000, 300G, 993 7200 890 1050143 0.600 0.672 1.204 0.140
3rd 7.300 0.600 0.300 7.400 1.000 0.300 0.953 1.890 0.123
4ih 7.300 0.000 0.300 7.400 0.000 0.300 0.953 1.890 0.123
5th 7.300 0.000 0.300 7.400 0.000 0.300 0.953 1.890 0.123
6ih 7.300 0.000 0.300 7.400 0.000 0.300 0.953 1.890 0.123
7th 7.300 0.000 0.300 7.400 0.000 0.300 0.953 1.890 0.123
8th 7.300 0.000 0.300 7.400 0.000 0.300 0.953 1.890 0.123
9th 7.300 0.000 0.300 7.400 0.000 0.300 0.953 1.890 0.123
10th 7.300 1.700 0.300 7.400 0.050 0.300 2.055 1929 0.099

It is important to emphasise that the important variable is not the asphericity of the
eye that is corrected by the method of the invention. The lens of the invention is
changing the focus of the peripheral rays coming into the eye from a selected field
angle which is typically above about 20°. The important design variable is,
accordingly, the local radii of curvature of the reshaped cornea (and hence, the lens
back surface) at the position that corresponds to light rays from the peripheral field
angle. Hence, by understanding the optimal shape of the cornea post treatment,
particularly the shape of the cornea in the peripheral region of the eye the back

surface of the treatment lens can be accurately modelled and shaped.
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10th 7.300 1.700 0.300 7.400 0.050 0.300 2.055 1.929
0.099 10 It is inportant to enphasise that the
w0 pgentemt variable is not the asphericity of PEEAU2002/001063
that is corrected by the msthod of the invention. The
| ens of the invention is changing the focus of the
In pesdnpkdhalmethps steps oglculat® thd existieg fowahlengthl (ec tefthctive power)

field le which is typicall .about ,20. T
of HiSthl SeSoll B0 ey Bie 0 YgBIO KRS, R oot apnd at the
per‘i@f@r%/. PhisGY rdodelingpliftlytiRans esRarstagardtady (ABthJACNCEnd explicitly

the Tens 15 back surface) at the position that

by cther exqusitign mecthpgh(methes! fd)onfiome s i pher the fhnaven (either by
mePRfteie il ool BORA AU BIbreRE, RaHIT sRREPEE o patural eve,

it chhéecedloglatadhdenyst power atedip be adtieting epéatieel at centre and

back urface of the treatnment | ens can be accurately
pew.@?ﬁ!v-| %asoran egf LricHlatgdpanapeyariajignsrt ERL'J@E’?@@)JWR@)/ pyer at the

cer‘rr’%@t ﬁﬁ@ #O 6%@6@&%%9@%&@%@ qr?'omgtﬂ?éé‘ tf‘rﬁﬁgﬁg\tﬁﬁ?‘s? g}e respective

od ste e existing foca
targetf cesndel nadiysdiy) janddarget periphenah radiidReandR') can be calculated.
calculating the local radius at the centre and at the
peri phery. This is done inplicitly in the case of
It is ayyportant tg npteethaddhéle aredtvex padic farl the periphery efhistisadue to the

net hod.,. t hod . From t,hi s and the known (either by. I
i SR e a2 R e PRLR a0l ogby i eiatel adigmatism
wheribyapbre/Bnt badifgle®hath fodad boind forey Eeriphérapﬁ‘ﬁ‘aélﬁ but in effect, two
cal cul at ed how much power needs to be added or

diffegant r(liee shaged dather dhampoinianapre) joci kebrighharales to each other).
Th§ﬁée Goi B i) ggSiFég%Bgﬂagﬁénﬁél efo@?é’{é raggghﬁ%gpggﬂﬁg%é@ of these

centre a ery can
sagittelsand tamgeeatialpfoves,sthetdiz a eagitial ang tagortial refestive power and a

radius (R.0) and target peripheral radii (RS and Rt
respaRAtivRe %?gr@%@ ot_:a_na%nfﬁ' ﬁagltfwr@%@t% ?r e AV RiZAGe of the two
(0 I k ' :
S FA, Pofe 31, 03 ol e RS LD Kpu 15 o AeRadéperphera
powst i(iggrand $7y' inothe"ataieag quadiph h wihidhsist thewearestyavenage focus for the

isp,t.a single.sharp focal point for a peripheral

€Y§ ﬂ&f@t pﬁﬂ?h%ﬁ%?'pe%{é,'e't wo different (line shaped
rat her than point shaped) foci (at right angles to
each oth hese f.oci are the.

o T i t.tal d
in BRen: WREhithe! COnea e Tpanen nigaR, lneh dsR0Hex dha somea (and
asSoreatbd abrtRokbrh tibad déxigis) bART Gefified hadtdrigEntiaNFadius of

tangential refractive power and a” respective sagittal
cuyature ardfisnts dlecadae Ubeosagitialy radivse is Yavesned agereopr tikes by the

rothifShal @?énint%%g} é.)f:thgq&ﬁé B%iig@i rb%cz? %%nla%oeWhusTgilgcawg&us at a given

power aver age
point on a lens's surface is calculated, it is the cross-sectional radius, which is the

tangential radius that is calculated. In the equation method (method 2), it is the mean
power needed that is calculated. The tangential and sagittal power are then
estimated from a “rule-of-thumb” calculation which has been verified by research on
the "zonal compensation factor" that works best. From this, the asphericity is
calculated. In the ray-tracing method (method 1), the initial assumption is that the
surface is one form (of any of a number of) type of aspheric surface (such as a

conics section, polynomial, etc). Once the appropriate assumptions and
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power' (Fp and F p in the above equation) which is the
near est average focus for the eye at that peripheral
wo c@Bd1emyl e. 20 In practice, when the cornea PGI/AU2007/001063
reshaped, typically the dessgn for the cornea (and
associ ated orthokeratol ogy | ens designs) only defines
aphextrmtglmt have badhunadé the lﬁdmaﬁé%ndTbr@ésﬁobéﬁé‘%gd to find the

ttal adi us .is governed nore or less by t
b?%‘?ﬁs %\”C'*é/);hﬁ% Wihpive th@@@r@ﬁﬂa‘l@éﬂﬁgnmwron a Iat he.
Thus, a local radius at a given point on a lens's

urfgce is,calculated, it is the cross-sectional

Figdts 84S adsiative curvaigre sf fighklgalat illustrating the nrage parface of a myope
wﬁl@'rélﬁh@él?%ypb lpﬁch@e a6k Me F@h@ﬁ%m a%n&% cz.rzﬁ’axks al Axial Distance

he nean”™ power nee t hat
= @aﬁm mepr&rseaﬁsdhsagtma alCyuaiere af dielchisnsears bis ratieshde Phe image

B AT P S e BSob e SEAE, wnen
patieik $s heskurdd fomckhiral re‘fr%%tl@ﬁ RIRR/c cMéd’( ({j}ém ?‘f'ﬁ{% #hage point is in

Inthera-tracmg met hod (et hod
froptsefpreastive saxinla 'Staf@e(%dhguf&tlalaeah@ apmoXImatelyo-fO 500 of myopia

) f urface {such

Sl HERSI) YRS AP RAHoR s EBF R SUED, ST Ruenolo of e
3205(sipppt black dmmOncsuB&TioEurrﬁoéihlﬁEEef&éL&mﬁd RO A V¥Ad hyperopla
fzoos/%ﬁégﬁh U2007/ 001063 33 ap roxi mati ons have

Oof RN WOUlst DG AQASHA pﬁ&é@%’@ﬂ ﬂ@@@éhmgﬁ of iSith, it is this
hylpaeopi - :
L ar e e ovsHieny. thsntibs eral Bty teading to myopia
pregiegatar e of field plot illustrating the i mge surface

of a myope with relatively hyperopic defocus in the

peri phery. The vertical axis at Axial D stance 5 =0
Figwier @ shewera eslative cwvatuse obiielaplot sindfar ftod Siglress. s Blere, the eye of

e surf osition relative to
Fidie’ Bof RBn el oY Rl P Badite s Canaapsutacaemploying the
méthiod alﬂﬁﬂelﬁ{lﬂeslgn'@’aﬁéf oSt ipRiMibAl 1t 858 3Rt ?Qéh [hat the central
(1 ower. bl ack di anond e i mage point is in ront

'm@ﬁéq%ﬁ'mv Eepigsentedibn )blagke diamone navd liep mmtd‘le”rmteiaymdlcatmg

ceng?r e ta%g\ﬁé]Téggt gra§‘f%§h %%g?g %%‘lt’regfjeal Eﬂgﬁgr d:}ue\g% fhe panipulation

of 38e (peripberablcamiead lshap@ @f thé |'peeéém a«hvd?ﬂi%ht i nire %ér@heral image
perop around +0.

hind th
ORI (@  Hpeh AR BRASY B 48" fiolc pecieb oM gl infront of the retina,
(F&TiekBmpld, ésreFrgbtion t&)éﬁf‘éoo@u? HEHRE ‘b%nbﬁeltaheﬁe?c? aén%?eervyould return

that stimulus rowt h | ea
approdgmataly or. OOD) By placmg the peripheral image point on or in front of the

retina, the stimulus for eye growth has been reduced or eliminated, thereby retarding

myopia progression.

It will be understood that the invention disclosed and defined in this specification
extends to all alternative combinations of two 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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Figure 9 shows a relative curvature of field plot

simlar to Figure 8. Here, the eye of 15 Figure 8 has
whe@s/ol45eat ed by reshapi ng of the anterior corP€RAU2007/001063

surface enploying the netled and | ens design of the

present invention. It can be seen that the centra

It iR @fsopioé NindeRN666 eRdtere b rh OvBMpRsASK(dH iIMBRMnMAYNEal variants) as
lies on the retina indicating central refractive

usad, iprthisapesifisatian ix eauivalesbia et team ‘Moludas’ andushould not be taken
j ' ] eal shape of

S R B Blo e s S oS U TrBRET o | mge 20
points (e.g. upper black dianmond at 32 field angle)
now lies in front of the retina. (For exanple, a
refraction carried out at this peripheral field angle
woul d return approxinmately +1.00D.) By placing the
peri pheral image point on or in front of the retina,
the stinmulus for eye growth has been reduced or
elimnated, thereby retarding nyopia progression. 25
It wll be understood that the invention disclosed and
defined in this specification extends to al
alternative conbinations of two or nore of the
i ndi vidual features nentioned or evident fromthe
text or drawings. Al of these different conbinations
constitute various alternative aspects of the
i nvention. SUBSTI TUTE SHEET (RULE 26) RO AU WD
2008/ 014544 PCT/ AU2007/ 001063 34 It wll also be
understood that the term "conprises" (or its
granmatical variants) as wused in this specification
is equivalent to the term"includes” and should not be
taken as excluding the presence of other elenents or
features. SUBSTI TUTE SHEET (RULE 26) RO AU WO
2008/ 014544 PCT/ AU2007/ 001063 35 Clainms: 1 A nethod
of altering the profile of the anterior surface region
of an eye of a patient to achieve inproved vision for
the patient, including the steps of: assessing centra
and peripheral refractive error paraneters for the
eye; 5 determning the optinmal anterior surface
profile for the eye, including at both the optica
centre of the cornea and at a sel ected optica
peri phery of the cornea, which
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woul d result in a desired refractive correction to

achi eve good vision for the eye and the desired
w@essphsnal refraction (curvature of field) forCT/AB29/001063

for controlling progressiagsn of myopia; and 10

treating the eye of the patient by applying an
Ciainishoker atol ogy I ens to achieve said optinmal anterior

surface profile. 2 A nethod according to claiml

wherein the lens is selected so as to have

1 chax 3p&tabH Ifi ARrngi BB phofile 6l AnteRok BErfé®E TE§bhalf an eye of a
vol unme of the eye being preserved. 3 A netho

d

patigné & achigve ineioveed visier fasdha gatieal includingthe sieps of:

desired peripheral 15 refraction (curvature of field)

is selected such that the peripheral retinal inmage is
assessiageeniial andipedphengl eftaedive eer peramatersfox theelyed

according to any one of claims 1 to 3 wherein the

pre-treated shape of the eye is determ ned by
detagraising e optima! anterion sigkaceapoofigyfor éms aye, detledingdat both the

ontigh b ot i bOFERCR! ef b5ty Retedp Sehebngr I cBfea, which
woulegiesnlt af atdesirey @efractivept@redtinonsshi@xegdod vistorresriiad eye and
according to claim4 wherein the pre-treated shape

! > of )
the desiggd Resiphgial erafiastignuiauiatire giplield) fasshet eye for controlling

; i dghq 6 A nethod according to claim4
pro esrsgfrﬁ&qrﬂgogrg'e-treat ed shape of the eye is estimted

by measuring a plurality of shape defining

| . . . -
oS 3% 874 31162 ehl By SAPiR dn GARIBISAPRGs (g aoheve saic
optsnalfarderiafsurfaceqyefileo be treated. SUBSTI TUTE SHEET
(RULE 26) RO AU WD 2008/ 014544 PCT/ AU2007/ 001063 36 7
A nmet hod according to claim4 wherein the shape

2 ]gelf/?\ nhga’@odhmmdie?itst ?Ia'fm 1 mhievsia thenleusafsiigremt;édtéteas to have
0 owW. ng:, cent.ra refracti ve State; | eral,
chargeiestios, uhich il resyiin the epihelia) ypltime B thelkyq Beingduieserved.

in the periphery; initial pre-treated central radius
re of  the cornea; initial pre-treated s

of curvat hape
3 fach épetgpg Ascording fo @ﬁthgﬁ@r%dﬂgaglagﬂdwherein the desired. peripheral
refraction (curvature of field) is selected such that the peripheral retinal image is

located more anteriorly than the retina.

4 A method according to any one of claims 1 to 3 wherein the pre-treated shape
of the eye is determined by measurement and the orthokeratology lens is selected so
that the treatment of the eye flattens the optical centre of the eye and steepens the

peripheral region of the eye to a predetermined event.

5 A method according to claim 4 wherein the pre-treated shape of the eye is

determined using a computer assisted ray-tracing model.

6 A method according to claim 4 wherein the'pre-treated shape of the eye is
estimated by measuring a plurality of shape defining characteristics of the eye, and
using those characteristics to estimate the overall shape of the surface of the eye to

be treated.
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field angle at which peripheral refraction and nyopi a
t herapy defocus is to be applied. 10 8 A nethod
wae@sndismyg to claim7 wherein all of said PCT/AU2007/001063
characteristics are neasuBed. 9 An orthokerat ol ogy
contact |ens having an anterior surface and a
7 PO §hiRbd. SLEr i ‘ot E%irﬁoét\ﬁiﬁér@in 346 f P eadaming dtaracteristics
be placed in contact wmth the cornea of a wearer's
inclayie agpidralty of thedallewingear over a period of tine to
reshape the cornea, the 15 posterior surface of the
| ens conprising: a central treatnment zone adapted to
ovaientral tdfemctivatstate; opti cal region of the eye, said
central treatnment zone having a radius of curvature
which is greater than the radius of curvature of the
cergeridheegitrefrattiveetaten of the eye; an annul ar
peri pheral treatnent zone which is contiguous with the
central 20 treatnment zone and which is adapted to
ovendiést dfray@sic idefomualio optucedh thegedphery; the eye, the
peri pheral treatnent zone having a radius of curvature
which is less than the radius of curvature of the
cenhitial pte-gestedrdentrahedincl @nvatunel bitheceorheat i on zone
whi ch is contiguous with and surrounds the peripheral
treatnent zone, the centration zone having a shape
whi iaftial StPEEhTETShapEifadtof BitErvatire ROt cobeanasd 014544
PCT/ AU2007/ 001063 37 approxi mates the configuration
of the eye in the region of the eye radially outwards
of fidig aPefd Bhmih peipheral refrattion ahdtrhyopigdhermapy defocus is to be
wherein the central treatnment zone is adapted to shape
appligd. central optical region of the cornea into a
configuration which will result in axial |ight
entering the eye being 5 focused on o out the "
8 retAna”lghO‘ﬂ hacesdingr to aim ne WB?T%e?'LIOtIS@Qt (Rogpacteristics are
mef?g[]féﬁj s adapted to shape the peripheral optical region
€ eye into a configuration which will result in
peripheral light entering the eye being focused at a
| oCcaLi [ et. J 1 i
9 1 oran SRR Giniebl Brischadiia in, R hiface End'a posterior
sudicd, the qsusiterndr surizgenadepted Go Denplaaed in lentat ivithethsl cornea of a

treatnment zones are sel ected such h?tt i n,_use,the
weargrisheys and with regular wear over a period of time to reshapé the cornea, the

posterior surface of the lens comprising:

a central treatment zone adapted to overlie the central optical region of the
eye, said central tfreatment zone having a radius of curvature which is greater

than the radius of curvature of the central optical region of the eye;

an annular peripheral treatment zone which is contiguous with the central
treatment zone and which is adapted to overlie the peripheral optical region of
the eye, the peripheral treatment zone having a radius of curvature which is

less than the radius of curvature of the central treatment zone; and

an annular centration zone which is contiguous with and surrounds the

peripheral treatment zone, the centration zone having a shape which
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vol unme of the eye will be retained during treatnent.
11 A corneal contact |lens including a | ens body having
w@niosi4sn4 and posterior surfaces, and wherei nP€TaU2007/001063
posterior surface is configared to alter the shape of
the cornea of a wearer to both therapeutically
r.egéﬁﬁr%xtrﬁﬁteﬁrﬂﬁ%r %ﬁﬁg{?ﬁaﬁgn BY IR ByedPdtHES region of the eye radially
simul t aneously correct for myopic'refractive error,
t heopeards pbthesperiphasakentisal wigian of the eyeti cal |y acti ve
central treatnment zone having a concave shape adapted
to shape the central region of the cornea to a
and ovtiarginrthe icentrahireatmentizoneds btiapted tayshapelthghtentral optical region

tering.the . being focused on the retina of the .
of {18 0%, B0 Figto Bt AR S kil il sPteringine eve being
fodusedtareot abooetradretiensds trdweardr) aHOURe pRipMetd] thd¥ment zone is

central treatnment zone and adapted to shape the cornea

adaptedre shapei thedreliphesa) epficst redien ebihegyednte a configuration which
. LA . . o . Ui ar .
WIERSHSHRHERBIIEE ot G, bOLASELASEL Bk o bEBy aneror o
theofetinb®f thet wearerand an optically inactive annul ar
centration zone surroundi ng the peripheral treatnent
zone and adapted to nechanically | ocate the eye with
10r espdens bocarding ®bclaipe 8 viteréintbelwanfiforatioas afthé egnaaidreatment

2007 41 7 P BB ACAITER) Ao LARLRIIerieg S50 LPLjUBS the epithelal

volgWRI1 th/ Eye SUFBE reihéd ABlinffeAtrhaifp, 2008/ 014544
PCT/ AU2007/ 001063 38 a) applying an orthokeratol ogy

lens to the patient's cornea to thereby induce a
11SPeAi {drhcaPEbnaR: ML itlddify i 1dnebdd) Helin i
corneal topography to producgqaewgc%rregﬁqgnﬁsg?@wéaénd posterior
suffeeease mndswoergin dhe mosteriorisugfase ds epnfigdresi toubttanthwushgpe of the

i nducd ci.fi,c . desired alteration in the . .
colgdi' G 8 b8P RS elf ihSigbE Gtk r8biiss e ol Sssion af cavopia, and
sintulfa@sulisigieorieet fopeyddic Fetfdcliod eWer thatstérirdurface comprising:

resul tant peripheral refractive state being

relatively nore nyopic than said corrected central

ref é@@)b’twﬁpﬁécﬁtv@- cehitral hRafRéMosbril h&lidd B é@ndﬁ%rsﬁi‘aﬁei adapted to

the step of inducing a specific desired alteration i
t hestiane the centpalrieginsy af theoeeraap toop egnfiphnationcwhideswill result in

aocr P b BRRATRRR cybhdho RIBEUF bR e EREbLINe parem

an optically active annular peripheral treatment zone adjacent and contiguous

with the central treatment zone and adapted to shape the cornea in the
peripheral region of the cornea to a configuration which will result in peripheral

light entering the eye being focused at a position anterior of the retina; and

an optically inactive annular centration zone surrounding the peripheral
treatment zone and adapted to mechanically locate the eye with respect to the

eye.

12 A method for correcting and reducing the progression of myopia by altering

the shape of a patient’s cornea comprising the steps of:

SUBSTITUTE SHEET (RULE 26) RO/AU



10

15

20

25

30

t opogr aphy; whereby sai d peripheral corneal topography
results in a peripheral radius of curvature between
wea2ebg/ommand #. ## mm 14 The nmet hod of cl ai m 1PCT/AU2007/001063
whereby the step of inducing a specific desired
alteration in the patient's peripheral corneal
t opogr | el hitd ’ to thereby induce
a) pr odua%ﬁgly rlad ggeogﬁ%?(c?r—%@g ??g%ﬁ%ﬁ]g*rea??tgénhtisﬁrﬁéa y
a spatifie tieskealiepitiomain therpatient's epotyabpdipealiepogiapiyaiogproduce a

peri pheral cqorneal topography results in a peripheral
cortagiP<0T dhe AN AT ISIAHVE SR AN G nd 4. ## mm 15

The nethod of claim 12 wherei.n the step of produci .
simuiteneously ingeeinghar aPe?'g?r fie@eaﬁ?%'t&'eﬁi H‘bltﬁ%e%éiﬁ{]g% Peripheral

| {d | EAsHARRéfracile state, said resultant

coraggfl %’t?@ggﬁkprﬁéﬁfgﬁ“ﬁ“\%o‘g{%%@&‘ﬁgr e|§n sai dr? esul t ant
periisorahesfedctive fstatet baing sekativelysmote myspic thars saidopRireied central

and 6 gli optres nore nyopic than central refractive
refiacly@ S8 A nould for altering the shape of a

o SRR T RS L PR D i
alt&306n ]@H%ﬁ@?ﬁgé@ﬂé@ pefiSibraRbofidal fokRfdpiys irdRRiisathkyadditional step

circular, nprises .a generally concave back 25
of sprotlacieg saispecifinc desirgdhcaiterationcw dhe spptieridntregipheral corneal

torgBrartt VBetvasny htPRaRr i<l PoobRpRZIEES b a peripheral
radit’§lHE €urdafile Hetwsen Agsi madaad Hgkfamihan in the patient's

central corneal topography to produce a correction of

14t he patph&lethod Oitdam 12 Whskdbiethst @tteF afridduéing & specific desired
sai d peripheral optic zone is eneral | y annul ar ang -
alteratioo Lindbe tpadicots peEpheisl cemash ,p%qfapfebiﬁwiee%th& additional step
generally 30 ¢ a k ace: t : r |
of JERAUERG Ay LT CorPageattiolghigin (he paiits Sotheral comea
togfiphye wRkrsHye daric perigha@! taorhéal fupiogeaithys resultsedd a peripheral

t opography to induce specific desired alteration in
radlnéogguwe resb%‘ﬁ??'b#é%é‘i“"@@?ﬂgé% f¥¥ogr aphy to produce

a SUBSTI TUTE SHEET (RULE ZGL RO AU WO 2008/ 014544
15PCT/ AUBbe 7methasb df gaim 32| whatein ethepsiam of r BFadycing @ resultant

st at e; i d,. i . i . .
peggﬁﬁr%ll %zr:agtl{%é%ttemcé&bﬁéyéogflégrﬁ%lﬁ]cﬁ{sag ?é(}é%\elﬁft ?gcﬁd@cmg a resultar.ﬁ
pefipherst isfRictvat statndvinreirei said afesufient pedipheral refractive state s

nmechani cal zone is generally annul ar ,and surrounds. {h
bepprpAGEFIOBHES and SHEUOPY e Mase MVARIF (g Coig! feliactive State.
surface of said peripheral nechanical zone is selecte

1 d
160 5 Aamiould tereligringihemhapRcice PRHER O ROBES: FRIMRYRING 2 central
op\f\fctz%ntet]% PRI SptfcP2dlRe-and a peripheral mechanical zone wherein said

central optic zone is generally circular, and comprises a generally concave back

surface, said concave back surface of said central optic zone is selected according to
the patient's corneal topography and central refractive state to induce a specific
desired alteration in the patient’s central corneal topography to produce a correction
of the patient's central refractive state and wherein said peripheral optic zone is
generally annular and surrounds the central optic zone, and comprises a generally
concave back surface; the curvature of said concave back surface of said peripheral
optic zone is selected according to the patient’s corneal topography to induce a

specific desired alteration in the patient’s peripheral corneal topography to produce a
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17 The nould according to claim16, having a

cross-sectional dianeter from periphery to periphery
wobodseiaseen about 8.0 and 13.0mm 18 The noul dPCT/AU2007/001063

according to claim 16 or 139 wherein the dianmeter of

the central optic zone is between about 3 nmand 6

reé’ﬁﬂanﬁﬂ%ﬁﬂ;hgm EeRbERE ‘s%tl‘aﬁsgi@)reggtﬁw peripheral refractive state being
relatively more myopic than said central refractive state and wherein said peripheral
mechanical zone is generally annular and surrounds the peripheral optic zone, the
curvature of the back surface of said peripheral mechanical zone is selected to
facilitate alignment and centration of the mould with the patient’s cornea.

17 The mould according to claim 16, having a cross-sectional diameter from

periphery to periphery of between about 8.0 and 13.0mm.

18 The mould according to claim 16 or 17, wherein the diameter of the central

optic zone is between about 3 mm and 6 mm.
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