| NCREASED STI FFNESS CENTER OPTI C I N SOFT CONTACT LENSES FOR
ASTI GVATI SM CORRECTI ON 5 BACKGROUND OF THE I NVENTION 1. Field of the
I nvention The present invention relates to contact |enses having a

hi gher 10stiffness in the central optic zone relative to t he
peri pheral z&NEREAS HFfFA ) ER1QOPEIE IN SO dd ENSES

I ncor porating a higher nDdEﬁﬂiﬁﬁiﬂéﬁﬂﬁQéﬁﬁkgﬂgghﬁbﬁghge central optic
zone relative to the perip n of astigmatic
refractive errors as well as possible higher order aberrations
created by corneal geonetry. The hi gher nodul us hydrogel 15materi al
creates a stiffer central optic zone relative to the peripheral zone
of the gon I nmet hods may al so be utilized
to creage Kb@ﬂf@ﬁ hﬁ4 TRVENT — 202. Discussion of the Rel ated
Art Myopi a or nearsightedness is an optical or refractive
defect of the eye wherein rays of light froman inage focus to a
poi nt before thdy Fiektaf thednventighh. Myopi a generally occurs because
the eyeball or globe is too | ong or 25the shape or contour of the
cornea is too steep. A nminus powered spherical lens may be utilized

to correct nyopi &helyeserdpneenionfralategty aﬂﬂastslenSe@hampglacla:gher
refractive defect of the egle wherei n rays of ght from an i npge
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shape or contour t he rnea 1s too
spheri cal | matemalyn thee aentraloptictzoneaelative to the peripheral zone for the

correction of astigmatic refractive errors as well as possible higher order

aberrations created by corneal geometry. The higher modulus hydrogel
15 material creates a stiffer central optic zone relative to the peripheral zone of
the contact lenses. Other means and methods may also be uiilized to create

stiffer central optic zones.

20 2. Discussion of the Related Art

Myopia or nearsightedness is an optical or refractive defect of the eye
wherein rays of light from an image focus to a point before they reach the
retina. Myopia generally occurs because the eyeball or globe is too long or

25 the shape or contour of the cornea is too steep. A minus powered spherical
lens may be utilized to correct myopia. Hyperopia or farsightedness is an
optical or refractive defect of the eye wherein rays of light from an image focus
to a point after they reach or behind the retina. Hyperopia generally occurs
because the eyeball or globe is too short or the shape or contour of the

30 cornea is too flat. A plus powered spherical lens may be utilized to correct
hyperopia. Astigmatism is an optical or refractive defect in which an
individual’s vision is blurred due to the inability of the eye to focus a point

object into a focused image on the retina. Unlike myopia and/or hyperopia,
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hyperopi a. Astigmatismis an optical or refractive defect in which an
individual's vision is blurred due to the inability of the eye to
focus a point object into a focused inmage on the retina. Unlike
nyopi a and/ or hyperopia, astigmatismis unrelated to gl obe size or
corneal st eceptgysiismus unlated totgloke skasrdopieal strapnassabuloiesinenit is
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poi nt. A cytormdaiis aot retatiomdllyt sy etriynt [acithbensrds! #idesrnichds aatually
spherical lens may be utilized to resolve 10astigmatism
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cornea. Thi ®rid egrdactietsaatHeztisari & dphetioaldlens nassheratilizduetosiespkreof
the back surface of the contact |lens. Since the index of refraction
of thelPlui 8SHMALRP: | ens is nearly a match for the cornea, the
corneal toricity is optically neutralized or reduced. In these cases,
atoric lens will not be required. However, rigid gas perneable
contact | enses &uanbalrabstigoratism magnse somedaedaserga lhard es sgidogdsor t abl e

th ft hyd | .20 t | RS ft hyd I
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case, a toric lens design is required. Atoric lens is an optical
el enent 5 havollnyvs obastiumes the: shapeektherbackswBeeiad thacpolast tanst Sinee

er pendi cular.to _one t he Essenti al | a. torigc |ens has .pne
bover . sphdt X Yl apasignibt tns i s Feerdenspg ety & el TirdRg s
cylinder, fi c6@igaetdricity ifsplicHMincuRaized br rdtiued. fii halse daeBs, a Thirse
powers are created with curvatures at different angles which are

pref er abl y 16nf wilnaide reariied vidowsven&igi gas peimeahle soataciignses and
utilized i gy EGh@ARERYses AFE a8ﬁ8}a"1‘|§/ less comfortable than soft or hydrogel

20 contact lenses. Since soft or hydrogel contact lenses wrap around the comnea,
a fluid lens is generally not found and the tear fluid more closely resembles a

thin film. In this case, a toric lens design is required.

A toric lens is an optical element having two different powers in two

25 orientations that are perpendicular to one another. Essentially, a toric lens
has one power, spherical, for correcting myopia or hyperopia and one power,
cylinder, for correcting astigmatism built into a single lens. These powers are
created with curvatures at different angles which are preferably maintained
relative to the eye. Toric lenses may be utilized in eyeglasses, intraocular

30 lenses and contact lenses. The toric lenses used in eyeglasses and
intraocular lenses are held fixed relative to the eye thereby always providing
optimal vision correction. However, toric contact lenses may tend to rotate on

the eye thereby temporarily providing sub-optimal vision correction.
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30l enses and contact |enses. The toric |enses used in eyegl asses and
intraocul ar lenses are held fixed relative to the eye thereby al ways
provi ding optimal vision correction. However, toric contact |enses
may tend to rotate on the eye thereby tenporarily providing ]
sub- opt i mal Agreidinglsorrentlyahilizedaris epigellenses alsatngluge i meelanismi to
contact |en i I I
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For many hi gokerateundbfor atarnyrisigh oeder aiferiiionb, maeyrdtivhich ard nsi@al | y
symmetric, positional stabjlity is also required to provide opti nal
5vi si on cor Fatiorally symmetrigy paSifopal stabitityne 2dso 1esiyired do preide gptipay
in the eye, i I.{T%,bﬁ.} omatically position or auto-position itself
and it heanr?Lol n al%cgfébhat position over tine. However, once the
toric contact lens is positioned, it tends to rotate on the eye 10

due to the forc xerted on the contagt. |lens hy the eyelids durin

bl i nki ng & wel VASN,ErieEONRPLIERT 15 st BIEBIANgNe SvRML AU avtemgfoally
the on-eye gé%iﬁﬁﬁ ! Qu“togﬂo idrpfthﬁlf Gt ?%ﬁﬁ SHEintaind §h&T %%iﬁon over time.
acconplished by altering the nmechanical characteristics of the toric

cont act | enslowéser,evmethe tofc contast klislis pasitioned; intdndsi togotide enttbeiaye
of the_gont

ct lens'. front surface relatiye to the bac 5.surface,
Chi ckedfing. 866 thaNs ek, Beriihen dhe PR SREIE oyakin dging blifking as
depr essi onsyall B SehllipRISte8P LM 0eHhaRE. Mfendhdd 86he Gdye orientation
truncating the contact | ens edge are all nethods that have been

utilized. Eath toficraantactrlaostis gemeraltyadtcamplished by aliarigadbe meehanical

advant ages and 20 di.sadvant ages associated therewith. The main, .. ..
i sadvant agtarpeiarsas 1ol i, BORGRL HEE 35 Bhabnbiey 9l tRpiization
i nteract i oninefudifte dexehictingasttideonritt aghs’| iR’ surfdcek Rfative to the back
differential to orient the contact lens to the correct |ocation on

t he wedfer' sudgee, tigkepinamfdheiigfepar cpalachiens peirherw tommindigepwasions
Lori t . . _ " =
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contact | ensége atdall mathods thet dlave dicdepratlivedd as wel | as possi bl e
hi gher order aberrations caused by corneal geonetry with |ess
reliance on specific on-eye orientation and therefore |l ess or no

stabilization mgaps. oBfhore traditional stabilization techniques have advantages and
20 disadvantages associated therewith. The main disadvantage of these types of
designs is that they rely on the interaction of the eyelids and the contact lens’

thickness differential to orient the contact lens to the correct location on the

wearer's eye. The problem is particularly acute with plus powered toric

contact lenses intended for hyperopia.

25
Accordingly, it would be advantageous to design contact lenses,
including toric contact lenses, that correct for astigmatism as well as possible
higher order aberrations caused by corneal geometry with less reliance on
specific on-eye orientation and therefore less or no stabilization means.
30

SUMMARY OF THE INVENTION




SUMVARY OF THE | NVENTI ON The hi gher stiffness center optic
contact |ens design of the present invention overcones a nunber of

di sadvant ages associated with orientating and naintaining t he
orientation of toric contact |enses on a wearer's eye while prOV|d|ng

vi sual acuity corheebighshstifingssriegierorfic gamecideseAepian o ihe eressnd
Scontact | gns. Ry, Re ?&rﬂb@t\éh%dwﬂeﬁowggﬁx{arﬂé RS odé’t‘éh%ﬂﬂ@néﬁ&mg

addition of a materi e centr one aV| n

modul us of e&idamtairﬁahmgtﬂhemrtelnﬁatwofqundlcogtam1@19eslon ahwealrelr@ ey®@while
maintain its position in the central _optic I‘E%I on, the higher nodul us
material prREPYARS sual acHHy SeImBriiomy bwgwﬂrrﬁ Eafaﬁﬁ 6eW@lwmlﬁezone

sur roundi ngjxel gl mgﬂv?aeec?cehdeved N é‘ﬁﬁﬁ'{tﬁg%‘?@v tﬂc%%ﬁ%%ﬂﬁ% a_

pr esent |nvent|on I's to an o I'm ¢ “device A
devi ce conpnateriabinathe aenérat optemsor’tmhavngga igigher mﬂoduhtsn of etasteitgnidamthe
peri pheral zone surroupdjng, the c?ntralﬁ‘wpt c zgne, the cont act, |l ens

bei ng f or mEWMOUSAING Material.nlit erdesfo maptal! ts pesitien g crNte! optic
15el asti ci todg; oﬁnﬁé‘hlﬁﬁép%dﬁﬁfs%hﬁéna'l con rs%me&i%é&e S@r‘pﬁﬁ’émble

optic zone o the contact |ens ter| al ang|

first nodulwith the stirecatriding maiterialhe central optic zone to a second
nodului of elasticity, wherein the second nodulus of elasticity is
greate Othan the first nodulus of el asticity and the first and second

materials are syRgicadidanthWilhohe a5PEAQ; t resent invE A RAUIRIELtIbA D
anot her aspect, the present invention is directed to a nmethod of

maki ng an @phthelnis deveei dbe ophéhaletitdavice ppmpsising aeontagt kers hasing a

o ol Lot adenfid) Spdd Fotle BT BirtiiPlera R0k ot AT hpfRzbhering

second md@oh&@ﬂer@l@élﬁg%@néd’ﬁbﬁi@fliéiﬁ?n@t@ﬁbﬁl@éwh@@SwHmaﬂum%rdfe nol d
on top of the first material,

15 elasticity, and a second material incorporated into the central optic zone of the
contact lens, the second material changing the first modulus of elasticity in the
central optic zone to a second modulus of elasticity, wherein the second
modulus of elasticity is greater than the first modulus of elasticity and the first
and second materials are substantially immiscible.

20

[n accordance with another aspect, the present invention is directed to a
method of making an ophthalmic device. The method comprising dosing a first
material having a first modulus of elasticity into a center portion of a contact
lens front curve mold, dosing a second material having a second modulus of

25  elasticity into the contact lens front curve mold on top of the first material,
wherein the second modulus of elasticity is greater than the first modulus of
elasticity, and wherein the first and second materials are substantially
immiscible, and positioning a contact lens back curve mold on the second
material.

30

In accordance with another aspect, the present invention is directed to a
contact lens. The contact lens comprising an optic zone being formed from a

material having a first modulus of elasticity, and a peripheral zone being
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wherein the second nodul us of elasticity is greater than the first
nodul us of elasticity, and wherein the first and second materials are
substantially inmm scible, and positioning a contact |ens back curve
nold on the second material. 30 I n accordance w th anot her
aspect, thdopned&om amalerinbhavieg ai mnédnfodulas ob atastcity, svhweremibe first

navi ng a {1PeR AL ElReR i Gepfer BT i bl R Skl ng

formed froma material having a second nodul us of elasticity, wherein
the first nodulus of elasticity is greater than the second nodul us of
elasticity. |n d8escasansewithystanciieiamechdpe presamdnyantioars direct to

ventien. i oesliEBaLnl OTRE EARLANd ERfordE SPRClol Mg REe T 1

an opti ng a frrst ness, erl era avi ng

a second ststiffheesand Aeefiphstal zbméhaemg dedathdostiFiiess, thaafrst stiffreeeond
stiffness. In accordance with still another aspect, the present

i nvention ibsing geaterdhan the sgcord NS naki ng an opht hal mi ¢ devi ce.
The net hod conprising dosing an optical grade material a contact |ens
front curve nold, positioning a contact |ens back curve nold on the

opti cal grade nmiheccaldaaod withestillrgndther aspechdhelpraseritriovdntionr iy elirgoted
to the contact | ens back curve to forma contact |ens nold, and

sel ect il0el Jo UPERY HMBINEI AR Oia?taawr.sl@éwﬁm e Mefod gpmREsing desing
nmol d by 15var

cont ac%/ | e\r'?(g1 d t{%l é@? r?ﬁg%?%ékgcgﬁ]ﬁcgr@n%ﬁh%rb? wgaégﬁ?%b&%e%osm?d
stiffer thdensabask cyrivemadldpor thearptichl grrmiecmateatraﬂ ahdrssa[:mgntrm:cmrrtdaheas
with still

et anot he ect, r i nye t|on i s, 20 direc
to' & et hod rbPONGMEL Brigarten s BEOH cuve iR B Arsitad igh 86
: 2;;Og‘rJg'n[‘%(r:\gr%ééé&FvefyeéﬁHgotﬂe'd’HTi'cQI §ieel MAferial Fbhbaonitaddt [EnSRIAPBY
15  varying the intensity of the curing light across the contact lens mold such that a
central portion of the contact lens is stiffer than a peripheral portion of the

contact lens.

In accordance with still yet another aspect, the present invention is
20 directed to a method for making an ophthalmic device. The method comprising
introducing a first reaction inhibitor into a surface of a contact lens front curve
mold, dosing an optical grade material the contact lens front curve mold,
introducing a second reaction inhibitor into a surface of a contact lens back
curve mold, pasitioning the contact lens back curve mold on the optical grade
25 material and sealing the contact lens front curve mold to the contact lens back
curve to form a contact lens mold, wherein the first and second reaction
inhibitors differ in at least one of composition and concentration, and
curing the optical grade material in the contact lens mold creating a
predetermined tension profile through the resulting contact lens.
30
Throughout the specification, the term stiffness should be understood to
be a function of the elastic modulus of the material, the thickness of the

material, the shape of the material, and any tension or stress built into the
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nol d, dosing an optical grade material the contact |lens front curve
nmol d, introducing a second reaction inhibitor into a surface of a
contact |ens back curve nold, positioning the contact |ens back curve

nold on the optlcal grade 25material and sealing the contact |ens
front curven@eriglt fcerrdinghbnfaca givenshapaand.a gdvardthicness, 2 arataidal with

la'?nisegg![ do r%‘ﬂ’gbgf &o%ﬁsft b éésﬁcgﬂlc\@ﬁ@gy fef Bdrl 8 L é’lo‘in?é’rsrﬂgaulhg bl

conposition |on ahd curing the op Cal
grade mat erdladticitp. t he contact | ens nold creating a predeterm ned
tension profile through the resulting contact |lens. 30
Thr oughout the specification, the termstiffness should be understood

to be asfunctiorppd Fe@%nffn@éﬁfl&ﬂ AHdSq %g%ﬁ&%a{ﬁ?ﬁé I‘?évuaé bR |ncf‘reased

t hi ckneSs of the erla a e o ensi on
or stress tiffhess int thetdq:ﬁlc pdo(]:::0 eThlahncreasmt dﬂlffrgias,o;ftm:rzmegmgrb&s hape
and a given thic e5r1ess a material W|t her nodul us of elasticity

a hj
will be sti HAR AbEF Phways. dWéP dﬁ!"g'é‘gcﬁ manggsrwitha
present i “‘fﬁ&%@&o‘féla@h&@ﬂ% tﬁ@ BUlE REt &% ébstl gAY IcBAtRR 1drRGHEAS Bftic

stiffness in the optic zohe 'S 1 ncrease fness optic zone
be achi evedona, atllmng)arsudabmaeyk:llt|\imiolrmaisimg theinodulug oh efastioitein thetdptia

hi gh dulus of elasticity than the bulk material forming th
cont aciOr erfenBY AEARRsCHS e EpiaT ERRVID SRRt FUeh For

rai si ng theapp ﬁigzbldﬁa ﬁtiht‘?ﬁt@ﬁéﬁy%ébbs‘s"!hé hsopeldbylEa i an Mcrease in the
manuf act ur i n e contact lens with specific processes such as

varyi ng cutsé hegghof thetcammftaerle@s artly mrertgnsmsrr@@ftba@@nt@téens to

i ncrease in_the stl 3 f, th cen% the ens g_ba %; tiff
pre-tensi offf le"S‘P Cont cf,”“ oy e%P 8%?)’%15'3{ Vg a stitier

def or mat i opplibginzdte2 eRsloptic 2yte vBMltdaveny dbestndtfconfent tctte aieﬂg?natiche
optic zone vaults over or does not conformto the astignatic

geonet 1§ oflepmetomeiiba cRRneawhie the FRIMAINKY poitionef the cpn@ct:lmsames
| ens does. T-HH ?alYIﬂH%tg \%g:ggfft oﬂ?&ngtloﬁoﬂfo s?% éa?rﬁr%uli(ﬂ%s%ﬁlﬁ btgé"é‘?e”

fluid | ens € cornea an IC zohe

or fluid I ﬂn@obnielaoam tite @isttororee. t Tikisteamer fivfid Iléns fotlows surralsgomesfthé he
contact lens, which js rotationally sy tric or, contains cylinder
correct i on SBAREI06the hask swdacePhibs G%QT{S%%.V&W h & rriatiqnallysymmetric or

contains cylinder correction smaller than the corneal astigmatism. Since tears

20  have substantially the same index of refraction as that of the cormnea, the fluid
lens and the contact [ens combination forms an optic surface or element that
corrects all or a portion of the visual deficit or refractive error caused by the
corneal geometry. In other words, since the index of refraction of the fluid or
tear lens is nearly a match for the cornea, the corneal toricity is optically

25 neutralized or reduced when combined with the contact lens optics.

The contact lens of the present invention may be manufactured utilizing
any suitable process without a significant increase in expense or complexity.
This design may be implemented in any number or type of soft contact lenses.
30 In one exemplary embodiment, the manufacturing process simply involves
adding a material to the mold in the central optic region which has an elastic
modulus higher than that of the remaining material forming the contact lens

and which is immiscible or poorly miscible with the remaining material forming
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20 have substantially the sanme index of refraction as that of the
cornea, the fluid I ens and the contact |ens conbination fornms an
optic surface or elenent that corrects all or a portion of the visual
deficit or refractive error caused by the corneal geonetry. |In other
wor ds, si ndbe chatachipns siichrtbat hsemainsdixedia the geatesregiesr In ekkeri s

2ancutr i 2 et S ERdRIAER hb e RaRTRI Rk bBrSRBRER Y oo

The cont actmhmufacired b vBrgsg te turediyht aitensity &sosay esttaceidns and
utilizing any suitable process without a significant increase in

La p

expense or REenpnErning therpatagt angriomigaisaesisanaedaidaiompatiiy nunber
or typecof soft contact |enses. 30 In one exenplary enbodi nent, the
manuf ac?uri ng process sinply involves adding a material to the nold
in the ceniBRIEFODESCRIPTION @RI THE MRAMANES st i ¢ nodul us hi gher than
that of the remaining material form ng the contact | ens and which is
I mm sci ble or poorly mscible with the remaining material formng

the contact |en ' | ' | ; Mralaliygn

ot her _oxenpl ary LEbEIRda aht HEEFCRRILL E0 AdVhRRCE T e i fRRBR il Be
zone i s nampbacdntfedn iye falowimyg b pantieular gbscriptbandsigrgfeacadoss t he

contact | ens ang pre-tensi.oni the contact.lens to create resistance
o det oPrmerROEeEls eFheptention R IEEUHE i aadempanyng GRWINGS
foregoi ng and other features and advantages of the invention will be
apparent fromthe follow ng, nore particul ar description of preferred
10 enbodi ment s dligurkd isrvplanaoricvwasl @ cookct knedn iapceidanae sdtplineyi ng
dr awi ngs. Figure 1 is a planar view of a contact lens in

accor dancep\y\?stq{‘tt"h\% IPBsent invention. 15Figure 2 is a diagranmatic
representation of the steps to manufacture a contact lens in
accordance with the present invention. DETAI LED DESCRI PTI ON OF THE
PREFERRED EVBODFIgENER i3GCBIBOERT Madiggeprasentadionafitee gtepssionpapuiashyes

placed on tcBﬁta%*’Fe‘ns in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 Contact lenses or contacts are simply lenses placed on the eye.
Contact lenses are considered medical devices and may be worn to correct
vision and/or for cosmetic or other therapeutic reasons. Contact lenses have
been utilized commercially to improve vision since the 1950s. Early contact
lenses were made or fabricated from hard materials, were relatively expensive

25 and fragile. In addition, these early contact lenses were fabricated from
materials that did not allow sufficient oxygen transmission through the contact
lens to the conjunctiva and cornea which potentially could cause a number of
adverse clinical effects. Although these contact lenses are still utilized, they
are not suitable for all patients due to their poor initial comfort. Later

30 developments in the field gave rise to soft contact lenses, based upon
hydrogels, which are extremely popular and widely utilized today. Specifically,
silicone hydrogel contact lenses that are available today combine the benefit of

silicone, which has extremely high oxygen permeability, with the proven
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Contact |enses are considered nedical devices and may be worn to
correct vision and/or for cosnmetic or other therapeutic reasons.

Cont act | enses have been utilized commercially to inprove vision
since the 1950s. Early contact | enses were nade or fabricated from
hard mat er i cargforinaclinical tierfeirnyiangg eh Siydwaebandssemiigily ¢hesa siigdnei on,

t hese early_ con t.lens re fabri frommaterials that, did
ot sl §ow JERPed dasel i Biact i deesRLETRRAR o HAG R e BBt Athfie”
t he conj ungidnéralpnghot® ORTortABIE o PReize drtHe/comatideRges madlefRE eaffer
adverse clinical effects. Al though these contact |enses are still

utilized, thesg raaterialse Hewevas thesernaw coplact lemsss @i nobtotalb withodr
initial Scoqfn%féﬁo ISat er 30devel opnents in the field gave rise to soft
cont act "l enses, b3sed upon hydrogel s, which are extrenely popul ar and
widely utilized today. Specifically, silicone hydrogel contact |enses
that are avail abl e today conmbi ne the benefit of silicone, which has
extrenmely hi gh d&xygenihnevatiable santact lapses rareaiprancest efiestye meansdor
clinical pegd: - : b , Ld 4

hydrogel bakidh SaeeicH, THETAARISsGfBRRE: ifbuckint KoRfeetot B to. g

ar e gener aldoyrerbvigicrodéfectsacudiog weapid banearsighiedtiess; hiyparsedt onde
of the earlier hard naterials. However, these new contact |enses. are

not totlfll | yAHAHBHRCS. BFIGRATITNs S ARSI NG FUBFE. JihPERIDYPBIRSER
remin a cqft IS Athe Wbily Bfithel AystiifledBng & bECdmHbdatdleChidi Riftet! ©
t eye t efects,

| enses fit over the cornea o O correct vision
i ncl udi ng rayepivailable e ansiright edoess andygrerropdea oba VEdiElyr of mhaterthiets,

ti ti i..e. . hericity | h b g i. th
ass o 1 hEvayiE BT LpBteiget o Ak S R P RtcTe WelsAbact
| enses ar e mudé trakl Soft Bofymetipiatlc MatdrlSTBoMBihe Wit e dbr 8xydd ety

of materials to provide different functionality. Daily wear so
cont actl5| epssveabiity. ypatawear aelt contastrienses meay henslailp disposeblestreri al s

ggm);gte dl \émﬁ%gegﬁ%vrvgép @38‘)?(%&903?5 t%@g%%%:abbt XOntaDgti IlaXséAse afe Sé)Jaglly worn

for a single day and then thrown away, while extended wear disposable contact
lenses are usually worn for a period of up to thirty days. Colored soft contact
lenses use different materials to provide different functionality. For example, a

20  visibility tint contact lens uses a light tint to aid the wearer in locating a dropped
contact lens, enhancement tint contact lenses have a translucent tint that is
meant to enhance one’s natural eye color, the color tint contact lens comprises
a darker, opaque tint meant to change one'’s eye color, and the light filtering tint
contact lens functions to enhance certain colors while muting others. Rigid gas

25 permeable hard contact lenses are made from silicone polymers but are more
rigid than soft contact lenses, do not contain water, and thus hold their shape
and are more durable, but generally less comfortable. Bifocal contact lenses
are designed specifically for patients with presbyopia and are available in both
soft and rigid varieties. Toric contact lenses are designed specifically for

30 patients with astigmatism and are also available in both soft and rigid varieties.
Combination lenses combining different aspects of the above are also
available, for example, hybrid contact lenses.



ext ended wear disposable. Daily disposable contact | enses are usually
worn for a single day and then thrown away, while extended wear

di sposabl e contact |enses are usually worn for a period of up to
thirty days. Colored soft contact |enses use different materials to
provi de di f f er edftoriuieesesmal the\preseiit inyelitionea cantagy lesists defiged pyat

cont act | e'@%é(:{ts[ﬁfﬁeﬁst'ir{c@n%%%@t Thg it rlegﬁ)n}['@icﬁ;ﬁ{cail Qoﬁé’ﬁSH wHich the

dr opped con g, enrrancenent tint ¢on enses have a

t r ansl ucentvidgibmtotrbation & dhtainedtandetheaouter padpiserabtonedf ibgeconhtddtlens
the color tint contact |ens conprijses a darker, opaque tjnt meant to
change one'tBalgyrevidesgpechanicalsiahilityiof the coafachgnsian ey nlezame sases,

functi ogs ' ' ' > o THe

per neabl e F]ag)r%ﬁggﬁf &é%ﬁ]lﬁ%(ﬁé%sfﬂ{rée)&ﬁrgggd I(ra(():rgn]ditsdl |co%gqlép%|”§ﬁngergjqu ggffo a'feg
nore rigi dandcthesaftér peniphecsl Zomesmay bedouseat for bidradimg ket g and t hus
hold their ?hape and gre nor. e durabhe, but gener al Ié | ess ..

conf or t abl @OBMYPHANSLAAMEEID PHERRUNIPANDRE ak gEeppirutiies de aot
patients w r | ' LG rd it Rt f hafr-d
varieties. O%gyﬁcgc%gﬁ?é;é?eﬁﬁsﬁ[?g?gﬁéddeg Sﬁéﬂﬂspec:&ﬁgaswgeggowr’ @
30pat i ent s backlvuast ogbasd sunvarahdaareedyso avail able in both soft and
rigid i@ri eties. Conbination | enses conbining different aspects of
the abdve are al so avail able, for exanple, hybrid contact |enses.

For purposes of TREnRELARY SN bPYSIEdI 98nd pFONEAS VisidtSorrsctdpfdrited by at
| east two distinct regions. The inner region or optical zone from

whi ch t he Jesigheddor aspectic nesdatiichi areingledvising nyepia opdyppiopial  zone
of the contact {.ens tthat rovi des nechani ﬁa{t smbj i Eg){ oh t he ﬁo taﬁt
| ens on ey&MPRILLAPIGRAEM YSIONGRTIHEN. PResPhdaicR @EsHRM oy EE’FB'

| ocat ed betygencohectidi@usph cerecESNSr g otHie desiger theeiaRbeldeassien
may be used for blending the two aforenenti oned zones in a snooth

manner 18ucigoteationi $bemuteriperinheryer petipkeralzonapepidesmerbagicRs al so
defined b . . -
e 150, B g VY ASS Y sSSP T B B8 G0 e

provi des Vieykdnclagihyecémteatiomnahd sridetatigneOrientatianstatsiliZdtionieed such
as single vision nmyopia or hyperopia correction, astigmatism vision
correct i onfunamental Whesitae opisalaanedncluags nentrgtationafly symmetric

correcti 0”fe&tHﬁ{s?"s"hERga%%%Itig%tﬁrcoWHSE *é%/c%ﬁ%;rﬁi Bﬁéé}%‘be'FPa\fioHEOVi de
vi si on 15correcti on. e obter periphery or peYipheral zone provides
mechanpgal correction. The optional intermediate region or zone ensures that the optical
zone and the peripheral zone are smoothly blended. It is important to note that
both the optical zone and the peripheral zone may be designed independently,
though sometimes their designs are strongly related when particular
requirements are necessary. For example, the design of a toric lens with an
25  astigmatic optical zone might require a particular peripheral zone for

maintaining the contact lens at a predetermined orientation on the eye.

Toric contact lenses have different designs than spherical contact
lenses. The optical zone portion of toric contact lenses has two powers,
30 spherical and cylindrical, created with curvatures generally at right angles to
each other. The powers are required to maintain position at the specific angle,
cylinder axis, on the eye to provide the required astigmatic vision correction.

The mechanical or outer peripheral zone of toric contact lenses typically

9



features which influence positioning and stabilization of the contact
| ens on the eye including, centration and orientation. Oientation
stabilization is fundanental when the optical zone includes
non-rotationally symretric features, such as astigmatic correction
and/ or hi gieoBrRItaesaheiabilizatier MERnstodrepeny rofate apd Paeal theraylndrictl of e

i e oot i aTERBAS o PhobR b ereRe ARET ofa VB, MRSkt o e

zone and t hendry itPpRIpAr posnienyerPthedesitgntdns nirReNdERhEN thé Rongikt
sonetinmes their designs are strongly rel ated when part i cul ar

requi r enent@nsisdnaeries EaiMmporiant iREAYICEY @ krricdetae I8Rsa toric |ens
wth anc25astigmatic optical zone mght require a particul ar
peri pherfal zone for nmaintaining the contact I ens at a predeterm ned

orientation on tRefegitey now to Figioe i1¢ tlerstiailustratisies phmee vibvi beaent
desi gns than spheri cal cont act lenses. The optical zone portion of
toric cont &XEMRlaRYCONtE leRmhdayiaer 08 CoQ@@‘ﬁﬁiéF |a@a¢>rd§ﬁ§ewth erpregent

creat ed i Gl GHENAHESoHBBOEAL 0o Rortilis ADGbG-Ufe S5 bt BLrpE

powers are require aln position at the speci |c an

cyl i nder axose 104 sma)usrmg mqom;unu zhnd h@2.r #his ammewamﬂgumtm is

correctlon The chani or, outer perlrp(gﬁral o e of toric contact
Ipiasge

| enses pyplac%{pWar ?? @ES gesidqpi h@oorﬁﬁ‘é'ﬁte'w?”tm ate
and orient hto%v%)’lthé%rdtlﬁ%ngﬁ 035k Ir9oBTieE, é@(di?tail@@ %uBQﬁdérﬁg Wbé Stiffer

being worn on the eye. Rotating the cont ‘act lens to
position whiean thteswwumwng regisnnmaresly, thre pmmharalezmi%t Thermeptmzone

inserted is.i ant i,n oduci at0|c cont l.ens. 5 Referrjn
ow 1o Fi 6027R8Y bETha® Bl tian e BenBheral 2806 30k yig B uradnainss
contact | eppddagheda8lis @@Bﬁééé&éub%q@@ﬁﬂ{/ dﬁfﬂ@ﬁe@kéﬁm‘lé}? d@rﬁ&%ﬁﬁient the

i nvention. The contact |ens conpri ses an optic zone 102 and

peri phéfal stffeeoptimzens flazummhlge enbicypd iuglizbae meteriatwith aihlgﬁﬁgemant

i th ¢ he priefits b oo 8 BREL SRSHE o, B o 58 e s Pe SR ERARTES

as det ai | egngtahsleguraipeyiphérl benstiolf an ddaanttbeaing bPHIYALNBIasEg] ON;
nanely, the peripheral zone 104. The optic zone 102 may be nade

stiffer thaedules.gbeimerial nibaertiozoned 0z inprgierally imavisels cimeorly
means as i §ydLiBRURR that B IEILERLLNdIg T ABRaPE RPN ¥ rEMRAH Ry in the

20  position. A material with a higher elastic modulus is stiffer than a material with
a lower elastic modulus. The stiffness of a component, element and/or part
determines how much it will deflect under a given load. The more stiff a
material is, the higher the load required to elastically deform it; however, it is
important to note that the stiffness of an element is also a function of the

25 material thickness as well as the shape of the element. Accordingly, for a
given shape and thickness, the higher the modulus of elasticity, the greater the
stiffness. With this type of design, astigmatic correction may be achieved via
an increase in the contact lens stiffness for a rotationally or non-rotationally
symmetric optic zone, in order to optically neutralize or reduce the effect of

30 corneal astigmatism, by providing for the central optic or optic zone 102 of the
contact lens 100 to vault over the astigmatic geometry of the cornea. In other
words, the optic zone 102 vaults over, or does not conform to, the astigmatic

geometry of the cornea while the peripheral zone 104 remains in contact with
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15stiffer optic zone 102 may be achieved utilizing a material with a
hi gher nodul us of elasticity or higher elastic nodulus in the optic
zone 102 than the material in the peripheral zone 104. In addition to
bei ng of higher elastic nodulus, the material in the optic zone 102
is prefer atﬂ% eyaraushitbata Bilclsﬁrdeas/ﬂwﬂé@mf%m heiwerattheomea and the

i orial wiRCZORegIA Bigtpers iarsr D e B sk RO8 b lrachon oo

with al owﬂhated;faﬁblo@nﬁ@aiuhysearTﬂm ﬁnsférliwﬂﬁa &intactaen® ebeitinatRInefdRfAtan
and/or part deternines how nuch it will deflect under a given |oad.

The nore staptic srfiggearicdemest theheorpgldhe wisstal daficit eigliastive error
elasticall'y %§E8r Dihk e ié@‘éﬁomét?y uncc{tﬁ@%&@%f ﬁfv%ggﬂéf hte*}ﬁ{ieﬁ Bf

stiffneSs o an e enen SO a on O eria

t hi ckness asfruefidn efthielfui¢ bapsaroéng kenedrigreentatct\iorahdicogias; thetomeal
gi ven shape and thickness, the higher the nodul us of elasticit t he
greater thdO|gityip r@@§'§aHW?WQ|me§ WB@U‘Eﬁd when gembised yithtthe contact lens

correct| 0”{%&;&561 A OX&% 4t theRieb At fn@?ﬁhdrﬂ ttH&tS@Orml%Pé@‘ﬁhg ogp%t?ipnénatmg

stiffness y Or 'non-ro onar
zone, in ottidenetd fopthecadritgcirens tacorztaimmnon-estatiendllyesyafirhetric aitica0

corneal astigmatis b vj di for the central, optic or_ optic, zone
102 of 1Phe ceafelien. thesahilieation fedtires st %F&A%@.'a@&q o @%ﬁ@t% of
t he corneay ér‘éb?tﬂ?ﬁwd??@_réiﬁworér&%nﬁ@ﬁéﬁlezléﬁ'% 102 vaults over, or does

[ 0

not conformto, "the astigmatic geonetry the cornea while the
peri pheral zone 104 renai ns in contact with the eye such that a

t hi cker tear fl dIensf the corn and, the optic, zon
100 & neert onr Satsydtian B Snachio S iess SchEVER dblon bRt
that of t hﬂeﬁ@fé’@ﬂhetﬁ@\ hﬁﬁfulué Hj/dll'obéﬂéorﬁﬁéi Iéﬁ@ OPﬁé‘%@ﬁé in Bbsbination
conbi nati on form an ic surface or el enent corrects the visual

deficifdSor w@fthacﬁnemflcden@geametorwamféemhewal gephetie andion tericer
words, g Ve ttOB%tf atnhaestfgmaeﬁc corneal geometry, a contact lens designed in this
manner may be utilized for the correction of low levels of astigmatism and also
may be selectively utilized to enhance vision for higher amounts of astigmatism
as well as any possible higher order aberrations created by corneal geometry.
20  Accordingly, the present invention utilizes a contact lens with a specific
prescription, but formed with an optic zone formed from a higher elastic
modulus hydrogel material to correct optical defects with reduced or no need to
maintain the lens rotationally aligned if rotational alignment would normally be
required.
25
In order to realize this design, the optic zone 102 preferably comprises a
material with higher modulus of elasticity and which is immiscible with or poorly
miscible with the remaining material. In one exemplary embodiment, micro-
dosing technology may be utilized to fabricate or manufacture a contact lens
30 100 having an optic zone 102 with a higher modulus of elasticity than the
surrounding lens. Figures 2A-2D illustrates an exemplary process utilizing
micro-dosing technology. In a first step, a standard front curve 202 for a given

prescription is positioned to accept the material for forming a contact lens. In a
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refraction of the fluid or tear lens is nearly a match for the
cornea; the corneal toricity is optically neutralized or reduced when
conbined with the contact |ens optics. An advantage of the present
invention is that in reducing or elimnating the need for the contact
| ens to corfegPndséep.reos@aell grep Py highratastia mogptusmarlmeoem@épréiﬁart he

ot ovi di ng SPPEIFEAPRS SeRRYSE i Bogd Bud Tnf oMb BbREn of "
Stiffness aghtavtashs foulve Moid 202 dnta tird st 4 bevoriclonler eciiugh

nmodul us hydrogel contact |lens optic zone in conbination 15with the

tspe_ci fic | tén@ntyf@@h@%yff_rﬁasa%rﬁisafép%;ﬂﬁyﬁl@%,seél@BW@niQf naiaiileen, is
oric, @n e AV :

dosi gned i ROLRR TR haTTEH bl ondFRFS) plBe 0 TEls infBtftant to

| evel s of awitée grataryrsuitaticamaterial Yofermilgesdft settactienbés athyt loe atilaica
vision for higher anounts of astjigmatismas well as an 0ss| bl .

hi gher or déccaBtancawighthechregertinkgni nk 43 alsadmpertant éoﬁ@edhaﬁ tE@I Righ
t he present, ' bl L | £

P osor s pt1 St o Sfe thAcchBrSofah 8k LERRc thidlgs REHII e oro

el asti ¢ nodumiscibledorgupedriymaiseitil@l I a founth et=p, the corthctlehs ensldvis tlosed

reduced _or nqg,need to maintain the |ens tional | | i gnped if
Fotatt dhal BHNG drpeetiadarans bRsscrp oL ns: 488 tased ol §nghger o
realize thi | IRAnbRoARAS PP EaIRr AR X TRANBEAaESIoRs wi

mat eri al wp?ﬁﬁﬁ)ﬁgﬁgo ﬂr;ggb usbm9 el asticity andI whi clh IS 1 nm gc?g\lntg 2
wi th or poeehfrahdptid &t @ptic zdng having @ehighepmedulsiafleladticity me ie sehfoirt y
enbodi nment , bm’ cro-dosing technology may be utilized to fabricate or
manuf act ur &8V&ont act | ens 30100 havi ng an optic zone 102 with a

hi gher nodul us of elasticity than the surrounding | ens. Figures 2A-2D
illustrates an exenplary process utilizing mcro-dosing technol ogy.
jprdingn

In a filfst step,The mataitels setfoghtabnyefer thezbulls of theyceriachleascine

second st of Qb SEpoTah aB serutdh A Rutkreliribbnbiipe ate” °
cl ear addi currentlp utitideinghe Falasddtionnarddftusontactdonsss. | Otteerisiigopent er
portion of the contact |lens front curve nold 202. In a third step, a

second | owdydragdls insluasnstrafilconebalailcorxvfispa anskemafilean, Thesefil con,
senofi | con Lok AakalbikbERMhatSa low modulus of elasticity, for example, etafilcon A
20  has a Young's modulus of about 0.3 x 10° Pa, galyfilcon A has a Young's
modulus of about 0.43 x 10° Pa, senofilcon A has a Young’s modulus of about
0.72 x 10° Pa, balafilcon A has a Young's modulus of about 1.1 x 10% Pa, and
lotrafilcon A has a Young's modulus of about 1.4 x 10° Pa. The materials for
the central optic preferably have a higher modulus of elasticity and are
25  immiscible or poorly miscible with the material in the peripheral zone thereby
allowing it to remain a bi-material contact lens. Exemplary materials include a
silicone-based hydrogel in the center and a HEMA-based hydrogel in the
periphery, which may be made poorly miscible and remain separated. In an
alternate exemplary embodiment, one or more additives, including crosslinkers
30 such as TEGDMA, may be added to the bulk material forming the contact lens

in the central optic region to raise the modulus of elasticity in that region.
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5 dosed on top of the high nodul us nononer or additive 204. It is
inportant to note that any suitable material for form ng soft contact
| enses may be utilized in accordance with the present invention. It
is also inportant to note that the high elastic nodulus material 204
and the | ow el askhaemenel tigigsomstifier oaticalomngr t03 maierialppead dne frssrstijf

deposi t 1 on FY RRCA I 0Ad2bE Rt & BbERonsEa R TG 4 distinf QR dfort s’ "
posi ti oned theret May Hehe sIGHIYIBdingaY thetwilfreteridls dufing is8abmennt Pisib

lens with a central optic or optic zone having a higher nodul us of

el asti ci ty vald measn thed theastiffipss. of B irnsiR may ¢hange gredualleisiier ibe
the bulk ofo e gantactahens of RSl R8RCHRA ddigror BB Qhis@Mons,
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oo yFi & con SR <G, Tit REGiRroifi i : BRI g 18RS Which encapefetpla

A has a Youiglll Rnsodsgrtisnsitic alf awofDlens natkfal $teell drad has batistingt braasidion
Young' s _nodul ugﬁﬁf about 1.1 x 106_ Pa, and.lotrafi Ifgeon

. Af,has ,
Young' 40 nodiamtidoPiE sane 10 golien BEIRETY THE ISP diftere e Seried al
optic pref ?@ﬂ:&&;é{sp BeReabiB! DRRICt RRIROPITsifee irdripheP B fifcontact lens

25i mm sci bl rl'y mscible wt materi a e peri phera
zone t her eligynal oWdeatgonto a ngideeninal aptid, -buratheathecbva sreterdas sre molded

Exemplary naterials include a silicone-based hydrqgel in the center

and a HENRIGRRDE (FBELIS RORROMRGSTNE P GRTlteH Y be made poor | y
m scible and remain separated. In an alternate exenpl ary enbodi nent,
one or nore additives, including crosslinkers 30 such as TEGDMA, nay

be addéfl to the ltoalimpetaeticatotedhat any suitahde hicgempadible inatarials own heal
optic region.to raise. the modul us of elasticity int i.on.

The mor o r LHlitRbI0"wBRIS LR ROe st mB Bl fiddeirh ST 1R are
stiff peri phefepdblyCleareare ¢omS4tiAe with thetmHesREsadMpHsingRe dull Sitthact
transition, as there ndw% be a slight blending of the two materials

duri ng assé&rBiagt lers andbayeitheesame dex eferefiectione Exisiing precesses feno

may change J h i : i
bosi ¢ i on (A Zohtach ritel fpay B 3Rl nd il (haPyldtha BN tepses
optic zoneir@Zcordhrce alithvtheptledent dovdnitiono VAsEagity differehtesin sptld acse of

the central optic to the back surface of the central gptic of th?
contact | eA8d PeripBensM@nomars may be wsgd ko maiptain aeraratios furipgtee lens

encapsul at Lgtid - in NS : d : i

Cr P FBLAg RIS 360 PSS highe?Ohkoby Vorh #d e
that does not flow outwards to the periphery when the lens mold is closed.
Consideration must be made to the shrinkage and expansion rates of both

25 materials in order to form an acceptable lens.

In accordance with another exemplary embodiment, a stiffer optic zone
may be achieved through a controlled, but varied curing process. For example,
by varying the cure light intensity across the contact lens, varying stiffness’s

30  may be realized in different regions. Accordingly, by selective curing, a stiffer

optic zone relative to the peripheral zone may be achieved.

13



10from stiff optic zone to softer periphery. This is also different
froma skirted rigid gas perneable contact |ens (RGP, since the

peri phery of the contact lens is not nolded onto a rigid central
optic, but rather the two naterials are nolded together, creating one
non- horgenous dofaddition iadssingabi-masetial eontagidepsmithidifferenees Y oung's

ol astic modipaaCast M€ oaer ehl el dhdoeTurt & decfpbdhooyd ™

conpat i bl e pretibnibRINGITANE lerkOMRAY iafddgrebbe rduidtines td Hefoematias vHesns
and have the sane index of refraction. Existing processes for formng

contact | erdacechar-aye. dnpra-tensiamedilens Wil ragwiredpeis oreain deformeassine
201 n acgorqﬁt‘ég‘?al%ﬁé] h%&fb%smcamé%@ygg@ghgg%@glyw?@effhﬁmﬂaes in

OptIC Zone an perlp ery nononers ma aln separatlon

duri ng the rhethsusean abape) a mabm:kness:cMeasodsnmangfa@twrgjm

Vi scosMy central nononer that does not fl.ow outwards tlﬁ’gt_the ,

peri phery JR@Hona@ lansss inglude vandngthegreachar ratey §%‘¢"bﬁ3 dptrelciagie to
the shrink @p e%%%%eﬁ%tr%ﬁoﬂ'ferqgé&&?% atbschﬁ@ro‘?l‘i dRg

form an acceptable I'ens I'n "accordance vv| ‘anot her exenplary
enbodi ment susfases bf dre lepsinoldend heagsbit isae heres/that tlhhaotlgtairaains a “dome”

troll ed,  but d F .
S P shabenbat it Shssriacionsd BaF i tor s e 15 ackifion fodeibiing
30nay be regd Fﬁﬁfé frOntdarkd Séél@ﬁ]o'ic?guﬁé'&s Mﬁéﬁ&ﬁw&x ermévé@ Bd i ve

curlng, a sti er optic zone relative to the peri er al zone may be
achi eved. concentratiamobaiiigenar ar@tlnm lnglbaobmayehaevamd sowsadoth Fopt

W th dlffere es in _young's in.the center and eri phe or
el 6ot | ve. ATRTRPLATRES: rRalRd Bt BB e e S sivens PLo e HaBpahingisns.
al so create resistance to deformati on when placed on-eye. A

pre-tensioned lens will require nore force to deformas the
15 The basic premise behind this pre-tensioning process is that different

plastic mold materials absorb oxygen or other reaction inhibitors at different
rates and retain the oxygen or other reaction inhibitors with different affinities.
By utilizing different materials to form the front and back curve molds or
selectively exposing the front and/or back curve molds to oxygen or other

20  reaction inhibifors, the reaction rate may be changed thereby inducing stresses
in the contact lens. For example, polypropylene readily absorbs oxygen while
zeonor and polystyrene absorb significantly less. Accordingly, by utilizing
polystyrene for the front curve mold and polypropylene for the back curve mold,
with equal access to oxygen, the back curve mold will absorb more oxygen

25  than the front curve mold and thus the monomer in contact with this surface will
have different properties, creating a differential stress between the front and
back surfaces of the contact lens. The concentration of the oxygen or other
reaction inhibitors may be further manipulated by controlling at least one of, all
of, or any combination of time, temperature, concentration and pressure of the

30  medium (environment) surrounding the front and back curve mold surfaces. In
addition, concentration of absorbed oxygen or other reaction inhibitors may be
varied across the surface, such as by masking the part prior to exposure or

selectively removing absorbed gases.
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5i nternal tension nmust be overcone along with the elastic force from

t he nodul us, | ens shape, and |ens thickness. Methods of manufacturing

pre-tensioned | enses include varying the reaction rate, such as by

introducing different |evels of oxygen or another reaction inhibitor,

to the front and back surfaces of the lens nolds. The result is a

l ens that, inta I , ed
. q'-t’rom?ilﬁfﬂ [P?héac %gggstfq%gﬁgqﬁ is Bﬁécﬂ\fe F%ﬁeﬁ% trr('tﬁg
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both front Sfcaies |§fﬂ|$ P&é@%ansc@féaﬁl'MGQS%@@QFPH){%HE?@W@W iatth%@ntral
fil th I T,
D O gt DI R or R AP SLRISEMERENIAa Dasing ayre ton

absor b oxydeteneity ahdl @ret@asidning af e bottackleat adi ddsexibadl in deml Feardin,
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affinities. h@y Diack fensnyodidmal regiire, 3R\ sPeFtc PP sygronanialian and theygfore
back curve 6’|5n(9Fneiﬁ1| &%gﬁdbvn.z%ﬁaﬁ%mgtdaﬁtéa%ﬁs apdofedlas rﬁ'alf|¥r‘ﬁ

nolds to oxygen or ot reaction inhibitors, the reaction r
be changed ardéoreiigh Drmlmmbuyraitomeﬁesredmnedaé)utont acklel m&@uglbﬂ'@rmechanlcal

| | | b | d
botyot JPeneEabnanaw = bs wagred et vavat MpyS pashat il Brye 2
pol ystyr e”%rﬁeﬂfer‘irﬁﬁaétrcﬂmnsﬁﬂrd@alw' As apdfhH Hﬁ\@ﬂneélﬁ/afn%qé Bﬁh@aCk

curve nold, with equal access to oxygen, the back curve
absorb nor @rewgemwezﬁlonhamatnbefstahw\hzatlan\feamﬁ maydea rmiuceﬁen ﬁtﬂ@dmer

i n contact ur f have di fferent propefties reating
2"a 11 er encLizstipll eTBiEE Mormewittiiome & FidBie BBkl ETaliErs.
contact | erfhe gre8efORCERGSHREOR PEIMPIE aPYIeHaritsoNithteT fof &RE EbPEction of
inhibitors may be further manipul ated by controlling at |east one of,

al | of 15or agtigmessmi. nati on of time, tenperature, concentration and
pressure of the 30 nmedium (environnment) surrounding the front and
back curve nold surfaces. In addition, concentration of absorbed
oxygen or other mm@q h@mowmurm tesaibwalis ehat d¢ believadrtosse theemast f ace,

such as by maski ng fpart prior. to exposure or selectively renoving
absor bed g@sastical and preferred embodiments, it is apparent that departures from
specific designs and methods described and shown will suggest themselves to
20 those skilled in the art and may be used without departing from the spirit and
scope of the invention. The present invention is not restricted to the particular
constructions described and illustrated, but should be constructed to cohere

with all modifications that may fall within the scope of the appended claims.
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Providing that the corneal astigmatismis effectively reduced per
this design with a rotationally symetric optic due to the increased
stiffness of the soft contact |ens by neans of the increased nodul us
of elasticity in the central 5optic or optic zone or by any other
sui t abl e nesMYAIUSCRAIMBPVSHg cure Iight intensity and
pre-tensioning of the contact |lens as described in detail herein, the
contact | ens would not require any specific on eye orientation and
therefore | ess or no nmechanical stabilization for the contact |ens.
| f corneal astignmatism and/or high order aberrations are reduced, but
not made negligibl e, Areopbimabuaic dedaeatomprsingon may still be
required, but varjiatio 2 iLn_lens Eosgnu%ﬁ w | | e a.s Iher npact
on visual qual i tyCONECKENSPEVING 3 BSTEe ‘Cé&‘srﬁ%ﬁ% St pPe%ent

invention isyiridudtirg®esdenbial bFﬁé F&he ftﬁétc@hﬁfctmys B&ing e6theadlfrom & ffiegt
or substantially eI I m nat ed, rovi di n(g a nore confortable
¥, G|

cont act | erfateriabhayiag erfirs mdhtusmfy edagtigit mpl e and el egant

solution for th

and descri bed i ga%cio]rfc{nec‘icrtn'agé}‘a?envcéiﬁrfr%‘teg:lﬁﬁ]g{gn%eqtraI Og/cf}{: i cag%g#zé]gmad
preferred ¢emndhaestond Matesalapaagiig thelfast rﬁeﬁarutsurf@aétrcﬁmmﬂméntfal

desi gns and net hods descri bed and shown will suggest thenselves to 20

those ski | I0PdCiZenere %Qcoaﬁdﬂﬂayluwf@é%ﬂlcw,tmw@lrumw%qqme MPEHiHE [9d
spirit and e?&é?@ﬁgﬂ; %rteté‘fer' ‘éﬁ%é‘ﬁ &ﬁll!% 6F fétstlbllf%gﬁa andfu‘sl? FHBtsec

restricted 1o rtirc ar cons ons escr ustra
but shoul d nhmteciamsaremmwrttﬂllpuhaﬁmblet h all nodifications that may
fall within the scope of the appended clainms. WHAT IS CLAIMED | S:
1. An ophthal m c device conpri sing: a contact |lens having a

central optic zene ang, rﬂﬁhélgilerd%bcér mag?c#ﬁ%%é'a hiR01 L RReii Heaéontact

optic zone, the contact [l'ens |ng 0 I'rst rraterl al
havi ng a filerﬁcmmdu!ses;a(sbfteioam;actdemgt, and a second materi al
incorporated into the central optic zone of the contact |ens, the
second material changing the first nodulus of elasticity in the

central optic zgne tqHy GRAAIFAVICESaRbrdthg@®d CHifY1, \)Oﬁérreﬁi fheté&tact
second nodul us of elasticity is greater than the fi rst nodul us of

el asti ci ty lenricarnprises aitorigmgontacblgdsmat eri al s are substantially
i nmm sci bl e. 2. The ophthal m c device according to Caiml1,

wherein the cont act ri.ses a soft he
opht hal ni ¢ devi &e acb&eo‘?&gﬁglmﬁﬂﬁvafccﬁﬁﬁ E%&@EHE‘ JE’O‘HP%@E” V@n@rﬁ
conprises @ itRfihCcdRPHSS a hfdfomer having a low modulus of elasticity.

5. The ophthalmic device according to Claim 4, wherein the

monomer comprises etafilcon.

6. The ophthalmic device according to Claim 4, wherein the

monomer comprises galyfilcon.

7. The ophthalmic device according to Claim 4, wherein the

monomer comprises senofilcon.

8. The ophthalmic device according to Claim 4, wherein the

monomer comprises narafilcon.
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4. The ophthal mi c device according to Claim1, wherein the first
material conprises a nononer having a | ow nodul us of elasticity.

5. The ophthal m ¢ device according to Claim4, wherein the nononer
conprises etafilcon. 6. The ophthal m ¢ device according to

Cl ai m 4, wher ei 1.t he Thmophihaboiepiavinesagrairginglte ddaim 4, wherein tiineecond

OB el . ASEFca5ERSL BB AN o 5 Sl BRRTB, o 5

wherei n the nmonomer conprises narafil con. 9. The ophthal mc
device according to Caim4, wherein the second material conprises a
monomer havi ng dGi ghA maiood of grakingan iophthalmic device, the methedhod of
maki ng an %%ht h%\l.ﬁﬁ_c devi ce, the nethod conpri sing: dosing a
first mater AP évq'ng a first nodulus of elasticity into a center

portion of a corfofig & ®Rs rhaterbl BaViNg aMrbtinodulus of &dsdtitity intecosrter
mat eri al having a second nmodulus of elasticity into the contact |ens

front curveoridroba copfpchiensHisontquye malédri al , wherein the second

modul us _of el a“dﬁ%ie&r%? iﬁagﬁﬁe@ﬁﬁériélw i@é& sfeia&ﬁr% P{eHr?:‘Eh{'fé’t?f Qhsticity into the

elasticity, and ISt an con ral's afe

subst ant i aldoyitdatergcirdhtecuras ehale Dinttoprifiige first ondtadal, Werseihdhé sevong
nmol d on the second materijal. 11. The nmethod for making an .
opht hal nmi ¢ neeiles obetestiaivnig areatgrdhan the first Maskiuseh@lastisityg apd avhargly
of curing Fdat, : rd : 1 a cont act

| ens havi ngﬁgﬂf:éér?t?@a Og??@é’t&éﬁuge@&w&t%ﬂﬁﬁt'&ﬂﬁﬂ@%ﬂ?lﬁﬂgﬁi el asticity
t han a peri pher gositionéing & eontsct lens back dzve maldwhabe seeond omatpriaki ng:
an optic zone being forned froma nmaterial having a first nodul us of
el asticity; and

11.  The method for making an ophthalmic device according to Claim
10, further comprising the step of curing the first and second materials thereby
forming a contact lens having a central optic zone with a higher modulus of

elasticity than a peripheral zone thereof.

12. A contact lens comprising:

an optic zone being formed from a material having a first modulus of
elasticity; and

a peripheral zone being formed from a material having a second
moedulus of elasticity, wherein the first modulus of elasticity is greater than the
second modulus of elasticity.

13. A contact lens comprising:
an optic zone having a first stiffness; and
a peripheral zone having a second stiffness, the first stiffness being

greater than the second stiffness.

14. A method of making an ophthalmic device, the method
comprising:

dosing an optical grade material a contact lens front curve mold;
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a peripheral zone being forned froma nmaterial having a second
nmodul us of elasticity, wherein the first nodulus of elasticity is
greater than the second nodulus of elasticity. 13. A contact

| ens conprising: an optic zone having a first stiffness; and a
peri pheral zone pesiioninGasestand lens backeewyve meldian e apticat arasle matanigl

opht hal m o TP EfE Cabldet it Ront v e My SRRg Bha PRk e o
mat eri al a feAntaaedntheens hesld; snd ve nol d; positioning a
contact |ens back curve nold on the optical grade material and

seal i ng the conts&qctivelyscuringrthe amtigal ererlg materiabindbatcatagt &ens makkby
curve 10 T Qmift 0 IShsil " A in8RAng 3BAt across 1RE LEALY BIY dittt NS a

optical gra teria he~con ens nmold by varying the

i ntensity afentraepotionnd the gbhtaat lerssis stiffecthaines peligitarahpbdioswd thé hat
a central portion of the contact lens is stiffer than a peripheral
portion of R HI%Act | ens. 15. A method of making an opht hal mic
devi ce, the nethod conprising: i ntroducing a first reaction
inhibitor into a surface of a contact lens front curve nol d;

dosi ng an opti cdl5. gr dmetmbedof mlakinear ophaaimicedsvida, dhé noethed nol d;
i ntroduci ng a second. reaction inhibitor into a surface of a contact
| ens back curve SPFIR{ISING: posi tioning the contact |ens back curve

mol d on the opt iiGRbdHiRG's MBLIBEERSH RIMbIER Mo sl NS 86htaceRmsiait

curve nold to the contact |ens back curve t on‘?or m a contact |ens
mol d, wher @urve held;i r st and second reaction inhibitors differ in at
| east one of CO%%ISnigt éﬁgpﬁgg g?ggg?nnétégé]itﬂg;co%pa%t lens front curve mold;
introducing a second reaction inhibitor into a surface of a contact lens
back curve mold;
positioning the contact lens back curve mold on the optical grade
material and sealing the contact lens front curve mold to the contact lens back
curve to form a contact lens mold, wherein the first and second reaction
inhibitors differ in at least one of composition and concentration; and
curing the optical grade material in the contact lens mold creating a

predetermined tension profile through the resuiting contact lens.

16.  The method of making an ophthalmic device according to Claim

15, wherein the first and second reaction inhibitor comprises a gas.

17.  The method of making an ophthalmic device according to Claim

16, wherein the gas is oxygen.

18. The method of making an ophthalmic device according to Claim
15, further comprising the step of controlling the concentration of the first and
second reaction inhibitors by varying the materials forming the front and back
curve molds by their propensity to absorb and release the first and second

reaction inhibitors respectively.
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curing the optical grade material in the contact lens nold creating a
predeterm ned tension profile through the resulting contact |ens.

16. The net hod of maki ng an ophthal m c device according to O aim 15,
wherein the first and second reaction inhibitor conprises a gas.

17. The net hod of meki ng an ophthal m ¢ device according to C aim 16,

wherein the gas is 0 en. .18 T t ho kin |.m .
devi ce accordi ngfio éyr% e @d ?{}ﬁaﬁ&g %’gﬂgﬁh 'é: %Yz&sgtgcg)trgﬁg%ba'm
control | i ngl g, hertieersendricihg @i sfeptdfechtrofiingand ceaeomeatioreét thefirst and
inhibitors by varying the materials formng the front_ and back curve
nol ds by t H&icPngreaelied inhibitersaby vatyinthiher epossiee ththerfirsband sacert ond
reaction inhi.hi b\vel: ki

opht hal m cqﬂ%@h@:@i%@?@ﬁ%{qeo{'%eageﬁqgﬁgﬁ*%f{:ﬁg%ng%ﬁpgﬁ:ﬁs| g'%? ]S*lueres(%fetBe
of contr ol Imagiubhsurconsdng ties front @fd baek tunstmalud. second reacti on

i nhibitors by varying the exposure to the first and second inhibitor
by controlling the tinme, tenperature, concentration and pressure of
t he nmedi um surroundi ng the front and back curve nol ds.
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