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Contact lenses for myopic eyes and methods of treating myopia

F'iel}d of the invention

~The field of the invention is contact lenses for myopic eyes and methods of

treating myopia. In particular, the contact lenses of the invention and associated

methods are applicable to myopic eyes that are not alSo'su'bstantiaIIy presbyopic.

Embodiments of the invention are applicable to myopic eyes in which the myopia

is progressing.

'Background of the invention

'M_any people suffer from myopia (shert-sig_htedhess). The 'prevaience of myopia is -

increasing, leading to increased attention to the development of solutions..In
addition, for many people, myop|a progresses over tlme despite correct:on usmg
some existing methods.

Figure 1 shows an eye that is normal sighted (l e. is neither long- S|ghted nor short-

ISIghted) Flgure 2 shows a myopic eye viewing a distant object the focal point of

the image is located in front of the retina. This shifted focalepomt relative to the

retina creates blur.

Several techmques have been used to correct myopia. These technlques mclude

-’prescnblng spectacle Ienses or contact lenses or mtra-ocular Ienses surgncal
“ reshaping of the cornea and temporary reshaping of the cornea by hard or soft

contact lenses.

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

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

onto the retina. This under‘-accommodation is of_ten referred to as a lag of _’ .
accommodation. Figure 3 shows a myopic eye with a lag of accom‘modatio’n; the

focal point of the image is located behind the retina. Studies involving children

indicate that lag of accommodation typically increases with increasing near focus B
(i.e. accommodation) demand. In a study involving children_of primarily European '

descent, lag of accommodatien measured at 33 centimetres using an’

~autorefractor found the median lag to be 1.260 (range from -0.75 to 2.82D) in
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-children aged 8 to 11 _yrs.' In children of Chinese ethnicity, Iag of acc‘omrnoda_tiort.
- measured at 33 centimetres was 0.74 +/- 0.27D. |

_Patent pUblication EP 2004/00556"0 A1lto Ra‘dhakrishnan-et al describes a method

said to retard or control the progression of myopra by controlling aberrations,
thereby manipulating the posrtlon of the medium and high spatial frequency peaks ',
of a visual image in a prede_termmed fashlon. The repositioning of medium and
high spatial frequency peaks intending to alter aecommodative lag. The method )
calls for providing an ocular system of a predetermined aberration.controlled
design and for the design to provide negative spherical aberration.

International patent publication WO 057055891 A1 desc_rtbes the use of a contact
lens to control the relative curvature of field with an objective of controlling the

progression of myopia. The method |ncludes moving perlphera| lmages forwards

relatlve to the retina, while allowing clear central vrsron

us patent 6,752,499 (Aller) describes the use of multlfocat- cen_tact lenses to

control the progression of myopia in myopic eyes with esofixation disparity. Aller

describes providing a lens tha_t provides for acceptable distance visual acuity and
‘'reduces or corrects esophoria at near. Aller describes use of near centre bifocal

lenses having an add power/ofUp to 2.25D and the use of distance centre lenses

- with add powers of up to 2.5D.

* Multifocal and bifocal contact lenses have also been designed for presbyopic

eyes.

US 6,457,826 (Lett) describes a centre near bifocal lens and a centre distance -
bifocal lens. A described embodiment of a centre near bifocal lens has a constant
power centre area extendmg to a chord dlameter of 2. 07 mm a distance power

‘outer area commencing at a chord diameter of 2.71 mm and a gradient power
- aspheric area that provrdes a continuous power transition from the centre area to

the outer area. For a 3.0 mm puprl Lett says that the near power occupies 48% of
the pupil area and the distance | power 18%. For a'5.0 mm pupll Lett says that the
near power occupies 17% of the pupil and the distance power 71%.
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US 5,139,325 (Oksman et al) describes a lens with a vision correction power that
is inversely proportlonal to the radial distance of the lens. In a described example
a lens has an add power over dlstance vision of 2.75 diopters centrally up to a

radius of 0.72 mm, with the' add power decreasing inversely proportlonal with

radius after 0.72 mm. Another example has an add power overdistance vision of

- 3.00 diopters up to a radius of 0. 66 mm. The add power is descrlbed as not

reachlng zero unless the functlon is truncated.

US 5,754,270 (Rehse et al) describes a lens with a central aspheric zone with an

- add poWe_r over distance vision of between 2.25 to 2.50 D up to a diameter of

about 2.4 mm, a change in add power of about 0.5 to 1.25 'D' oVer the area

between the dlameters of 2.4 mm and 2.5 mm and then a progresswe reductlon in

add power down to the power requwed for distance vusnon correction at about 6

-mm diameter.

Refe.rence.to any prior art in the speciﬁcation is not, and shoul'd not be taken as,
an acknowledgment or any form of suggestion that this prior art forms part of the

reasonably be expected to be ascertalned understood and regarded as relevant

- bya person skilled in the art.

Summary of the invention

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

The contact lens includes an inner optic zone and an outer optic zone. The outer

" -optic zone includes at least a portion with.a first power, selected to correct}

distance vision. The inner optic zone has a relatively more positive power (an add |
p'ower)'. In some embodiments the add power is substantially constant across the
inner optic zone. In other embodiments the add power is variable across the inner
optic Zone. While in some embodim_ents the inner optic -zone has a power

. designed to substantially eliminate lag of accommodation in the eye with myopia,

in other embodiments, the add power may be hlgher for example up to about 4

: dlopters
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The reference to correctlon of distance vision includes provndlng a lens with a flrst

power that substantlally eliminates blur.

In some embodlments the outer optic zone includes at least a portion with a third

power, relatrvely more positive in power than the first power. The portion wrth a

third power is distinct from the inner optic zone; the third power is separated from |
the inner optic zone by a portio_n having the first power. The third power’ may be
substantially eqUaI to the add power if the add power is constant or the third power
may be substantially equal to the maximum add power in the inner optio zone if
the add power is variable. Alternatively, the third power may'be different to the' -
second power. In some embodlments the third power is relatively more positive

‘than the add power.

~ In some embodiments the outer opticZZone includes at least two portions with
: relatlvely posrtlve power compared to the first power, separated by a portion with

the first power. In some embodiments, each of said at least two portions have the
same pow_er. Alternatively, each of_sald at least two portions have dlfferent

~powers. When the powers differ, the portion with relatively more positi\"/e power
~ may be located on the contact lens ata greater radlal distance than the portion

~ with relatively less power
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- Insome embodlments, the diameter of the inner optic zone and/or other add

power portions of the lens is/are selected to be a maximum while still maintaining
acceptable distance vision. The selection may be an iterative process, taking into

~account progression of myopla and the effect on distance vision of the portlons of

the lens with add power

In some embodrments, the inner optic zone comprises a meridian extending

across the optic zone.

In some embodiments, the inner optic zone is located off-set from the centre of the |
contact lens. In these embodrments the contact lens is structured to adopt - an

| orientation when fitted to the eye so that the inner optic zone is located’ off-set from

the centre in the nasal direction.
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In some embodiments, any zone that acts to co_rrect for the refractive error of the

- eye for distance‘rnay correct the refractive error to provide substantially clear

. distance vision.

. A method of pfcviding a contact lens for a myopic eye incl_udes providing a lens as’

10

15

20

described above with a proportion having a power to correct distance vision and a
proportion having an add power. The proportlons and/or the power profile and/or
the magnitude of the add power is then varied with an objective of influencing the

-rat_e of myopla progression and/or an objective of maintaining acceptable distance

vision. .

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

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

'Further generai aspects of the invention and further embodiments of the aspects

described in the preceding paragraphs will become apparent from the followmg
descnptlon and/or from the accompanymg figures.

Brief description of the fi gures
Figure 1: shows an eye that is normai sighted.

Figure 2: - shows a myopic eye viewing a distant object.

' 'FigLire 3. shows a myopic eye with lag of acCornm_odation.

Figure 4: _sho‘ws a plan view of an embodiment of 'a contact lens of the present '
invention. ' '

Figure 5: ~ shows a cross-section throngh the contact lens of Figun_"e 4,

N

- Figure 6: shows a myopic eye viewin_g distant objects through the contact lens

of Figure 4. -

Figure 7: sh_oWs’ a myopic eye viewing near objects through the contact lens of
- Figure 4. - ' :

Figure 8: shows a plot of relative power against radius for sever'al

embodiments of lens according to the present invention.
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'Figure 9: shows a treatment profile for myopia of increased relative curvature
 of field. | ‘

Figure 10: shows a plan view of another embodiment of a contact Iens of the

present mventlon

JDetalled descrlptlon of the embodlments

1. |ntroduct|on

As discussed briefly above, myopic eyes may experience a lag of accommodation

“when viewing near objects. Larger lags of accommodation may be associated with’

progres"sion of myopia. Due to the lag, it is possible that when reading near texts -

..or ob;ects the retina is exposed to blur or defocus (hyperopic). ThIS blur or

defocus has been theorised to act as a stimulus to eye growth.

One mechanism by which the accommodatwe error can be reduced~is with the use
- of a plus lens (a lens with positive power relative to the distance power of the lens)

d.uring near viewing. The positive power serves to bfing the image closer to the :
retina, thus reducing or eliminating the:lag of accommodation. Bifocal spectacles

“or multifocal spectacles such as progressive addition Ienses (superior zone of the

~ lens providing for distance vision and the inferior zone carrylng positive power
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relative to the distance zone to provide for near. wewung) may be used to provide -
such addltlonal positive power for near vnewmg '

“An |ssue with the use of spectacle Ienses is compliance whllst vuewmg at near

objects For the lens to be effectnve the lower portion of the lens with added

. positive power should be used ‘whilst looking at near objects. However, as there is
. no incentive to direct gaze through the_loWer portion of the spectacle, the patient,

particularly children, may tilt their head down whilst looking at near objects and
continue to use the distance portion of the lens, rather than the near portioh.

In this situation, a contact lens provides for better compliance as it is aligned with

. the eye thus ehmlnatmg the need for eye versus head. movements Also, in the

spectacle wearing S|tuat|on even in mstances where the child dlrects gaze
through the lower portion of the spectacle the gaze shift and eye movements that
occur behind the spectacle make it difficult to align the appropriate power with the
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“eye at all times. Given that the contact lens is placed on the front surface of the

eye and is completely alighed with the eye movemehts’ a contact lens that has an

‘appropnate power profile ensures that the chlld receives an approprlate corrective

power at all vrewmg distances.

2. Contact lenses with zones of different power

‘ Figure 4 shows a ptan view of an embodiment of a contact lens 100 for use in
correcting myopia. The lens 100 includes three zones and a transition zone. The
three zones are an inner optic zone 1, an outer optic zone 2 and a peripheral zone:

3. A transition zone 4 is located between the inner optic zone 1 and the outer optic

zone 2. All zones are within the lens's outer perrpheral edge 5, which i is

represented as a dashed line i in Figure 4

' 'anure 5 shows a cross-section through the drameter of the lens 100. In the .

embodiment shown the lens 100 is rotationally symmetric. Manufacture of
rotationally symmetric |enses may be simpler than asymmetrlc lenses. However
as explalned below, some embodrments of lens are asymmetrlcal The Iens

_ includes an anterior surface 6 and a posterior surface 7.

The lens 100 may be either a soft or a hard corneal contact lens. For example, the
lens may be-a silicone-hydrogel corneal contact lens or a rigid gas permeable |

corneal contact lens. The lens 100 may alternatively be a corneal on-lay, provided
on the cornea, below' the epithelium, which may for example have been scraped‘“""
away and regrown over the lens. Where the lens is a rigid contact lens or a

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

2.1 Drmensrons and power of themner opt/c zone

The diameter D1 of the inner bpt‘ic zone 1 apprc;ximates or is less than the pupil
diameter P1 during viewing at near distences. P1is typically between 2 and 4 mm, -
depenvding on the recipient of the lens. The near distance may cdrrespend to the
distance where there is more than negligible or insubstantial.lag of |

h ‘accommodation. The inner optic zone 1 rnay be about 10% of P1, up to about )

100% of P1. HoWever, it is expected that for many lens recipients, an appropriate -
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diameter D1 of the inner optic zone 1 will be selected from with the range of 50%

to 100% ofP_1'.

The power of the inner optic zone 1 is relatively more positivé than the refractive

pdwer of the outer optic zone 2. The'differenti’avl power of the inner optic zone 1to
the outer optic zone 2 may be selected fr.om\within a range'of approximately 0.5D :
and 4.00D. For example, if the outer obtic zdne 2 had é powef of -1.50D, then the -
inner optic zone may have a power from about -1.00D to 2.50D.

In some embodiments, the_pbWer of the inner optic.zbhe‘ 1 is selected having
regard to the lag of accommodation of the myopic eye when viewing at near
distances. For example, the power may be selécted_ to substantially reduce or to
eliminate the lag of accommodation. The power may then be selected to be
substahtially, uniform across the inner optic zone .1. This approach may be
particularly appropriate when the inner optic zone 1 is larger (i.e. 50% of P1 or

- . more). Inother embodiments the poWer'méy vary across the inner optic zone 1,
15

whether or not the inner ‘optic zone is 50% of P1 or more and at least a portion of
the add power may be more than that required {o correct lag of accommodation.

Embodiments where add power of the inner optic'Zone,i'smore than that required
to correct the lag of accommodation may be particularly appropriate where the -
inner optic zone 1'is less than 50% of P1.

' The selection between a smaller or larger inner optic zone 1 may be based.on the

pupil diametér of the recipient of the contact lens, subjective acceptance of the
contact lens 100 and having’vr'egard to the requirgqrypr'opor'tion of plus power zones '

(see below).

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

as éxtending from the centre of the lens to a certain diarﬁeter, so as to represent a

solid disc When viewed from the anteripr surface of the contact lens. The inner

optic zone 1 could however have another shape, other than circular, although this

mayi increase the complexity of manufacture.
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2.2 Diameter and power of the outer optic zone

‘The outer optlc zone 2 is annular, with an inner diameter equal to D1 (when both

zones are measured from a mid point in the transition zone 4) and an outer
diameter D2. The outer Adiameter D2 approximates the pupil diameter'PZ during
viewing at distant objects. P2 is typically between 3 and 8 mm vdepending on the
patlent In other embodlments the outer optic zone 2 may be larger than P2

The outer optlc zone 2 has a refractive power chosen havmg regard to the myopic

~ condition of the eye to which the contact lens 100 is to be applled For example, in

many embodiments, it is expected that the refractive power will be chosen to gtve
the eye substantlally clear distance vision. In some embodiments, the outer optic |
zone 2 has a substantially constant power with increasing radius. In other
embodiments the outer optic zone 2 may include a plurality of sub-zones with
different powers In these other embodiments, a substantial proportion of the outer

~ optic zone 2 is still allocated to correctmg drstance vision of the myoplc patrent -
2.3 Select/ng and ad/ustrng contact lens desrgn parameters '

“The proportlon of the lens occupied by the one or more zones of add power

relative to the distance correctmg zones can be adjusted by adjustrng any one or
combrnatron of the vanables ' |

The size of the lnner optic zone;

The power profile of the inner optic zone (e.g. whether it has substantially
uniform power across its radius, or whether there is a plurality of powers across ‘

 the radius, for example a smooth aspheric function or a stepwise fUnctton);'

The power profile of the outer optic zone.

.In some embodlments approximately 40% to 50% of the entire field of vision under}

normal indoor lighting conditions when the eye is viewing a_.dtstant object is
allocated to correcting distance vision. In other embodiments approximately 50%

1o 60% is allocated to correcting distance vision. In other embodlments at Ieast

70% is allocated to correcting distance vision.
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A method of treating myopia therefore includes an‘ iterative proéess of prescribing - "
a lens with a first proportion allocated to distance vision and a second proportion
allocated to ohe or more zones with relatively plus power. The distance vision is
then evaluated and the relative proportion of distance vision correction "zones and
relative plus power zones changed to reach or get closer to a required broportion
of plUspower zones, while maintaining acceptable distance vision. The required
proportion may be the maximum that still maihta'ins acceptable distance vision.

For example, the method may include commencing with a lené with an inner optic
zone of diameter D1 subétaritially equal to the pupil diameter when the 'p'atient is
vnewmg near objects in normal indoor light conditions and a dlameter D2 '
substantially equal to or greater than the pupil diameter P2 when the patlent is.

’_V|ewmg dlstant_objects under the same llght_condmons. The distance vision of the

patient may then be evaluated. If the distance vision is vacceptable, the proportion

of relative plus power may optionally be increased, by incréasing the diameter g_jf .

the inner optic zone and/or providing a plus power sub-zone in the outer optic
zone. The distance vision of the patient may then be re-evaluated and the
proportion adjusted if necessary. Thls process of i mcreasmg the proportion of plus

'power with acceptable distance vision (whlch may include patient acceptance) as
“a criteria for limiting the proportlon may be adopted, for example, if the patient's

myopia is progressing past a certain level and/or based on the lag of
accommodation and/or based on the amount of defocus as determined at the

) peripheral retina. For example, the process may be adopted if the patient is

pfbgressing more than 0.5D per year or more than 0.7D or 0.8D per year. If the
distance vision is not acceptable, the diameter of the -inner'optic_: zone may be
decreased and/or any relative plus, power zone in the outer optic zone decreased

in size or removed.

“In addition to, or instead of varying the proportion'of relative plus power ZOnés, .the

relative positive power of the plus power zones may be varied, using a similar
approach as described above (e.g. ‘increa"sing the power of the plus power zones -‘
until a limit of acceptable distance vision is reached, perhaps less a buffer). Also, |
as described above the power profile may be changed, between constant and
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variable power across the inner optic zone and between different rates and/or

'magnltudes of change within the inner optic zone.

The desngn of a lens for a pat|ent may be made with reference to the rate of -
myopia progression after an initial contact lens 100 has been fitted for a period of

" time, for example 3 to 6 months or 12 months. For example, the practitioner may

start with a lens with an inner optic zone 1 of diameter D1 subéta'ntially equal to.
the pupil diameter with the patient is viewing near objects in normal indoor light
conditions and a diameter D2 substantially equal to or greater than the pupil ‘

, diameter P2 when the patient is viewing distant objects. The entirety of the outer

optid zone 2 is dedicated to distance vision correction. After the evaluation period
has expired, the prereSsion if any, of mybpia is measured and if this above a
certaln threshold, for example above an annual rate of 0.5 D (or in other
embodiments more than 0.7D or 0.8D per year or some other rate, which may be

determined as being a required reductlon in the rate of progression in comparison

to before the contact lens 100 was fitted), then an increased proportion of the lens

' méy be dedicated to relative plus power and/or one or more plus power zones

may be given an increased relative poéitive power and/or the profile of the inner
optic zone may be changed, for example from the general profile of lenses L1-L3

to the general profile of lenses L4-L6 (see description below and Figure 8).

The design of a lens for a patient is made in conjunctlon with the selection of the R
power of the lens. For lnstance a practltnoner may select the portlon of the outer

optic zone dedicated to distance vision correctlon to unde_r correct the myopia, for
_example by about 0.5 D or about 0.25 D. It has been theorised that for at least
~ some patients under correction may assist in reducing the rate _of progression of '

.myopia.

For example, a practmoner may

1. Identify the myoplc correction reqwred and adjust if requnred for example to
" under correct the myopia: this will set the power of the outer optlc zone 2;

2. Identnfy the relative. posmve power reqmred to focus the rays from a near object |
toan |mage point closer to, on, orin front of the retlna this will determlne the
power of the |nner optlc zone 1;
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3. ldentify the power for any relative plus power subzones in the outer optic zone
2, which may be initially selected to match the power identify in step 2. .

4, Adjust the relative proportion of plus power zones toidistance correction zones

as described above.
After the patient has worn the lens for a period of time, the practitioner may:

5. Re-evaluate the vision of the patient and identify any correction required to the
relative power and/or relative proportion of plus zones to distance correction

zones;
6. Prescnbe a second lens wrth the adjusted power proflle

The practltloner may of course continue to monitor the patient and repeat the

steps descrrbed above periodically to maintain acceptable vision and in response

to measured progression of myopia, if any.

‘ Examples of the power profile are descri.bed _below with reference to Figure 8 and
it will be apprecia_ted that each of these may be modified to achieve any required

proportion of zones to distance correction and zones with reiatively positive power.

2.4  The transition zone

' The transition zone 4 between the inner optic zone 1 and the outer optic zone 2

blends the inner and outer optic zones, so as to provide a continuous power

profile. The transition zone 4 may be provided where there is a step wise change

between the power of the peripheral,part of inner optic zone 1 and the power-of

‘the inner part of the outer optic zone 2. In other embodiments where the power:

across the inner optic zone 1 and/or the outer optic zone 2 changes with diameter

- and both intersect, no separately designed transition zone 4 is necessary (the

trahsition is an inherent part of the design). In some embodiments, the transition

zone may be narrow, so that the power proflle effectrvely includes a dlscontlnurty

2.5 The penpheral zone

‘ The perlpheral zone 3 is shaped to rest on the sclera of the eye and acts to locate

and retain the contact lens 100 in place. As prevrously mentloned when the
contact lens 100 is a corneal on-lay, the perrpheral zone 3 may be omitted.
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2.6 . Effect of the contact lens

Figures 6 and 7 show a myopic eye viewing distant and near objects through a
contact lens 100 of the type shown in Frgures 4 and 5. In Figure 7 the dashed Iines. :
show the path of light rays through the lens 100 and the solid lines show light rays
without the lens 100 for the purposes of comoariSOn. In this example, the lens 100
has been designed so that iight from a near object Vpassing through the central

optic zone is focussed on the retina or in other words the inner optic zone 1 has

- been designed to eliminate the lag of accommodation by placing the image of near.

objects on the retina. Figures 6 and 7 only show light rays for the portion of the
lens designed for the distance of their respective objects. In particular: Figure 6

“only considers the light rays through the portion of the outer optic zone 2 that has

been designed to correct distance vision and not the relatively positive powered

~_inner optic zone 1; Figure 7 only considers the light rays through the portion of the

inner optic zone 1 that fully corrects the lag of accommodation

' '2 7  Power profile embod/ments and m/salrgnment of the pupll centre wrth the

- /ens centre

- 20

25

- 30

multrzone lenses L1 - L6 where

Fi igure 8 shows a graph rllustrating examples of possrble power profiles across the
inner optic zone 1 and the outer optic zone 2, piotted against the radius of the

~lens. The graph has been drawn to show the power differential of the lens relative
~ to the power required to correct the distance vision of a myopic patient. In Frgure

8, the reiati_i/e power difference is plotted on the vertical axis with a unit of power in
dioptres (D) and the radial distance from the lens axis (or simply radius) is plotted
on the horizontal axis in millimetres. Figure 8 shows the profiles of six drfferent

L1 has an inner zone 1 with a differential power of a maximum of 2D

that peaks at the centre (radius Omm). The outer optic zone 2 may be \_/iewed as

commencing -anywhere between a radius of about 0.5t 1.0 mm; the two zones
combine to form a continuous and relatively smooth power profile. The outer optic
zone 2 includes two sub-zones: an inner sub-zone having a substantially constant
power selected to correct distance vision; and an outer sub-zone with positive'

- power differential, commencing at about a radius of 2.25 mm.
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L2 Has a similar power dlfferentral profile to the lens L1, except the outer ,

| , Opth zone 2 is entirely dedicated to correcting distance vision.

L3 - Has a similar power differential profile to the lens L2, but with a larger

~ diameterinner zone 1 and a slower rate of change across the inner zone 1.

L4 Has an alternative ‘near and distance ‘ring’ structure, including a .

positive power inner zone 1 of 2D more positive power than the power required to

~ correct distance vision. The outer optic zone 2 commences at a radius of about 1

mm. The outer optic zone 2 includes 3 sub-zones: a ring at the power to correct

- distance vision; a positive power ring of 2D more poeitive power than the power .

required to correct distance vision between a radius of 1.5 mm to about 1.9 mm;
and then another ring to correct distance vision. In other embodiments more rings
may be provided, alternating between the power for d'istance correction and a
retatrve positive power. Each ring of relative positive power may have the same .
power as each other ring, or the power of the rlngs may differ. ‘

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

L6  This Iens provrdes a larger diameter inner zone 1 and a transition
zone 4 Iocated generally between a radius of 1.0 mm.and 1.75 mm. The outer
optlc zone 2 has a constant power with radius. ' '

- L7 Thls lens provides an inner zone 1 wrth relatlvely constant power of -

abou_t 1.5D more positive than the distance vision correction. The inner zone

~ diameter is about 2 mm (1 rm radial distance from axis). The outer optic zone is

divided into an inner sub-zone between about 1 mm and 2 mm radial distance and
an outer sub-zone beginning at about 2 mm radius. The inner sub-zone provides

" a constant-power for correction of distance refractive error while the outer sub-

zone repositions the perlpheral image points forward by providing increasing (up to

+1.5D) perlpheral power

A lens of a configuration like Iens L1 may. account for possrble misalignment of the
pupil centre with the lens centre by still providing adequate power at all distances.
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For exampie, if the pupil cenfre is decentred by 1.0 mm, then when the wea_rér is

Iooking at near dbjects the inner optic zone 1 will not be effective to pr'ovi‘de
adequate pbsitiv‘e power. The outer sub-zone of the outer ept_ic zone therefore

~ provides the required difference, or at least reduces the shortfall. The positive
- power ring in lens L4 may also deal with misalignment of the pupil centre with the
- lens centre in a similar way and other embodiments of lens may include two or

more positive power sub-zones that assxst wuth near vision- when the lens is not

aligned with the pupll

2.8 Rotat/onally symmetric and asymmetnc embodrments :

Whlle the foregomg description has predominantly focussed on rotatlonally ‘
symmetric lenses, other lens configurations- may be used. For example, instead of
a generally circular inner optlcal zone 1. (vnewed from along the central/opt:c axis of

 the Iens) the inner optical zone 1 may be a meridian extendmg across the lens.

The meridian may be 0.5 to 3 mm wide, matthng the diameter of the inner optical

. zone 1-described previously. The meridian may terminét_e at the peripheral zone 3. |

In this embodiment, the outer optical zone 2 would be two meridians, one on each -

.'side-of the inner optic zone 1. Figure 10 shows the general structure of a lens 50

of this configuration with a meridian inner optic zone 51, a first meridian duter_ optic
zone 52, a second meridian outer o_ptic zone 53 and a periphe'_ra__l zone 54. As with -
the lens structure s_hown‘i‘n Figures 3 and 4 the peripheral zone 54 may be
omitted for a hard contact lens or corneal on-lay. The power profile along a vertical .
half-meridian (with reference to the orientation of the lens 50 shown in F igure 10)
may be a'rfy of the profiles described above with reference to Figure 8.

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

: posmon when the eye moves then the inner optical zone 1 may be Iocated off—
~ centre. This location may reflect the inward movement (towards the nose) of the

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

In some embodiments, the contact lens 100 is designed to prowde a penpheral

.treatment proflle
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31 A pen'phéral treatment profile for myopia

A form of peripheral treatment profile for myopia is increased relative curvature of
field. The lens is designed so that images coming to a focus at the peripheral |

retina are shifted forwards so that they come to a focus to onto or in front of the

 retina. The use of a contact lens to control the relative curvature of field to this end

is desb_ribéd in international patent publication WO 05/055891 A1, the content of
which is incorporated herein in its entirety. Figure 9, which is a reproduction of

~ Figure 3a of WO 05/055891 A1 shows the manipulation of peripheral images, by
the moving forward of the focal point in front of the 'retirja. |

3.2 Example lenses that may provide a péﬁpheral treathjent profile

The ‘lens L1 represented in Figure 8 may provide a peripheral treatment profile for
myopia. As previously'discussed, in addition to the relatively positive power inner:

: opti'c‘zone 1, the lens L1 has an outer optic zone 2 including an outer sub-zone
_with positive power differential, commencing at about a r‘adiusv,of 2.25 mm. Both

the inner optic zone 1 and the outer sub-zone act to move peripheral im_ages
forwards. However, increased freedom of design to place peripheral images on or
in front of the retina maylbe available with the puter sub-zone, .é_ince the inner sub-

“zone may be constrained by the requirement to provide clear vision at near

distances.

The ‘ring’ desigh lens L4 represented in Figure 8 may aléo provide a periphéral

~ treatment profile for myopia. In this lens the ring comm‘eh«éing at a radius of 1.5

mm acts to shift peripheral images forwards. In other embodiments, several rings
may be present, each of which move peripheral images onto or in front of the
retina. The rings may be constant width or alternatively may change in width, for

~example with the Qutér rings being wider than the inner rings.

" As discussed above, the relatively positive power sub-zones within the outer optic
" zone 2 may be useful in dealing with possible misalignment of the contact lens 1

with the pupil. In some embodiments, the relative positive power sub-zones may
have a power selected to match that required to clearly focus near images. The

_ practitioher may check whether this also plabes peripheral images through that

part of the lens on or in front of the retina. If not, the power may be increased to
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| . achieve this objective. Alternatively, the practitioner may design the relative

positive power subzones of the outer optic zone 2 with the objective of peripheral |
image confrol, substantially- without regard to the power required to clearly view
near objects. Where there are two or more relative positive power subzones, an

inner positive power subzone may have a power that takes account of near object
‘vision requirem'ents and an outer subzone may have a power desighed with
'reference to peripheral i |mage control, for instance by having a power, differential
: hlgher than that required to correct the lag of accommodation of the eye.

A practltl_oner may start by prescribing a lens with a power profile with a leseer '
area with relative positive power and then progress to lenses with increased areas

of relative positive power if myopia progression is still an issue. For example, a

practitioner méy start by vp_rescribing a lens that has an inner optic zone 1 with
reduced diameter relative to the pupil diameter when viewing near objects and the

~ entire outer optic zone dedicated to distance vision. If myopia is still progressing,

the practitioner.may ihcrease the area of the inn_er-_optio zone 1 to approximate the
pupil diameter. Next the practitioner may add a relative p.osit_ive power sub-zone to
the outer optic ione and may continue to increase the area of relative positive
power sub-zones until enther the myopia progressron is halted or an unacceptable '
level of distance vision is reached. '

‘As prewously mentloned drfferent comblnatlons of lenses may be formed, for

example by combining the lens L1 with one of lenses 4 to 6 to control the posmon
of perrpheral images. _ . o - :

The locatlon and shape of the relatively posrtlve power 'sub-zones may be selected o

to avoid any |mage priority zones that are in or extend into the outer optic zone 2.

The combination of image priority zones with peripheral image aberration is
described in international patent publication WO 2007/082268 A2, the content o‘f
which is incorporated herein it its entirety. For eXampIe, referring to Figure 8, a
len‘s may have a powe'r profile of the general shape of L1 along_ most half
meridians, bot have a power proﬁle of the general shape of L2 along one half
meridian, that half meridian having a width of between 0.5 mm to 3 mm..
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/

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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Claims:

1.

15

25

A contact lens for myopia, the contact lens comprrising an inner optic zone
with a diaméter of between 1 mm and 4 mm, a transition zone and an outer -
optic zone surrounding the transition zone, the outer'optic zone having at
least a portion immediately adjacent'éaid transition zone with neg_ative

power, wherein the inner optic zone has an add power portion with a

~ substantially constant add power relatlve to the negative power of between

0.5 diopters and 4 dlopters inclusive, and wherein the transition zone '

. occupies a radial distance of 0.5 mm or less.

The contact lens of claim 1, wherein the inner optic zone has a diame{er

between 2 mm and 4 mm.

- The contact lens of claim 1, wherein the inner optic zone has a diameter of

less than 2 mm.

The corneal contact lens of any one of claims 1 to 3, wherein the outer optic

zone includes at Ieast a portion with a third power, relatively more positive

than the negatwe power, whereln the pomon with a thlrd power is distinct

from the inner optlc zone:

The corneal contact Iens of claim 4, ~wherein the third power is substant:ally |
equal to the power in the add power portion. ' '

The corneal contact Iens of claim 4, wherein the third power is different to the
power in the add power portion. '

T_he corneal contaot lens of claim 6, wherein the third power is g}eater 'than
the power in the add power portion. -

The corneal contact lens of any one of claims 1 to 7, wherein the oui_er optic -
zone includes at least two portions with powef greater than the power in the

 add power portion, separated by a portion with the ﬁrst power

The corneal contact lens of claim 8, wherein each of said at Ieast two -

| portlons have the same power.
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11.

12,

20

The cornealt'c'ontact lens of claim 8, wherein each of said at leasttwo.

-portions have d;fferent powers.

The corneal contact lens of claim 10, whereln the portion with more positive

power is located on the contact lens at a greater radial dlstance than the

- portion wuth a lesser power.

A contact lens for myopia, the contact lens comprising an inner optic zone

| _-a'nd an outer optic zone immediately surrounding the inner optic ione, the

~ outer optic zone having at least a portion with negative pewer'and the inner

10

13.

15

20

14.

15,

16.

25

30

17.

~ optic zone mcludmg a central portion with an add power relative to the -
- negative power of between 1.5 diopters and 4 diopters inclusive, wherein the

inner optic zone has a dlameter of between 1 and 4 mm.

The contact lens of claim 12 wherein the add power of the inner optic zone
progressively reduces W|th an increase in diameter and wherein the power

_ profile of the inner optic zone equals the power of the outer optic zone at the

lntersectlon of the inner optic zone with the outer optlc zone.

The contact lens of cla;m 12 or claim 13 whereln the outer optic zone has a
substantially constant. negative power with radius. |

' The contact lens of any one of claims.12 to 14 wherein the central portion

has an add power relative to the negative power of between 2.6 diopters and

" 4 diopters inclusive.

A method of treating myopia, the method compfising:

o p‘rovidi'ng a corneal conta_ct lens with an outer optic zone having a
ﬁegative power designed to correct for the refractive error of the eye for the
distance and an inner.optic zone having a relatively positive power’in

’ companson to the outer optic zone; and

- selecting the diameter of the inner optic zone to control the.progression .

of myopia while still maintaining acceptable distance vision.

A method of treating myopia, the method corhprisin'g: |

providing a corneal contact lens that includes within an optic zone one

~ or more first portions with a power designed to correct distance vision and
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21.

23.

20
24,

25.

22.

21

one or more second portions with relatively positive power in comparison to

the one or more first portions; and

selectlng the proportion of the one or more first portions relative to the
one or more second portions so as to control the progression of myopia

- while still maintaining acceptable distance vision.

The method of ciaim 17 comprismg selectlng the power of at least one of the
one or more second portions so as to control the progressron of myopia.

The method of claim 17 or claim 18 comprising -selecting the poWer ofat
least one of the second 'portion‘s to correct lag of accommodation in the eye

with myopia. |

| The method of claim 19, wherein at least two second portrons have power

selected to correct the lag of accommodation.

The method of claim 19 or claim 20, wherein at I‘east"on'e second portion has -

- apower _g'reater than that required to correct the lag of accommodation.

- The method of any one of claims 17 to 21, wherein at least one second

portion has a power designed to brmg to focus rmages at the perrpherai |
retina on orin front of the retma ‘

- The method of any one of claims 17 to 21, wherein at least one second
portlon has-a power designed to bring to focus images at the peripherai

retina closer to the retrna

,'A method of treatrng myopia in an eye with lag of accommodation the
“method comprising providing a lens with an inner optic zone and an outer

optic zone, the i inner optic zone correcting for the lag accommodation and

‘the outer optic zone correcting distance vision.

The method of claim 24, wherein the inner optic zone is selected to be
approximately the same diameter as the pupil of the eye when viewing near

objects. o



10

- 15

WO 2011/106838 PCT/AU2011/000235

26.
27..
- 28.
29.
'30. .

31,

20

25

- 32.

30

22

The m‘ethod”of claim 24, wherein the diameter of the inner optic zone is
selected to be less than diameter of the pupil of the eye to which it is to be

- applied when viewing near objects..

The method of claim 24, wherein the diameter of the inner optic zone is

| _selected to be greater than diameter of the pupil of the eye to which it is to

be applied when viewing near objects.

‘The method of any one of claims 24 to 27, wherein the outer optic zone has

a substantially constant negative power across its entire radius.

The method of any one of claims 24 to 28, wherein the outer o’ptic zone
includes a plurality of sub-zones, wherein a first sub-zone has a power

'selected to correct distance vision and a second sub-zone has posutlve

power relative to the first sub-zone

The method of claim 29, wherein the second sub-zone is designed so that '
images at the penpheral retina are brought to a focus one of closer to on, or

‘in front of the retina.

A CQntact lens for treating an eye with myopia, the contact lens comprising

an optic zone including an inner optic zone and an outer optic zone, the
outer optic zone including at least a portion with a first power, that acts to
correct distance vision of the eye and the inner ooti'c zone including at least a
portion with a second power, relatively positive than the first power, wherein
the inner ootic zone comprises a meri_dian extending across the optic zone. |

A contact lens for treating an eye with myopia, the contact lens COmpri‘sin.g

: ‘an optic zone including an inner optic zone and an outer optic zone, the

outer optic zone including at least a portion with a first power, that acts to

“correct disfan'ce vision of the eye and the inner optic zone including at least a

portion with a second power, relatively positive than the first power, Wherein
the inner optic zone is located off-set from the centre of the contact lens and

" wherein the corneal contact lens structured to adopt a‘particulor orientation

when fitted to the eye so that the inner optlc zone is Iocated off-set from the
centre in the nasal direction.



