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The iovention provides an ophthalmic lene comprising one or more oblique
prismatic comporent, wherein the lens slows myvopis progression and/or treats or
provents myopia or 8 disease or condition associated with myopia. The one or
mare obligue prismatic components way be base-down or bass-down and base-in
ar base up and base-in. The one or more obligue prismatic components may be
central amd/or in 2 distance and/or near zone of the ophthalmic bons. The tnvention
also provides an ophthalmic lens comprising a central base-down prism in &
distance sone wheretn the lens slows myopia progression and/or troats or prevents
myopia of a disease or conditton gssociated with myvopia. Also provided is an
optical device comprising one of more ophthalmic lenses and a method of
stowing myopta progression andior ireating or preventing myopia or 8 diseass or

condition associated with myopia tncluding using one or more ophthaimic lonses.
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TITLE
SLOWING MYOPIA PROGRESSION ANIDVOR THE TREATMENT OR
PREVENTION OF MYOPIA OR A DISEASE OR CONDITION ASROCIATED
WITH MY ORI
FIELD
THIS INVENTION deseribed herein velotes penerslly to 9 leus, deviee and

methad for 'sfi{)wiﬁg‘ myopia progrossion andfor the treatmgnt ot prevention ot

prism or & contral base-down prism and method for slowing myopia progression

and/or the treatment o prevention myopta or g disease or condition associnted

with nyopis using the lens or deviee, although the scope of the invention is ne

necessarily mited thereto.

BACKGROUND

Myopia 13 an tnportant global cause of reduced viston and i one of
privrities for the "Viston 20207 intbative by the World Heslth Orpandsation
{WHOL The onset of mvopia, or short-sightedness, can secar in infants, childron
o adults. When myopia onset occurs i children the fevel of wmyopia can keep
inoressing wnt! adubthood. The progression of mveapis to high levels can have g
negative impact on the quality of e and inoreases the rsk of senous eve
problems such ss glaveoma and reting] degenerations i later B A varlety of
factors have beon shown to be involved n wyyopiy progressivn incluting
suvironmenial factors and genctics.

Some studies have shown hitocal spectacles can slightly slow mvopic
progressian in children, Howsver, fmproved trostments are roguired 0 mose
effectively slow andior treat myvapia,

SUMMARY.

The present fovention is broadly dirscted to an aphthabnie lens, device
and mothed Bor slowing myopia progression andior the trostment and prevention
of myopta or a disease or vondition associsted with myopia. Surprisingly, the
iventors have discovered thal an ophthalniie lens comprising @ vertical or an

ablique prisos may slow myopia progression and/or {roat or preovent myopia or &
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disease or condition sssociated with myopia. OF sigrificant advantage, the
invention wwy reduce extra-ocular muscle tonsion and thereby slow myopic
progression andior tregt or provent myopla or 2 dissase or condition associated
with myopia. The present inventors have glso provided an ophthaimic lens and
deviee comprising a cenfral base-down prism in g distance zone that may also be
able to slow mvepis progression andior treat or prevent mvopia or & discase or
conditton gssocinted with myopia.

In 2 first aspect there is provided an ophihalinic lens comprising one or
mwve vertival or obligoe prismatic §¥§ﬁ§§§{}ﬁi§§?§iﬁg wherein the lens slows myopia
progression andior treals or prevents myopia or a disease or condition assoviated
with myopia.

In one smbodiment of the fest aspoct the one or more vertical pristmatic
components may be comprised of base down prism oy the one or mnre obligue
prismistic eomponents may be comprised of base-down and base-in prism.

The vertival prismatic components may be comprised of base down prism,

The oblique prsmatic components may be vomprised of base down and
base it prism.

In another embodiment of the fisst aspect the one or more oblique
prismatic cormponents tay he comprised of base up and base-in prism,

In one embodiment of the first aspest the one of more vertical or obligue
prismatic components may be central,

The contral one or more obligue or vertical pristaatic components may be
central fo the divection of the gaze.

Iy one ombodiment of the first agpect the oue o more obligue or vertieal
prismatic componenty may be in o distanee zone andior 2 near sone of the
ophihslm loos,

T one ombodiment of the first aspect the one or more obligee prismatic
components may be sriented at | 1o 45 7 obliguity o the vertical mieridian (90 )
In preferrad embodiments the chliquily mav be S 10 45, S0 355 S 0 2% o S 1o
107 10 the vertioal mendian (90 %), The obliguity may be 1,2, 3,4, 5,6, 7.8, &,
HLLL 02005, 14013, 16, 17, 18,18, 200 21,22, 23,24, 35, 28, 27 28,29 30,34,
32,33, 34 33 36,37 3R, 3040 41 42 43, 44 oy 45 ¢ o the vertical mendian

e
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907,

The angle of the ubhiquity may he soustant or vatiable.

The mapnitude of the one or more obligue or prismatic components may
be constant of vanable,

The obliguity andior power may increase fom 3 distance centre Id & near

wone cenfre of the lens

The oblguity and/or power may cach be an independent continuous
function

In an tlustrative embodiment the prism diopitie level and oblinuty may

increase from 1O & and 0 7 respectively: 0 2.0 & and 4 9, respeotivelyi 10 30 4

and § “ respectively: to 4.0 é: and 21 °,
In another Hostrative embodiment compnising & plurality of base-down

snd base-in obligue prisms, the obligue prisms may comprise progressive addition

of prismatic power fom 4 A 8 A

The magnitude of the prism dioptres of the one or more oblique prismatic
components py be 0.1 02, 03,04, 05 1.0, 1.5, 20, 2.5, 3.0, 3.5, 40,45 5.0,
35,60 65 70 78 S0 85,0005 100, 105 1100, 118 120 128 130,
135, 140, 145, 150, 155, 160, 165, 170, 175, 18.0, 185, 19.0, 195 oy 200,
In ane embodiment the dioptrie level Is between 0.1 and 200, 0.5 and 13 prism
dioptres. In another embodiment the dioptric level is betwesn 4 und 12 posm
dioptres.

The angle of the obliquity aod/or the magninde of the one or more
obligue prismatic componenis may be o constant or variable fonction. In g
preforred embodiment e angle of the obliguity andlor the magnitide of the ong
or more shlique prismatic compones i g consiant function,

The angle of the obliquity of the ose o mure obligue primmatic
conponents may be vaniable from the distance centre 1o the near zone cenire.

The magnitude of the one or more ohligue wismiatic components may be
variable from the distance centre 1o the neat zone conire,

In one eibodiment of the first aspect the merpupiilary distance may he
40 1 80 nun. o a prefecced mbodiment the intor-pupiilary distance may be 838 {o

70 mom. The ister-pupiilaey distance may be 40, 41, 42,43, 44, 45, 46,47, 48, 49,
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152, 83, 34, 55, 5‘6; 5758, 59, 60, 81, 62, 03, 64, 05, 66,87, 68, 68, 70, 71,

in ong s‘éﬁﬁ}{stimmﬁ: of the first agect the near inter-pupiliary distasee may

bhe 35 t0 75 . In s preferred embodiment the newr Inter-pumibiary distance mav
H P 3 3

be 48 to 68 nun. The near inter-pupiltary distance roay be 35, 36, 37,38, 39, 40,
41,42, 43, 44, 45, 46, 47, 48, 49, 30, 51, 52, 93, w 55,56, 57,58, 59, 80, 61, 62,
03, 64, 65 06, 67, 68,69 70, 7172 73 T4 or TS mm.

In one embodiment of the fest aspect the lons may further comprise
progressive addition of positive diopiric power andfor or one or more distingt
10 zownes of positive addition dioptric power,

The positive dieptic power may be comprised i a single vision power

ens.

s,

lens, bitoeal lens, a trifocal lens ot @ progressive sivle

>y

In onc embodiment of the fivst aspect the slowing of myopia progression

and/or trestment or prevention of myoma nay be over & period of time. The
15 period of Hme may be weeks, months or yoars

In one embodiment of the fisst aspeet one or more obligue pristuatic
COMPOnents comprises ot i3 4 central base-down and base-in obiligue prism,

in one embodiment of the Grsl aspedt the one or more obligue prismatic
componenty comprises or &8 a plirality of base-up and base-in oblique prismatic

20 components.

In one embodiment of the first aspect the pphthalmic lens comprises
progressive addition and the one or more obligue prismalic components
comprises of ¥ 8 plurality of base-down and hasedn oblque prismatic
caanponenis,

25 i one smbodiment of the fust aspect the ophthalmice lens reduces extty

acular wuscle tension or forves. The tenston and forees may be reduced during

avtivities that require angled gaze. The angled save may Be down and i or up and

in.
In g second aspect theve ia provided sn ophthalmic lens comprising u
S0 contral base-dows prism v 3 distanve zone wherein the lens slows myopia
ogression andior breats or provenls myopla tr g diserse of condition gssociated

with myopia.
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In one embodiment of the second aspect the slowing of myepis
progressivon andior treatment or prevention of myopia may be over a period of
e The period of time may be weeks, months or vears.

In a third aspect there is provided an optival device comprising vne of
mote ophthabmic lenses, the ove or more lenses each comprising the lens of the
first ot seoond smbodinent.

The optical device may comprise & distance, intermediate or near single
viston opticgl device,

o g preforred embodiment of the third aspect the optical device comprises
spectacies.

In another embodiment of the third aspect the uptical device comprises
ong or more variable ophthalmie leos wherein the one or more obligue prismatic
components or the central base-down prism It & distance wone is sltered with
chanping saze angle.

The gaze angle may be tracked with 2 camera.

Agcording to any above aspect the slowing of myvopia progression andior

ireatment or prevention of myopia or a disease or condition associated with

myopia may comprise slowing or slopping an increase in axisl lenpth andior

reduging extra-ocular musele fension or foress.

In a fowrth aspect the nvention provides s method of sowing myops
progression and/or treating or preventing myopia or a dizease or condition
aesovtated with myopis inchsling wsing one or more ophthalmic lonses according
1o the first ur second aspect or an optical devive sccording 1o the third aspedt
thereby slow myopia progression and/or treat or prevent myopia.

in o sixth aspect the nventlon provides & msthod for slowing myvopia
progression and/or fresting or preventing wovepis or g disease or condition
associated with myopls including dentifving optical or eyve longth changes
assoniated with extra-ccular puscle tension or forees and correcting or inhihiting
the sptical ot oye length changes with an ophthalmic lens acoonding to the first o
speond embodiment or the optical devics according to the thind embodiment,

In one embodiment of the sixth sspect the optical or ove length changes

may comprise changes due o extea-ocular musele tension related to angle of gave.
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In a sevoreh gspedt the tovention provides 2 methed for measwing
change in optical correction required with paze angle comprising:
messwing & Heat axial imeasurennent of an oye at a first gaze angley

measuring two or more Rurther axial measarements of the sve at respecti

additional ond different gare angles; and

analvsing the first and further axial measurements to determine the change

The method of the seventh aspect wmay further comprise spplving the
determined change in optival corroction to design a lens.

I an eighth aspect the fnvention provides an oplithalmic lens designed
apcording o the seventh aspect.

In a ninth aspect the invention provides a patr of speciscles comprising
ane o two oplthalmie lonses of the sighth aspect

The one or twe oplthalmic lonses may comprise a vanable long

The spectacies of the ninth gspect may be for intermedinle and/or neay

The intermediste task may be computer work

The pear task may be reading handbeld material such a3 & book, e-book,
taldet computer, phone, elecirome devite, magaeinge or newspaper.

In a tenth wepedt the fnvestion provides a methed of designing g lens
mcluding measuring chanpes in asipl length assoctated with paze angle and
elimingting or correcting these changes with 2 lens comprising one o more
oblique or vertical prismuatic somponents.

The measuring changey in axial lenpth decording to the cighth sspest may
comprise the method of the seventh aspect,

o an oleventh gspect the invention provides a devics for messiing &
chiangs in opticad corection requived with gasre angle vomprising:

& biometer for measpring & st aval measrement of an eve gt a first paze

angle and for messuring two or more fRirther axial measuroments of the syve at

ot

respective additional and different pase anples.
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The device of the eloventh aspect may comprise a tilting deviee for
altoring the angle of the biometer relative to the eve,

The ulting devies may vomprise 8 mechanical deviee or an optivel device,

The device of the eleventh aspect may comprise & head toacker to track @
subtect’s head position during the first and further messurements.

The bead tracker may track bead position in 3 -axes comprising oll, pitch
and vaw.

According 1o sny above aspect the discase or condifion associated with
sayenia may compwise one or more of catarsct, plancoms, chonoretinal disease,
retnal detachunent, lacquer crack, chonoretinal wtrophy, latlics degeneration
anddor posteniot viteeous detachment,

As used hevewn, except where the context reguires stherwise, the torm
“coanprise” und variations of the term, such as “comprising”. “sonyrises” and
“eomprised”, are not intended to exclude further additives, components, infegems
OF steps,

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the present invention may be readily understood and put intn
practical effect, refirence will now be made o the sccompanying lustrations,
wherein ke rofbrence numerals refor to ke fewtures snd wherein

FH 1 shows variable power and angle lens according to one embodiment

of the fvention.

FIGR. 24, 2B, 2 and 4 show variops smbodiments of a lews sccording to
the invention.

FPIGR. 5& and 5B show s schematic disgram and digital photo of one
embodinent of 3 measuring set-up suitable for use in the nventivn.

FIGL 64 shows one embudiment of & tlted measuring device according to

the iaventin

FIGS. 68012 shows o mensureinent during @ contesl condition and with

changes in eve snple and head angle aoeording © one embodiment of the

invention,

FIG. 7 shows a serios of hay graphs summanising resully scoording o one

srbodingent of the wvention,
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FIG. & shows g line graph showing resalts according o embodiments of
the invention

FIG. 9 shows a bar praph showing resuits acoording to one embodiment of
the nvention.

FIG. 10 shows another view of a tilted measuring device according to the
nventon.

FiG. 10A shows a subject performing 8 near task with 287 convergencs
and 2D sccommodation in 18° dewnward gags.

FIG, 1 ix g summary of ditferent tesl conditions according o ome
smbodiment of the invention,

FIGL 12 15 o schematic diagram of vanious test conditions sccording 1o one
armbodiment of the invention,

FIG. 13A (op) shows a Bont view of vae embodiment of & head tacker
according fo the invention.

FIG. 138 (botom) shows the custom built head tracker shown in FIG,
134 mounted 1 uae o g user's head.

FHG. 14 sHustrates the group mean changes of wiial length{AX LY n =T in
right eye dunng various natweal visual tasks (Lo watching TV, vomputer work
and reading books) with a combined effect of scoommuodation, convergence and
gase angle. Posttive angles curmespond to convergence and nepative angles
correspond 1o divergence,

DETALLED DESCRIPTION

The myventors bave produced an ophthalmie lens and deviee that may

advaniageously prevent myopia progrossion andior treal or prevent woyopia or 8

disease or condition associated with myvopia. Surprisigly, as exemplified herein

the inventors have discovered that provision of an opluhalmie lens comprising an
obligue or vertical prism and/or g central basedown prism may slow myvopia
progrossion amdor treat or provent myepia.

The skilled porson will understand that i an “ohlique prism” the prisem
axis 38 not ahgned with the hovzontal (-180 degree) or vertivel (30 o 270
depres) menidian of the opbthabmic lens. As wed heretn “obligue” comprises

predominantly vertically oniented obligue prisms and addittonally comprises
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angles rolative to the vertical axis up 1o 45 degress,

Ag wsed hereln. dizease or condition sssouiated with myopia tncludes sy
dizease or condition that may result from or be asseciated with myopia. Examples
of such discase and conditions include cataract, slavcoma, chorioretinal disease,
refinal detschment, lacguer orack, chorioretinal atrophy, lattice degeneration and
posterior vitreous detachment,

In the manoer the present invention has great advantape in reduging the

sucie-geoncmic cost of myopix and these sssociated diseases and conditions.

Further, the oplubabmic lens andior an optieal device comprising the
optical lens according to the nvention ey advantageousty slow progression of
axial elongation of the eye to thereby control myopic progresaion and/or treal or
prevent myopis or a disease or condition sssoctated with myvopia,

frn a preterred embodiment the optical deviee of the mvention comprises
spectacies, As will be appreciated by the shilled person, the spectacles may
comprise a right eye lons preseribed for the right eve and » 1ol eve lons preseribed
for the left eve.

Significantly, the invention is not Hmited to conventional spectactes and
may also find application in varisble lens technology. In a varisble lens the
optical components may be varied and selected o responss o 2 changs i gase
angle. In the current invention for example, the one or more sbligue prismatic
companents of the central base-down prism in g distance zone may be altered
with changing 2uze anple.

The change may be implanented by for example, lguid copsial opties.
The change i gaze angle may be tracked by 8 camera such a8 8 rear ward facing
mreerameTa,

In one embodiment, the present invention relates 1o an ophthalmic lens
Coumpristng one or mowe oblique or vertical prismatic components,

Although not lmited thereto, 1t one embodiment the one o more obligue
or vertival prismatic components may be comprised 1o g distance zone of the
ophthalinw lens. Based on the teaching hersin the skilled person readily
understands where the distance rone is located in an ophihalmic lons, which may
be abigned with the centre of the popdl of the wearer during primary distanse paze,

AR
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in another smbodiment the one or more obligue o vertical prismatic
somponents may be comprised 10 2 neac zone of the ophthalic lene.

In still another smbodiment the one or more ohlique or vertical mismatic
componenis may be comprised in a2 distunce zone and & nenr zone of the
opdithalmic lens

The lens of the invention wmay comprise one ar mure oblique or vertioal

prismatic components. The ane or more vertical prismatic componens may be ()

base-down, The one or more obligue prismatic components may be (i) base down
and base~in or (18} base-up and-base-tn.

Although sot loiied thercte, the one oy more obligoe or vertical prismatic
compones may be located contrally in the kens
central o the direction of the gase,

The skilled person understands that where more than one obligue or
vertical pelsmstic componenis are nvolved they are in 8 central region or
centrally positioned or oviented with respect to the lne of sight. According o the
imvention the one or mors obligue prismstic componenis may comprise § o 45 ¢
obliguity with respect to the vertical mendian (80 ) In proforred embodinients
the obliguity may be 3 0 45 %, 31035 %, 540 25 © ar § to 10 © with respect to the
sertical meridian (90 °). The obliguitvoay be 1L 2.3, 4.5, 6. 0.8, 9,16, 14, 12,
1304005 10, 07, 18, 18, 20, 21, 22, 23 34, 28, 26 07 2829 3003132, 33,

5,36, 37, 38, 39 40, 41, 42, 43, 44 or 45 ° with respect o the vertical
menidian (94 7).

The angle of the obliguiy may be constant or variable. By vaniable &
meant ane location on the ophihalmic lens may comprise a different sagle of
abhiguity of the prism to unother location on the ophthalmic lens

The magnitude of the one or more prismatic componenis may he constast
or variadle Similarly o the ghove, by variable fs meant one location on the
ophthalmic lens may comprise g differcot mognitude of prism to another location
on the ophthalmic lens.

The shlpaty andfor power may inerease Som 8 distance contre 10 2 near

Fone centre of the lens.
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The obbiquity andior powsr may each be an independent conbinuous
Rmction

in an ilustrative embodinsent the prism divpiric level and obliguity may
erense from 1O A and 07, respectively: t0 2.0 8 and 4 ©, rospectively; 1o 20 A
sdd 8 rospoctively; to 4.0 S and 21 7

tn another Hustrative ombodiment comprising & phuality of base-down
and base-in obligue prisms, the oblique prisms may comprise progressive addition
of pristatic power fom 4 A & A

FIG, 1 shows an example of varisble ohliquity of the prism and varishle
power of the prism. In FEG. 1 the varishle obliquity and veriable power increases
from a distaoe contre 12 1o near zons contre 14 of lens 10,

FIG. 1 lso shows the vaniahle obliquity and variable power to sach be an

independent continuous function. Al roue 16 the prism dioptuie fevel 15 1.0 & and

the obliguity 1s 8 7. At zone 18 the prism dioptric level is 2.0 A and the obliquity

i 7 Ar wone 20 the prism dioptric fovel 18 3.0 & and the obliquity 18 9 % At sone
22 the priem diopiric level 15 4.0 & and the oblanity is 21 2

The magnitude of the prism diopinic evel of the one or more pbligue
srismalic components may be 0.1, 02, 83, 04 05 1.0, 1.5 28, 25 3.0.3.5.40,
4.5, 5.0, 5.5 60, 65 70 75 80, €5, 9.9, @wiﬁﬁﬁaiii&ﬁiiiiiﬁ
135, 130, 135, 140, 145 150 155 160 163 170 178 180 185 194

3&},-5& or 20.0 prism dioptres. In other smbodimenty the diopitic power may be

«../,7 3

butwess 0.1 and 200, 0.5 and 13 or between 4 and 12 prism dioptres.

Accarding to this investion the interpupiilary distance may be 40 1o 80
nun. In g preferred embodiment the interpopillary distanes may be 35 10 70 mm
The miwwpmﬁiarv distance may be 40, 41,42, 43, 44, 45 45, 47 -~3“->} 49, 50, 5,
53, 53, 54, 55,58, 57, 58, 39, 60, 61,62, 63,64, 65,60, 67,68, 69, 70, 7L, T2 T3,
T4 0576, 77, ?E\, T8 or B mm.

The neac inter-pupitlary distance may be 35 © 75 mm. o a preferesd
ainbaodiment the near inter-pupilisry distance may be 48 to 68 mun. The near inter-
pupiliary distance moay be 35, 36, 37, 38, 30,40, 41, 42, 43, 44,45, 46,47 48 41,
SO.5E, 5283 34, 55, 86, 87, 58, 59, 60, 61, 62, 63, 04, 63, 06, 67, 68, 68, 70, 71,

73,73, Tdor Timm
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The fens may finther comprise pragressive addition of positive dioptic
power of one of more distingt woues of podtive ii;iﬁ:i&i(}fi diopiric power. The

positive dioptric power may comprise 8 single vision near power lens, a bifoeal

tens, @ titbeal ons or & progressive stvie lens. In one embodiment the progressive

ar zonal dioptric power eomprises a bifoeal lens comprising the obligue prism in
the lower reading scgment,

Avcording o the invention the slowing of aunvopis progression and/or
treatment or prevention of myvopis or a discase or condition associated with
myopia nay be over a period of time. The period of Hime may be weeks, months
QT veurs,

FIG. 2A shows one cbedimment of the nvention comprising right eve
tens 100 and left ey lens 200, Lensos 10U, 200 comprise a central obligue prism
110, 210 comprised of base-down aud basesin locatod o o distance rone 102, 202

i the embodiment of a lens 100, 200 secording o the invention shown in
FIG, 24 the prism dioptre 106, 206 comprises 48, The skilled person is readily
able 10 select an sppropriate dioptric level to fulfill & preseriprion.

In another smbodiment the contral oblinue prist may comprise o pherality
of baseeup and base-in obligue prismatic components,

Ax shown in FIG 24, the prism 111G, 210 3¢ postiioned to inclade the
optival centre 104, 304

While the obliquaty 112, 212 of lons 110, 218 is shown iy FIG. 2A to be
between 59 and 107 with respect to the vertics! meridian (90 ©), based on the
teaching herein a skifled person is readily able to select an appropriate anple,

FIG. 28 shows another embodiment of the invention comprising lensss
300, 400 comprising & plurality of bass-up and base-tn oblique prisms 3104, 4104,
310b, 410b also comprising progressive addition of positive dopirie power from
4 & 306a, 4064, to & A 306b, 408h,

Wihile the obliguity 312, 412 is shows in FIG, 2B o be botween 87 and
137 with reapect to the vertival mendian (80 ), based on the feaching hevein a
skilled person s readity aMe to seleot an appropriste angle

FIG, 3B i most suited o ¢ ’mga 's-.’-_i:s;ima gi'a*s-s rother than a progressive ong,
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FIG. 3 shows auother ombodiment of the invention comprising lensss 300,
SU0. Lenses 500, 600 comprise variable obligoe prisms 510, 610a. 510b, 610b,

310, 610¢c comprising vatiable propgressive addition,

it

FIG. 3 shows lensos 500, 600 comprising a plurality of base-down snd
base-in oblique prisms S1Gg, 610g, 510b, 610b, S10c, 610c also comprising
progressive addition of positive dioptric power S 6 A 506a, 6062, to X A S06h,
itk w12 & 3i5c, 608c

While the obliquity 312, 812 s shown in FIG. 3 10 be betwesn 57 and 15°
seith respect o the vertival meridian (30 °). based on the teaching herein a skilled
person is readily sbde 1o select an appropriste angle.

The son-shaded arcas 320, 620 of the lens 300, 600 ;ra;sriesm?i the optical

oRa)

sonefregmon of the leus, whereas the shaded regions 530, 830 typically contain

unwanted optical distortions doe to the design nature of progressive addition

power designs,
As shown in FIG 4, the invention alse provides an ophthalmic lens 700,

800 comprising @ central basedown prism 710, 810 in a distance zone 702, 802

wherein the lens slows mvopis progression andior treats myopma.

The invention alse provides an optical device comprising one or more
aphthaluie feng 100, 200, 300, 400, 500, 600, 700, 800,

Inoa preferred embodiment of the first aspect, the optical device comprises

spectacies.

Acconding to the invention the slowang of myvopis progrossion andior

Ireatment or prevention of myopia may comprise slowing or stopping @ erease

i axial longeh anddor redoving extra-oonlar muscls tension o forces,

The invention also provides a method of slowing myopia progression

andior treating o preventing nyvopia includmy using one or more ophthalmic

lenses according to the first or third sspeet or an optical devive according to the
second or Tourth aspect o thershy control mybpia progression and/or treating o

proventing myopia.

The mvention further provides 2 method for slowing myvepia progrossion

and/oy treating or proventing myopia including ideatifving optical ov sve lenpth

changes associated with extra-ocular tension or muscle forces and comecting oy
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inhibitiny the optical or ove longth changes with an ophthalmic lens sccording o
the first or thind smbodiment or the optical device gecording o the second or
fourth embhodiment.

o one embodiment of the sixth aspect the optica} or eye length changes
may covprise changes due to extra-ccular muscle tension or muscle forces related
to angled gare.

The anples of gaze muy be up and inordown and in

The vention alse provides g misthod for measuring & change in optical
correction required with gaze angle. In one step this method comprises measieing

This msthod may also comprise the stop of measuring two or more further
axial measurements of the eve af respective additional and ditferont gaze angles,

In another step this method may also comprise the step of anglysing the
first and further axial measurermenis o determine the change tn optical correction
af the eve required.

Thiz method may hurther comprise applying the determined change
aptical cotrestion 1o desisn a lens,

According o the present vention also provided is an ophthalmic lens
designed according to the method for measuring a change i optical correction
reguired with paze anple described above

The invention provides a paiv of spectacles comprising one or twe
ophithaimde lenses of the eighth aspoct,

The ooe or two ophithalmic lenses may comprise g variable lens,

The spechacles may be for atormediate andior near fasks. The
intermediate task may be for example. computer work, The near task may be for
sxample, roading handheld material such 88 & book, s-book, wblet computer,
phone, electronic devics, MAgRZING OF NEWSPaper.

The prosent inventors have also provided a methed of designing a lens
meluding measuring changes I axial leopth associsted with pase angle and
climinating or mintmising the chunpges i axial length with a leng comprising one

o1 mors obligue pristoatic Compononis,
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The measuring chanpes in axial length soconding to the shove methed of
designing a lens may comprise the method oy messuring 1 change o optical
sorrection required as » result of paze anple doseribed ahove,

{mpeortantly, the inventors have sbo provided g device for measuring an
induved change in axial Jength with gaze angle. The device may comprise &
biometer for measuring s frst anial measrement of av eve at ¢ foy gaze snple
snd for measuring twe or more fiother axial measwements of the eye gt
respective addittonal and different paze anples.

The device may further comprise a titing device for altering the angle of
the blometer relative to the eve. The tilling devive mav comprise a mechanical
device or an optical device. The device may vomprise a head tracker 1o track 2
subtects’ hesd position during the Hrst and Rurther mssswrements,

The head tracker may track head position in 3-axes comprising roll, pitch
and yvaw,

Destuning 8 spectacle with obhque prism (bese-downdbase-in} that
reduces exira-ocular muscles ension dusing reading ov 2 near task, thus may lead
© a decrease o mvopia progression associsted with near tasks or reading in
children and voung sdidis,

The present inventors investigated the changes in eve longth and anterior
Mometios oocurring during 15° shifts 1 gare direction over § rmins. The
ventors alse investigated the selative effects of pravity and extra-osuler muscles
on Mometric parameter changes at 157 and 357 downward gave over § mins,

The resplts provided hersin show that the exira-ccular muscles appear o
stgnibionnily clongae the ove during 8 shest period of gare al cortaim angles.
Significaniby, the mventors’ have shown that subieet with moderste levels of
myyvopis had 2 preater axial clongation than subject with low levels of myopia and
crmnetropes at inforoenasal gape. sugpesting @ corvelation hetween the level of
mvepis and gase angle sasoctated axigd elongation,

The tollowing non-livailing examples tlustrate the lenses, devices and
methods of the invention. These examples should nat be construed as limiting: the
cxampies are inctuded for the purposes of Hostration only. The lenses, deviees

and micthod discussed i the Exaoples will be undersiood to represent an
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exerplifivation of the prosent fnvention.
Examples
Example 1 - Changes in cve length and sntorior Mometrics with anpdar shift in
guse Sirection and the effects of gravity end extra-conior muscies
The ipventors investipated the chengss in eyve longth and anterior
biomelrics sectrring during 15° shifis in gare divection over § mring as well a5 the
relative effects of gravity and extra-ocular muscles on bometric perameterss

chianges at 15° and 25° downward gaze over § mins.

Saterials and Methods

Thity young subjecis (10 sametopes, 10 low nywopes and 10 moderais
myvopes) were receuited in this study, Axial lonpth measurements were token from
each subiect’s lolt oye through & rotating prise, along the foveal anis, using the
Lenstar LEV00 optical biometer ot U and 3 ming, in nine cardingl gave divections,
with 13° deviation.

For all gaze conditiony, the subject fixated on an extorngl distanee target with
their optimally corrected follow eyve. Tharefore in ﬁici}@;ﬁﬁs view, an image of the

xiernal target wag visible from the right eve and an image of the Leostar’s targst
was simultaneousty seen from the lefl {testesd) eve (FIGS. SA and 5B).

To Buether study the relative influencs of pravitationad foree and sxirp-ocular
muscles on the adal length changes in downward gase. the Lenstar was inchined
at 18° and 25° on a tiliing table (FIG. 640 Measwrermonis of axisl length wers
sgain performied over 5 mins under control condition with na head angle or ey
i {FIG. 0B} and with two od comtiions: 1) looking down with head 8l bt ne
eve turn (P1G, 6D, and i) booking down wathout head 1t and with eve twen alone
(FIG. 801
Results
The results gre swomansed i FIG. 7 which shows the group mean
changes of axial fength (AXL) {n = 30) in lefl oyve (O5) i nine cardingl gars
dirccnions with veapect 1o baseling for the oo acconunodstivg comdition over the 5
mins durghion. Prior to cach gare measuroments, the baseline value wax fsken
after 10 ming of viewing a & metors tavget He., with no accommodation (8 D} in

primary gave
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FIG. 8 shows o e praph swvonarising wessured changes i axial longth
i the lefl eve (O8) in infero-nusal gaze after § mins of task with respest
baseline with no scopmmudation grouped by the subject’s spherical rofactive
srvor. The baseline value was taken alier S mins of viewing & © meters tacget fLe,
with 5o sccommodation (8 133 in primery gaze.

FIG. 9 shows a bar graph showing group mean changes of axial length
{AXL) o left ove i 157 and 257 downward gare with head 1t (WHT) G, head-
down and eves siraight) and withow head 8t GVOHT) (e, head staight and
eves rotate downd with respect 1o hascline with the no accommodation condition
over the 3 mins task. Prioy o sach test condition, the bascline value was taken
afler § mins of viewing a & meters target e, with no accommedation (U DY in
primary gave. In this plol, ANL changed significantly in both 18° gnd 28%
downward gaxe directions without head Gl LANOV A, p < D03) However, AXL
shows no stgnificant changes in downward gare with head it (hath 157 and 239
{ANOVA, p > 0.05),

Conclusions

The invenlors have surprisingly shown the angle of gaxe has 8 significant
short-term effect on eve longth, with grestest eve clongation ovcorring i the
intericr nasal dirsetion (such as typieally oecues during reading).

The inventors have also surprisingly shown that subijsets with woderate
levels of wyopia had & greator axial clongetion than subiect with low lovels of
myopia and emmetropes st inforosnasal gaze.

Whils pot wanting to be bound by any one theory, the tmventors prapose

the clongation of the ove appears © be due w the influence of the exirs-ooular

muscles, sinee the affect was climunated when head furn was used jnstead of eve

S
Exwple 2 - Chasges in ccudor Momerrics diring natwral visual tosks

The tnveniors undertook further sxperiments to investinale the changes in
£ & 8

axial Jeneth and coudar blometrics with 2 combined effect of secommedation and
angle of paze {convergence and downward gase} during natural visual tashs (g
watching TV, computer work snd reading books) over 5 mimns in nvopes and

comelropes,
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Materials and Methods:

Subjects: Scven subjects partivipsted in this study. Ages manged fom 1829

years, There was no history of sienificant eve dissase or injury. All subjsots had
best porrecied vispal acpity 2020 or better in both eyes and normal levels of

2

avcommodation for the sublects age

Indirumentation: FIG. 10 shows a Lenstar LES00 900 {Haug-Rireit international)

comprisiog an adjustable bead bar 802, ¢ firt surfhoe mirror 204, 8 near target

906, a beam sphitter 908 and a convergence conbrel rotary stage 910, The Lenstar
L5908 900 was shified fron 1S own commercial sebun, o @ custon buil height
and it adjustable stage. The subject’s chinvest was mounted on a rotary stags in
such @ way that various levels of conversence could be induced with rotation of
the subjeet’s head axis in primary or dowaward eare.
FIG. 10A shows g subjeut performing a near task with 257 convergence and 2D
scopmmadation in 1 downward gase.
Head Tracker: Subjects wore a custom built 3-axis head tracker throughout the
experiment that monitored subjeets’ relative head movements {roll, piich and
vaw) doning measurements.
FIG 13A (op) shows a front view of one embodinont of 5 head tacker 1000
secording to the invention. FIG. 138 (bottom) shows the custom buslt head
tracker 1000 shown i FRG. 134 mounted inuse 1o a user’s hewd
“Wash-sut Trsk™: Initially, euch sobject performed a distance viewing task
{subject’s preferred task such as watching 2 DVD) binocalaly at 5 6 m distance,
“Baselior measurements™ Axial leopth and ocular Momedrios wers then
messared using the Lenstar LSBOO in pehmary gaze gt the end of the 3 mins
Pwvasieont task These measurements were taken prios 1o each session,
Subject’s axvial length and sculer hometries were measured in nive
different conditions of gars over 5 muine thine as ilosteated In FIGS. 1Y and 12
Dhstance task (e watching TV) corvesponds to 0 I3 socommadation and
" downwand paze (Lo primoary gaze), intermediate task Qe computer work)
carrssponds o 2 D secommodation amd 107 downward gaze and & near ek e

reading books) corvesponds to 3 D accommodation and 20° downward paze.
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acoonmmsdation © 3 levels of convergence} were completed scross three davs of
tosting {pne accommcdation condition on each day).
Results:

The highest change i axial length {group mean ~ 33 microns) took place
adler w Smin of near task with 3 D accommodative demand, 88 33% ¢ convergence in
20° downward gare {sse FIG 14),

FEGL 14 Slustrates the group mean changes of axial lenpth (AXE  tn =71 i
right eve during various natural visoal tasks (e walching TV, computer work
and reading books) with a combined effect of aceomunodation, vonversences and
gave angle. Positive angles optrespond 1o convergence and negative angles
eorrexponud o divergence,

Axial leopth can alse be incressed moderstely during inlenmediaie
distance tasks {o.¢. computer work), particalarly with convergencs i downward
gaze. However, there might be a substantially prester increase in axial lenpth
during close working distanee tasks with convergence in dowmward gase og
veading booksi,

Diistance tasks fe.p. Watching TV} may not cause a significant changs in
wxal tenth,

From these results, it is apparent that changes o axial length of the eve
during near work can be associated with the amoun of secommupdative {i&}mr}ﬁ,

magnitide of convergence anple and magnitude of the downward sngle

Summary;

Accommodation and dowwiinward gaze do cause small, short o
increases i oye lenpth

The mechanism for these changes may be a combination of Momechanival
forves and optical sttmudi,

The cumulative sfiocts of muliiple short periods of near work activities
emploving downwand paze (e.g. reading in downwand gaze, computer work or
micraseopy) aver tme pould potentially promote 8 longer term elongation of the
eve and the development of myopia throngh the mechanical mfloence of the
extraccular muscles.

Throughout the specitication the st has been 1o desaribe the preferred
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embodiments of the nvention without Hmiting the mvention o awy one

embodiment or specific collection of features. |t will theretore be approciated by

those skilled wn the aet that, in Hght of the instant disclosire, variows moedifications
and changes can be made 1o the panticulsr cmbodiments exemplified withowt
duparting from the seope of the prosent invention,

All computer progams, algorithims, patont and sctentific Meratire referred

1o heroin 18 incorporated hevein by reference.
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CLAIMS

i

1. An pphthalmic less comprising one or more vertical or oblique prismatic
componenis, wherein the lens slows myvopin progression and/or treats oy prevents
myopia or & disesse or eondition associated with myoplia,

e The lens of claim 1 wherem the one or wore vortical prismatic
components comprise base down prism or the one or more oblique prismatic
components comprise bage down and base-in prism,

2 The lens of claim 1 or claim I wherein the one or mnre ohlique prismatic

pornpononts comprises of base up and base-in prisn

4. The lens of gy proceding claim whersin the one or more obligue

prismatic components are contral to the direction of the gase.

5. The leas of any precoding claim whercin the one or mote obligue
prismatic components may by in a distance 2one o8 8 near zone of the ophthalinic
i

8. The lens of any proceding claim whesein the one or wore obligue

o

....

90 %),

e The lons of previous claim wheretn the angle of the obliqudly comprises g
constant or variable angle.

8. The lens of any preceding dlaim wherein a magnitude of the one or more
prismatic components s constant or varishle ih angle or dioptric power.

Q. The leng of any preovding claim wherein o dioptrie Tovel comprises
bobween 0.1 and 20 prism dioptres.

10, The lens of any preceding clain whosin the obliguity andior the
magnitide of the one or more oblique prswatic components comprises @

continungs or vanable Rinction

gy

1. The lens of any preceding claim whersin an anide of the obliguity of the
onie or more oblique prismatic comprises a contimunes funetion oF comprises
vatiation from the distance sentre o the neay zone contre.

12, The lens of any precoding claim whersin the mugnitude of ths one or more

abligue prismatic components comprses a continwous function or comprises

variation from the distancs centre fo the near vone contre,
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13, The leos of any preceding clabm whersin lens may further comprise
progressive addition of positive diopliic power.

. The lens of any preceding olaim whersin slowing of wovopia progression
amd/or reatment o prevention of myopia may be ever a peniad of time.

5 15, The lens of any preceding claim whersin the one or mors obligue
prismalic components comprises or is 2 central base-down and base-in oblique
TSN
. The lens of any preceding claim wherein the one o move obligue
prismatic somponents comprises ot is g plurabity of baseeup and base-in obligue

10 prismatic components.

17 The tens of any precading claim wherein the lens CCMpPrises propressive
sddition and the one vr more ohligue prismatic components comprises or s a
plurality of base-down and base-tn obligue pristnatic components,

18 The lens of any preceding claim whersin the ophthalmic lens reduves

15 extracocular muscle tension or forces.

19 The lens of clabm 18 wherein the tension and forces may by medused
during activities that reqoive sngled gave.

0. The lens of claim IR wherstn the angled gaze may be down and in ot up
and in.

20 21 Ax ophihalmic lens comprising @ contral base-down prism n a distance
one wherein the lens slows myopia progression and/or treats of prevents myopia
or & disease or pondition assoctated with mvapia.

22, The lens of claim 21 wherein the slowing of myvopia progression andior
traatment of provention of myopis or 2 disease or condition associated with

28 myopia may be over 8 period of time,

23, The lens of elainy 22 whevein the period of Hime may be weeks, months or
VoRTS. |
24, An optical device comprising one or more ophihalune lewses, the one or
more lenises cach comprising the leus of any one of olabms T o 23,

30 25, The cptical device of claim 24 wherein the vptical device comprises

spectacies

6. The lens of aoy one of claims 1 1o 33 or the optical device of claim 34 or
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25 wherein the slowing of myopis progression and/or teeatmaent or prevention of
myopia or & disease or condition gssociated with myvopia taay comprise slewing

oy stopping an dncrease g oaxial length andior reducing extra-ooular wmussle

tension or forces.

478

27, A nwihed of »Eom% svopia progrossion andior treating or prevesting
more 'Qgﬁitbﬁkniszz tenses of claims 1 0 23 o an ﬁpiiea} device acconding to any

e of olainis 24 1o 26 {o thereby slow myvopia progression andior treat or provens
myopia.

10 28 A method for slowing myopia progression and/or treating or preventing
myopia or a dispese or condition assuciated with myopia inchuding identitying
aptical or eve length chanpes associated with extra~ocular rouscle tonsion or
toroes and corvecting the optical or oy length chanpes with the ophthalmic lens
af any one of claims 1 1o 23 or the optical device of auy one of claims 24 10 28,

15 I8 The method of dlaim 28 wherein the optivsl changes comprive changes
due to extra-ooular muscle tonsion related 1o angle of
30, The method of claim 29 wheredn the angle of gaze mav be up and W or
dnwi and i,

31, A miethod for mensuring a change in optical comrection requived with gaee

20 angle comprising:

msasuring a first axial measurernent of an eve at o fest gave angle:
measuring two of more Rirther axial measurements of the eve af respective
additional and different gare angles; and
analysing the first and further axial measorements to determine the chanpe
25 i optical correction of the eve required.
33 The method of claim 31 ferther comprising spplving the determined

changs in optical correction to desipn o lens,

’.,‘}

23 A9

3. Anuphthalmic lens designed according to the method of olaim 31 or 32,

. A pawr of spectacles comprising one or twe ophthalmic lenees of claim 33,

L5
B

30 35 The pair of spoctacies of clabm 34 wherein the one o two ophihalic

lenses may comprise a variablke lens,
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3. The pair of spectacies of claim 34 or claim 35 wherstn the spectacles are
for intermediate ansdior near tasks,
37, A method of destaning o long including measuring changes in axial length

associsted with paze angle and climinating or mininvising the changes with a lens

5 comnprising one or more oblgue pristatic sompononta.
3R The method of claim 38 whersin the measuring changes in avial length
sy comprise the method of claim 31 or claim 32,
38, A deviee for mensuning g change in optical corection required with paze
anzle comprising:

1 a biometer for measuring a fiest axial measuroment of an sve at g st gore
angle and for messtring two or more futher axial messuroments of the gve at
respoctive additional and difforent pase angles.

40.  The device of claim 39 further comprising a tilting device for sltering the
angle of the blometer relative to the eve.

1& A1 The devies of dlaim 40 wherein the tilting devies comprises & mechanicg]

device or an optical devies,

42.  The device of any one of olaims 30 to 41 ﬁﬁ"ﬁ}'&{" cz_}m;isffismg a head tracker

43 e {ieww of claim 42 wherein the head tracker may tack head position

20 i 3axes comprising roll prich and vaw
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