WO 2012/ 012826PCT/ AU2011/ 000940 1 TREATI NG OCULAR REFRACTI VE ERROR Rel at ed
application This application clains the benefit of Australian patent

appl i cat iwo 28021098334 filed on 26 July 2010, the entirecroizentooasowhi ch
is incorporated herein by reference. 5 Field of the Invention The invention
generally relates to nethods and devices for treating refractive error in
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be correct enses.
an eye. Particular embodiments may have application to influencing the rate of

progression of refractive error, by slowing the progression of refractive error and/or
preventing the progression of refractive error. Particular embodiments may have

10  application to the control of progression of myopia. Other embodiments may have
application to the control of the progression of hyperopia.

Background

Myopia (s‘ho,rt- sightedness) is a disorder of the eye in which distant objects cannot be
clearly focused, but near objects can be. Images of distant objects are brought to

15 focus in front of the retina; that is, the focusing power of the eye is too strong ‘at
distance’. The condition may be cbrrected by the use of a negatively powered lens,
which causes the distant images to focus on or nearer the fovea. Myopia can be a
serious and progressive condition that leads to increasing visual impairment despite
the use of corrective lenses. It is becoming increasingly common, with some countries

20 in South-East Asia reporting that 80% of children aged 17 years suffer from the
condition.

Hyperopia (long-sightedness) is a disorder where distant objects can be focused, but
near objects cannot be focused. Hyperopia may be corrected by the use of positive
power lenses.

25 Itis generally agreed that the process of normal eye development — emmetropization
~ is regulated by a feedback mechanism, which regulates the length of the eye to
maintain good focus both at distance and at near — or emmetropia. While it is also
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15  Bifocal lenses and PALs (progressive addition lenses) in spectacles have been

proposed as a possible way to relieve the accommodative stress and defocus in the
hope that the stimulus for elongation would be removed. United States patent
number 6,752,499 (Aller) describes prescribing commercially available bifocal contact
lenses for myopic eyes that also exhibit near point esophoria to control the

20 progression of myopia. Both concentric distance center and near center contact
lenses were employed in myopic eyes with near point esofixation disparity. The
zones of the concentric distance and near zones lie within the pupil.

In United States patent number 6,045,578 (Collins et al.) it is proposed that
emmetropization is regulated by the degree and direction of a spherical aberration

25 present at the fovea. It is proposed that young myopes have higher levels of negative
spherical aberration that promotes inappropriaté eye growth and that the use of
ophthalmic lenses to impart positive spherical aberration will counteract axial growth
and thus the progression of myopia.



3 In international patent publication nunber WO 200604440A2 (Phillips et
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nmyopi a, as mth e . Thi s optical device I s designed so
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|. The central, on-axis image 9 is focused sharply to the fovea 11 enabling

good vi sualg; gtwandTiﬂ?ha%b@aémﬁﬂt SEdeSchibé aﬁweq&hsuﬁés & pestiveCunataki ve

rel ative curvature of 8 to focus the peripheral image points 13 nore
WO 201zﬁolmﬁeldc$jnqubquumeajgxeams image point 2 is located in front of (i.e. opposite to

the direction of light) the retina 3, this eye is considered myopic when measured using
standard techniques such as auto-refractors, refractor-heads or trial frames, in the
manner that eye-care practitioners are familiar. In this representative eye, the off-axis
. peripheral image points 4 for large field angles are located behind (i.e. in the direction
20 of light) the retina 3. Thus the eye 1 of this example is relatively hypermetropic for the
peripheral visual field. Figure 2 shows a relative field curvature graph for the eye 1,
which shows that the central to mid-peripheral field 5 is myopic (focus in front of retina
3) but the mid-peripheral to far-peripheral field 6 is hypermetropic (focus behind retina
3). ‘

25  Figures 3 and 4 show how the eye 1 of Figures 1 and 2 is prescribed an optical
device 7 for the control of the progression of myopia, as described by Smith et al.
This optical device 7 is designed so that it would generate a negative relative
curvature of field 8 on the eye 1. The central, on-axis image 9 is focused sharply to
the fovea 11 enabling good visual acuity. The optical device 7 introduces sufficient

30 negative relative curvature of field 8 to focus the peripheral image points 13 more



4 anteriorly, or in front (i.e. in the direction against the direction of
light in the eye) of the retina 3. United States patent no 7,665,842 (Ho et
al ) descrwbesizneszcdi ng one or nore vision priority zon@€TiAU20d1/006040

peri pheral defocus or another aberration is corrected, with the 5l ens al so
controlling the relative curvature of field for the peripheral retina in
anot her region outside of the vision priority zone(s). There remains a need
for nethods and optical devices that address the suggested optical (focal
def ect) nechani sms of progression of refrdactive error, particularly in
relation to the progression of nyopia. 10 Sunmary The present invention
relates to the utilization of the finding that refraction in central and

peri pheral anateridslyodr ihf@nt dig. rpthefditestiom against the dirattidreafslight Inetheysye) of the
substanti al or I gnificant nunber of people, is such that the natural
curvature 68M& 21 d of the visual I mage is asymmetric around the visual axis
of the eye. In nore detail, the invention 15 relates to the control of

of f-axis fmbdr&at@%?patﬁnthb@ w&swgm btlal)ﬁésérhﬁéscmoﬁding dnecstl mer@ividisni n an
asymetric _manner throu%h the use of, a tic devi ce that controls

n
refraction p&P"Wl’Qﬁ?sf tcﬁdoeéybef%?fog% pa eO\P'P?f’?ﬂ%'}:i? gorrgcted: Wil the
treat megt s ftg&sﬁtﬁmmxg t%' reBvaeas/aure of 68 féﬁthéqrernbﬁera«r h&tinaGh @hberer cs of

the eye at vea (I nm other words on-axis or he 20 central retina)
and out Si deegm@omw@of(thnvmomwwwa@neis} axi s or at t he peri pheral
retina). The nyopic patient may then be treated by nodifying the refractive
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asynmetry observed in different parts of the peripheral retina. For a
pat i entlOw Sunmwy@ey opi a, the peripheral imges nmay be noved onto or behind
the retina, again treating for observed asymetry in the eye.

The present invention relates to the utilization of the finding that refraction in central
and peripheral areas of the retina of human eyes, or at least the eyes of a substantial
or significant number of people, is such that the natural curvature of field of the visual
image is asymmetric around the visual axis of the eye. In more detail, the invention

15 relates to the control of off-axis focal points of the eye relative tb the on-axis focal
points in an asymmetric manner through the use of an optical device that controls
refraction of light for the eye.

For a patient with myopia, a method of treatment may therefore include measuring
the refractive characteristics of the eye at the fovea (in other words on-axis or at the

20 central retina) and outside the fovea (in other words off-axis or at the peripheral
retina). The myopic patient may then be treated by modifying the refractive properties
of the ocular system to provide clear or acceptable vision on-axis and to control the
position of the image at the peripheral retina, for example to move the image onto or
in front of the retina. For an eye with asymmetry in the peripheral retina, a device to

25 move the image at the peripheral retina will require different fefractive powers to treat
the asymmetry observed in different parts of the peripheral retina. For a patient with
hyperopia, the peripheral images may be moved onto or behind the retina, again
treating for observed asymmetry in the eye. '



WO 2012/ 012826PCT/ AU2011/ 000940 5 One way of nodifying the refractive
properties is through the use of a |l ens. Enbodi nents of a device for an eye
i ncl ude cwotartoibsenses, spectacl e | enses, corneal inpl arC3/Aanontdeexsol enses
that have different power profiles for images received by different parts
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of the retina in a rotationally asymmetric manner relative to the central on-axis focal

15 points. The lens may affect the peripheral light rays received by the retina of the
patient's eye in any given sector so that their focal points are on or anterior to the
surface of the retina for myopes, or on or posterior to the surface of the retina for
hyperopes. In this way, for at least some patients, the stimulus for aberrant eye
growth may be removed in substantially all sectors or over an increased amount of

20 the retina. The removal of stimulus may be performed especially in those regions
deemed to be of most importance for inhibiting such eye growth.

In some embodiments a method of prescribing an optical device for affecting images
received by the peripheral retina includes observing whether the recipient of the
optical device has a symmetrical or asymmetrical curvature of field. The prescribed

25 optical device may then either treat the peripheral image symmetrically or
asymmetrically dependent on the observation.

Brief Description of the Drawings

Figures 1 and 2 (prior art) show a previous diagrammatic description of an eye with
positive curvature of field.



WO 2012/ 012826PCT/ AU2011/ 000940 6 Figures 3 and 4 (prior art) show how the
curvature of field of the eye represented by Figures 1 and 2 nay be

mani pul atwo 2084megg2an opti cal device. Figure 5 shows a plpat/AU2bug0eEDI Ng t he
asymmetry in the nasal versus tenporal peripheral retina for a sanple group
of eyes of children with nyopia. 5 Figures 6 to 9 show exanple structures
of a contact lens for eyes with asymetry between the nasal and tenporal
fields. Figure 10 shows a flow chart of a nmethod for treating an eye with
an optical device including a |ens. fi gures 11 to 13 show an
instrunment for obtaining on-axis and off-axis refractive 10 neasurenents of
an eye. Description Figure 5 shows a plot of the refractive state for 1155
eyes of chi Figuess vahdh 4r(paen art)ahowisow éive Uteatare offielt af the dyeareprasentydt o)
meridian, with ne surarrenté for .tqe aoth t he n&sézl and tenporal quadrants
taken. The HIHIEohead 2(MAYRe MafipHisted Using anippugaldeYif® 15 peripheral angl es

at whi ch neasurenents were taken. Measurenents at the nasal retina
represent tRiguteelnshows aistuiiistiatiag theaasymmetyireiemasablersbietdraparar al retina

represent the,nasagl vispal field. The vertical (de enden%{kaxis is the
runt of  CRTTRIGEA Sptia o o samiPIs GgRURLHT SRS of ENidrah Wik TBYRRR-or 5 (D)
relative to the anmount of defocus along the visual axis of the eye.
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negati ve vzﬂues r?l atls\ﬁ méogl c Edaif ocus. Measurenents of defocus were taken
on axis and@iwesp he;pasal@nddemegralfeldes om the optical axis, both tenporally
and nasally. The eyes had a spherical equivalent refractive error of -2.27

0. 81D on axFigure™d sh®@s HfieWEHast oFel RethddeBr t8atity Ae@®ith lheplicsdevidd ppon
autorefractor utilizing head-turn for off-axis neasurenents so the eyes

were in thdNodingiaigP§ position for all neasurement angles. The plot was
conpleted by sinple straight |line interpol ation between the neasured

points.  WigQded/ 011td8RHHoW ANVARBELNYUM %tblaining on-axis and off-axis refractive

10 measurements of an eye.
Description

Figure 5 shows a plot of the refractive state for 1155 eyes of children with myopia at
the peripheral retina in the horizontal meridian, with measurements for the both the
. nasal and temporal quadrants taken. The horizontal (independent) axis indicates the

15  peripheral angles at which measurements were taken. Measurements at the nasal
retina represent the temporal visual field and measurements at the temporal retina
represent the nasal visual field. The vertical (dependent) axis is the amount of
defocus of the light rays at the retina, in diopters (D), relative to the amount of
defocus along the visual axis of the eye. Accordingly, positive values indicate relative

20  hyperopic defocus and negative values relative myopic defocus. Measurements of
defocus were taken on axis and at 20, 30 and 40 degrees from the optical axis, both
temporally and nasally. The eyes had a spherical equivalent refractive error of -2.27 +
0.81D on axis. All measurements were taken using an open field Shin Nippon
autorefractor utilizing head-turn for off-axis measurements so the eyes were in the

25  primary position for all measurement angles. The plot was completed by simple
straight line interpolation between the measured points.



Figure 5 shows that at 20 degrees, the nasal retina is experiencing 0.43 D
of hyperopic defocus relative to central retina. In contrast, the tenpora
retina i swexperiieseeéi ng only 0.14D of hyperopi c def ocus Ppelratva/mam4dhe
central retina. At 30 degrees, the anpunt of hyperopic defocus experienced
by the nasal retina increases 5 to 0.920 relative to central retina and the
tenporal retina experiences 1.080. At 40 degrees, the hyperopic defocus
experienced by the nasal retina increases_to 1.64D conpared to central
retina. At the tenporal retina, there is & significant increase in the
hyper opi ¢ defocus and increases to 2.47D relative to central retina. Figure
5 shows that whilst there may be rel ative hyperopi c defocus experienced at
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The measurement of the eye, as represented by the plot in Figure 5 differs

substantially from the representation described in United States patent No 7,025,460
(Smith et al), which assumes the curvature of field of this eye is rotationally symmetric
relative to the central on-axis image point. Thus, the manipulation of the curvature of

20 the field in a symmetric fashion, as taught in United States patent No 7,025,460
(Smith et al), is unlikely to eliminate the defocus in all quadrants of an eye having
characteristics shown in Figure 5§ and may be under-correcting or over-correcting for
either the hyperopic or myopic defocus present in at least some locations of the
peripheral retina.

25  Accordingly, the present invention involves modifying the wavefront of light received
by an eye by creating an ocular system including the eye that takes into account
asymmetry in the curvature of field of the eye to be treated. In other words, if the
relative curvature of field was controlled in a symmetrical manner, then the peripheral
image would remain asymmetrical, however if the asymmetry of the eye is taken into

30 account, this asymmetry can be reduced or eliminated. This allows placement of the



| mage substantially on the retina on both the nasal and tenporal sides of
the fovea. Alternatively, this allows the substantially symetrical profile
shown i n Wogur214s260 be achi eved for a nyopic eye, despiPCe&/AARyvoeta4sy in the
refractive characteristics of the eye for peripheral imges. Simlarly, for
a hyperopic eye, taking account of the 5 asymetry can result in a treated
eye having substantially symetrical characteristics or at |east reduced
asynmetry. Figures 6 to 9 show exanples of the general structure of four
different contact |enses 100, 200, 300, 4%0, for controlling the relative
position of peripheral images of an eye with asymmetric relative curvature
of field in the horizontal direction. Each lens is for 10 a left eye and
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cone, 10% Aty 4Pesh o a RSl IR Ghrch) Byr e Rt
porti on mayorfableask eeduiced asymmibtfyor another 4 to 6 nm so that the total
| ens diameter up to the | ens edge 106, 206, 306, 406 may be about 12 mm
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to stabilize thé orientation of the |ens arises 25 since the power of the
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regions of the retina | 'enses be stabilized on eye w | ens
stabili zi n@hﬁmﬁ%{mﬂg&pémeef&réwﬂ&ﬁmlem hsmabaqr)ltlagpnedﬁub?@ s'3I0éb4@Tf and

truncation. Bﬁg{.‘ W&t t f ween
the field an h'? agflfez%é}ﬁrgéﬁgbg egtE3 g1d %/ﬁ‘e %91&%&'5 é}pgg? i? retinais
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hyper opi ¢ defocu %t n al ripheral , reti r|en0|n 0,43 to
1YBaD or *r e oA 202t i AR R BYAES st foR R s P BH 1 HE | ens
struct ur es eyeoWhe carrier portion rﬁa)i for 2xample@aerd fir anbthep @BIB MM sbltRatahet he
opti c zones IP the, contact lens is e3|8ned with this defocus in m nd.
total lens diameter up to the lens edge 106, 206, 306, 406 may be about 12 mm.
. Other embodiments may have differing dimensions, and particular dimension lenses
20 may in some cases be selected according to the eye to which the lens is to be -
applied, for example to reflect differences in size of the pupil 50. In Figures 6 to 9 the

outer periphery of the carrier zone is represented in dashed lines.

The lenses are each oriented on the eye with the utilization of a suitable lens
stabilization technique. The requirement to stabilize the orientation of the lens arises
25 since the power of the contact lens varies across the surface and is effected to
ensure application of power to selected regions of the central and the peripheral
regions of the retina. The lenses may be stabilized on eye with a lens stabilizing
mechanism selected from a prism ballast, double slab-off and truncation.

For the representative eye plotted in Figure 5, between the field angles of 20 to 40
30 degrees, the temporal peripheral retina is experiencing 0.14 to 2.4D of relative



5 1n the exanple shown in Figure 6, the I ens 100 has a disc-shaped central
optic zone 103. The central optic zone 103 has a dianeter selected fromthe
range of woam2aheszs 0.5 nmmup to about 3 mms. The centr afTaio/manre 103 is
| ocated and provided with a power to correct for the central refractive
error of the eye (nmeasured at the fovea). Wth this selection of power, the
central optic zone 103 allows for clear vision at all 10 distances
(assum ng that the eye can acconmpdate tq provide in focus near vision).
The power profile of the lens varies bet Ween t he nasal optic zone 104 and
tenporal optic zone 105 on either side of the central optic zone 103. The
power in these zones is selected to correct for the defocus nmeasured in the
t enpor al amgpe@pi) defoauly amd theatasahperipfrergliveting isreppdendingDy3 b 1.64Dsafre
enbodi nents, fhese zones carry a single power . that caorrects for the
average def¢@ \éeﬁ%ﬁ?'@d’eg@g%hg{’%ﬁ}"%’ﬂ@r‘g?scf'gﬁ?rhgf %‘92?”%5 F‘ﬁiﬂf s&ﬁ"ﬂéﬁ‘d
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will correct for the nmean 1.23D of rel ative hyperopic defocus experienced

by the peridgsengs witkithisdefecuse miBdporal side and thus will be 1.23D
relatively nore positive conpared to the power 20 of the central optic zone
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regard to those neasurenents. The variation may refl ect tge measur ed

curvature df seleeied torotraet far thedefogysdReasited inhthetempgral @nd nasplqpadegpts

exanple, a gﬁpﬂepg &4ibey. Wi th a power profile across the nasal optic
zone 104 tré;t %s t he cgjgéectivg of a substantially constant distance (which

may be zero) between the 5 focal point and the retina. Simlarly variations
in powds il semembedipests, theseZepss MAVFATYA sinale powrs thakgasiestsior & ng

o the | endhetigiiatbeys Mededeiat e SerkMetal e Grut o ogo SPIGUangReTALL o
Figure 7, tforexample2iotheseserbediments themasel optieczongs! 04 will correct for the mean
1.23D of relative hyperopic defocus experienced by the peripheral retina on the
temporal side and thus will be 1.23D relatively more positive compared to the power
20  of the central optic zone 103. Similarly, the temporal optic zone 105 will correct for the
mean 0.99D of relative hyperopic defocus experienced by the peripheral retina on the
nasal side and thus will be 0.99D relatively more positive compared to central optic

zone power.

in other embodiments, the nasal and temporal optic zones 104, 105 carry a piurality
25  of powers, seiected with regard to the defocus measured at two or more locations of
the peripheral retina. For example, the power of the nasal optic zone may be set
taking account of the relative defocus experienced by the temporal peripheral retina
at 20, 30 and 40 degrees and include a smooth transition between the powers
required at these angles. If measurements are taken for an eye at more angles or at
30 only two angles, then the power may be set in the nasal and temporal optic zones



10 extending along the vertical neridian of the |lens 200. The central optic
zone 203 has a constant power fromthe centre to the periphery of the optic
zone i n bwohotmes2ti ons. The width of the meridian is i RCTha20amge4br om
about 0.5 mmto about 3 mMms. The power profile of the |lens 200 varies

bet ween the nasal optic zone 204 and tenporal optic zone 205 on either side
of the central zone 203 and will correct for the defocus 15 measured for
the peripheral retina on the tenporal and nasal sides respectively, as
described for the exanple shown in Figure“%. In the exanple shown in Figure
8, the lens 300 has a central optic zone 303 between approximately 0.5 nm
to 3 mMmin dianeter with a refractive power selected to correct for the
central ref10&ti0bchavingoregafd tothosy meakurenientéOFHezvaiatibn ey 1@iflact thehe power

Dones 504, BESROSUNAPES IR, ioREVETE Mpiah R 141 s 4 Be SRt o xemplfed
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305 have a he:Pg’ﬂ proximately 0.5 nmto whi ch nmay be selected to
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enmbodi ment SfokhEpdit ditef thefrefidie %‘?mﬁ&ﬂﬁ\?ar%}m?ﬁz ;%W?r by bES ég?gﬁ% tha tbBoral

diameter of the central optic zone "303. e nasal and tenp optrc zones
304, 305 bo?Micsanend fromthe central optic zone 303 to the edge of the
optic zone 301 of the lens 300. The central optic zone 303 is extended into

the regionsT l?@@ptiq?ﬁ‘?btfﬁigﬂlg{ d8thet a%h%&%?é\ivtgﬂ@rﬁa{o&o Ij%v%rg@%épdwrér% Qezrolng/or ds,

in this exanple, In tic zone the lens 30 power “sel ected
to correct 3l appliesdertbe lensrsttuctures shown irofrigufesthtd ye in 30 all regions
outside of the nasal and tenporal optic zones 304, 305. WO
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400 has a centra tic zone ween appr oxi nmat el nmin
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ef ocus measured in t te and nasal .guadrants of t eri phera
retina res&o&qr\%?@? °£§‘%85§2@§88"%%BWW6 eP@?ér"é’ Eé"f‘%%ﬁgngig'i?ﬁp@'shom
in Figure GptiBaiohe!206 dresither ait@ dfeR®eémtral 2Bhé 208 ARASwilt @drre &8y Iha\RIGELS

obl ong shape of w dth of about mm These zones need not be

g‘; 1 3.0 mto 5.0 _ _
obl ong 2nd TBe@IWed rdhe perivhpipieting prdhe tarapgral anst nagpl sidestrasneciively, as

rectilineardesthed RIFMEERIMAE shBfnlif FRyur86r i s the same power profile as
the central optic zone. For each of the exanples shown in Figures 6 to 9,

there may be a transjtion zone connecting the central optical zone (and any

ot her regi dA W& Xample showd Ip&iLre 8 Big leas 380 has agamtrabeptispzane 3egtweent he
peripheral Qpré¥mafiies.5(MRNR! Phin M AbmbRE W2 lef@idive power selected to correct
for the central refractive error of the eye. In the horizontal meridian, the power profile
20  of the lens 300 varies between the nasal and temporal optic zones 304, 305 on either
side of the central optic zone 303, as described for the example shown in Figure 6.
The nasal and temporal optic zones 304, 305 have a height of approximately 0.5 mm
to 3 mm, which may be selected to match the diameter of the central optic zone 303,
although in other embodiments the height of these zones may be more or less than
25 the diameter of the central optic zone 303. The nasal and temporal optic zones 304,
305 both extend from the central optic zone 303 to the edge of the optic zone 301 of
the lens 300. The central optic zone 303 is extended into the regions 307, 308 outside
of the peripheral optic zone. In other words, in this example, in the optic zone 301, the
lens 300 has a power selected to correct for the central refractive error of the eyein
30 allregions outside of the nasal and temporal optic zones 304, 305.



15 tenporal optic zones). The transition zone is at the boundary of the
central and nasal or tenporal optic zones and can vary in wdth from about
0. 25 mm twoabouti2s€260mm  The transition zone bri dges thepdiriAizoanoe4dn power
profile and in sonme enbodi ments is shaped to provide a snmooth curve
transition between the zones. In other enbodinents, there may be a point on
the I ens where the central optical zone 20 finishes and the peripheral
optic zone commences. As will be appreC|ated fromthe description herein,
including but not limted to the exanples Ishown in Figures 6 to 9, the
shape and | ayout of the optic zones in a contact |ens may be varied
substantially, creating a | arge range of different enbodi nents. By way of

exanpl e, thin therexaniplegtidven mOIF‘l u:’b@,,tha%?xs 4hasid) SemtPal dptic 26AS OB B e
about a vertical | %agF &/ ens through the centre of the lens. This
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what woul d r WM or al tic.z rot nasal tic zone).
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di fferences al ongavert i cal nmeridians are not considered as I nportant.

However, i nthBiogBHaRRISFORENts, the refractive error state of the eye in the
vertical direction nmay al so be corrected, in the sane way as descri bed
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t he eye. The transition zone bridges the difference in power profile and in some embodiments
is shaped to provide a smooth curve transition between the zones. In other
embodiments, there may be a point on the lens where the central optical zone
20 finishes and the peripheral optic zone commences.

As will be appreciated from the description herein, including but not limited to the
examples shown in Figures 6 to 9, the shape and layout of the optic zones in a
contact lens may be varied substantially, creating a large range of different
embodiments. By way of example, the central optic zone 103, 203, 303, 403 may be
25 asymmetrical about a vertical meridian of the lens through the centre of the lens. This
asymmetry may reflect a low rate of change in the curvature of field for one side of
the peripheral retina. Referring to Figure 5, the rate of change between zero to twenty
degrees for the temporal retina is low, so that some embodiments of lens may have a
power selected to correct on-axis vision for these field angles. If the eye already has
30 the desired or an acceptable curvature of field on one side, the central optic zone may



The exanples shown in Figures 6 to 9 show a central optic zone 103, 203,
303, 403. In the exanples, a central optic zone of dianmeter or w dth of
about 0. 5vDaoR/@28mn i s provided. The size of the centralCopitizeliznoomaomay be
selected regarding to the pupil 20 dianeter of the recipient of the |lens or
having regard to the average pupil dianeter of a popul ati on sanpl e nost
representative of the recipient or a sanple representing the general

popul ation. Cenerally, a |larger central OBtiC zone allows for clearer
vision, particularly if the central optic“zone has a constant or
substantially constant power profile across the area of the pupil. However,
alens with a smaller central optic zone 25 may be required for sone

reci pients Mextendeﬂncreﬂ\cmxhpassrth@batimty ofei/ et veould othenbusetdwhémﬁoia% optlc
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central optic Zone nay be allowed to vary to sone extent. For exanple, the

| ens may be_desi gned to have a power profile that pro ress changes
fromthe ceHi® @“SGPWP’ aroﬁﬂm@am% CB“LR"? rghe refraciive erren t%t%ﬁ*)%‘ﬁa{%/edﬁt*h
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on-axi s vision, or sel ect e to provi substanti al | Yy 5cl ear vision on axis.
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create a conreal
horizontal direction. Where both the horizontal and vertical directions are controlled,

the peripheral image will be controlled in all quadrants of the eye.

The examples shown in Figures 6 to 9 show a central optic zone 103, 203, 303, 403.
In the examples, a central optic zbne of diameter or width of about 0.5 to 3.0 mm is
provided. The size of the central optic zone may be selected regarding to the pupil

20 diameter of the recipient of the lens or having regard to the average pupil diameter of
a population sample most representative of the recipient or a sample representing the
general population. Generally, a larger central optic zone allows for clearer vision,
particularly if the central optic zone has a constant or substantially constant power
profile across the area of the pupil. However, a lens with a smaller central optic zone

25 may be required for some recipients where control of peripheral defocus close to the
fovea is needed. Some sacrifice of on axis image quality may then result.

Also, the central optic zone 103, 203, 303, 403 may have a power profile selected to

correct on-axis vision, with a substantially uniform power across its diameter in all

directions. Having a central optic zone may be advantageous in minimizing defocus of
30 the image received by the fovea. In other embodiments, the power profile of the



15surface profile that results in the refractive characteristics descri bed.
An orthokeratology lens may simlarly reshape the cornea to achi eve the

rel ati ve woroetrueseeéof field required for the peripheral PCetAU011/080940
collection of |enses may be provided fromwhich a selection is nmade for

I ndi vidual recipients. For exanple, for each power in the central optic
zone, there may be a 20 sel ection of asymmetric peripheral optic zones. The
sel ection nmay be made with reference to a popul ation normand the deviation
for the popul ation, for exanple as represdnted in Figure 5. Wiere there a
significant variations in classes of recipients, different popul ati on norns
may be constructed for each class. The nunmber of selections for each power
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reference to an ror or rogr essi n step 1001 the
on- axi 45r efsueface peofie that ress:ltsmatharreﬂact‘vlel@araﬁsmatleﬁrdnscmbemé\ed to 15

roasur i o RAGT Ao PR oL BipdY e aBs v ba RERRY pfvete b RIATE, o) °°

optic zone cofvatdre df ek, refairecfoniing pefigteralastinal optic zone 103, 203, 303,
403 shown in Figures 6-9 is selected to have a power to correct this error.

A collection of lenses may be provided from which a selection is made for individual
recipients. For example, for each power in the central optic zone, there may be a

20 selection of asymmetric peripheral optic zones. The selection may be made with
reference to a population norm and the deviation for the population, for example as
represented in Figure 5. Where there a significant variations in classes of recipients,
different population norms may be constructed for each class. The number of
selections for each power in the central optic zone may vary. One example may be a

25 selection of: one for the average for the population four for the standard deviation
either side (which takes into account that a eye with relatively more myopic defocus in
comparison to the norm on one side of the peripheral retina may my more myopic or
more hyperopic in comparison to the norm on the other side of the peripheral retina)
and another four at 1.5 standard deviation. Additional lenses may be available for one

30 or more of: 0.25 of the standard deviation, 0.5 of the standard deviation, 0.75 of the



In step 1002 the off-axis refractive error is nmeasured. Measurenents are
taken for off- 20axis field angles nasally and tenporally. As previously
descri bedyvovarzmes2en in field of curvature for vertical pampasiivmagsbe

i gnored, but nmay be neasured and included in the |l ens design if required.
Step 1002 may conprise taking a neasurenent at a single angle in the nasal
and tenporal directions, for exanple at 30 degrees relative to the on-axis
direction. Alternatively, step 1002 nay conprise taking neasurenents 25 at
more than one angle in the nasal and tenpéral directions. For exanple two
measurenents may be taken at 15 and 30 degrees, three neasurenents taken at
15, 30 and 35 degrees or six neasurenents taken at 5, 10, 15, 20, 25 and 30

degrees. Trtardayd deviation and 2tEstandavdidgviaions. it WiFbe bPSeCiatdttinas s&Rk M the
descri bed florﬁ AN l@%]ralg ﬁe urposes only. Mre than one neasurenent. may be
taken at a ‘S7igl'8 "AnGPEC ﬂ'&l“ﬁ? ﬁ%@g@“ﬁﬁéab@' bstantially synmetricaipwhich mayugh
averagi ng dje s&é&é@ﬁ&%@foﬁf&‘fe %ﬁipi%?ﬁﬁ&é%&ﬁ@@?&%ﬂ@%& oY file,

subj ect to evaluation, for exanple with referenc position o
’ ol

eye when t If Urcaniral petie zopesandiRethe stiuckure fffor exaronlechuornf resrgedithel to be t he
nost aceur af@cRFELEASh Pﬁgg@glmggst\p?hl nstrunment used, step 1002 may

I ncl ude separate steps nmeasuri ng e refractive characteristics of an
eye at each required angle relative to the optical axis of the eye. For
exanpl e, t Wigurad) showscliow dindramiai@ seiies of stepa don preberiing silens foy theoved or

asked to : ' -af | sl [; ' tp be

physi cal | ;% é{ﬁ)‘r\?é' réfl Hgi{‘r?@é@t%ﬁérﬁgtaaaﬂee%*h {shgz’yéﬂ ?éoé @% ﬁgﬁﬁgﬁ%&smrﬁé nts.

In step 1003 changedngefractivetesroniozectimpainestep 008 aipatibhids lidemgieed withh

differin . r .the.hqrizont al ri dian for the best patch, or a

nlaw I elrlsgdgé)ﬁf%‘&\'v%%"%g'rﬂi% '#Sf'ﬁ?é\?ﬁfsgﬂ MRy B d9ievied ByR, SimAle examination of i | e

for thaOeyehe fistorpofien-arisabiractivemsrra i a gatnt! 1of eRamPIE Svelr e Qﬁétiafﬁloﬁfr{sog
power sel ecte

din step 1000 in th tral opti and. h
wi th regar 87§40 erBars o lRnaer Sliaimatveli fhe Heplication mtem 1000 may e rRalssrd and
tenporal  peithpdentiicaticiobla patick? ththa8¥afiibtie diftf WIPOEL rdférahie & oy hi@?o% -

selected to,_place the image of peripherally viewed objects on t reti
both the nfE&ITOLGHts RFRGERSEIONdi r ecti ons, or on the retina
In step 1001 the on-axis refractive error is measured. This measurement is used to
15 identify the required correction on-axis. For example, the patient may be measured as
having refractive error of -3 D, in which case the central optic zone of the lens, for
example the central optic zone 103, 203, 303, 403 shown in Figures 6-9 is selected to
have a power to correct this error.

In step 1002 the off-axis refractive error is measured. Measurements are taken for off-
20 axis field angles nasally and temporally. As previously described, variation in field of
curvature for vertical angles may be ignored, but may be measured and included in
the lens design if required. Step 1002 may comprise taking a measurement at a
single angle in the nasal and temporal directions, for example at 30 degrees relative
to the on-axis direction. Alternatively, step 1002 may comprise taking measurements
25 atmore than one angle in the nasal and temporal directions. For example two |
measurements may be taken at 15 and 30 degrees, three measurements taken at 15
30 and 35 degrees or six measurements taken at 5, 10, 15, 20, 25 and 30 degrees.
The angle need not be a multiple of five, these angles being described for illustrative
purposes only. More than one measurement may be taken at a single angle and
30 these may be combined, for example through averaging or otherwise or may be

»



for at |east those angles which have been neasured in step 1002.
Alternatively, where there are constraints on the power profile across the
| ens, thewpaoeroips2efil e nay be sel ected to place the i mege/aafo0paoiogheral |y
vi ewed objects as close as 20 possible to the retina within those
constraints. The constraints may include a constraint on the maxi rumrate
of change or constraints due to requirenents to correct other conditions,
such as astigmatism Alternatively, the power profile may be selected to
place the image of peripherally viewed oBﬁects at another position relative
to the retina, where that is viewed as 25 potentially providing benefit.
For exanple, for a nyopic eye, the power profile my be selected to pl ace
the i mage clubjeet topbvaiadtiombfor @ixamiple Wit néferdncehe tﬂeepésiﬁ?on mhe@ybmrﬂh'ec

eye, the povver rof i e.the image of peri ects behi nd t he
retina. Thd"%Hj %TFULW?g?%BaW&m m&?%’%&‘%’%ﬁgaeﬁgd E%g? WHRUEMLS need
not be syngeldotedl - for. exanple the lens for a nyopic eye may pI ace the
peri pheral imge WO 2012/012826PCT/ AU2011/ 000940 16 on the tenporal side

on the reti d the her e Q he nas side in front of the
Foti na. | ThasheRAing o RIrSRAER e, Spe 1003 b ACAKP SRAERS SIEPBAR pher o
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eri ral re ng e anount

measuri ng p raction, determni centration and
appl yi ng a physicaiy mowed ejative todhe patient's:eyedorabtaie thereeaauremeants.of
peri pheral refraction. The present invention may be 10 inplenmented in

software i fin Lhe R thehé&sufembit%rE cBhharekh v-ghgb@%’?gegwm d| rW'th
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tent bl 2008/ 0 434 | J d 2008/ 1 Al h
o ont "o mftace i S TBRReR BRNA L o for HE ot TR RO T faés e
|d nstru gegt _tﬁé)ou‘lmls tbl‘ractife me'ne:hsured irostebd@?Ochi the cesttrall opti zore ﬂd bas a t

escri pe In rela | NSUTr e resen
e e olrRuiet selgetet it o bo G Stridtive' Bragliation of e by indhie g

Figure 11 sb&@pbrd peripisrhlregngut of the instrument 10. An array 12 of
deflector elenents 14 is in this exanpl e instrunent a I|near row t hat

extends sy trica l and 20l at er al I on eltr}er sid t he ogtl cal axis 16
of the ldyeFPEEXREA eoé["? B%We'stQb’érﬂ‘i)B selected to place t elmage of peripherally

viewed objects on the retina in both the nasal and temporal directions, or on the retina
for at least those angles which have been measured in step 1002. Alternatively,
where there are constraints on the power profile across the lens, the power profile
may be selected to place the image of peripherally viewed objects as close as

20 possible to the retina within those constraints. The constraints may include a
constraint on the maximum rate of change or constraints due to requirements to
correct other conditions, such as astigmatism.,

Alternatively, the power profile may be selected to place the image of peripherally
viewed objects at another position relative to the retina, where that is viewed as

25 potentially providing benefit. For example, for a myopic eye, the power profile may be
selected to place the image of peripheral objects in front of the retina. For a hyperopic
eye, the power profile may place the image of peripheral objects behind the retina.
The objective for placement of the image of peripheral objects need not be
symmetrical - for example the lens for a myopic eye may place the peripheral image



under investigation. It will be assuned that system 18 is the eye of a
patient with or without the addition of prosthetic |enses or other

nodi fi catworne12/0azs26| | umi nating |ight source, controllingcpraarzesgoosand
return-beam detector are indicated by a single undifferentiated unit 20
arranged on axis 16, which is described in nore detail with 25reference to
Figure 3. Unit 20 directs illum nating beans, indicated by arrow heads 22,
to array elenents 14 to generate a correspondi ng set of interrogating
beams, indicated by arrow heads 24, that l&re directed into eye-system 18 at
di fferent peripheral angles relative to axis 16. A return beam indicated
by arrow heads 23, is generated by each interrogating beam 24 and is

di rect ed bawkthettenmipotal 3dtevorathelretidd) ané sixepénpherallifageion e hasalddeimttont. |t
S conveniggt for.illumnating beans 22 to be WO

2012/ 012826B¢M¢ KWH11/ 000940 17 directed in sequence fromone elenent 14 to
the next to thereby sequentially generate the interrogating beans 24 and

return bearFhe2@fraktivé State 6PthaRly8, béth @atdxishnd fdrtp@hpﬁénianaty'_be@ms rAeasured
correspondi ng central inter rrﬁgat I an beam and a corresponding central return
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e angl o e B R EBdiR el B TR ot g 0 2
each r et ur rerb@isrand pegplerabiefragtionwilinaw be desgrittedal el ement 14c is
effectively a null elenent that does not deflect the illum nating beanm it
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necessary. Al'so int , array 12 1s substanti
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15 The transp Ssi of .I.nterrogatli e n one_a tjnme Into eye
To, 'and t nanfbhgsshle Sariafors o 316 bRimanniD sad alfnatis SPowalus \oekiey 5% ang
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bel ow), unit 20 pay_include a beam scanner that directs_a single narrow
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i |1 umi nat i rRybheation:R? 08/Q00da¢. nublisRedas ¥¥@2008E38440 Atuthe ¢antertifnent s
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be gated to effect scanning of eye 18 and’'the generation of a sequence of
r et ur n 1eargenerl mrthodploghekinstinmest ertalion) desqriheddr selplien to riguier 2.{gthen
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using it as scanning nean erro mprisnms 14
are adni tt doeadhtuon’egethadologiesat a tinme. Third, a similar shutter 28 may be
i nserted

Figure 11 shows the basic layout of the instrUment 10. An array 12 of deflector
elements 14 is in this example instrument a linear row that extends symmetrically and

20 laterally on either side of the optical axis 16 of the eye-related optical system 18
under investigatioh. It will be assumed that system 18 is the eye of a patient with or
without the addition of prosthetic lenses or other modifications. An illuminating light
source, controlling processor and return-beam detector are indicated by a single

_ undifferentiated unit 20 arranged on axis 16, which is described in more detail with

25 reference to Figure 3. Unit 20 directs illuminating beams, indicated by arrow heads
22, to array elements 14 to generate a corresponding set of interrogating bearhs,
indicated by arrow heads 24, that are directed into eye-system 18 at different
peripheral angles relative to axis 16. A return beam, indicated by arrow heads 23, is
generated by each interrogating beam 24 and is directed back to unit 20 via the

30 respective element 14 for detection. it is convenient for illuminating beams 22 to be



25 between array 12 and unit 20 to gate illum nating beans 22 and 25 to
illumnate one or nore elenents 14 at a tine. Thus, it is not essential for
unit 20 twoiznduueseéscanni ng means and it is possi bl e toPrdirstuotmwedd he
scanni ng function between scanner neans in unit 20 and shutters such as

i ndicated at 26 and/or 28 WD 2012/012826PCT/ AU2011/ 000940 18 eye 18.
Sequential scanning fromone angle to the next adjacent will probably be
nost conveni ent but many other scan sequences may be used to mininse

bi ases that might arise due to fixed seqléntial scanning. Wile

i1 lum nation of nore than one beam deflector elenent 14 at a tinme can
easily be achieved by use of a scanner in 5unit 20, it is then necessary to

di sti ngui sfﬂlmbwdriulsbqOér&:eefrcﬁmldnarmﬂentr B wrthe fmesm? thé@byw'ehher:it&ﬁlyl t. This
can be done b hut t 6 or m c per or selective
pol ari ser 45N éf# g?%\’??‘?"aqg ng @aﬂ@;e %W#SFEZ‘E'U% that needs to be
di stingui shed fromanother at the detector. Figure 12 is a nore detailed
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scanner 536 gnQatg. iAfsd TR \RId x¥mpld, akR rdeﬁgctbpelﬁﬁféﬂf Al Lpfisrh l{@idé%ft casryieans 22.
The illuminating beans 22 are scanned fromdefl ector to deflector in array

12 to genereigreemthidcy thal bas anspexangle ishtthabeasbdntermgation beama4ds direcied
into the e¥rﬂf>%§ét1§”ar§’o8eé’dh%ﬁﬂh%e$§1 ié‘ﬁ Jn‘”e%:{é?:ato?(ﬁl HOUE 'Crita) defent 94t ?é"ge of
i nci dent angl e canning mrror 6 orns a p0|nt source or commo

poi nt for effectiveiyia antl elernentitinat does mot deﬂnntm& #dminatiny beam; dl may bea n

o lect or - DFAIGTigbq i oliRR B Sholf, PUaRey s BLEIEL pPRSE D iR cn i ¢ i s
f“n\éle[l tCI eelg \6/1 |eaasxg;egcanayr1@ lsgebaanﬁkﬂlytlmear mofaomﬂemgattmg bebmsRs bedRZ Zre

ssenbly 43 that c ved. axi al ly back and
Forth t hr oSURSE PRSP ARGERIEHENG R Eibr Bty e HosontAR I s SEATERIE < co
beam 32 (a@sistehhww lﬁé‘ﬁwe‘sﬂlgmédla%rﬂﬂonid?ﬂ@rrﬁé?ﬁﬁéhm tae dystehriiédh b@ams 22, 24
and 23) can hayve tgagw esired di sc or annul ar cross-section desi red

an annul ar nvegtiga |SHHP|V|TR'@“PQ§?9 @5%’6@[‘511Q|§E‘€Pt|W“Er?éﬁﬁnma[?@ﬂ"/@ftfa@t\!?or S
(such the $@gi n-Ni ppon SRW 5000 nentioned above) is 25 preferred as it can
be anal ysed and processed in a substantially standard manner. Each return
beam 23 - or nore correctléélts I mge 48 at detector 44 - thus contains

i nf or mfi o herranpmigsienLef iptecrogating Peﬁé‘é etangk30ne pea tigerinteeeyst 18, @ndghet he
eye- Ssyst eMgeneration of a corresponding sequence of return beams 23 and 29, can be effected
in a variety of ways. First (as will be described below), unit 20 may include a beam
scanner that directs a single narrow illuminating beam from one element 14 to
another. Second, multiple elements 14 can be illuminated at one time and
20 interrogating beams 24 and 27 can be gated to effect scanning of eye 18 and the
generation of a sequence of return beams 23 and 25, This can be done by, for
example,"inserting an electronically controllable LCD shutter 26 between array 12 and
eye 18 and using it as scanning means by which interrogating beams 24 from prisms
14 are admitted into eye 18 one at a time. Third, a similar shutter 28 may be inserted
25 between array 12 and unit 20 to gate illuminating beams 22 and 25 to illuminate one
or more elements 14 at a time. Thus, it is not essential for unit 20 to include scanning
means and it is possible to distribute the scanning function between scanner means
in unit 20 and shutters such as indicated at 26 and/or 28

In this way, successive interrogation/return beam pairs diverge/converge at
30  successively larger/smaller angles with respect to axis 16 as they pass into and out of



that is captured or quantified by the photo detector 44, which is

preferably a two-di nensional array of photo sensors. The photo detector 44
al so captwoesizan2s2aage of 30 the pupil correspondi ng toPCmAU2EgEIBMOWN | N
Figure 7 for the determ nation of the WD 2012/012826PCT/ AU2011/ 000940 19

decentration of the illumnating beans 22. An inmage of the pupil is
captured when each refraction neasurenent is nmade, so that there is one
i mage for each illum nating beam 22. This allows the refraction neasurenent

to be individually corrected at each incil8ent angle, dealing with relative
novenent of the eye-system 5 18 and the neasurenent axis between
measurenents. The unit 20 includes a central processor and controller 49

that may cosyeers.Sddugntdingebhhifgdrofeohe ahgld tbthenetiadjaenh kit REbaly Becept
and anal yse the out put of det egt or 44 ang| to drive Ijens asse&rrb,ly )4’13 under

ser vo- cont rBPSt g¥ERIEELPULIYaRYORLE BCan SRENERS MaYShises toduiniiee biaseser 37
and to_ ensupgt miyht afbe th‘t@ﬁxé&c s%c*de‘ﬁ%l%tahﬁfﬂg.lglrgﬁgﬂtfn%ﬂﬁ& & ABR than one

detection. A connection between [1ght source”3 nd processor 49 is also
shown as i thegm deflectergiement i at a timeseanceasily beswhiavedbyase3st a scanoer inct | y

pattorn ) s G dfer AES AN A RgBn e il RimdBHEER MR ofla R0,

i s bei ng resiltiresdt Thisccasi beydorenby asing shlferd26 0s28ray adbehbatioopper loe sdiectvd | on

of the optical .axis v the focus size.,and shape of the_ .imge 48.
Commonl y, tqﬂ?%réseﬁé%fj&@[ﬁ{g{a@ ep ef%%ﬁi‘gﬁhﬁ”ﬁ?@}@?@ﬁ%%éPé’er%‘m@éﬂ‘ePor each
of three rdtdth anbgeiat thedfetédtopes: one position where the i nmage (spot or
ring) appears snallest and in sharpest focus, a second position where the

g SPDatS A S P SBREH S R0 S sl e E08 o olhd 1 B Sh:e
one thafp i privcipareempbnéms ohenit 20 ate SRoWhlbéparatee AMgREsdurss BO anectefa | ens
assenbly 42 respectively indicate the spherical o X
collimated source’beam 32 via a beam-splitter 34 to an oscillating mirror scanner 36
that is moved by actuator 37 to generate illuminating beams 22. The illuminating
beans 22 are scanned from deflector to deflector in array 12 to generate the
sequence of interrogating beams 24 that are directed into the eye-system 18 and onto-
15 the retina 38 over the desiréd range of incident angles. Scanning mirror 36 thus forms
a point source or common point for beams 24 and a common point (indicated at X) for
all return beams. Thus, each return beam 23 returned from retina 38 passes back via
deflector array 12 and scanner mirror 36 to beam-splitter 34 by which it is diverted via
a focusing system 42 to a photo detector 44. System 42 includes a moveable lens
20 assembly 43 that can be moved axially back and forth through a focus range, as
indicated by arrows 46. While the source beam 32 (and, thus, the illuminating,
interrogating and return beams 22, 24 and 23) can have any desired spot, disc or
annular cross-section desired, an annular cross-section like that commonly used in
known autorefractors (such the Shin-Nippon SRW-5000 mentioned above) is

25 preferred as it can be analysed and processed in a substantially standard manner.

Each return beam 23 — or more correctly its image 48 at detector 44 — thus contains
information of the (uncorrected for decentration) refractive status of the eye-system
that is captured or quantified by the photo detector 44, which is preferably a two-
dimensional array of photo sensors. The photo detector 44 also captures an image of
30 the pupil corresponding to the image shown in Figure 7 for the determination of the



equi val ent power of the eye, the sagittal astigmatic conponent and the
tangential astigmatic conponent of the refraction. The significance of
spot/ i nmewye 28iz82826 rel ati on to spherical equival ent power/aaf20aye0d8 can be
understood in the followi ng 25 elenentary way. Since the interrogating beam
24 that enters eye 18 is collimated, a normal or emmetropic eye will return

a parallel collimted beam a nyopic eye will return a convergent beam and
a hyperopic eye will return a divergent beam both of which will result in
| ar ger images si zes. The central prol¥essor and controller 49 stores in

menory the correction algorithm 30either as a function or as a | ook-up
table. It also includes instructions to receive WO

2012/ 01282 6H6Tmdtion bf &mmm%ﬂn@bdéme 2UPaMRYagE df the pies Bﬁhﬁ@rédlﬂhen
decentration and.to argg‘ y the correction al ?orl thmto the neasured

refracti on 9atLedraction measymement ismapecsethal therais ermimagefer easle correct ed

refraction et | ﬁ?dﬂ@? fMyanot her
device. 5 Filﬂgur e Tgmséaghm?sﬂﬂnseéﬂdggfﬁfergﬁtéﬁk@yﬁg?/ a@deg to en an(Y,e t he
per f or mancec¥featedat eagh inpigant qrml%quallgmlwetb rgtatlmmoyemem abthetsye-syistea i on
target | $g Eﬁﬁﬂtéaﬂ\e‘agu@n%ﬁxng}%l eélgurteptgénté s optically coupled by a

first addition eamsplitter oreturn eam path 23 and on opti cal
axis 16. Fixation target 50 aligns the gaze or axis of the eye with optical
axis 16 of Theusl 20 dnaludes aeentralipsocessomansticantofier 49 that oray mvadtdentlyonal

dotector saompss £ dSAEEHBN( and i€ borflcolo ATBBCar afaifes' e Hlitheds oa

si nce CCD ddgtectpod4 aad rtedméev ?stdssemmm 44 um?ggsg;v:-g%mmmmpéséc{arﬂ%s ?;btogln S
an sar
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Sensor s1060, arad :mgnwugr’fal deteetivrA bnndctidh beteddrelight eaarcb@ocarmﬁmbég&drmg is
arrows narked P - so that

49 (F 1 di cted b
P ot o 350 Shitih e okl he SopuPHestia SrLE a4 Es Demaa s Beefider st ood
that the i namblLird %@ﬁbpé?&@%tgﬁéﬂ Bﬂﬂe'carrbht SoutBE Bbhm h?ﬁbl?&h@ﬂ% to

all alternative conmbinations of two or nore of the Indivi tures
ment i oned ovtowedfaepemparsAnwith ieage 48. drawi ngs. All of these different
conmbi nations 20 constitute various alternative aspects of the invention.

While each return beam 23 is being received, focusing lens assembly 42 is moved

15 along the direction of the optical axis to vary the focus size and shape of the image
48. Commonly, three positions of the focusing assembly 42 are recorded for each of
three return beam image shapes: one position where the image (spot or ring) appears
smallest and in sharpest focus, a second position where the image appears
maximally elongated in one meridian and a third position where the image is

20 maximally elongated in a different meridian, usuaily one that is orthogonal to the first
meridian. The three positions of lens assembly 42 respectively indicate the spherical
equivalent power of the eye, the sagittal astigmatic component and the tangential
astigmatic component of the refraction. The significance of spot/ image size in relation
to spherical equivalent power of eye 18 can be understood in the following

25 elementary way. Since the interrogating beam 24 that enters eye 18 is collimated, a
normal or emmetropic eye will return a parallel collimated beam, a myopic eye will
return a convergent beam and a hyperopic eye will return a divergent beam, both of
which will result in larger images sizes.

The central processor and controller 49 stores in memory the correction algorithm,
30 either as a function or as a look-up table. it also includes instructions to receive
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10  additional beam-splitter 56 in gaze path 52 directs an image of eye 18 onto a CCD
detector 58, allowing gaze direction and eye-alignment to be monitored since CCD
detector 58 receives the ocular image via beam-splitters 54 and 56. Optical or
acoustical distance sensors 60 can be used to (alternately or additionally) indicate
when eye 18 appears to be axially aligned. Sensors 60, along with detector 58 if

15 desired, can be connected to processor 49 (F igure 12) — as indicted by arrows
marked P - so that initiation of a measurement cycle can be automatic.

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
20  constitute various alternative aspects of the invention.
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Claims
What is claimed is:

1. A lens for an eye, the lens comprising a zone with a first power profile for
images received by the retina on the fovea, a zone with a second power profile for
images received by the peripheral retina on the nasal side, a zone with a third power
profile, different from at least the second power profile, for images received by the
peripheral retina on the temporal side, and a lens stabilizing mechanism for orienting
the lens on the eye, wherein the first power profile is selected to provide clear or
acceptable vision and the second and third power profiles are selected to address the
progression of refractive error.

2. The lens of claim 1, wherein the lens is a contact lens or a spectacle lens.

3. The lens of claim 1, wherein the lens comprises a corneal implant or
orthokeratology lens and wherein the first to third power profiles are effected as a
reshaping of the cornea of the eye.

4, A lens for addressing the progression of myopia in an eye, the lens comprising
a nasal optic zone and a temporal optic zone, wherein each zone is for refracting light
to be received by the peripheral retina so as to be focused on or in front of the retina,

wherein the nasal optic zone and the temporal optic zone have different refractive

powers.

() A lens for addressing the progression of hyperopia in an eye, the lens
comprising a nasal optic zone and a temporal optic zone, wherein each zone is for
refracting light to be received by the peripheral retina so as to be focused on or
behind the retina, wherein the nasal optic zone and temporal optic zone have different

refractive powers.

6. The lens of claim 4 or claim 5 further comprising a central optic zone with a

refractive power to correct on-axis vision of the eye.
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7. The lens of claim 4 or claim 5 wherein the nasal optic zone has an increased
power relative to a power on-axis and the temporal optic zone has a decreased power

relative to the power on-axis.

8. The lens of claim 4 or claim 5 wherein the temporal optic zone has an
increased power relative to an on-axis power and the nasal optic zone has a

decreased power relative to the on-axis power.

9. The lens of claim 4 or claim 5 further comprising a central optic zone between
the nasal and the temporal optic zones, the central optic zone being asymmetrical
about a vertical meridian through the lens, so as to extend across horizontal half
meridians of the lens to different extents, wherein the vertical and horizontal
meridians refer to the orientation of the lens caused by a stabilizing mechanism.

10. The lens of claim 9, wherein the central optic zone is not plano and includes a

refractive power for correcting defocus.

11.  The lens of claim 4 or claim 5, wherein the nasal optic zone and the temporal
optic zone both include a substantially constant refractive power in a vertical direction,
wherein the vertical direction is with reference to the orientation of the lens caused by

the stabilizing mechanism.

12.  The lens of claim 4 or claim 5, wherein the nasal and temporal optic zones

have a vertical height of between 0.5 mm and 3 mm.

13.  The lens of claim 12, further comprising a central optic zone with a refractive
power to correct on-axis vision of the eye, wherein the lens has a refractive power
substantially equal to the refractive power of the central optic zone above and below

the nasal and temporal optic zones.

14.  The lens of claim 4 or claim 5, further comprising a central optic zone with a
refractive power to correct on-axis vision of the eye, wherein the central optic zone is

substantially rotationally symmetrical.
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15.  The lens of claim 4 or claim 5, further comprising a central optic zone with a
refractive power to correct on-axis vision of the eye, wherein the central optic zone is
elongate in a vertical direction across the lens, wherein the vertical direction is with
reference to the orientation of the lens caused by a stabilizing mechanism.

16.  The lens of claim 15, wherein the lens is a contact lens with an optic zone and
a carrier and wherein the central optic zone extends in the vertical direction across

substantially the entire optic zone.

17.  The lens of claim 4 or claim 5, wherein one of the nasal optic zone and
temporal optic zone has a power selected to place peripheral images on the retina
and the other zone has a power selected to place peripheral images off the retina.

18. A method of treating an eye with refractive error, the method comprising
providing for clear or substantially clear foveal vision while simultaneously reducing or
eliminating asymmetry in images received by the peripheral retina and controlling the
position of the images received in the peripheral retina so as to affect the stimulus for
eye growth to reduce or stop the progression of refractive error.

19. A method for an eye with progressive refractive error, the method comprising
measuring the refractive characteristics of the eye at the fovea and in the peripheral
retina, determining whether the eye is asymmetric in the peripheral retina in at least a
horizontal meridian, and if the eye is asymmetric in the peripheral retina, treating the
eye by affecting the refractive characteristics of the eye in the peripheral retina taking
account of the asymmetry while simultaneously providing for clear or substantially

clear foveal vision.

20. A method for an eye with myopia comprising measuring the refractive
characteristics of the eye at the central and peripheral retina to obtain on-axis and off-
axis measurements respectively, determining from said measuring that the eye has
asymmetrical off-axis refractive characteristics and affecting the refractive properties
of an ocular system comprising the eye to provide clear or acceptable vision on-axis
and to control the position of the image of peripheral objects to onto or in front of the

retina so as to also reduce said asymmetry for at least one off-axis angle.
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21. A method for an eye with hyperopia comprising measuring the refractive
characteristics of the eye at the central and peripheral retina to obtain on-axis and off-
axis measurements respectively, determining from said measuring that the eye has
asymmetrical off-axis refractive characteristics and affecting the refractive properties
of an ocular system comprising the eye to provide clear or acceptable vision on-axis
and to control the position of the image of peripheral objects to onto or behind the

retina so as to also reduce said asymmetry for at least one off-axis angle.

22.  The method of claim 20 or claim 21, wherein the ocular system comprises lens
for the eye, the lens comprising a first zone with a first power profile selected to
provide said clear or acceptable vision on-axis, a second zone with a second power
profile, which controls the position of the image of peripheral objects received on the
nasal side of the retina, and a third zone with a third power profile, which controls the
position of the image of peripheral objects received on the temporal side of the retina,
wherein at least the second and third power profiles are different so as to reduce said

asymmetry.

23. The method of claim 22, wherein the lens is a lens selected from the group

comprising a contact lens and a spectacle lens.

24.  The method of claim 20 or claim 21, wherein the step of affecting the refractive
properties of an ocular system comprising the eye comprises applying an
orthokeratology lens to the eye, the orthokeratology lens providing said clear or
acceptable vision on-axis and controlling the position of the image of peripheral

objects by reshaping the cornea.

25.  The method of claim 20 or claim 21, wherein the step of affecting the refractive
properties of an ocular system comprising the eye comprises inserting a corneal
implant into the eye, the corneal implant providing said clear or acceptable vision on-
axis and controlling the position of the image of peripheral objects by reshaping the

cornea.



