TRANSLATI NG MULTI FOCAL OPHTHALM C LENSES 5Fi el d of the Invention

The invention relates to ophthalmc lenses. In particular, the

i nvention provides | enses that provide nore than one optical power,

or focal length, and are useful in the correction of presbyopia.
10Background of the Invention As an individual ages, the eye is
| ess able to accommpdate, or bend the natural lens, to focus on
objects that are relatively near to the observer. This condition is
known as presbyopia. Anong the net hods used to correct presbyopia is
t he provi di ngoohesmemtsact | enses i ncorporating both neactesidzarzsivance
vision 15 correction on each contact |lens worn by the individual. In
one type of such | enses, the distance and near vision regions are
concentrically arranged around the geonetric center of the lens. In
anot her type of lens, a segnented | ens, the near and di stance vi sion
regions are not concentric about the geoketric center of the lens. In
this type of lens, the ngjority of the near vision portion is |ocated

bel ow t he 0-180 20 degrﬁe, gr ?9 i i f t The
wear er of the segnente |ékéﬁﬂéﬁ$%A§§kéggAPW@?h%§§%%ision
region of the | ens because the lens is constructed to allowit to
transl ate, orsnove vertically rel aFiedefthe Itvatiopupi | of the wearer's

eye. Thus, when the JEng MEATELeSo IHEISNINES A3 AOMNYRLHlSsbe read
the I ens noves vertical y upmardiy osItioning e near. Vi aron
portion in the oeidsslenfes thitgrovetamore thangag eptical powerGyrigehitigtn aid are

transl ating cong@@%“$@ggﬁ&mﬂﬁ%fggénggntageous in that the vertica
he

di stance that t ens nmust nove 15 large given that the | enses
i ncorporate 30 only a distance and near vision zone. Also, if the

wearer's pupijh is constricted, tBgkhemnd ominb@g even farther to
translate to allow the wearer to access, the near visjion zone, Yet
anot her di sadvant age®d#® ‘P‘ﬂ@gl@b?ﬁ‘?%?hei%ﬁéllesq g’l‘?s‘%%“P@mP‘iﬁ& o %’ﬁ%d the
difference in ZutiagRhs todfedub Olotets\Wae e tdivelp adar dniik db@teanTias Vi Sion
%.Ones,, w il pr Odl’c':gl%itla()n isqIn]:J eg ’ I:Irel:gb VgP)IaP mtcnq ethv Imeeéﬁlggs Jsergiqg gorraea%eas'gy% 1Ia?s
junp" as one noves o al SYARCE o “hear B Vi 10 2 oHES  PEr TR
Description of ttheerdiding aigentdet lguseeindorgheqiing besh ogreardpodeermnin of a | ens
of the inventio . i j : i of
1%1 Wrrection on each c_lgfgth‘? %&gxggrg%g er%d?vuﬁlals. ?1? ?I%Syp% rgpglglll [SEJ%E,l ens.

the lens of the Invention. Fi ¢ cpicts a rior art
Figure 4 depi ct shealistsanecind ngy vigion gegiony wspepncqmirigaltyearmngge powddhey t hi r d

prior art |ens. EitHticcehedBRetdns B ahdiht e BFIEAR! 2 RErhentddNshs, thd @ a8d 7

depicts a third enbodinent of the | ens of the iInvention.
distance vision regions are not concentric about the geometric center of the lens. In

this type of lens, the majority of the near vision portion is located below the 0-180

20 degree, or horizontal, axis of the lens.

The wearer of the segmented lenses is able to access the near vision region of
the lens because the lens is constructed to allow it to translate, or move vertically
relative to the pupil of the wearer’s eye. Thus, when the lens wearer’s gaze shifts

25 downwardly to read, the lens moves vertically upwardly positioning the near vision

portion in the center of the wearer’s gaze.

Conventional translating contact lenses are disadvantageous in that the
vertical distance that the lens must move is large given that the lenses incorporate
30 only a distance and near vision zone. Also, if the wearer’s pupil is constricted, the
lens will have even farther to translate to allow the wearer to access the near vision

zone. Yet another disadvantage of the conventional lenses is that the difference in



15 Detail ed Description of the Invention and Preferred Enbodi nents
The invention provides nethods for correcting presbyopia, contact

| enses for such correction, and nmethods for producing the |enses of
the invention. The | enses 20 of the invention are translating,

mul tifocal |enses which are pupil insensitive or independent, neaning
that the desired percentage of distance to near optical power is
provi ded regardl ess of pupil size. In one enbodinent, the invention
provi des a translating contact |ens 25 conprising, consisting

essenti al |l y efoz@nekemonsi sting of an optic zone havi ngcatse@gtsst wo
di stance vision zones and at | east one near vision zone. |In another
enbodi nent, the invention provides a translating contact |ens
conprising, consisting essentially of, and consisting of an optic
zone having at |east two near vision zones and at | east one distance
vision zone. 3 By "distance vision zone? is nmeant a zone in which
the anobunt of refractive power required to correct the I ens wearer's
di stance vision acuity to the desired degree, or distance optical
power, is provided. By "near vision zone" is meant a} 5 zone i n which
the amount of réﬁ%&éﬁ%@%biﬁwwﬁhem&ﬂmfaﬁa%we’e? 7B Vil R AlEAR £k mne ar
vi sion acuity t aviid@heh@Siet @flagd @Heae (o “Rimpn @8dne BfdbésTRim JIQIEE toinSar

provi ded. lLn one enbodi nent of the | enses of the invention, one
surface of thd 'S8 Ffeferably the convex or anterior surface, has a
central optic zone wth at |east two 10 di stance vision zoncs al ong
with at | east one near vision @Q?Deslﬁb‘?i ) 8885 Qned NC i nvention are
designed so that the distance power WA the pupi | area, or area
overl ayi ng the | ens FKigue &depictsnmpembagfmdneofiaiens pethemiveption- eye, conposes
greater than 50 % of pihhe? QidEALNE cRVMRRent &F ticNErsREAL Invatiie@ 1 N the
superior portion of the optic zone, nmeaning the portion at or above
the 0-180 dedfee, orFigys P depinisn firstpEpiaghlens, “and | ess 15 than 50 %

bel ow t he 0-180 degrmgurgmﬁéﬁﬁtmecoﬁaigﬂi&iaﬂmg_I y, the location of the
zones is such as to o nigize thﬁ.cinpact of pupil size in ability to
access a zone. e P e i RIOLHLIEES one embodi ment of | ens of
the invention. Lens H@uro6 dépicpuu feurth ghiasaralensant eri or surface, as shown,
and a posterior surface, ,that is. not shown..20 Lines 100 and 110
represent the hori zoﬁ%‘g Td?ﬁcgsoﬁtﬁl&gem&)é’%lp eer\({a%fglﬁgfn%ﬁ%%‘é “Tor 90- 270
degree, neridbans of the lens, respectively. On the anterior surface
of the lens is optic paRfdblechithin Qi floRibn BA0P ORI GRhbolif CUl ar
zone 15. The stabilization feature of the flens, al so not shown, may
be any of the known stabilization t es and wi.ll be | ocated vvitgign
lenticul ar zone 15. CBtTEIegREvEs rﬁ%/{ odS T POTHEIne SRR OUAL oS

zone 14, an out aefichdisdcedis enduhahodnfor paducihg theddidesaf the &fventios. THe lanegse 13.
The centers % %t‘ t%zé %Qfgn%or% Orn?rg I]aﬁ aglgllti}o%alqgn%eslw%(i:c%taleed al? ingeqsti\geeomt ric
center of thé optic zone T Bstance Vision zone AP "&S¥ W thi n near
vi sion zone 13 sudependdnimenting thal ferdesoed poentaprorf dstanesfto neaagptivl o izone
13 is tangenti alprogge&}ggaragsggg}g@fm@@rder of 30 distance zone 14. The
center of near vision zone 13 is |located substantially along the
vertical neridian 110 at about y = -1.63 nm The inferior-nost border

of near In one embodiment, the invention provides a translating contact lens
25 comprising, consisting essentially of, and consisting of an optic zone having at least
two distance vision zones and at least one near vision zone. In another embodiment,
the invention provides a translating contact lens comprising, consisting essentially
of, and consisting of an optic zone having at least two near vision zones and at least

one distance vision zone.



4 vision zone 13 is tangential to the inferior-nost border of

di stance vision zone 12. The renai nder of distance vision zone 12
surrounds near vision zone 13. For conveni ence, the boundaries of the
various zones in all of the figures are shown as 5 discrete |ines.
However, one ordinarily skilled in the art will recognize that the

boundari es may be bl ended or asphcric. A second enbodi nent of
the lens of the invention is shown in Figure 2. On lens 20 of Figure
2, lines 200 and 210 represent the horizontal and vertical neridians

10 of the | ems2008@spacti vely. The optic zone 21 is surcousroedrzg
non-optical lenticular zone 30. Optic zone 21 contains outer distance
vi sion zone 22 and inner distance vision zone 24 as well as outer and
i nner near vision zones 25 and 23, respectively. The centers of

di stance zones 24 and 22 are |ocated at the geonetric center of optic
zone 21. Distance vision zone 24 lies w hin near vision zone 25 and
is located such 15 that its superior-nost border is tangential to the

superior-nost bor der Bpfdidinsé ARERzo%E Sk &BanZQﬂﬁic RAvhidNERS ambuSti oD R1E@RE 25
is centered substantlall al on e verti mer j di an 218§% fgbout y

= -1.63 mMmm The HOHFréF‘iHB'F %ffecg‘&l? BY WG ‘é‘f‘m\? VE1°B ACY el
coi nci dent mnthck@%ebtﬁﬂmnaqmmh@bﬁﬁns@bwdasmaﬁﬁemvmﬁmﬂﬁeh@ﬁﬁmﬁz

201 nner near nglon z E @ he i nf |or- §ort|on of
ZOTIE I W] the aﬁloun[ of re rac ve power require we
di st ance vi si Oon “‘zone S sSuperi‘or-no oF a "B&FBw t he

hori zontal nmeri dmsa'maQ!O@.tofﬁhécsucﬁdygllcmortmr@apalpcﬁqu@a]rovwdcsl on zone 23
is tangential to the inferior border of distance zone 24. Near vision
zone 23 is centered substantially along the vertical neridian 210 at
about y = -0.74 nm b®ne embodimentH therensesiglithp parensipniongsurfaestof the fpas.near

and di stance Vi $r@RaAPIRE SondéCor Bt Surfabd, hRAGReRal A 4R Nath aHOMBVET |
the zones may be split between the anterior and posteriaor surfaces of

the I ens. 30YBt YHEtTHETOERBSAIORBNHD ¢flcastipre peamnasion zoph e Thajensriaf 81 |
shown i n Fi gur e irventon atcaiRsignéd S(Dli'natlﬁleghbﬁa@cgpowkﬂ Wwigtsn thOPuparaeka, 70]:9rea

represent the hor| ontal and verti ri.di ans of the
ebpectivel y. TP e iR e ol Dyt i SR SRR e im0
| enticul ar zone %&f thdOpticgive pover ithconil acnis tidi sspcainc@rionsf tn otiorency 3

and inner and O%Cc{agﬁizé] ]éoré(%l ?§ra% l[;'ed() 7?%@3 gesgrq}%hzona {1]1@1? ﬁoel@ ser of

near zones 72 an ocat ed I'c cen
zone 71. Di stlangkmngp &g hﬁpwztbh@;rlwegneemewamh Additienstly,ied paghonzad the ZG‘@S an d

is located suchthatasid RindHipehk Qﬁpa&‘a%upﬁgffzéjﬁrabl'hﬁz thaRE8ALLRlI to the
superior-nost border of near vision zone . Distance vision zone 73

is centered substantially along the vertlcal meridian 710 at about vy

= +3.2 ram The i nf erin@gupisik s}#@%d@gen%dﬂmronéhs%f%lmmﬁmmedssoof
coi ncident with_jnfer.ior-nost f_%der 10 di st ance vi si on zo

I'n one enbodi mehtgure HES prgegoGIqgens P'?é’ﬁ’é'* ang g ppyterippiyfacsy tat il 88 to

di st ance andzmeammonnhmahMpqmekmm@ﬂmﬁamalothﬂnh@eéemseﬂmmtmaouams

pal roworn by an I ndel I\{lel‘ 1ans (l} ens ect anB?l%lea %I‘ldr s%rrf]aceo ell(fj: ng the

| ens' optic zoné Jegli QOIS P FH% §i°St afcs 1 near optica

powers nust be sgmonmbltsummée@y@an-mmcdémtm zbrg ISh&haitabilmnee power

for the dom nantf ﬁ.ﬁléao 1% nl)lesﬂém@;nggﬁé’\ﬂnk Iof @gkrg)gé(g{aﬁﬂzatﬁgn %H& REar
e e pr a

Vi sion power 1 nt om nant eyé ererred areas,
per cent age basi avill bq;lpca[tf@twhthm lenticular zone 15. Optic zone 11 has an inner distance vision

25 zone 14, an outer distance vision zone 12, and a near vision zone 13. The centers of

distance zones 14 and 12 are located at the geometric center of the optic zone 11.

Distance vision zoneg 14 lies within near viston zone 13 such that the
superior-most border of near vision zone 13 is tangential to the superior border of
30 distance zone 14. The center of near vision zone 13 is located substantially along

the vertical meridian 110 at about y = -1.63 mm. The inferior-most border of near



t he dom nant and non-dom nant eye | enses are disclosed in United
States Patent Nos. 5,835,192, 5,485,228, and 5, 448, 312, incorporated
herein in their entireties by 20 reference. The | enses of the
invention preferably incorporate a feature to assure that the |ens
transl ates while on-eye. Exanples of features for ensuring
translation are known in the art and include, without limtation,
prism ballast, incorporating one or 25 nore ranps, |edges or the |like
in the inferior portion of the lens, truncation of the I ens and the

| i ke. These weamesnenss as well as additional features weehsthorfomnss
achieving translation of a | ens on-eye are disclosed in United States
Patents Nos. 4,618, 227, 5, 141, 301, 5, 245, 366, 5, 483, 304, 5, 606, 378,
6,092,899, as well as U S. Patent Application Publication No.
20040017542 incorporated in their entireties herein by 30 reference.
6 The translation feature typically will also serve to
rotationally stabilize the | ens on-eye. However, it may be desirable

to incorporate &is@RahiaLtgs thahiidl tozRd ihRAorimasOsbRdck 6 didhiicd Vs zomblid abl e

stabilization c be acconplished. by i ting. one or re of the
ol Lowi ng i nto CHEXmeHder oL Hishpesivied “oied” MalpindSpr isiog o el el at i ve
to the back surfcamenietdaj th«@nnngeqﬁftﬁeh@rmumtms m Bl bﬁhfsﬁ@ﬁslamhm»m as

form ng depr e§S|cPscrete ne 0\\{&%“ ons (amanlyel?ll ane th llé}'eco niz thaﬂghet hin
zones, or areas 11 Whi % Khes Tre SENE i's
reduced and thelbumbnam@wbpoMhQDMEMEn¢hereof 10 The contact

| enses of the invention nay be either hard or soft |enses, but
preferably are soft contact |enses. Soft contact |enses, made of any

material suitable fof speeherbiodeaiad thelleanefihs inysntignds shery indfigire2 6dn

Suitabl e preferngd 2@B£ﬁédr@i $inds@00 LRI F@re§éaf the ERRbAAnd RARESHARIARY
t he net hod of th invention include, without 15 limtation, silicone

el astomers, sP1 CEBALNESHPSILN g hrARTARTA 1t HEPHFHRY nowoptiral fenticular

limtation, thosenediosOpasaie RNcouhaink BelerIistin s/ iRatzemd 22Mas innr,dBtheel 47,
5,314,960, and 5,057, 57 |n0ﬁrpo%a3§d in their entlgq%kgs her ei n by
ht é

ref erence, hydr o&bolnszme 1% YEha oy Ry sgers? @ FHEPEiVe and
combi nati ons t hdhecdnterdvifditapreebees abhngd, 22 titvéockiens tivajcemitad ccoondfaptis a

si l oxane functi %&'iﬂ bistan&cxlls%;l A 24\%?% Qﬂfﬂ]ﬁ mj:aﬁ- \%151%(1119 Hs Tn%Qﬁ Iﬁca]ted such

pol ydi net hyl siloxane nacrome ropy
si | oxanes, and rﬁﬂa)‘(tt&ﬂueglot-meﬂé@lﬁef lataggenmahmlee Shwlpbgeﬂt b@ﬂer&f ﬁyfelrcegel

made of mONomer s GARLRI A RdarRKEHL Kk 29 tis%ﬂ@md SBERRAN al He MR rtic AT
conmbi nations thereof. Materials for naking soft contact | enses are

wel | known and sHfkigs 2104 pRputiailoa e Thopmlsrinrgigptpordelpf neasisiop agne

acquafilcon, et abideRBide@®h infGRAmod BRIk GQthce bBbakddkoon,
Iotrafllcon, or 25 gal yfil con. The | enses of the invention nmay

have any of a variety of corrective optical characteristics

i ncor por atedzonto thmnem&ﬁameszME2aﬂdhmﬂMﬂhém&dhﬁﬁﬂn@ﬁmﬂmmd@@ﬁk

optical powvers, viRioh Qone%df w1t% its qupe -most bo}/dlell‘ 4 gr 102 t\qeﬁonzon(?al meridian
200. The inferior border of near vision zone 23 is tangential to the inferior border of
distance zone 24. Near vision zone 23 is centered substantially along the vertical

meridian 210 at about y = -0.74 mm.

As shown, and preferably, both the near and distance vision zones are on one
surface of the lens. However, the zones may be split between the anterior and

posterior surfaces of the lens,

30 Yet another embodiment of the lens of the invention is shown in Figure 7.

On lens 70 of Figure 7, lines 700 and 710 represent the horizontal and vertical



alternating radii. The zones may be dianond-turned into the nolds
that arc used to formthe lens of the invention. Subsequently, a
suitable liquid resin is placed between the nolds foll owed by
conpression and curing of the resin to formthe 5 |l enses of the
invention. Alternatively, the zones may be dianond-turned into | ens
but t ons. The invention may be further clarified by a
consideration of the foll ow ng exanples. 10 Exanples Exanple 1

A lens in accordance with Figure 1 is provided. Referring to Figure
|, optic zonavolzboshwezs7éan outer di stance vi sion zone 12Ppai/Useo@/ockzanet er
of 8 mm and an inner 15 distance vision zone 14 with a dianeter of
1.60 mMm Near vision zone 13 is 1.60 nmin dianeter. Dotted |ines 16,
17, 18 and 19 represent pupils of dianeters of 3.0, 3.5, 5.0 and 6.0
mm respectively. The distance percentage Wi thin the pupil area was
cal cul ated for each pupil 20 size and at *pupil locations of y = 0 and
y =-1.5 mfroma distance reference point that is located at y =

0. 8 nun, neani ngncaidtmd df&hea&r@ngspédﬁ@e@()}‘l%?)@nd@gé Bds WOhldjcaﬂy fidaiptidas 0. 8
nm superiorly fr in T%b

ermnatrate | hat' UFL aRG g 0ol Gm  LTAES {Ao1ss S Fadpenety =
di stance per centmqandaozontsdtﬁlhncyn;reepeamwyy The cehtebofmmaremnVhapdt7Hate, at y

= 0, the distangg. RgLGEN % Qﬁ&rﬂ: §en %]atDr%/t%nce v1§1m?20n5 93 [ es?ithg%)

and the percentages are ative I'T size.
Exanple 1 3 0 mic8 vEignes. 73 andns@c@cwwetntag@c@@msg@%cseWgentlal to

the superior-most border of near vision zone 72. Distance vision zone 73 is centered
substantially along the vertical meridian 710 at about y=+3.2 mm. The inferior-
most border of near vision zone 74 is coincident with inferior-most border of

10 distance vision zone 73.

In one embodiment, the ratio of the lens’ optic zone area devoted to distance
and near optical power are equal in both lenses of a Iens pair worn by an individual.
In another embodiment, the ratio of the lens’ optic zone area devoted to the distance

15 and near optical powers must be such that more area is devoted to the distance
power for the dominant cye and more lens area will be devoted to the near vision

power in the non-dominant eye. The preferred areas, on a percentage basis, for both
the dominant and non-dominant eye-lenses are disclosed in United States Patent
Nos. 5,835,192, 5,485,228, and 5,448,312, incorporated herein in their entireties by

20 reference.

The lenses of the invention preferably incorporate a feature to assure that the
lens translates while on-eye. Examples of features for ensuring translation are
known in the art and include, without limitation, prism ballast, incorporating one or

25 more ramps, ledges or the like in the inferior portion of the lens, truncation of the
lens and the like. These features, as well as additional features useful for achieving
translation of a lens on-cye are disclosed in United States Patents Nos. 4,618,227,
5,141,301, 5,245,366, 5,483,304, 5,606,378, 6,092,899, as well as U.S. Patent
Application Publication No. 20040017542 incorporated in their entireties herein by

30 reference.



73% 69% 78% -1 5 mMm 27% 24% 32% 39% 31% 8 Exanple 2 Alens in
accordance with Figure 2 is provided. Referring to Figure 2, optic
zone 21 has an outer distance vision zone 22 with a dianeter of 8 mm
and an inner distance vision zone 24 with a dianeter 2.10 nm An

i nner near vision zone 23 is of 5 a diameter of 1.04 nm and an outer
near vision zone 25 is of a dianeter of 4.74 nm Dotted |ines 26, 27,
28 and 29 represent pupils of diameters of 3.0, 3.5, 5.0 and 6.0 mMm
respectively. The pupil sizes are analyzed for the percentage of

di st ance powswo astolisrs t he 10 pupil area at y = 0 and ycwus2ia7b7®r t he
di stance reference point of y = 0.8 nm The results in Table 2
denonstrate that the | ens design produces a pupil independent
distance to near ratio for y = 0 andy = 1.5. Table 2 Exanple 2 3.0

M35 M5 0 nm ]

The translation feature typically will also serve to rotationally stabilize the
lens on-eye. However, it may be desirable to incorporate a separate stabilization
5 zone in the lens. Suitable stabilization can be accomplished by incorporating one or
more of the following into the lens: decentering the lens’ front surface relative to the
back surface, thickening of the inferior lens periphery, forming depressions or
elevations on the lens’ surface, using thin zones, or areas in which the thickness of
the Iens’ periphery is reduced and the like and combinations thereof.

10

The contact lenses of the invention may be either hard or soft lenses, but
preferably are soft contact lenses. Soft contact lenses, made of any material suitable
for producing such lenses, preferably are used. Suitable preferred materials for
forming soft contact lenses using the method of the invention include, without

15 limitation, silicone elastomers, silicone-containing macromers including, without
limitation, those disclosed in United States Patent Nos. 5,371,147, 5,314,960, and
5,057,578 incorporated in their entireties herein by reference, hydrogels, siliconc-
containing hydrogels, and the like and combinations thereof. More preferably, the
lens material contains a siloxane functionality, including, without limitation,

20 polydimethyl siloxane macromers, methacryloxypropyl polyatkyl siloxanes, and
mixtures thereof, a silicone hydrogel or a hydrogel, made of monomers containing
hydroxy groups, carboxyl groups, or combinations thereof. Materials for making
soft contact lenses are well known and commercially available. Preferably, the
material is acquafilcon, etafilcon, genfilcon, lenefilcon, balafilcon, lotrafilcon, or

25  galyfilcon.

The lenses of the invention may have any of a variety of corrective optical
characteristics incorporated onto the surfaces in addition to distance and near optical
powers, such as, for example, cylinder power.

30
The lenses of the invention may be formed by any conventional method. For

example, the zones formed therein may produced by diamond-turning using



6.0 nm Average 0 Omm 80% 75% 71% 67% 73% -1.5 nm 25% 25% 29% 38% 30%
15 Conparative Exanple 1 A prior art translating bifocal contact
| ens of the design shown in Figure 3. Referring to Figure 3, lens 30
has a surface on which there is a lenticular zone 37 and an optic
zone 39. Optic zone 39 has a dianeter of 8 nmand contains a distance
20 vision zone 31 in its superior portion and near vision zone 32 in
its inferior portion. The boundary between the distance and near
vision zones is located at y = -0.44 nm The horizontal nmeridian is
| i ne 300. Thavodosstiemtse reference point is at y = 0.8 momBumiriorzsivzes
of 3.0, 3.5, 5.0 and 6.0, shown as dotted lines 33, 34,35 and 36,
respectively, are analyzed as set forth in Exanple 1 to determ ne the
per cent age of 25 distance power at y = 0 andy = -1.5 mmfromthe
di stance reference point. Table 3 shows the | ens design produces
pupi | dependent distance to near at y = ® based on the wide variation
inresults between the 3 nmand 6 nm pupils.

aiternating radii. The zoncs may be diamond-turned into the molds that arc used to

form the lens of the invention. Subsequently, a suitable liquid resin is placed
between the molds followed by compression and curing of the resin to form the
5 lenses of the invention. Alternatively, the zones may be diamond-turned into lens

buttons.

The invention may be further clarified by a consideration of the following
examples.
10
Examples
Example 1
A lens in accordance with Figure 1 is provided. Referring to Figure 1, optic
zone 11 has an outer distance vision zone 12 with a diameter of 8 mm and an inner
15 distance vision zone 14 with a diameter of 1.60 mm. Near vision zone 13 is 1.60
mm in diameter. Dotted lines 16, 17, 18 and 19 represent pupils of diameters of 3.0,

3.5, 5.0 and 6.0 mm, respectively.

The distance percentage within the pupil area was calculated for each pupil
20  size and at pupil locations of y = 0 and y =-1.5 mm from a distance reference point
that is located at y = 0.8 mm, meaning a point along the 90-270 degree meridian that
is 0.8 mm superiorly from the 0-180 degree meridian. The results in Table 1
demonstrate that the lens design produces a pupil independent distance percentage
for both y = 0 and y = -1.5 mm meaning that, at y = 0, the distance percentage is >

25 50 &, aty =-1.5, is < 50 %, and the percentages are relatively constant with pupil

size.
Table 1
Example ] | 3.0mm | 3.5mm 50mm | 6.0mm | Average
0.0 mm 90 % 80 % 73 % 69 % 78 %

-1.5mm 27% 24% 32% 39% 31 %




9 Table 3 Exanple 2 3.0 M 3.5 nm5 0 nm 6 0 mm Average 0 O nm 100%
94% 85% 76% 89% -1 5mm 34% 37% 42% 41% 39%

WO 2008/002976

10

15

20

25

PCT/US2007/072239

Example 2
A lcns in accordance with Figure 2 is provided. Referring to Figure 2, optic
zone 21 has an outer distance vision zone 22 with a diameter of 8 mm and an inner
distance vision zone 24 with a diameter 2.10 mm. An inner near vision zone 23 is of
a diameter of 1.04 mm and an outer near vision zone 25 is of a diameter of 4,74 mm,
Dotted lines 26, 27, 28 and 29 represent pupils of diameters of 3.0, 3.5, 5.0 and 6.0

mm, respectively.

The pupil sizes are analyzed for the percentage of distance power within the
pupil arca at y = 0 and y = -1.5 for the distance reference point of y = 0.8 mm. The
results in Table 2 demonstrate that the lens design produces a pupil independent

distance to near ratio fory=0and y = 1.5.

Table 2
Example 2 | 3.0 mm 35mm | 5.0mm | 6.0mm | Average
0.0 mm 80 % 75 % 71 % 67 % 73 %
-1.5 mm 25 % 25% 29 % 38 % 30%

Comparative Example 1

A prior art translating bifocal contact lens of the design shown in Figure 3.
Referring to Figure 3, lens 30 has a surface on which there is a lenticular zone 37
and an optic zone 39. Optic zone 39 has a diameter of 8 mm and contains a distance
vision zone 31 in its superior portion and near vision zone 32 in its inferior portion.
The boundary between the distance and near vision zones is located at y = -0.44
mm. The horizontal meridian is line 300. The distance reference point is at y = 0.8
mm. Pupil sizes of 3.0, 3.5, 5.0 and 6.0, shown as dotted lines 33, 34, 35 and 36,
respectively, arc analyzed as set forth in Example 1 to determine the percentage of
distance power at y = 0 and y = -1.5 mm from the distance reference point, Table 3
shows the lens design produces pupil dependent distance to near at y = 0 based on

the wide variation in results between the 3 mm and 6 mm pupils.



Conpar ati ve Exanple 2 5A second prior art translating bifocal contact
| ens of the design shown in Figure 4. Referring to Figure 4, |lens 40
has a surface on which there is a lenticular zone 43 and an optic
zone 49. Optic zone 49 has a dianeter of 8 nmand contains a distance
vi sion zone 41 and a near vision zone 42. The near segnent is |ocated
at 0.6 mm bel ow the horizontal neridian 400. The di stance reference
point is at y =10 0.8 mm Pupil sizes of 3.0, 3.5, 5.0 and 6.0,
shown as dotted |ines 44, 45, 46 and 47, respectively, are analyzed
as set forthWoroedmil e 1 to deternmine the ratio of dPSTEIREOFRREr
within the pupil area at y = 0 andy = -1.5 mmfromthe distance
reference point. Table 4 shows although the | ens design produces
pupi | independent distance percentage, a translation distance of
greater than 1 5 mmis required to reduce the 15 ratio to
significantly bel ow 50% at |arge pupil sPzes, neaning sizes of > 6
mm Table 4 Exanple 2 3 0 Mm 3.5 nm5 0 mnmm6 0 = Average 0 O nmm 100%

94% 85% 76% 89% -1 5 mm 34% 37% 42%  Table3
Example2 | 3.0 mm 3.5 mm 5.0 mm 6.0 mm Average
0.0 mm 100 % 94 % 85 % 76 % 89 %
-1.5 mm 34 % 37 % 42 % 41 % 39%
Comparative Example 2
5 A second prior art translating bifocal contact lens of the design shown in

Figure 4. Referring to Figure 4, lens 40 has a surface on which there is a lenticular
zonc 43 and an optic zone 49. Optic zone 49 has a diameter of 8 mm and contains a
distance vision zone 41 and a near vision zone 42. The near segment is located at
0.6 mm below the horizantal meridian 400. The distance reference point is at y =

10 0.8 mm. Pupil sizes of 3.0, 3.5, 5.0 and 6.0, shown as dotted lines 44, 45, 46 and 47,
respectively, are analyzed as set forth in Example 1 to determine the ratio of distance
power within the pupil area at y = 0 and y = -1.5 mm from the distance reference
point. Table 4 shows although the lens design produces pupil independent distance
percentage, a franslation distance of greater than 1.5 mm is required to reduce the

15 ratio to significantly below 50 % at large pupil sizes, meaning sizes of > 6 mm.

Table 4
Example2 | 30mm | 35mm | 50mm | 60mm | Average
0.0 mm 100 % 94 % 85 % 76 % 89 %
-1.5mm 34% 37 % 42 % 50 % 41 %
20 Comparative Example 3

A third prior art translating bifocal contact lens of the design shown in Figure
5. Referring to Figure 5, lens 50 has a surface on which there is a lenticular zone 53
and an optic zone 59. Optic zone 59 has a diameter of 8 mm and containg a centrally
located distance vision zone 51 having a diameter of 4.20 mm with a annular near
25  vision zone 52 surrounding the distance vision zone. The distance reference point is

at y = 0.0 mm. Pupil sizes of 3.0, 3.5, 5.0 and 6.0, shown as dotted lines 54, 55, 56



50% 41% 20Conparative Exanmple 3 Athird prior art translating
bi focal contact |ens of the design shown in Figure 5. Referring to
Figure 5, lens 50 has a surface on which there is a lenticular zone
53 and an optic zone 59. Optic zone 59 has a dianmeter of 8 mm and
contains a centrally | ocated distance vision zone 51 having a

di ameter of 4.20 mmw th a annul ar near 25 vision zone 52 surroundi ng
the di stance vision zone. The distance reference point is at y = 0.0
nmm Pupil sizes of 3.0, 3.5, 5.0 and 6.0, shown as dotted |ines 54,
55,56 10 anWwd®pisiprdpecti vely, are anal yzed as set f@CUVESHIORRRNDI e
1 to dctcrmnc the percentage of distance power in the pupil area at
y =0andy =-1.5 nmfromthe distance reference point. Table 5
shows that although the lens design is pupil 5 independent at y =
-1.5 M wth percentages between 39 and 54 % it is pupil dependent
at y = 0 mmwith percentages between 50 4hd 99 % Al so, with pupil
sizes of < 3.0 nm a greater than 1.5 mmtranslation distance is
required to redunést hepdiiednacengherd st ix ExOnpo | h@Acttathahd 0. 0 nm

99% 99% 73% 50%1)%1%%&%%%}' aigtat%gmwer in the pupil arca at y=0 and y =-1.5 mm from the
distance reference point. Table 5 shows that although the lens design is pupil

5 independent at y = -1.5 mm, with percentages between 39 and 54 %, it is pupil

dependent at y = 0 mm with percentages between 50 and 99 %. Also, with pupil
sizes of < 3.0 mm, a greater than 1.5 mm translation distance is required to reduce
the distance percentage < 50 %.

10

Table 5
0.0 mm 99 % 99 % 73 % 50 % 80 % 24 %
-1.5 mm 54 % 52 % 45 % 39% 48 % 7%

Comparative Example 4

15 A fourth prior art translating bifocal contact lens of the design shown in
Figure 6. Referring to Figure 6, lens 60 has a surface on which there is a lenticular
zone 63 and an optic zone 69. Optic zone 69 has a diameter of 8 mm and contains a
distance vision zone 61 with a near vision zone 62 having a diameter of 4.20 mm.
The superior-most boundary of near vision zone 62 is located approximately 0.3 mm

20 above the geometric center of optic zone 69. The distance reference point is at y =
1.0 mm. Pupil sizes of 3.0, 3.5, 5.0 and 6.0, shown as dotted lines 64, 65, 66 and 67,
respectively, are analyzed as set forth in Example 1 to determine the percentage of
distance power in the pupil area at y =0 and y=-1.5 mm. Table 6 shows that
although the lens design is pupil independent at y = 0 mm, with percentages between

25 71 % and 78 %, it is very pupil dependent at y = -1.5 mm, with percentages of
between 5 % and 45 %.



54% . 52 % 45% 39% 48% 7% Conparative Exanple 4 15A fourth prior art
transl ating bifocal contact |ens of the design shown in Figure 6.
Referring to Figure 6, lens 60 has a surface on which there is a

| enticul ar zone 63 and an optic zone 69. Optic zone 69 has a dianeter
of 8 mm and contains a distance vision zone 61 with a near vision
zone 62 having a dianmeter of 4.20 nm The superior-nost boundary of
near vision zone 62 is |ocated approximately 0.3 turn 20 above the
geonetric center of optic zone 69. The distance reference point is at
y = 1.0 mm MPpiopsnePes of 3.0, 3.5, 5.0 and 6.0, shoRAT/ESRMGHIR2¥d
lines 64, 65, 66 and 67, respectively, are analyzed as set forth in
Exanple 1 to determ ne the percentage of distance power in the pupi
area at y =0andy =-1.5 nm Table 6 shows that although the |ens
design is pupil independent at y = 0 mm wth percentages between 25
71 %and 78 % it is very pupil dependent'at y = -1.5 nm with
percentages of between 5 %and 45 % 11 Table 6 Exanple 2 3 0 Mmm 3 5

mm5 0 mm 6.0 mm Aver age Table 6
Example2 | 3.0 mm 3.5 mm 50mm | 6.0mm Average
0.0 mm 78 % 74 % 74 % 71 % 74 %
-1.5 mm 5% 15 % 37% 45 % 25%




0.0 M 78% 74% 74% 71% 74% -1 5 n 5% 15% 37% 45% 25% What is
clainmed; 1. A translating contact |ens, conprising an optic zone
havi ng at | east two di stance vision zones conprising distance vision
power, at |east one near vision zone conprising near optical power
and a horizontal meridian, wherein thd2anount of area of the optic
zone associ ated with:distance vision power at or above the horizontal
neridian is greater than 50%) the total area 'of the optic zone at
or above the horizontal neridian and the amount bel ow the hori zont al
meridian is_|ess than 50% of the total area of the optic zone at or
bel ow t he N¥at¥&kimsdineridian. 2. The lens of claim 1, wherein the

optic Zonell—i tr%psla?incg)ﬂ}é%eniggr;ﬁgﬁ Q!i pttiggonle Bin a@' A Frans! at| ng
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nm al ong t heridigraid dakmomr botbinetiy hovib@iteineriddnas 16ds tiah 80vf bifthd todll sfdaance

Vi si on zones thejoptic a0nt Fionbddvetheiaizomal gbr@irnzone such that a '

superior-nost border of the near vision zone is tangential to a

superi or b@r e leof oftchén f,iwhsikin tHeshituem: ivbibi @vaGRcasdhdig near vision

zone lies within the second distance vision zone and an inferior-nost
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opti c zonedistah@ vRRh kzénc2RNBHEORVELS)id z8ndshdhShat &8 céo‘?—%&‘fod, ryeance
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a first anthesex vwidn maatieswidingke szanedisttdee vifibi e mralan infdrdi-Nest Zzone

cent er ed aborgesofithe g3r vition 29nwin tpngenidal tpdhet inferdr-nmettiodieadf tanetobhe second

near visi offSPUR&sCRAr ed at y=-0.74 along the vertical neridian,

wherein thg fihslai Qnﬁ&qgﬁ.QQO Rhng ¥ hH 220 and .the second
i Stance vehem BREo Gy Lo ‘2%5%3:‘;“’ risi’éﬁé%i‘ii?rdawc@ J4gne, the
second di stmneehvinsirgin zgRectafthniche 1A Wind1aah fiYd SIAQLodOE 11 €
wi t hi n t heVitipp zane,fleelfrstwios vision zorecngnd af el . @enn BdnheicaReenbigh ON zone
lies wi thi pRodReceiond pranyision aonepsmatohet y=4.7¢ algey thoverimaberidan dekrenl  t he
second di sEAAEETYFERU Y é"_‘ﬁ@lezqgj‘dt“&r‘fgf@m iggnce ysiphemslipeitirohe nost
bordor_of it (1 ek ag- YL AT PSR Yimarresed hestondortationt sccond
near Vi sl Oftconff€r | bl?QOnE,%Q bl li‘st ygrﬁf' t‘%l{-h:.sl cri:rf ‘iﬁ-tg} t @@t]:*b‘&’ghﬂbr OT the
second di ShaRRR) ¥RlsOfkridAR&: bAM ot bl SLibOban L ek ast o Bt e i rst
near Vi si aoch@Rer tisibitgnt BeERAgbrNh Wifh ah erioRind: boHicr PGL soppder. of the
first di stdiswwee viderezone, and an inferior-mot border of the first near vision zone being

tangential to the inferior-most border of the first distance zone.

5. A translating contact lens, comprising an optic zone having at least two near
vision zones r.':omprjsing near vision power, at least one distance visjon

zone comprising distance optical power and a2 horizontal meridian, wherein the amount of
area of the optic zone assoeiated with distance vision power at or above the horizonta]
meridian is greater than 50% of the total area of the optic Zone at-or-

above the horizontal meridian and the amount below the horizontal meridian is less than
50% of'the total area of the optic zone at or below the horizontal meridian, )

6. The lens of claim 5§ wherein the optic zone is on a convex surface of the lens.



5. Atranslating contact |ens, conprising an optic zone having at

| east two near vision zones conprising near vision power, at |east
one di stance vi sion zone conprising distance optical power and a

hori zontal neridian, wherein the am)unt of area of the.o,ptic zone
associated with distance vision power 13t or above the hori zont al
meridian is greater than 50% of the total area of the optic zone at
or above the horizontal neridian and the anmount bel ow the horizont al
nmeridian is |l ess than 50% of the total area of the optic zone at or
bel ow t he horizontal neridian. 6. The lens of clainb, wherein the
optic zone is on a convex surface of the lens. 13 7. A translating
contact l.en i a horjzontal neridian, vertical neridian and
an opti cngeffl::':?f?’@comﬁ Q%H%Bﬂ@r‘é‘ﬁ%?qf@%mnmw sartimnd a second near
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vision z IS tangentlal to the inferior-nost border of the distance
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vi sion power at or above the horizontal neridian is greater than 50%
of the total corrective power of the optic zone and the anount bel ow
the horizontal neridian is |less than 50% of the total corrective
power of the optic zone.
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