DYNAM C STABI LI ZATI ON ZONES FOR CONTACT LENSES BACKGROUND OF THE
INVENTION 5 1. Field of the Invention The present invention
relates to stabilization zones for contact |enses requiring
rotational stability, such as toric contact |enses, and nore

particul arly 10t OYNAMICISTABHAZATION ZONES BOR CONTACTAENSES and

I ncorporating one or nore dynam c stabilization zones that have
varyi ng physical properties. 2. D scussion of the Related Art 15
Myopi a or nearsightedness is an optical or refractive defect of the
eye wherein rays of light froman inmage focus to a point before they
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10 to contact lenses requiring rotational stability and incorporating one or more

dynamic stabilization zones that have varying physical properties.

2. Discussion of the Related Art
15
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
the dome of the cornea is too steep. A minus powered spherical lens may be

20 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 dome of the cornea is too flat.
A plus powered spherical lens may be utilized to correct hyperopia.

25 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, astigmatism has
nothing do to with globe size or cornea steepness, but rather it is caused by
an abnormal curvature of the cornea. A perfect cornea is spherical whereas in

30 an individual with astigmatism, the cornea is not spherical. In other words, the
cornea is actually more curved or steeper in one direction than another,

thereby causing an image to be stretched out rather than focused to a point.



blurred due to the inability of the eye to focus a point object into
a focused image on the retina. Unlike nyopia and/ or hyperopi a,
astigmati sm has nothing do to with gl obe size or cornea steepness,
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It is known that correction of certain optical defects may be

accomplished by imparting non-rotationally symmetric corrective

20 characteristics to one or more surfaces of a contact lens such as cylindrical,
bifocal, multifocal, wavefront corrective characteristics or decentration of the
optical zone. It is also known that certain cosmetic features such as print
patterns, markings, and the like are required to be placed in a specific
orientation relative to the wearer's eye. The use of contact lenses is

25 problematic in that each contact lens of the pair must be maintained at a
specific orientation while on the eye to be effective. When the contact lens is
first placed on-eye, it must automatically position, or auto-position, itself and
then maintain that position over time. However, once the contact lens is
positioned, it tends to rotate on the eye due to the force exerted on the contact

30 lens by the eyelids during blinking as well as eyelid and tear film movement.

Maintenance of the on-eye orientation of a contact lens typically is

accomplished by altering the mechanical characteristics of the contact lens.
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20characteristics to one or nore surfaces of a contact |ens such as
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15 region of increasing thickness from top to bottom in order to utilize upper

eyelid forces fo stabilize the contact lens may be designed.

The challenge with static stabilization zones is a tradeoff between

contact lens stability and comfort, plus the physical limitations associated with

20 increased thickness. With a static stabilization zone, the slope of the
stabilization zone is fixed in the contact lens. Changes to the design to
improve rotational speed, such as increasing the surface slope of the
stabilization zone, also increases contact lens thickness and may adversely
impact comfort. Additionally, the contact lens design has to accomplish two

25  things; namely, to rotate to the proper orientation on insertion, and to maintain
that orientation through the wear period. A static design requires tradeoffs in

performance between these two modes.

Accordingly, it would be advantageous to design a contact lens with
30 dynamic stabilization zones that auto-position the contact lens quickly and
hold and/or maintain the desired position for optimal visual acuity regardless

of eye movement, blinking and tears.



two thick zones may be positioned on either side of the optic zone
and centered along the 0-180 degree axis of the contact lens. In
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conprising a contact s requiring rotational stability on eye, the
contact | edgnbmzmgtabdlza’em zeoenthat| chagigeavdrandihe eyetidamavesatrosséhe at
dynam c st |zatd§on zongai)i["nc Bor ated into the contact |lens, the at
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st abi | i zat icentaep s requiring rotational stability on eye, and incorporating at least one

dynamic stabilization zone into the contact lens, the at least one dynamic
stabilization zone facilitating alignment, via rotation, of the contact lens on the

eye at a rotational angle for optimal visual acuity.

Contact lenses requiring rotational stabilization in order to maintain

optimal visual acuity, for example, toric contact lenses currently rely on weight

10 and/or eyelid pressure to maintain the contact lens in the correct position on
the eye. The present invention is directed to a contact lens comprising one or
more dynamic stabilization zones rather than one or more static stabilization
zones. The one or more dynamic stabilization zones may be filled with or
fabricated from a material that has varying physical properties. More

15 specifically, the one or more dynamic stabilization zones may be fabricated

from a material that is readily deformable under the pressure of eyelid
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In accordance with another aspect, the present invention is directed
to a method for meking an ophthal m c device. The method conpri sing
formng a contact lens requiring rotational stability on eye, and
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parameter to i ove rotational speed and contact | ens rotational
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stabi | hgat PN ZQi88nce with the present invention provides for improved auto-
positioning, improved rotational speed, improved contact lens rotational

stability and improved comfort. The contact lens incorporating one or more

dynamic stabilization zones is relatively simple to design and manufacture.

The contact lens incorporating one or more dynamic stabilization zones is also

25 relatively inexpensive to manufacture as compared to currently manufactured
contact lenses. In other words, the incorporation of dynamic stabilization

zones does not require a significant increase in manufacturing cost.

BRIEF DESCRIPTION OF THE DRAWINGS

30
The foregoing and other features and advantages of the invention will be
apparent from the following, more particular description of preferred

embodiments of the invention, as illustrated in the accompanying drawings.
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20 in accordance with the present invention provides for inproved
aut o- positioning, inproved rotational speed, inproved contact |ens
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15
Figure 5 is a diagrammatic representation of a first exemplary contact

lens in accordance with the present invention.

Figure 6 is a diagrammatic representation of a second exemplary

20  contact lens in accordance with the present invention.

Figure 7 is a diagrammatic representation of a third exemplary contact

lens in accordance with the present invention.

25 Figure 8 is a diagrammatic representation of an exemplary dynamic

zone capsule for a contact lens in accordance with the present invention.
Figure 9 is a diagrammatic representation of an exemplary process for

fabricating a contact lens incorporating one or more dynamic stabilization

30 zones in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS




Figure 6 is a diagrammtic representation of a second exenplary 20
contact lens in accordance with the present invention. Fi gure 7
Is a diagrammatic representation of a third exenplary contact lens in
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Figure 2 illustrates in greater detail how the thicker stabilization zone

15 222 interacts with the upper eyelid 108 to induce a force that tends to rotate
the contact lens 220. The critical parameter driving this rotational force is the
angle of the contact area between the upper eyelid 208 and the stabilization
zone 222 of the contact lens 220. As illustrated, the normal force, represented
by vector 230, at a point of contact between the upper eyelid 208 and the

20  periphery of the thicker stabilization zone 222 may be resolved into a rotational
force, represented by vector 232. The steeper the angle of the stabilization
zone 222, the greater the rotational force component of the normal force acting
on the contact lens 220. Conversely, the lower or flatter the angle of the
stabilization zone 222, the lower the rotational force component of the normal

25  force acting on the contact lens 220,

In accordance with the present invention, the dynamic stabilization zone
or zones may preferably be filled with a substance that may redistribute when
pressure is applied. Essentially, the present invention is directed to a contact

30 lens incorporating one or more dynamic stabilization zones that comprise a
material that create one or more dynamic stabilization zones having varying
physical properties. In one exemplary embodiment, as is described in greater
detail subsequently, the contact lens comprises one or more fluid or gel filled



Figure 2 illustrates in greater detail how the thicker stabilization
zone 15222 interacts with the upper eyelid 108 to induce a force that
tends to rotate the contact | ens 220. The critical paranmeter driving
this rotational force is the angle of the contact area between the

upper eyel ichvRRS fand:ngftb/rﬁnmbistalﬁléztaition zoops. Y¥Reothd ﬁnceonpaastsuk@ﬁsm
220. As |IIustra d, the nor forc resent ed ve 230, at

c
a point of 1BBRYSEES BRTRERSSEE e@ﬂﬁ@ ?Q%P %%W@rﬂy C3 M RBry
of the thi clgbsSiamdiy %?ngpﬁrg?%r%% \}é%%l t§V\F| L:-Vc,%‘i’nty%?%ﬁ@m

rotational Torce, represénte st eeper t angl e of
t he st abil itlzarteib(yrcazjs'rr@ hana dwemgr@dymmtd\ﬁabmzatlommws‘tmrcdmnge shape.

t t h t t t act
Conver <81 y MeieeSeigaTy, i e BEed Rl dogt 113 & esgAieeatiolosbne
222, the | %‘Hﬁbetdﬁhé 8haldronglo StabmEatiTRSRAN B dyefd ehtERt pdit o ce

acti ng on the contact |ens : I n accordance with the present
i nvention, |m¢reaa|9Mmmbygaaﬂnglaz@rgemotaimabfom@ﬂm wiihy qfl@desl’mﬂey be

filled W|th stance that may, redi stribute whe r.essur

appl 1 ed. EQURTEIRVATE A Fneles R Al Fe T Bl o' Ramele
30l ens i ncefupRGad bk, BRe cﬂén@@rr@sﬁé{;ﬁ@mlpre%bﬂbm la Qéé;bémn%@ﬁﬁ’ﬁe hRgik of
corrprlsean'aterlal that create one or nore ynami C St ilization

zones fAfvi wgntaat @inddherapyi ct%\lweprr@@@r@tiaﬁgnallfﬁr%@ tegagptagtyens. Inother

cont act 1 entStdsrity RSN ertngl 85 bfity B s o BT SEE tidamle e
form ng dyreabikzegioabidnesatheofiuid ones! chtﬁmJeIshe rédistibute aptass gufats om
the eyelids conpresses the edge of the one or nore dynamnc

st abi | i zat istPesdisdinuere Ohnauga drmae begassitie with a@aans;@d iRALIBOW t h
the cavity tgéhrﬁ(leéé foeées@tﬁﬁgﬁg%lg]&%ﬂll?gtlérvﬁoﬁé‘@) Hat BroGdLY BEHH improved

stabilization 'z
15 rotational speed upon insertion (auto-positioning) and increased stability of the

contact lens when it is in position.

Referring to Figures 3A, 3B and 3C, there is illustrated the change in

shape of a single dynamic stabilization zone as a function of eyelid movement

20 over the contact lens. Although one or more dynamic stabilization zones may
be utilized in a single contact lens, for ease of explanation only a single
dynamic stabilization zone is described. Figure 3A illustrates the position of
the dynamic stabilization zone 322 of the contact lens 320 prior to blinking or
eyelid movement. As illustrated, the eyelids 308 and 310 are positioned over

25 the contact lens 320, but are not in contact with the dynamic stabilization zone
322 and thus have not caused any redistribution of the fiuid or gel 324 within
the cavity defining the dynamic stabilization zone 322. Figure 3B illustrates the
altered position (steeper angle) of the dynamic stabilization zone 322 during a
blink. As the eyelids 308 and 310 converge, the pressure therefrom causes

30 the fluid or gel 324 in the cavity defining the dynamic stabilization zone 322 to
redistribute, thereby increasing the angle of the dynamic stabilization zone 322.
Figure 3C illustrates the further altered position of the dynamic stabilization

zone 322 as the eyelids 308 and 310 continue to converge during blinking. As
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5More specifically, the increased pressure fromthe eyelids causes
the | ocal shape of the one or nore stabilization zones at the eyelid
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funct | f.eyelid ) _th tact lens, .
At hougn ortsrsad e bl TR st B e B el ifibaton, o
single contagk dedif of e pﬁé§%r1ﬂﬁv@ﬁ@rﬁ;§\%\‘ér@ﬂ[lyﬁﬁbbéa§e§ \WRGIr6r GO C

stabilization zone is described. Figure 3A illustrates the position
of t he l8ynd&Raferringpi Figue 4.038 dding 29 aghieved apdtbaeyelidsd0820d grllor

310 ar o podrepsien bR PRUErEe ssfe Bl S5BRafIr -Gy ung g i 6P
contact wi figel ape vﬂwmﬁtﬁdlcﬂi?b{dgigﬁﬁ ihendyreinsic 3tabilkdiohienehmoewiiaince

caused any redistribution o uid or gel 324 within the cavit
defi ni ng t [Rgabyrastistibdliealie totheiRrasswrexepied by ihgrayetigs 0B and 4t isito
the altere | L] eepef.. . : ' t.ahi:hl [

rone 522 adh g cobfiolEBRE THEREE dtind BRIV AR IS ARls 486, 4 410
pressune t hepabs ovectissemtdét lehe 420 wiith less gelvndzddiynlitcbted-faved gn the

defining the dynam c stabilizatjon zone 322 to redistribute, thereby

i ncr easi ng WRSMERING HAXINHEN (HiFKAFES BIRBREN seycs dusnlo t%?f.edtsir en3c
i 1] ust rat eg; | i 000 a8 thS YRS s ShltbhhBiatd
zone 322 a?l%(%gs%yreh%?@én% égaﬁg n%?o lC(g)nt |anue l%orrf('j::%(nveregg Eurel)ng &
bl i nki ng. As incregsdakinteradtioy withdbe reyetids passifg guerethe@ornthe lsteeper

t he angle of the dynam c stabilization zone 322, the closer the
rotational force represented by vector 332 cones to the normal force

represepted by vacdariodRPerdihClhe dbritsétlehd Bf SRl Hresantin98htfin may
proportion of the normal force is translated or resolved to
rot ati onal confsiseeonecen mgredynamiceiabiizatioreagnegrolhese one or more
dynamic stabilization zones may comprise any suitable configuration and may
be positioned at any suitable location on the contact lens to meet any number
of design requirements. It is important to note, however, that in configuring any
25 design that the upper and lower eyelids do not move strictly in a vertical
direction, with an up down stroke during blinking. The upper eyelid moves
substantially vertically, with a small nasal component during blinking, and the
lower eyelid moves substantially horizontally, moving nasal ward during
blinking with only a slight or small vertical movement. Additionally, the upper
30 and lower eyelids are not symmetrical with respect to a plane cutting though
the vertical meridian. In other words, individuals do not blink symmetrically
relative to a horizontal axis drawn between the open upper and lower lid. Also,

it is known that the eyes converge when the viewer gazes down.
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In addition to better rotational stability of the contact | ens due to
I ncreased rotational force inparted by the eyelids, the dynamc
stabilization zone design of the present invention preferably

i ncreases wearer confort. 10Referring to Figure 4, as full blink is
achi eved and the eyelids 408 and 410 pass over substantially the
entire dynamc the fluid or

abi | 22
The cavi TV Hide D04 albe an Sxaimplans SrooHmERES S Souiart legic
again redi S‘?’fﬁﬁt i @r%lﬁ??r‘?aﬁwf@stabmiéﬁﬁrﬁz&i%’sr 565 aRY Foae IﬁXﬁ“B'éiénf’ﬂ?%Wgnd

410 into a uration. This flatter configuration all
t he eyel i demiogliswedt,406 ﬂum ongeldiledmavitiestferniogtthe tdyharmic atzbilizatin

I d dl f t.h Si t hi .ck
has beon r A0ESAHIE BU% eHE PPRUPBEY SHTTGHoR SeeHlaPaBrr PR BHSSBTR
do not thi 'E:oﬁtﬁct?é?%!ﬁdmlénﬂ%oﬁﬁohémn@%ﬁ Ph?ybdiégré%atp@rt'fﬂﬁ‘h%%ed
interaction wth the eyelid é ssing over the contact |ens. 20As set

forth herelamothefe Fo@tma%tlllustm sginather @rarsplaty embediment ofsg/fj@ﬁﬁptrlese
orabi | i oot COIER EEmpR e P de L BT BB R A ey

be positi orgenlargBmsedikrit, ethqul begemlew@vqmtf@ﬁhurigemé dypafmet
any nunber of design requirenents. IS inportant to _note, however,

t hat i A0costakyiratiog ws@@e%ncbﬁoﬂ Iaa@ shifled wafely of ke hejeantaiaie
Gori g b1 + 1 EtaBt R0 68) 551650 bRE huplcl) BBHPASEEBs e ffom

wWth a srrabhertﬂmhercammmutedibelbmgthbl Hovigontal arizd THie cbnﬂ@nraﬂaﬁlunmzes
noves substantially harizontally, noving nasal ward during blinking

with only @r%\rmygmcomblamn Witk cyplid Prefsierrim priemicrnd Maindpnoriqnigtion of
upper 30 apd |; ?H‘@Et ﬁ\ﬁ%‘dd@oﬁglf‘ecgfé. Fﬁﬂ?@%h }at&k& ér“r‘étﬂg%xélﬂp%ry

pl ane cutting thou he ver n ot her wor
i ndi vi dsial sen\tbmdlmenbbf alkostauiidns 760 qupe‘smgla/angkm tayr’ranmcmtmbiatnnl S

drawn bet ween er and | o j s known, t hat
the eyes canverde- Mhine ERETpIENemtphiaenkdng fult’or o Aidcgiirasming
|11 ustrat e%hélglngl%em:ﬂﬁ% SABRLABR or 762 %%%H ﬁ%ﬁ@lo’%@r eI dfh8d
two dynanmic sta I'zat1 on zones 502 and 504. is exenplary
enbodi nent contaet fdnsi WO sugfethat igrddly asawel aegyfetml mea;umendtsmayehd
stabilization
movement operates on the contact lens 700 similarly to a prism ballast contact

20 lens.

While each of these exemplary embodiments may be utilized in
accordance with the present invention, it is important to note that any number
of dynamic stabilization zone configurations may be utilized as long as the

25 dynamic stabilization zones contain or are fabricated from a moveable or
flowable material that changes shape when the eyelid passes over the dynamic
stabilization zone, and their shape and placement are determined by taking
into account eyelid movement as briefly described above. Non-symmetric
designs, different designs for the left and right eyes, or custom stabilization

30 designs for a given eye are possible with the dynamic stabilization zones of the
present invention. In addition, custom contact lenses, for example, contact
lenses fabricated directly from eye measurements, may incorporate dynamic

stabilization zones in accordance with the present invention. Independent of
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5 zone 502 and 504 are positioned symetrically about the horizontal
axis of the contact | ens 500 and about one hundred ei ghty degrees
apart fromone another. Figure 6 illustrates another exenplary
enbodi ment of a contact |ens 600 al so conprising two dynam c

st abi | i zat ithe coafiggrafiod, strabe5add plameh’m’rﬂ of tearllamicesthbitization zondweon

fl d | filled d abi |
zones 602" ahe CoDIFCAIISHth 281 B6AHAG IR FOTEAS RGP Hin 9SS of
the cont aCtda)t Aifc @%n%@tohezgﬁgg@@?e&ﬁmbwﬁéaﬂu i SHhy g‘?@%tﬁé%f%%m

from one an er as neasure el ow t hor | zont axi

conf i gur at imoverhehi thes mpkesithy presendimiemdiohovorki t h eyel id pressure to
orient and maintain orientation of the contact |ens 600 on the eye.

Fi gure 7 illustrates yet anot her exenpl ary 15enbodi nent of a contact

l'ens 700 conpri WH%Qm%téid?%'r%éiéﬁélg‘lﬁlléé@m tdréPh U?Ha%‘iﬁ‘@taﬁﬁ%&héﬂi‘zbﬁés
exenpl ary enbodi nent, the fluid or ge illed cavity formng t

single dynam\y: compbise mnatawtablzad:mecampatllslefmamal ohmateridle iat qﬁegrtm
of the cont l,ens 700 avit ur.e

|| li.,d
o o oo e FaSeHaesl B opaitie , Hhidhbtbi Bl of Fats Bls SESUMBRITASY R

a prism balbagity @%Pmableamc@?&he%és@r@w Byélfd ﬁrméme@mmé}ra{s oxygen
enbodi nents may be utilized in accordance wth t present invention,

it is ilfpomeameable eolransmissivarse hakier ong Oﬂmmddngmsﬂabﬂ@ﬁh@m Zgoee

ctabi (1 zat 1010 sBnaet Baifide hoCH Aot 7 2 plstrerRuE i rgegy The
fl owabl e mejrerdrahote@ynahirngesilizdatrirezonesyintateoryicedvifintresre@ent t he
dynam c stabilization zone, and their shape and placenent are

det er ni ned IMYEYIQRI MY batBCcIROrIAY It ANy UrBhenelgorkactiensas, yncluding
descri bed ?P(%%’eeform%'a FIERIdOhE rg}a%%gc{lé a !onﬁ%{;,et'ﬁg HERANSr Fdtedidls

left and ri eyes, or custom esigns for a given

eye ares pomsnn{nhg thé: bhetdrenolw*dynamssmdmmzat@hl mesdﬂbstméherhmany eadnt
invention. | n addition, customcontact |enses, r ex anﬁ cont act
|

| enses fabmhyaically apmpatiple w'#bfrheem@tef@é%ﬂﬁ%ﬂﬁ OFrRAg;the GPpiAchigns.
dynami c st "Witti] R To PRSI DrAGAMIRENRE nibichial SEmMBEGRAS ForkiiNG Bid ON-

| ndependent

contact lens preferably does not allow the material or materials forming a
dynamic stabilization zone, for example, a fluid or gel, to permeate and/or

20  otherwise diffuse or leak from the cavity formed in the contact lens to secure
the dynamic stabilization zone. With respect to chemical compatibility, the
material or materials forming a dynamic stabilization zone preferably does not
react in any manner with the material or materials forming the contact lens
and/or the eye. The material or materials forming a dynamic stabilization zone

25 may be positioned or secured in a cavity and/or space formed in the correct
region of the contact lens in any suitable manner as discussed in greater detail

subsequently.
The material or materials forming a dynamic stabilization zone may

30 comprise any suitable biocompatible and deformable material having a glass

transition temperature of less than about thirty-four degrees C.
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t he configuration, shape and placenent of the dynam c stabilization
zones on the contact lens is the ability of the material form ng
these or within these dynam c stabilization zones to redistribute
itself under the pressure of eyelid novenent that makes the present

i nventi on wor k. Slicone basBdematdrials &dr formimgtibe iocakewrunote dwhntic f orm a

e o1 o RtaliZon rea ey b s o e g dn il e iR hsed S RTRG e dding
The materi gllicBhe Bikehave theSdittcdl Meeh&hiall ;)flo Brifc@astirhily B8 biRred

under the pressure of eyelid novenent as well as oxygen 10 perneable
or transm dsihage e thsired heechaaicsl prapesties ivagmable thd INvention.o Silicones

on a coptact lens da pot interfere with the eye. receiving need
oxygen. STRbaRE B7tchaRe NAYRLRR STEEas oitr-Alf 5P SighBESHilthdFitie n
Wi th the prRRRdNn, MBRNEdPEoMBaYt BAseHER RAFRIdEForhHiRoAB d¥ealAstePils
contact |enses, including those formed fromsilicone hydrogels, as

| ong as t h@ndeasesich wouldnke epmapatiblesfiivaiosicone beged snatarale gy giocbe
stabilizati A, &Pnes is both chemically and physically conpatible with
the materi 8ot materials form ng the contact lens. Wth respect to
physi cal conpatibility, the material or materials form ng the contact
| ens preferably does not allow the material or materials formng a
dynam ¢0st abi | i 2agiternate gremplary exhgsii@ments, the materialgs matesialsdioreat e
and/ or 20 ' Lf{ (o) ] Lty f '

cont act I e BYLIE AL S HyeFRE e ek nhay SoPfiee Mg Seme

t o cheni calmsgterpkdn liatdriays fdrimngreteecdrabctdensatreanather hitemabe eaemplary
dynam c stabilization zone preferabl %&dgﬁzo not react in a manner

wi th the mabqdimest, thamateHakoR BRI CoRg de Oner%_r%n&(f&mnwe
Sye. The matsiit ol zd s habe i 'BibJliguidbh 8k Gtatbalth et ahodilr zOne

25may be positioned or sec ina cavity and/or space formed in the
correctsr egitematé exbmplamytemchodiament,i theangtesial oabbterias farfoasing the one

di scussed in greater detail subsequently. . The materi.al  or
material s POMRTRGYREYR SARIHCNSamanbs dhengdymer shiln ouuda iy
sul tabl e bigeRiaklinh praduk i aR R dadtaltANhEA pfadd G the eve.
transition tenperature of |ess than about thirty-four degrees C~
For example, the material or materials for forming the one or more dynamic
stabilization zones may be solid or frozen during the manufacturing process
20 and in liquid form thereafter. In still another alternate exemplary embodiment,
the material or materials forming the one or more dynamic stabilization zones
may be a self contained material or combination of materials that may be
incorporated directly into a cavity of the contact lens or it may be a material or
combination of materials that preferably have to be encapsulated or otherwise

25  protected prior to being incorporated into a cavity of the contact lens.

As set forth above, the contact lens comprising one or more dynamic
stabilization zones of the present invention may be manufactured utilizing any
number of processes. In one exemplary embodiment, the one or more dynamic

30 stabilization zones may be formed into capsules with a flexible ocuter material
and pre-filled with the fluid or gel before being positioned in the contact lens.
Some possible methods of manufacturing the capsules include welding, for

example by heat or ultrasonically, two portions of film to form the top and
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Silicone based materials for formng the one or nore dynamc
stabilization zones nmay be preferable in that silicone based
materials, including silicone oils, have the desired nechani cal
properties or may be easily tailored to have the desired mechani cal
properti es hattoemabtienjehting meeﬂmidm.geSbeioasenenM@themeai ardund the

i ncl udi i | i 1 l.so_hi ble. | .
hadi ton” radds” Sie floy rayioBneany Btabis e b TR Sinsd desaived
material s ahvas FyGe MMlsﬂ‘a% &P 8RehpRINg enftlodan eat d:ﬂ £085s1ased with

materials may al so be utilized. 10l n alternate exenplary enbodi nents,

t he mat eri dhedluicher @@h&]?sccfrﬁamfedrtherregw t hbe shapeof e exemnlﬂwmpsule

For m ngot n et ores ST tfesctis SAERARLE bvidl A5kt Bionss, 20

the materi aet @srtiBbeVS,ds $o UQé afmét@riagfdrhﬁe one MmO’ staBifiradre zones that
stabilization zones may be in a solid, liquid or gas state. In yet

anot her 15ammébﬁm§ltmﬁipn ing contastiionswhile nezarmbalt isliaud ahayeri al s

for formn

Form or st SPERSIRUR T FOESERY Rk Po S BbbR e sB IR e lniSsr
st ate when thé 2oataen |eirfsanew@ wilfotheco@itatidens kew meateriabandbondédor al s
for formng the one or nore dynamc stabilization_zones may be solid

or froZfn @ncARgUlekd dharcaatastiens as resntaekighsincyredui d form
thereafter. In still another alternate exenplary enbodi nent, the
material or materials formng the one or nore dynam c stabi lization
zones may be a dmlifie erempiare émtaidimieat wheraio @bspeei avd/of cawtyds cedaded
that may be |ncorr5) alged di rectlrﬁa{lnto a cavity of the contact |ens

or it may BRIE nsder WGHBIMatenAT 8dYRaMiy stablizaHah ZgpesBeApage
have 1o be LRESHAD BE cﬂ%zﬁéﬂ‘m é%gﬁrl?ér%ﬁ%?ﬁb fPiat Bf tHe%Bﬁhfé%turﬁ of

i ncor por at ed Into a cavity o e contact |ens.
above, 16 he aclytirisctontactslensnpor skampbndn this memp@nmmm abiguidzat i on

zones of the resent nventio nuf act .zl ng .an .
unber of  TURUBEEBredaRan apaled T afpnLRnsa sshiHen e dstdnitbiaseria
dynam c 30 stbibsira fdPl"h iZAheied et f OhBBEhE AbfrAribid hRSedIid a
flexible outer material and pre-filled with the fluid or gel before

bei n? posi taceuedelyposiionedrin dee desired logcatien pbesnenemgpishréscwed to a
Uit aont c PP TR AR P IANGH fiods Bf P8 mb i TG TRATIY 0SiEE whhe
20 maintaining positional accuracy. Finally, the remainder of the monomer is

added, the back curve positioned and the entire assembly is cured.

In accordance with another exemplary embodiment, the contact lens
may be fabricated utilizing known processes then injected directly with the fluid
25 orgel utilizing a needle or similar device. Essentially, the one or more dynamic
stabilization zone cavities would be formed by injecting the material directly into
the contact lens at the desired location(s). Figure 9 illustrates a needle 950
inserted into the contact lens 920 to create a dynamic stabilization zone 922
with a fluid or gel 924 injected via the needle 950. Once the material is injected
30 and the needle removed, the hole at the insertion site may be sealed. In one
exemplary embodiment, the injection hole may be sealed as part of the curing

process. For example, the injection of the material may be done before the
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bottomand injecting the fluid or gel before conpleting the seal
around the edge. The filmmay conprise any suitable material,

I ncl udi ng those descri bed above. Figure 8 illustrates an exenpl ary
enbodi ment of a capsule 800 with the fluid or gel 802 contained

t herei n. Thwnsd penois fuh;eceveelrmichﬁryalmm woaldb e placaafiet rangviagdhe

only represents one I bl e de . Asimla cess,, as set f rth
above, is t"l?elgiee a(rilo a'lea‘}‘ncf%?gF?ﬂgeﬁéuoﬁ&%ﬁ@wﬁﬁnﬁltgﬁf‘ CHFE ¥

that may be positioned in the contact |l ens while frozen, but is
liquid at eye tenperatures. These pre-made fluid regi ons would

preferably be plla@edoidansetwith petrarather @r&mmiandem\hbﬂhnemteammmm

{he. conbactHeSRE S aet ate matstial mak beed e L OURisBaR A Dher o1

a space a”@oﬂfroﬂ@d’ chiding %nodcﬁﬁ“si%fés' May Be AMBEAES ctité altBickirBSion of un-
formation of a dynam c stabilization zone, the space and/or cavity

may be creaused cnundemeoured ma’mnahn et diffenant erpss-Hiak densitadoay thustbe 5a
hybrid contact l.eps. exa n_this gxe cess, a liquid
monorer - pr serpegch 1raBy ferfRiRE T oo i ited A REREE Bt BERE EBnef b o

material in the desired formis applied thereto. Once the defornable
material is accurately positioned in the desired |ocation, the
mononed0i s pr e- daBggordange yytcystianetaeronemplant embpring, ﬁ@péh%‘é leg¥s

accuracy. iR ppyiaiaERRE A dbiR ST B SoRREY or Rolgs s

curve posi fooaegherdpiodect Whilcauthigimgnhiultiple cardlsd formulatiogthat, when
accordance w th anot her exerrﬁl ary enbodi nent, the contact | ens may be

fabri cat ed cured i giffieg incsiia seévssor%wtfﬁrn jnsthedrelasticmodyius eadime
fluid 25or qagl AHddn&! &gm?? ! Popéxérhglel fis %‘ﬂ'l&%wﬁstﬁp%é%ggx% iy he

one or m)re ynamcc St lI'on"zone cavitles woul

i nj ectilfg ﬁh@rﬁnﬁmtlaﬂ’ctr@tmmﬂlq contagt téms formulations emesy lbé made mhesered
| ocation(s). Figure 9 illystrates a needle 950 inserted into the
contact | eI e el TiEIpRRNPE ST CARePRRE S ROGBONQITEFS with
fluid or g a ﬁﬁﬁ%l g t Hehesrea
injected 3 " %ﬁaﬁmltgceﬁe)ﬁ gt@rrefgg%gg 'ﬁﬁgﬁewgt t he Fﬁgert [ oﬁr? E‘H‘la’b'e
may be sealcedtaclt termfermmka’nphamya}ehb@dguwed fo atlieve patasired hydratedny be

ts ﬁ:l ﬁgt Zfl gr?cgcmgé B&Qfégﬁ:ﬁé mqgg fiand or yp%éa%roSsllnEIng aden?s on of

20 example, ethylene glycol dimethacrylate.

In accordance with still another exemplary embodiment, one or more
dynamic stabilization zones may be realized by pad printing certain patterns
onto a front curve during the contact lens fabrication process. Inone

25 exemplary embodiment, a printable dynamic stabilization zone composition
may be formulated to achieve relatively high equilibrium water content, for
example, greater than sixty-five (65) percent and/or a relatively low modulus,
for example, less than seventy (70) psi. It is also known to those of skill in the
relevant art that the expansion factor (defined herein by as-processed lens

30 volume divided by as-cured lens volume) of a liquid curable monomer mixture
may be adjusted by adding or subtracting non-reactive diluents. Specifically,
by reducing the diluent level, the expansion factor is increased. By increasing

the diluent level, the expansion factor is reduced. Useful curable compositions
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contact lens is fully cured and final cure would take place after
renoving the needle, allowi ng the uncured material to close the hole
and then cure it closed. In accordance with yet another exenplary
enbodi ment, a process 5 wherein contact |lens naterial nay be cured
from t he odbspudetingdyreardictstabitrationl 2cesbsoamilahglilme durbblesindasmenynikires
utilized tq create a.thick region of uyncured or.under-cured material,
e G 11 eMEinGR GRETYPHIOW SRS T e ek TR st B ReA e gy that wi
form ng thempg, H{orEWafteFé{ﬁ'@ Sty bini tRBIHAR sGFBES of ¥l ForkaerAance
wi th yet another exenplary enbodi nent, a contact |ens may be

manuf act ur alithiaipprapneae fomatiatorabf §iey diteent content [Eeid Cerdlerrlioteomedrs
I f for sphere product, ile ytilizing.multiple curable, ..

for mul ati ofEHiG L0 AghEe ERLYSly dgh gAY RrivRvaBL EoicT.a Riativalk v,
water, in it AbaslisCaR@dWUitableApsl bAnfife ViscoBIRCAR velIaiiRgsa dyR8mic
For exanple, it Is well-known to those of skill in 15 the fel evant

art that custalblizatioorrone: pattars may be psinteshentees frost swdrceneerdact lens mold

hyd hilic b L Of i ti f, . hi f '
RS e R D A
aci d. Furt hehtatt fsnsddhg Sueldatfagture ersuld BemohfrisedsofrRYedid tadjdistired
to achi eve a desired hydrated nodul us by varying the anounts and/or

types 6f creoszhlemengnaginslationsy dastiesmere.dhayessingcgp@ct lens would
erodi ment 1eyarapd dypaif RERIEART s ol ofinbl kPl RgeRa s

by pad pri wfifférg iG ebirpiositioal farrexantpié owatel content,uhvaomhar icoptdrieand/or
contact lens fabricatjion process. In one 25exenpl ary epbodinment, a
print abl e @JeREINK d§ﬂ§l§Y=Ifr%tth%ﬁuﬂiﬁféhﬁﬁﬁb%qtt{?% WVQ@Q\‘V@WTW% éd to
achi eve rel_at| | ; i B F0L ?(SFRJ
greater thg?iég':b%'i{//-%ggd'( gg;’ﬂagrdcdeé%wghfﬁ gfﬁé;hretg?llilgéeﬁldy( Owsﬁ%rgur?ol}s’
for exafpl éuid-fiks] sdem ratheerthgy 67dYispsite vidcoetastic zonks daningdatibrese of
skill in the rel ﬁvant art that %Pe expansi on factor (defined herein
by as- pr oc&88BUCA RS RIYSIGH RFRPEINSS-ded by as-cured |ens vol une) of a
| i quid curabl e nonomer m xture may be adjusted by addi ng or
subtracting non-reactive diluents. Specifically, by reducing the
di luent |evel, ththezpsmehere stabilzatios zones eespad pBptdchenteasfragt ckwe
di | uent Ieveg ., the exLPaglsi on.factor is r?ducegl. Useful..cur%g]l e .
conposi t i oNé h' tailoréed curable liquid monomermixtures, the compaosition of the mixture
20  should be such that it will co-polymerize with the material that is used in the
bulk of the contact lens. In this manner, the printed dynamic stabilization zone
is chemically bonded to the bulk of the contact lens, and such zones are

processable in a similar manner to the bulk material of the contact lens.

25 Although shown and described is what is believed o be the most
practical and preferred embodiments, it is apparent that departures from
specific designs and methods described and shown will suggest themselves to
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

30 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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for printing dynam c stabilization zones could utilize curable
nmononer m xtures having a relatively |ow diluent |evel, thereby
resulting in localized zones that will absorb nore water and protrude
fromthe front surface of the contact Iens. Wth appropriate

f or mul at i onVOIHA IBSCULAIMEBAS: content |iquid curabl e nononer 5mi xture
to achieve relatively high equilibriumwater content, a relatively

| ow el astic nodulus, and a suitable pad printing viscosity and

volatility, a dwnaﬂh%pﬁ]ﬁp,lnlld g@\y,bggom@,r@attern may be printed onto
a front surface contact lens nold having utility according to the

present i nventl mcoﬂMeHeﬁ&lrequn@C@abeml lakibiyterceye,dhs coatach ignsueging
feature wo ??‘E rrgrl seda? q cEejast two distinct 10curabl e nononer
formul atio grm FFPHE r#%?sem ?‘féa It ng contact | ens would have
proud dynam ¢ stzlpddt okl @Mmaffb SBbiIEIDh Fohe iRYSHBERE] WRtbehé abnideat
differs in conposition, for exanple, water content, nononer content,

and/ or cr odens,rike aéfegist pnefdyoaminstabilizetion zone being eenfiqused to facilitate’

Stai 11 2o R aREE Gufib o BRI B 1nd 87 P oftaoPRAa AP ©

di screte vioptiarll ¥Euaf aggineand aympisingid déﬁdm@bwnrménairad epéyahpa+ature

properties. In the case where stabilization zones are pad

print ed onteedavhersin thaexalidgirnake an psolaiokenniastevith the at lsesions
m xtures, Wﬁaﬁﬁgg%lltiﬁﬂt?ﬂ%[)néqﬁat@ﬁ% Evﬁ%%%' %@ﬁs?@%ﬁ%g% llieE at

wll co- poI nerize w teria I'S use

contact | emsastlometdyrganmiastabilizdtive zonent ed dynam c stabilization zone
is chemcally bonded to the bulk of the contact |ens, and such zones
are processable in a simlar manner to the bulk material of the

contact |ens. 25A ﬁ#tf gﬁth%ﬂﬂ}?ﬂjé\}%g Hingag ¢|§.Mabvh'e$elh%é%ﬁ@c o

be the nost practic nd preferred enbodinents, i's apparent t
depart ur es lénsocorapesed asoftexingad lems net hods descrl bed and shown wil |
suggest thenselves to those skilled in the art and may be used

wi t hout departing fromthe spirit and scope of the invention. The

present inventian Tife Bphthakfic di®fatorbing tBaIhint 4! Wherein the contact

lens comprises a toric contact lens.

4. The ophthalmic device according to Claim 1, wherein the deformable

material changes shape under eyelid pressure during blinking.

5. The ophthalmic device according to Claim 4, wherein the angle of
contact between the eyelids and the at least one dynamic stabilization zone
increases during blinking thereby increasing the rotational force acting on the
contact lens until the eyelids are substantially in contact with one another
thereby flattening the deformable material in the at least one dynamic

stabilization zone.

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

material comprises a biocompatible liquid at eye temperature.
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30constructions described and illustrated, but should be constructed
to cohere with all nodifications that may fall within the scope of

t he appended clains. WHAT IS CLAIMED I S: 1. An ophthalmc
devi ce conpri si ng: a contact lens requiring rotational
stability on eyd,. The opbtitamic devise bedardingopr@din o mb@réianbe nefermadile

and at | east one dynam c staghilizatjion zone ipcorporated into
t he cont actm?tgﬂéfcqrﬁen%ﬁg?Z’é%o%?é%héﬁ?ﬂzeyﬁ iqqui‘ﬁ{r?og zone blai ng

configured to facilitate alignnment, via rotation, of the contact |ens
on the eye at a rotational angle for optinal visual acuity and
conpri sing a defGrHisdbphthalreio deviee aegwdingnipdtlainude whereinthe deformaide

eyelids make an angle.of contact with the, at least qne dynam c
stabilizat ir%%tegaﬂ%cgpﬂﬁescﬂ%h%c&nﬁ@e Pra aé;g? it%@pﬁ{ﬂ(}%reacr oss the at
| east one dynam c stabilization zone. 2. The ophthal m c device

according to Claim1, wherein the contact |ens conprises a soft
contact lens. 9. The gphthamispirvieg aceording teClatre ds whegeindhedgfarmable

The. opht nar e acol o g SRTeRG iRl B o TR PRAC dor or bl ¢

mat eri al changes shape under eyelid pressure during blinking.
5. The ophthal m c device according to Caim4, wherein the angle of
contact between 10nelhg ephiiairaisravice agcardingtto Srainydnwheeein the

stabilizati ' AL jnKi e ' ' e
rotational d%éﬂ?@bg% I néﬁ%ﬁ&ﬁﬂéltg(:éosr]n?géﬂgspéﬁggﬂ%@ﬁ'ﬁ?ﬁ%ﬂtg@ ?@éstr}grt%g
subst ant i allédns matetnfaetingithd con@chlevisher thereby flattening the
defornmable material in the at | east one dynami c stabilization zone.

6. The ophthal mi c device according to Claim4, wherein the deformable

material conprisgs } i L O iRt i ;
7. The opht hal mﬁg' d&%ggﬁ@g@ﬁffﬁr@% %&grga‘ﬁnatzﬁ\%ﬁri?g%bt Igrt@%f or mabl e
mat eri al caeforsaide smdiensldrgsad glEss tgeisitamn teyeparetyre ovhlassdhan about

thirty-four degrees C.

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

deformable material comprises a silicone based material.

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

deformable material comprises a fluorosilicone based material.

14. The ophthalmic device according to Claim 1, wherein the

deformable material is positioned in a cavity in the contact lens.

15. The ophthalmic device according to Claim 1, wherein the

deformable material is contained within in a protective coating.
16. The ophthalmic device according to Claim 15, wherein the

deformable material in the protective coating is positioned in a cavity in the

contact lens.

17



8. The ophthal m c device according to Claim4, wherein the deformable
material conprises a bioconpatible gas at eye tenperature. 9.
The ophthal m c device according to Caim4, wherein the deformable

material conprises the lens material form ng the contact |ens.
10. The opht hal Mi7c tee opbthator dkvice aoccmdmgrio@lamér wihereindhe

of  tho | endlrA ST RGTA| hgovAls LY RRRHBd G Teh Mlater Rhigd &8 1"

opht hal m ¢ @erGemecording to Caim4, wherein the deformabl e
material has a glass transition tenperature of |ess than about
thirty-four degrees C 12. The ophthal m ¢ device according to

mreria 8 g Fd BRSO b BUIBCRRT 1g P AR

wher ei n t heréed\eraigielstaitfiohadorediposkiedied dt lod deRs theclhdvezdrasleskis of
mat eri al . 14. The ophthal mc device according to Caiml,

wher ei n t héheleppiaghising. nat erial is positioned in a cavity in the
contact |ens. 15. The ophthal m ¢ device according to Claim1,
wherein the defornable material is contained within in a protective

coat i ng. 196. A Tiethog idhabking afeupmahmcafeﬂ/idmgtrh@rr@tlamdméﬁl,pnsmg
wherein the deformabl e material in the protective coati n)g
posi tioned in afemingy ¢entasidens regdting é?f@“ond stability oryeye;an

opht hal m ¢ devi %&[ﬁ{i%ﬁ@g’}g tgn%' q]a’ml%?étﬁﬁiétlbh ‘ﬁ%flﬁfo”[‘ﬂglc%ntact

material is covalen tot ens nmateri a ormn
cont act | emsns, the at IeakBonEkﬂqnapm stabifizatioe zone fadilitatiog raggmmeﬁ:t adan 1,

wherein the at one am c stabilizati osi tioned

o “bel ow 1 KeHiGN; SoEAoIAIToR oo NS gumeh erortioal Gaute Begptmal Yisya
meki ng an gpfjjtpal m c device, the nethod conprising: formng a contact
lens requiring rotational stability on eye; and

20. The method for making an ophthalmic device according to Claim
19, wherein the step of forming a contact lens comprises forming at least one
space in a predetermined location for the at least one dynamic stabilization

zZone.

21. The method for making an ophthalmic device according to Claim
20, wherein the step of forming a contact lens further comprises inserting a
deformable material into the at least one cavity and then sealing the at least
one cavity, the deformable material being deformable under the pressure

exerted by the eyelids during blinking.

22. The method for making an ophthalmic device according to Claim
19, wherein the step of incorporating at least one dynamic stabilization zone
into the contact lens comprises directly injecting a deformable material into the
contact lens at a predetermined location for the at least one dynamic

stabilization zone and sealing the injection site.
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incorporating at |east one dynam c stabilization zone into the
contact lens, the at | east one dynam c stabilization zone
facilitating alignnment, via rotation, of the contact |ens on the eye
at a rotational angle for optimal visual acuity. 20. The method for
maki ng an opht hd3ri Thelevatbed faravallinggn optthaimic tevioshacosirding tie Glaiep
of form ng contact | ens cpnprises.formng, at |least.one space in a
or edet er m ridu WS B Sep of Weomorating ol gt B dvpamis Seplieaten siné
zone. 21. The tﬁ’étd&)‘hf’aét%nd@dfrpﬁ]@s@é‘féﬂ@i&bhﬁé B riatil e ]@Qﬂﬁg@t Réhst One of
er

Claim 20, wherein the step o ormng a contact lens furt

conpri ses idiffenent physicalefisnosiastic ansd/er chamicat proprdics attbadecasives of the
cavity and then seali,ng the aé..l ast_one cavity, the defornable

mat eri al b&nr‘?gorc@f)fﬁ% rH'CLﬁJ}ﬂ 'PZ? ‘E?%essswe exerted by the eyelids
during blinking. 22. The nethod for making an ophthal mi c device
according to Caim19, wherein the step of incorporating at |east one
dynam c stabilization zone into the contact |ens conprises directly
injecting a deformable material into the contact lens at a

predeterm ned | ocation for the at |east one dynam c stabilization
zone and sealing the injection site. 23. The nethod for making
an ophthal m c device according to Claim19, wherein the step of
incorporating at |east one dynam c stabilization zone into the
contact |lens conprises fabricating a contact | ens having at | east one
of different physical viscoelastic and/or chem cal properties at the
| ocations of the one or nore dynam c stabilization zones.
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