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(57) Abstract

A universally sized blank (18) made of
organic or synthetic material that can be placed
on an exposed inner surface of a live comea
| and ablated with a laser beam (L) fo be altered
to a particular shape, The blank (18) can be
disk-shaped, annulariy-shaped with a through
opening, or any other suitable shape. A flap-like
portion of the live comea is removed to expose
an inner surface of the comea, and the blank
(18) is positioned on the exposed inner surface
of the eye. A laser beam (L} is directed onto
a partion of the exposed inner surface {e.g.,
exposed at the opening in the blank), a portion
of the blank (18), or both, based on the type of
ametropic condition (i.e., myopia, hyperopia or
astigmatism) of the eye needing correction, so
that the laser beam (L} ablates those portions of
the inner surface and/or blank (I8) and thus reshapes the inner surface, the blank (18), or both.




of the blank (18), or both, based on the type of anetropic condition
(i.e., nyopia, hyperopia or astignmatism of the eye needing correction, so
that the | aser beam (L) ablates those portions of the inner s rmayq@ d/ or
bl ank (18) and thus reshapes the inner surface, the blank (18), or h 2
DEC 2003 682 PCT/ US00/ 05284 A UNI VERSAL | MPLANT BL | FYI NG
CORNEAL é%ﬁ@&gﬁéé AND METHODS OF MODI FYlI NG CORNEAL CURVAT@EéﬂﬁﬁEﬁg&?TH
This is a continuation-in-part application of U S. Patent Application
Serial No. 08/845,448 filed April 25, 1997, the entire contents of which
.is incorporated herein by reference. BACKGROUND OF THE | NVENTI ON Fi el d of
the I nvention: The present invention relates to a universal blank which is
used to nodify the curvature of a live cornea when inplanted therein. The

""blank is made of synthetic or organic mnaterial, and can be shaped to the

" appropriate configuration while supported on an exposed inner surface of
the cornea. WD 00151682 -2 Description of the Related Art: 0 2 DEC 2003

~ PCT/ US00/ 05284 A normal enetropic eye includes a cornea, lens and retina.
The cornea and lens of a normal. eye cooperatively focus |ight entering
the eye froma far point, i.e., infinity, onto the retina However an eye
can have a disorder known as anetropia, which is the inability of the |ens
and cornea to focus the far point correctly on the retina. Typical types of
amet r opi aAAVNIVERSAL dMHyANTRILANK BORMODIEVONGaCORNE A CURMATSIRE A
nyopi ¢ eye BN METHRODITORMEDIFEMNGICORNEALSCURNETUR BATHERBWIIH & nor mal
enetropic eye, or a cornea or lens having a refractive power stronger than
that of the cornea and | ens of

This is a continuation-in-part application of U.S. Patent Application Serial No.
08/845,448 filed April 25, 1997, the entire contents of which is incorporated herein by

reference.

BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates to a universal blank which is used to modify the
curvature of a live cornea when implanted therein. The blank is made of synthetic or organic
material, and can be shaped to the appropriate configuration while supported on an exposed

inner surface of the comea.



an enetropic eye. This stronger refractive power causes the far point to be
projected in front of the retina. Conversely, a hypernetropi ] ggpﬁ{api C
eye has an axial length shorter than that of a normnal ematrog@c Q t;' a
lens or ¥OYWE&A68aving a refractive power |ess than that ofperisisoasd -
cornea of an enetropic eye. This |lesser refractive power causes the far

point to be focused in back of the™%etina. An eye suffering from
astignmati smhas a defect in the |l ens or shape of the cornea. Therefore, an
astigmatic _eye is_incapable of sharply focusing inages on the retina. A

co : Smmf@egélﬂ#@o‘tﬂt:ng nyopia is to place a "mnus" or concave lens in_
front of the eye in order to decrease the refractive power of the cornea
and lens. In a simlar rmanner, hypernmetropic or hyperopic conditions can

be corr ectAeforintal @nfeBobRi dve | “pl usy. _Or_conv lens in
front of the eye to i%crdgaglg&%{\eg a?%of‘-?%a?ﬁn\ggmg%ﬁera"o?h?r?gr%cﬁraﬁggc%ﬂf3I ens.
LensBA2YA GodRaTaiiveln fasus lighnerteringsthel eye fivmi mefat poBit) BiERR, e honcave,
convex. or :O%eger shaged enses. are typically configured in t he’ form of .
gl asSega, HOWeYEL ot 9vE Gan.havenp disorderknammeasametrnis whicl istbs indbdlitylcfaherent of

| ensRes khhd E619RE t ' S hotorefractive keratectony.

Al t hough photore(??%%tg?\l/égﬁﬁg?gt%g@o (glatrllleﬁrg%aée YQISHICQP?%B&WFQ?R)‘H I eyes
suf f @yppig, hypeonetrapia oy bypesopin 2bd afiighapkers, or in eyes suffering from

hyper rretrﬁgjipc, -hy eiopi_c or astigmatic conditions-which are not very

severe, tfidPYPRIfIEEhaseithsern axiel leagibrthats denger tiyanvthet ofia nonnalyesetsupid er i ng

fro e ropia. For exanple, photorefractive keratectony is
1 OBENER b s HIER LU R T SRR e RO gLELE ROl Ye Keratectony |
al scari eraéth@yit eye ThisGtdnRdrGCeRi%e ﬁ@w@@éé\%@@%ﬁgg&ﬁ@% géﬁﬁgcétgd GORGLELL! N9
severe astjgmati smand severe forns of hypernetropia or hyperopia. wever,
sur g?'dBe reBEhni ques exi st for correcting these nore severe forns of

anet r opi rt.ain degree. \For exanple, in a technique known as nyopic
ker at oni Iagélg‘lregs,&gal}ﬁpgﬁ 1 GrRYPPOPIRSE 1185 2B giah lenptinshoster them thet afire f r ont
of  themlal dfelio 8¢, for AMisIeR cHBENhavy '&}PE:? (XS 1G0T G % L 10E. SU
portion of t&h‘seﬁ co?%ea IS frgzen gﬁgﬁ%%gce ﬁ%ﬁbgﬁg%{/eéfgb?%etﬂ&% rignﬁ?n s cut
and qosudaanfent entdttapic exp. tTds kissepecfidctivh powt cased ilRMEaphoinb & BOFRRReLIANTES

t he rgf%%cti\ze power of this cut portion, which thus affects the |ocation
at WFERT BB %Nt er i ng t he

An eye suffering from astigmatism has a defect in the lens or shape of the comea.

Therefore, an astigmatic eye is incapable of sharply focusing images on the retina.

A common method of correcting myopia is to place 2 "minus" or concave lens in front
of the eye in order to decrease the i'eﬁactive power of the cornea and lens. In a similar
manner, hypermetropic or hyijeropic conditions can be corrected to a certain degree by placing
2 "plus" or convex lens in front of the eye to increase the refractive power of the comea and
lens. Lenses having other shapes can be used to correct astigmatism. The concave, convex or
other shaped lenses are typically configured in the form of glasses or contact lenses. This
technique, which involves the placement of lenses in front of the eye, is known as
photorefractive keratectomy.

Although photorefractive keratectomy can be used to correct vision in eyes suffering
from low myqpia up to 6 diopters, or in eyes suffering from hypemetrdpic, hyperopic or
astigmatic conditions which are not very severe, that method is ineffective in correctiﬁg vision A
in eyes suffering from sever forms of ametropia. For example, photorefractive keratectomy is

less effective in correcting high myopia of 6 diopters or greater, and is also ineffective in



cut portion of the cornea is focused. The reshaped cut portion of the
cornea is then reattached to the main portion of the live coﬂqggggkﬁmge,
it is intended that the reshaped cornea will change the positi®on at which
the light entering the eye through the out portion is focused, so that
hopef ul | ywokesiesght -is focused on the retina, thus renedyi pgriigea488) r Opi C
condition. The nyopic keratom |l eusis technique is known to be effective in
curing myopic conditions within a range of 6 to 18 diopters. However, the
technique is inpractical because it enploys very conplicated and tine
.consum ng freezing, cutting and thawi ng processes. Furthernore, the

t echni sl Sed Ve | orregctin opi c condifions greater than 18

di op'?jgr S. ?sjesrég? g%%?%dgyﬁ ag%g \itsid OPR%&EE%{?F‘&?%%W& PERYRFTORIE for correcting

- -sever anetlopéwer, cofgedli RoBnihest BRiseYBr R¥rRbdRY itihet NRors NAREOtdie JpYe’ S
cornea. In this technique_an artificial organic or synthetic ['ens i's

i npl AMEEGPIA9;deranedegen &ar examerisayteckiniqe knhemnstsapypopit keasomilsusRaa and

t hus ¢ ' . tive power. Accordingly, .as with the myopic

ker at om i e%éééé 1{ g‘%%‘%lgoqﬁlg, a‘%y § Dogien; 9{31‘8? g‘%“ﬁ&f %E‘%H"% [FapadFom ae &aimea be

al t egedlioncofothe e aRrida. OMhd et postitin oMb @bidad it BB &Y Sncmlat?&i iP5 YR Tathe

correctly on the retina. However the keratophakia techhique 1S 1I"npractical,

conplWheer Bds cuinendesesapsily d\ltetiag dlrs shapt of dgusut esrtivanef thetcoficadhafigsdtht | Ny a
to its insertion into the cornea. Hence, a surgeon is

e $ds cdr
¢ B quFSERetyS bafen of thin oot whikkdBRE AHRS DF I0RpnAY Mishohgiyentmgdbe

| ensggs pdki er%&b t-gﬁ@y xpansive equi pme such as
a cyrol%‘?ﬁgiﬁb\%\ﬁ{ o %:é:ﬂrsi)f%ce%e tgg%%%& t% ﬁtzpﬁ%rgog%%ocro eglgﬁ%e%rrf’%hﬁto t he
cor néatheSmaiyi pattioheshthiedirescariiveo| Mefig, ithe iveRdaf that thadshhRl @geaShal t er
wavel ﬁ%}gth | asers to nmodify the shape of the cornea also are known. For
exa gedhe PRUHOR 48 svhich g dighhenteries; the eyedbionglethe putpogtiopis fuscripso

4,84 R ' ] se _al radi ation,..0 2 DEC ZQ03
o 0by% R ST SR BN e PR el VB B o808 Bt ot o
tissue i nTheemybpie keratv@dilensis aschniqiee ShRw 16 BeObfB@ive PGS Qﬁa}dge a
| aser surgical technique known as [aser in situ keratom|eusis (LASIK) has
beencprditiprawithinperpage pEol this dinptepy: dewmever,thetechnique is inlpiracticebbaragsed! a
ti f the f t ] b . in the f f
]E) I();p%%ﬁ%ﬁ gveggtcl;ﬂrép%ﬂc@gegif 81?(1 5’(5!&] vﬁelfzgwor ne@a%(zlraégzmg, gg&m%m?ﬁ/d Iﬂ?awmg prgcr:ergseos. a
Furthermore, the technique is ineffective in correcting myopic conditions greater than 18

diopters.

Keratophakia is another known surgical technique for comecting sever ametropic
conditions of the eye by altering the shape of the eye’s cornea. In this technique an artificial
organic or synthetic lens is implanted inside the comea to thereby alter the shape of the comnea
and thus change its refractive power. Accordingly, as with the myopic keratomileusis
technique, it is desirable that the shape of the cornea be altered to a degree allowing light
entering the eye to be focused correctly on the retina.

However the keratophakia technique is impractical, complicated, and expensive
because it requires manufacturing or cutting a special lens prior to its insertion into the cornea.
Hence, a surgeon is required to either maintain an assortment of many differently shaped
lenses, or alternatively, must have access to expcnsiv.c equipment, such as a cyrolathe, which
can be used to cut the lens prior to insertion into the cornea.

Surgical techniques involving the use of ultraviolet and shorter wavelength lasers to
modify the shape of the comea also are known. For example, excimer lasers, such as those

described in U.S. Patent No. 4,840,175 to Peyman, which emit pulsed ultraviolet radiation,



about 180 microns. This cut portion is renoved fromthe live corgﬁeé é’g" .
expose an inner surface of the cornea. A |aser beamis then dir@dtted=ioni(j3
t he exposed inner surface to ablate a desired anount of the inner surface
up to 15woldGieszcr ons deep. The cut portion is then reattﬁ@p@g‘ug%ﬁg“the
abl ated portion of the cornea and assunes a shape conformng to that of the
abl ated portion. However, because onl'y a certain anount of cornea can be

abl ated wi thout the renmining cornea becom ng unstabl e or experiencing
out bul ging (ectasia), this technique is not especially effective in

cor r e%an; hedisg@ foydasogiposnamhatoatriate tissue irathe Jine cainehisv es troreskeapei the oorneaver age
about 500 gicgon thick. The .l agser abhl ati on techni ui requires that at i
| east abouPPEHEAN; & 1SHSUGECR ee W2 FSJASET 1B cratonaplenie lahPBL) on i s
conpl | el : |-NOyd - OcCcur n this
pr oc elg%?%cg gbﬁ%\‘}gtaﬁstl)% Hﬁ?@gkj il%/%fl%q%gseeg%lg}é%g}rr‘r glélt |Ejéralﬂﬁlﬁ%’plggog¥& ggggfeer

t han figutdif agiverwriracanbe citravaydarth¢ formesiafiep hiveing arthieknéss b odeBES
neces ar%/ %8 alter its refractive power so as to sufficiently correct the

f ocusoRgt 480 mHETOD e THIG §Ut PRIEAR Jf remaved FRen i liVel cAREa tPoepesasnainaer
Examygs e ' f; il t u S those
di scusse%@g{)tgeg?&ggeﬁgg%g ‘rgié%gég) ?ﬁﬁgﬁg&gggtg ‘é’ﬁ?‘%ﬁgﬁ b%agé%&%gﬁ %%Fq:\%@%% et

al ., dgsited Pmbent of\the indgr7d@fadd &iptto 150EBjlermarons ddelS. Thit @ntpdddon 3s 326, 261
to Barret{1 cgt al ., ]%JI S.. Patent _No. . 4,840,175 to Peyman, and a publication
by Jdsdtachedaysiithaplatefynortion ef thesmaeetsh mmen sissapeasrninErizeds thatkof in

t he | ction of Aphakia". A continuing need therefore exists for
inpr(?gée%l(r&r%?r?(%&?o correct very severe ametropic c conditions. SUMARY OF
THE | NVENTH&REVAEC bechubgloly a pértaimramabit s cOfneh N@nPbe SMhtell NWRALHIOd S t O 3
provi de a device which can be used to nodify corneal curvature w thout
ex permFBABIRGcomRe decaming Restableowi eipedending onthmlging (BE@i200BIsWEClnOdwe 682 - 5
PCT/ %80/ 052 t echni gues di scussed .abqye, .to thus §;,orrect severe
anet

4 \
EPeRiaNY; e HYe IGRIHRE JoreRER TR (TR i iRolPIcal fige CORSRIaIaB ¢ he
devi GReta@e BBoURGBDIhiORAE 138k t PEe lﬁ&rﬁﬁ&%n%cﬂﬂ?ﬁ%ﬁhﬂﬁ@s @90af 1820 aB6G e | e on

the surface of the cornea so that the device
microns of the comeal stroma remain after the ablation is completed so that instability and

outbulging does not occur. Hence, this procedure cannot be effectively used to correct high
myopia of greater than 15 diopters because in order to reshape the comnea to the degree
necessary to alter its refractive power so as to sufficiently correct the focusing of the eye, too
much of the comea would need to be ablated.

Examples of known techniques for modifying comeal curvature, such as those
discussed atove, are described in U.S. Patent No. 4,994,058 to Raven et al., U.S. Patent No.
4,718,418 to L'Esperance, U.S. Patent No. 5,336,261 to Barrett et al,, U.S. Patent No.
4,840,175 tc Peyman, and a publication by Jose 1. Barraquer, M.D. entitled "Keratomileusis
and Keratophakia in the Surgical Correction of Aphakia".

A continuing need therefore exists for improved methods to correct very severe

ametropic conditions.

SUMMARY OF THE INVENTION

Accordingly, a primary object of the present invention is to provide a device which can

be used to modify corneal curvature without experiencing the drawbacks associated with the



not be prefabricated or nodified prior to placenent on the cornea. A
further object of the invention is to provide a nethod for nodifying the
shape of a live cornea by using a device that can be pl aced o ﬁHéi%dmﬂace
of the live cornea and reshaped thereon. Still a further object of the
I nvent i onyp9ok@sPr ovi de a nethod for nodi fying the shape ofpc@uddoresgor nea
by renmoving a |layer of the live cornea to expose a surface underneath,
placing a device on the exposed surfsace that can be reshaped while on the
exposed surface, reshaping the device, the exposed surface, or both, and
.repositioning the | ayer over the remaining portion of the reshaped device
so th i r th. .nfluences the
Bhotl oo RRHARALL AR a66ve, B RS Rl LAGE wrrRraRRl Al

shape of t yer an hus T he overalT “cof nea. ot 88]5'ect of the

i nventi on Amother pbjevi dftie hRbtitsh i0fo eBdifure N UBGcE BNk Pbsiflondd ¥E BOT nea
by renoyi ng | ayer of the |ive_cornea to expose a surface underneath,

pl aci FIt24° OS% WrecRdgastaned Bbile ancthe gurfage efithelcarop-solihpicc device aeedn t he
exposgg bgﬂr#?ﬁ””“ﬁ@@ﬁ%@@?ﬂ%&%‘ﬁt J)I?&Ercgggetakl ve cornea over the

device tol uence t- ayer an us the overall cornea

wi t hout tha fustkeradbject lofi gl inventic@siap @révide thehed fombateingf the REagedsfea  or
t he device. The foregoing_ objects are basically obtained by providing a

uni velvasameshyyusing? gevice thaheandha plapast e thg|surfaee of hedbvevamegrandireshepethi c
and s nlt_efaetic made of organic material, material,-that can be placed on an
expos PRnher surface of a live cornea and ablated with a | aser beamto be

al tered togall RHirthes ebREt SAL PrvedRiSn Wb \pREVAL b ¥ndthd® thrithadikyifg P XhapObPUS 10
al l ow oxygen and nutrients to pass there through. Al so, the blank can be

made 4 ivenctingd by remesiihg a daych ofithedivtorroneatioraxpaseod surfenenmdenyeetly plaging as
taken_ from an eye bank or, can be taken, from a.cul tur carnea., The bl ank
b DAt e B ase bk ne S el 28 BE om0 iR PO o iRty syl

ot her %%Hc%@'tﬁigf%géi surfa4E, Gt ¥oREnd %@@ﬁﬁ\gﬁ% the 14676P 864 thD SerhARBlp Fomfidace of

t he ap-11 rtion of the comm™The ank 1S positioned on the exposed
i nner ofsthefrastapef déties sothaethe eashaped devive, brposedisaridie, apttedh, influemseartpd e,

onto the inner surface of the cornea exposed in the opening in the WD
00/ 518Bpe ofthedayeranbiiys thgoverall comea.

Another object of the invention is to provide a method for modifying the shape of a
live comea by removing a layer of the live comea to expose a surface underneath, placing 2
prefabricated device, such as an annularly-shaped device, on the exposed surface, and
repositioning the layer of live comea over the device to influence the shape of the layer and
thus the overall cornea without the use of a laser to reshape the exposed surface of the comes
or the device. -

The foregoing objects are basically obtained by provi

made of organic material, synthetic material, or a combination of organic and synthetic
of a live cornea and ablated with a

ding a universally sized blank

material, that can be placed on an exposed inner surface
universally sized blank can be porous to

laser beam to be altered to a particular shape. The o
Also, the blank can be made from living

allow oxygen and nufrients to pass there through.

tak
celis such as a donor cornea of a human eye (e.g., as taken from an eye bank), or can be taken

from a cultured comea. The biank can be disk-shaped, annularly shaped having an opening
therein, or any other suitable shape.

A flap-like portion of the i
comea. The blank is positioned on the exposed inner surface of the comea, and a laser beam

is directed, for example, onto the inner surface of the cornea exposed in the opening 1n the

jve comea is removed to expose the inner surface of the



bl ank, onto certain portions of the blank, or both, to ablate those
portions of the inner surface, blank, or both, and thus reshape Lhe\ggggr
surface, blank, or both, based on the type of anetropic condi’i%ﬁ“ﬁiﬁéﬁq
nyopi a, Q¥R§E?£$a or astigmatism of the eye needing correction. The
flap-1ike portion of the cornea is then repositioned over TREUB®s2SN ng
portion of the blank, so that the remaining portion of the blank, ablated
i nner surface, or both, influences thhe shape of the reattached flap-Iike
portion of the cornea, thus nodifying the- curvature of the surface of the
cornea. The universal blank can therefore be used to correct severe

anet plgplconte sergin iberpns ofi dte bienlioghothy opitdatephtse @btiatisopfites hnefe@@icdi Ng t o

t ' tion, t ' i ded a bl ank, adapt abl
For TRBEGr St ABATGES Fiinapd VAL (el sy Rl orebathy B soase cmmpet si ng:
a fidsdtrapit tondition 3Rs.Lehybpla, Bya&G8pRIYr Qﬁéﬁﬁﬁéxﬁ)d 8P tfe S B@&&eggé?%@dtﬂ

patient's |live cornea; a second surface adapted to be expos A Taser
bearkhe Bapilike portior of th cemgn rig then woesitiondd ofér & mnohimng podicubf dges; and

def ini a ' i id ) fi i ti bet idfirst

s 1 b SR ot o3Pt Bisph SAES RS SttRo. ekl lescsr ey of
sai dnape aF wk Andadel MiBc@pbitontort b %Bﬂﬁﬁ,sihléﬂﬂocﬁgﬁﬁ%gﬁ@ cB9htut B Rt Ween
said first surface and said second surface, said seco portion having a

secamdfath bt heexsneas alht: swvensal hikilc kancihsrelfmiecrig ksed 4o thanctsavete faniesopic
t hi ckness; said bl ank conpri si a material whose properties permt |ight

haviGRGRIODHSPER &7 TR GBER BP £he> HoBIY-¢ spectrum to pass therethrough and
prevent substantially all [light having a wavel ength within the |aser Iight
spect r um fAArPag 90 et ipedt or theghresand clovetitiog, tierariotievided peblankaf t he

prese Lhvention. there is provided.a netho of nodi fying a bl ank,
conpr ?%%plrt]%) % 1re "8t Qﬁg(}(ﬁf){m%éﬁsg}lg@m«ao%a P%ﬁefélps gf’ © ST "r(\?gprl?g'}gnea fromthe
front of saifist! duvface addpedt foMgNidRtheflideSI§NA AledadcayRsaid Pa@HPagRean
internal surface of said |live cornea underneath said separated | ayer;

posi t FgRFAg a bl ank, having an opening therein, on said internal surface of

said live,corng gﬁrfgcegd&)tg&) R%e exposed to a laser beam;

a wall surface, extending between said first and second surfaces; and defining an
opening in said blank;

a first portion between said first surface and said second surface, said portion
surrounding a majority of said opening and defining a first thickness; and

a second portion between said first surface and said second surface, said second
portion having a second thickness, said second thickness being less than said first
thickness;

said blank comprising a material whose properties permit light having a
wavelength within the visible spectrum to pass therethrough and prevent substantially all

light having a wavelength within the laser light spectrum from passing therethrough.

According to another aspect of the present invention, there is provided a method
of modifying a blank, comprising the steps of:

separating a layer of said live cornea from the front of said live cornea;

moving said separated layer to expose an internal surface of said live comea
undemneath said separated layer;

positioning a blank, having an opening therein, on said intemnal surface of said

live cornea;



6a directing a |l aser beamonto a portion of said blank to ablate said
portion of said blank, while | eaving an unabl ated portion of said blank on
said internal surface of said |ive cornea; and repositioning said
separated | ayer of said |live cornea back over said internaly ,syrface of
said live cornea and sai d unabl ated portion of said bIank,Qy3¥¢kuﬂm&e
shape of the internal surface and sgi,d unabl ated portion of said blank

i nfluences the shape of said- repositioned separated |ayer of said live
cornea. Ot her objects, advantages, and salient features of the present
invention wll become apparent fromthe follow ng detailed description,

whi ch, taken in conjunction with the attached draw ngs, discloses
preferred grbes ARRESHAIM bS 4 PorEBh o@Raid BRldRR o DEREREAT IpoidaFofTedid DRAW NGS
Referring now to the drawi ngs which forma part of the origin Iggisclosure:
Fi g. hlaiks whilsilerving @wanahbmc? POitiew qfrﬁagie'él@nl@ﬁntsauéelﬁtemﬂléaﬁﬁiet%fgsa nter of an
eye show n _t%e cornea, pupil and lens; Fig. 2 is a perspective view of an
enbo Pﬁéﬁpgﬁfmh uni versal blank according to the present invention; Fig. 3
is a frontrepdsatitalingoBall seputeaflapdreoestiddiversdmehbmk brerFsagd i@ermakFig. 4 is a
top el evational view of the, enbodi nent shown jﬂgﬁ#ﬂ' é% Fig., 5 iﬁ a side

el evarfaemef saidlive poraertndospid ypablatedpertign of faid so Jfat 1 HeB° Showi ng

for NihE el Arfab@Bid L nAIHES PodioRlor e ARtk DM COERESE sald 8. € 15 2
front elevational view of the cornea and flap-Ilike structure as taken al ong
| I nesrephsitilinet Refargjed yerrdfgaiddiviesomesi de el evational view in section taken

t hrough the center of an eye and showing the flap-1like section positioned
t 0 expose (Aker dbjedts Sativhatages) fanti alieargaies i fithe Sréenthventidd 981 tecstae

el evational viewin section taken through the center of an eye and show ng
pl acappanentofromh the follnvinsndetatied Wesomptionr sdicty| takita dhowRiynstien gwitk A t he

ex possigfgch%& El;a%%ggs(;? fdisEc bges Sgc?e%eﬁd e\ﬁ%o uétgriltg gg tHe7imEen {OH_S 00/ 05284

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings which form a part of the original disclosure: |
Fig. 1 is a side elevational view in section taken through the center of an eye showing

the cornea, pupil and lens;

Fig. 2 is a perspective view of an embodiment of a universal blank according to the
present invention;
Fig. 3 is a front elev‘ational view of the embodiment shown in Fig. 2;
Fig. 4 is a top elevational view of the embodiment shown in Fig. 2;
Fig. 5 is a side elevational view in section taken through the center of an eye showing
formation of a flap-like structure at the front of the comea;
Fig. 6 is a front elevational view of the comea and flap-like structure as taken along
lines VI-V] in Fig. 5;
Fig. 7 is a side élcvational view in section taken through the center of an eye and
showing the flap-like section positioned to expose an inner surface of the cornea;
Fig. 8 is an enlarged side elevational view in section taken through the center of an eye
and showing placement of the embodiment of the universal blank shown in Fig. 2 on the
exposed surface of the cornea;



Fig. 9 is an enlarged side elevational view in section taken through the
center of an eye and illustrating the universal blank shown in Fig. 2
positioned on the exposed surface of the cornea; Fig. 10 is aflfrqomtﬂ aan

el evational view of the cornea with the universal blank present én the~ud
exposed swipbh@swsl hereof as taken along lines X-X in Fig. 9PCFiuUp00/5284 s an
enl arged side elevational view in section taken through the center of the
eye showi ng the cornea and the irradi a-ion of a |aser beam on the universal
bl ank positioned on the exposed surface of the cornea; Fig. 12 illustrates
-ablation of the center of the universal blank by the Iaser beam Fig. 13 is

a_redused 1 onb ieheuabtsa3lonth ol W%, APLALSE N KELSRl DL ank akien af ong

lines XIII- in Fi i's an enlargea- anf%&w of

-t he blaldhﬂastthmxgrthemnﬁ&ersahbmﬁtkaahowg ih iR paﬁlﬁbﬁéa\bnl the Ekﬁasea?smﬁwoféé is a
side el evational view in section taken through the center of the eye

showi ™% cornea and the fl ap- l'i ke portlon reattached over the exposed

surface of fiBejgar ;gg r e ted universal
bl ank shown lgnut?:% d‘ﬁé‘ﬁt é%&ufoﬂ%éﬁl S n{% &eq\l?gtf}‘ qﬁé‘f \?lg%nﬁﬁresegte%q&tg

t aken mom@mm@mmm&nmgemesmxw;ﬁg gting ablation of the universal
bl ank as as.a portion of the cornea below the blank by the | aser beam

Fig. 17 is 83“1@ ¥ enjarged wide slpweaionsl Wewtin éppttoaktekﬁnttbmggtthc kentceof te of

t he ey t ke si;t i oned t he.remgi ni ng
porti C?S’e S%W%?ﬁh an %‘8 %%Fg@é‘gl o‘%%%ﬁ gt?rlﬁg‘é q(i}i’gmkl%‘)sil%onggsi de
el evatdnqﬁabxﬁdseavsmma@e@ﬁtth@ébrhgdgen through the center of the eye show ng

the cornea and the irradiation of a | aser beam on other peripheral portions

_or the uniKigr %ﬂiw&abhu@mﬁ the penstiet mﬁihedwnrsalﬁatd«woﬂtedasenbém;e of the

cornea; Fi 19,Ls a onal vie on ta rough_t he
center of ?‘f{g g%/é“’@ é‘gf’éﬁl Fieph %ragfaéeﬁfsurayerghgﬂ f along| ank
by |rrlﬁ{ggm%[p{nﬁge1iaser beam as shown in Fig. 18, Fig. 20 is a reduced
front ‘el evational viewtaken along lines XX-XX in Fig. 19; Fig. 21 is an

enl ar ged criigsl4scn enbaped cross-texkionalation gf tHertdanioadd-csitieaias talieg. aldy 1O
00/ 51688 X1V in Fig. 13;

Fig. 15 is a side elevational view in section taken through the center of the eye
showing the cornea and the flap-like portion reattached over the exposed surface of the cornea
and the remaining portion of the ablated universal biank shown in Fig. 14;

Fig. 16 is a side elevational view in-section taken through the center of the eye
illustrating ablation of the universal blank as' well as a portion of the cornea below the blank
by the laser beam;

Fig. 17 is a side elevational view in section taken through the center of the eye
illustrating the flap-like portion repositioned over the remaining portion of the blank and
ablated portion of the comea;

Fig. 18 is a side elevational view in section taken through the center of the eye
showing the comea and the irradiation of a laser beam on other peripheral portions or the
universal blank which is positioned on the exposed surface of the cornea;

Fig. 19 is a side elevational view in section taken through the center of the eye
showing ablation of the portions of the universal blank by irradiation of the laser beam as
shown in Fig. i8;

Fig. 20 is a reduced front elevational view taken along lines XX-XX in Fig. 19;

Fig. 21 is an enlarged cross-sectional view taken along lines XXI-XXT in Fig. 20;



-8 0 2 DEC 2,993 PCT/US00/ 05284 Fig. 22 is a side elevational viewin
section taken through the center of the eye show ng the cornzﬁ Izfﬁgcthe
flap-1ike portion reattached over the exposed surface of the 2 483

t he remaW@ oug1grarti on of the universal blank ablated by thpcf,gggdmgag m as
shown in Fig. 19; Fig. 23 is a side elevational viewin section taken

t hrough the center of the eye show ng-ablation of portions of the

uni versal blank and the exposed surface of the cornea below the blank by
irradiation of a |laser beam Fig. 24 is a side elevational view in section

taken througly t4e;cenk . shawi ng.the cornea and the_ flap-like
portion reat it)gache%f g\r/%%r tegéat%ggggg%é,e&ﬁ & ePﬁBI%Bn@& ceghfy ohdhe eye

r enai néhogvipg fitei comeafantl hiee fiayi-Mies partion reutacias Wk Mesk¥ed §f1o8 D tn ERIERS

is a side elevational viéwin section

h in Fig. 23; Fig. 2 ) ‘)
ts h(r)\gﬂ g"lr?%[ ﬁlégfﬁ%ﬂ{“é‘rg B‘#r%f’ﬁ a?gwmwm@kamwdw bt lasst beghesphotinoinsFigf t he

uni verpj;;ll bl ank by eradi ation of a | aser beam Fig. 26 is a front

el evational view of the -ablated universal blank taken along |ines

XXVI - XXVI i FigFi2g. is 25 sidei gevaBdnalSviaws irf SelofV iR 18loukt 6 | Coe ken
through the center of the eye show ng the cornea ar‘i‘ghtetﬁg ‘%P%gﬁ%él: %ﬁ?tion
r eat t AERBISH PRIpLiom 6f RF95E @1 $be tiversef biank andr theaexpasall firface ayfoihiel Gnea
porti j versal. bl ank abl ated by the | aser beam as shown in Fig.
25; F%;gégﬁ{@a%%ﬁﬁ@%&ﬂ%ﬁ?@ﬁﬁqbb%w in section taken through the center
of the eye Fighowi Rt sfaditafiopdi Wikt inP r L} yniyer bl ank
and cornea b)g/ i rradiation ofoa | aser ée‘cg%ﬁ fﬁ%‘ggs‘ﬁ‘g’hﬁér@%ﬁ-%&%eﬁs@% Fohal

vi ew ishowing thowotnek end therflapdiketfoetiaerdattactell dviee tiRyposdionticfase b thLhep and
t he flaa-f%i ke portion, rg)%ttach_ed Qver the exposed surface of the cornea
and { R0 B EEEHIIRGE BORIOR A tas untKesal iank a5:ab b R theslastrihwracisishovieinl Biger
beam ag.shown in Fig. 28; Fig. 30 is a side elevational view in section

t aken t hrough the center of the eye showi ng ablation of the universal

bl ank in a Figna§rnisei side alevationdrviby inf sation! faReh @hrofigh 388 center of the eve
showing ablation of multiple portions of the universal blank by irradiation of a laser beam;

Fig. 26 is a front elevational view of the -ablated universal blank taken along lines
XXVI-XXVI in Fig. 25;

' Fig. 27 is a side elevational view in section taken through the center of the eye
showing the cornea and the flap-like portion reattached over the exposed surface of the comea
and the remaining portion of the universal biank ablated by the laser beam as shown in Fig.
25;

Fig. 28 is a side elevational view in section taken through the center of the eye
showing ablation of muitiple portions of the universal blank and cornea by irradiation of a
laser beam;

Fig. 29 is a side elevational view in section taken through the center of the eye
showing the comea and the flap-like portion reattached over the exposed surface of the cornea
and the remaining portion of the universal blank as ablated by the laser beam as shown in Fig.
28;

Fig. 30 is a side elevational view in section taken through the center of the eye
showing ablation of the universal blank in a nonsymmetrical manner I-Jy urradiation of a laser
beam;

Fig. 31 is a reduced front elevational view of the ablated universal blank taken along



beam Fig. 31 is a reduced front el evational view of the ablated universal
bl ank taken along Q2 DEC 2 0 0 3 WD 00/51682 PCT/ US00/ 05284 -9 |ines
XXX -XXXI in Fig. 30, Fig. 32 is a side elevational view i N (59C _gigogﬁ ken
through the center of the eye showing the cornea and the flap-Tik rtion
reat t ache msegs2t he exposed surface of the cornea and t-heg&EiBldHsh
portion of the universal blank as ablated by the | aser beam as shown in
Fig. 30; Fig. 33 is a side elevationél viewin section taken through the
center of the eye showing the cornea and the flap-like portion reattached
-over the exposed surface of the cornea and the remaining portion of the

uni vengad M%@pig%g.ort ion of the, periphery of the wuniversal blank
e ex

and a portion of t posed surface have been ablated by a | aser beam

“Fig. 34 isPRig.s3llés el sdaiclovandnalivesw i &oabi @ﬂceh%%hghh&gu%téﬁﬁf%ﬁé‘teﬁé of
the eye showing a central portion of the exposed surface of the cornea
bei nggm'%é%e wRpmep anddhe fippolike portiqp regtached avardoricmoséd antface) cfithe bomak Vi ew

of th %Q}'nﬁi@gﬁﬁ face of e, corne t aken along |ines XXXV- XXXV
in Fi %ﬂagif% 1 Q. |§‘1§Péﬁe§%ﬂeefs&l/§r%ﬁ5%€eg\kyitﬁe Eaéﬁrt}???g“f‘%ﬁw 1 Biggh t he
cent eBO;of the eye and illustrating the universal blank shown in Fig. 2

position on the ablated exposed surface of the cornea and ablation of a
central poFi§ ol 8 atside elevatianghividw dnksebijom tdkas ethrdvghnthe Fognter3df ite aysi de

I ' | ew | | Jaken.th h f th how
B B BT el S5 B s e e S50, e
oo, pemnet sk el Wi ek Salonl Sl 5 R

| aser beam as shown in Fig. 36; FI el’eva

sect i wniverskldriatkand aportitreot b erposedl stitfecechaee bedinabilated bira las Beamand t he
on rea ched over the exposed surface of the cornea and

flap-1ike pportj t
the remi n?}fﬁ'g Jobt# & eoglei’ﬁg’néhl"\‘f’é’f 4By sepfioq kakgr tthrough cthat eaatterpof theomyof t he
uni vegstin Blral io8 o j t sed_surface of
t he c%r neaghgve bggﬁmgbl at e%a’lgf/&ggu%gg?? gg%cglgfg%%%gh%cpgygﬁﬁ%r é?aé’@’at i onal
vi ew i n seFig. 85 it atedncadnfront@leviational aiéve bf e abhfeddiPosiPWirhite of the comea

taken along lines XXX V-XXXV in Fig. 34;

Fig. 36 is a side elevational view in section taken through the center of the eye and

illustrating the universal blank shown in Fig. 2 position on the ablated exposed surface of the
cotnea and abiation of a central portion of the universal blank by a laser beam;

Fig. 37 is a side elevational view in section taken through the center of the eye
showing the cornea and flap-like portion reattached over the exposed surface of the comea and
the remaining portion of the universal blank as ablated by the laser beam as shown in Fig. 36;

- Fig. 38 is a side. elevational view in section taken through the center of the eye
showing the cornea and the flap-like portion reattached over the exposed surface of the cornea
and the remaining portion of the universal blank after a central portion of the universal blank
and a central portion of the ablated exposed surface of the comea have been ablated by a laser
beam,;

Fig 39 is a side elevational view in section taken through the center of the eye showing
ablation of peripheral portions of the universal blank which is positioned in the ablated
exposed surface of the cornea;

Fig. 40 is a side elevational view in section taken through the center of the eye
showing the cornea and the flap-like portion reattached over the exposed surface of the cornea
and remaining portion of the universal blank as ablated by the laser beam as shown in Fig. 39;



abl ati on of peripheral portions of the universal blank which is positioned

In the ablated exposed surface of the cornea; Fig. 40 is a side

el evational view in section taken through the center of the pye ;‘;?h?mgng
t he cor ne® @dsshhe flap-1i ke portion reattached over the egg_gfg;'g Su ce of
the cornea and remaining portion of the universal blank a ‘V‘?&B"by t he
-l aser beam as shown in Fig. 39; WO 00{R1682 -10 7 DI EC EC 21103

PCTI USOQ' 05284 Fig. 41 is a side elevational view in section taken through
the center of the eye showi ng the cornea and flap-1like portion reattached"
over the e sefl ;sur i of ..the cornea and the remaining portion of the
uni ver sal gﬁ‘%nﬁpéﬂé e%lﬁgﬁeéev 8?513395??’ 15t sqcHan fakere thrapein Ithe leeatad of thp@yti on
of t hehawingttesican@naRUNHUIEAGHR r roundi ng the.remainin
portion of the blank h%e been%ﬁ%g‘?%@gﬁg@%@&%&&#“&? th

el evafieoiemainns ROTtPRsRithe enivessek hiabkrafiey thet peiphent 6f thef urlitiesAMRantSJoW. NG

the c f.l ap-1i.ke portion reattached over the exposed surface of
BOREA Uk MGk B B 0L g |

the cbrnea and are € GPIOCA SUFANRARE the Ieimaidngpotionhethdeen

abl at bink have BuRAYIHERL By £ Bker yEBMAPEr by a laser beam Fig. 43 is a side
el evational view in section taken through the center of the eye show ng

the cor neaFighd Isea fdidep eleivitionabvievorinr seatibachies BveligH e @éx&&s@t@é‘@ ce of
t he C%{?nea and the rgﬁrahni ﬁg portion of the universal blank after a

por t | o9 4P freomafad fhe dapsiike pettiongetitachediover the exprised sunficehitie baaen

abl at s QYerEaihﬁx% ' ; rheal nner .Fig, .44 is a side

el evational vie elibrf{9 g,géﬁ %én@g%g%ﬁ[%hvﬁc%[ haesnalaegﬁtaé)fatgc} I g dopgEnmsial ng

t he coamex byradasendedrhap-1i ke portion reattached over the exposed surface of

t he corne ',ang the remaining portion of the universal blank of which
mul tiple t i4Gnis wAde plerstionsl yiesd in wpction salen theauph Fiegcerddr b5t gydle

he. cuoRa Bt Bthes W hARUkISion teftiaied oY dbo aroseh surbiscn e Gumeace. of
e sk oo asit €I L
por t | BWgwéYersah blagkibawe bedn dblaterkbynabmebbem b AdwiyetHcAlaagineRean
Fig. 44 is a side elevational view in section taken through the center of the eye
showing the cornea and the flap-like portion reattached over the exposed surface of the cornea
and the remaining portion of the universat blank of which multiple portions have been ablated

by a laser beam;

Fig. 45 is a side elevational view in section taken through the center of the eye
showipg the cornea and the flap-like portion reattached over the exposed surface of the cornea
and the remaining portion of the universal blank after multiple portions of the ablated portion
of the exposed surface and multiple portions of the universal blank have been ablated by a
iaser beam;

Fig. 46 is a perspective view of another embodiment of a universal blank according to
the present invention;

Fig. 47 is a front view of the embodiment shown in Fig. 46;

Fig. 48 is a bottom view of the embodiment shown in Fig. 46 as taken along lines
XLVII-XL VI in Fig. 47;

Fig. 49 is a side elevational view in section taken through the center of the eye
showipg ablation of the exposed surface of the comea by a laser beam to different depths;

Fig. 50 is a reduced front view of the cornea as taken along lines 50-50 in Fig, 49;

CH9Med apdsi de -



Fig. 46 is a perspective view of another enbodi nent of a universal blank
according to the present invention; Fig. 47 is a front view of the

enbodi mrent shown in Fig. 46; Fig. 48 is a bottomview of the enbodi nent
shown in Fig. 46 as taken along lines XLVIII-XLMIII| in Fig. 47§ F§gC 283 s
a side elwsabispaal view in section taken through the centerpgiddigsaye
showi ng abl ation of the exposed surface of the cornea by a Iaser beam to
different depths; Fig. 50 is a reducedii-ront view of the cornea as taken

al ong lines 50-50 in Fi g. 49; WD 00/51682 -11 s= PCTIUS00/ 05284 Fig. 51 is
.a side elevational viewin section taken through the center of the eye

showi ng the pypi BPr1§aA sﬁb%ahbﬁﬂsé&@t dsdcdiok! Qe 4%‘5*1%@%%%1 nﬁttg%eé(ped

exposed surface of cornea after e exp osed

-as showhowmgFthg umil@rsal lapk HistrAed s the 4 posam@aadn gjeeéypbgbcpﬁgfdcgrbft@gen

t hrough the er o he eygla*shovm the cornea and t | ap-1i ke portion
r eat t abHfEGe lgeftﬂ:l the r emai ni ng

ortion of r I tra 46a abl ted b t he
Ioaser beamﬁ% 5?5%//\% ?‘ﬁé Igmvgﬁéiall Jl %%ﬁ r}%ﬁéqg &‘ft F%‘ﬁ W R
sect i oshdveikgthd toraegind the flapdike Qfortﬁtfn kﬁﬁa&ﬂéﬁ oveNA¥ieRBoskl %m‘f&ferlﬁethé @theQe

flap- I|ke portion reattached over the exposed surface of the cornea and
the re Fherrgmamg PArton afithe universakblank HusrasdomFigdd-agablded dfyt the laser
centrahe‘,&?%éﬁj l% 51 uni versal bl ank and a central portion of the

abl at ed“expose ce’of the cornea have been ablated by a |aser beam
Fig. 54 is &i |5§1§Iae§4§é|

t he eye shovﬁéng t he corr?gggg?tﬁgnﬁ%%wf Pbﬁe portlong{ eat? %eﬁ%ée%
expos eshowing sheecarhez el the flapdike @ndxdﬂmaﬂtmmd ovaothp exposed seffadelt tHe cyes al

bl ank s Fi. 46, whose peri ry. has been ablated by a | aser beam
Fi g e e edninitk ROBOROT AP DI Hk SEOVT oh it REreReTA SUATH PRELERtE  of

the eygniveRQVbiask %.B@ a%ﬁt?ﬂ Rk bPge ddRed | §§ s@8 Or{k %fﬁﬁ% fxﬂ:%qlagg% é

exposed surface of the cor ea and the renal e ‘unrver
bl ank alflaied by adasdribeampf t he peri phery of the

Fig. 54 is a side elevational view in section taken through the center of the eye

showing the cornea and the flap-like portion reattached over the exposed surface of the cornea
and the remaining portion of the universal blank shown in Fig. 46 whose periphery has been
ablated by a laser beam;

Fig. 55 is a side elevational view in section taken through the center of the eye
showing the cornea and the flap-like portion reattached over the exposed surface of the cornea
and the remaining portion of the universal blank after a portion of the periphery of the
universal blank and a portion of the ablated exposed surface surrounding the remaining
portion of the blank have been ablated by a laser beam;

Fig. 56 is a side elevational view in section taken through the center of the eye
showing the cornea and the flap-like portion reattached over the exposed surface of the cornea
and the remaining portion of the universal blank shown in Fig. 46 which has been ablated by
the laser beam in a nonsymmetrical manner;

Fig. 57 is a side elevational view in section taken through the center of the eye
showing the cornea and the flap-like portion reattached over the exposed surface of the cornea
and the remaining portion of the universal blank shown in Fig. 46 after a portion of the
universal blank and a portion of the ablated exposed surface have been ablated by the laser .-
beam in 8 nonsymmetrical fashion;



uni versal blank and a portion of the abl ated exposed surface surrounding
the remai ning portion of the blank have been abl ated by a IaserU ?e@ﬁ‘ Fig.

56 is a side elevational view in section taken through the cente

t263

eye shoWO /3168 cornea and the flap-1like portion reattachﬁgTR,\ég'gmstzQ;
exposed surface of the cornea and the remaining portion of the universal

bl ank shown in Fig. 46 which has been-lablated by the |laser beamin a
nonsymretri cal manner, Fig. 57 is a side elevational view in section taken
through the center of the eye showing the cornea and the flap-like portion

reat tached Bigersgt heassiRosRYaidtafl 368y cornea, and the remaining
2 T peifor YRR e i,

portion of the universal blank shown 1n

thsosantgnobthe bpe

uni ver&9Wing thacomes aadtler flaptikeportiva rédttadh&Tlo R RS 8h o3kl §%833?§§%been

GBueq, 4 ..

abl at . er .beam,in a. nonsymetrical_fashion,
2 DECQ%(S%%C %&%‘i‘b&%ﬁg}@% ?laé*kssﬁﬂ‘é’nén&&t%méWhichemﬂkipl&;]ﬁﬁﬁbﬂ@
flap-1ike

t aken Hake boghby Aeaseetdagf: of the eye showi ng the cornea and the
portion reattached over the exposed surface of the cornea and the

remai ni ng Jogt POriscf sideeclenutionals alewb i RkctRAOWMReh rthﬁiu%g rﬁ? & e\@h‘#;ﬁm

elevatl o

mul tiple

VP& i n

gce’(r: X : gﬁg?%%:tﬁgf:ﬂ&%g G'H‘Y ;@ﬁ%&ﬁ%@%& g@%@}@ ov[@f]ﬂ%‘ ;Igposmma of iR Wbride
ret g , d. syrf f th d
the r gngﬁf %ﬁ%‘ﬁ?ﬁﬁﬁ%‘?s{qﬁ% b B R e 36 et grolimletonons of
It versaldrisnlofind mbRipie | | f
mul t i Shecun iplhOEBRAGT tHe Bt SefBdL & Flialjsf%cre%%&%bggxi gtegggri s a

abl atglget]gxgc@ed_surface have been abl ated by “the

persp 8w of anot her enbodi nent of a universal blank accordi
t he presentg;l rg\be@ti n.. El.g. .61 is a_front elevational view of the
enbodi ment shown iar‘#%i’—slpﬁ‘.m

viewiaf anothsr pmbadimpnt of awaivepssh blank ancatiinghe

ng to

enboditheepresenbinvention;Fi 9. 60, Fig. 63 is a perspective view of another
enbodi ment _of a universal blank according to the present invention, which

i's a vari ati®flds adivet detwbnakviewifaleienbodignt SdwiHindFighdp;i S a front

el evational; Vvigw of the enbodi.nment, shown in Fig. 63;
%‘1g. 62'%s 2 top Qevaﬁonal view of the embodiment s%own in Fig. 60;

- Fig. 63 is a perspective view of another embodiment of a universal blank according to

thg present invention, which is a variation of the embodiment shown in F ig. 60;
Fig. 64 is a front elevational view of the embodiment shown in Fig. 63;
Fig. 65 is a top elevational view of the embodiment shown in Fig. 63;

Fig. 66 is a front elevational view of a variation to the embodiments shown in Figs. 60

and 63;

Fig. 67 is a side elevational view in section taken through the center of an eye and

showing placement of the embodiment of the universal blank shown in Fig. 60 on the exposed

surface of the comesa;

Fig. 68 is an enlarged side elevational view in section taken through the center of an

eye and illustrating the universal blank shown in Fig. 60 positioned on the exposed surface of

the comea;

Fig. (9 is an enlarged front elevational view of the cornea with the universal blank

shown in Fig. 60 present on the exposed surface thereof as shown in Fig. 68;
Fig. 70 is a side elevational view in section taken through the center of the

eye

showing the comea and the irradiation of 2 laser beam on the exposed surface of the comea -

and on the universal blank shown in Fig. 60 positioned on the exposed surface of the cOrnea;



Fig. 65 is a top elevational view of the enbodi nrent shown in Fig. 63; Fig.
66 is a front elevational view of a variation to the enbodi ments shown in
Figs. 60 and 63; Fig. 67 is a side elevational viewin section il aBRC 2003
t hrough the center of an eye and show ng placenment of the enbodi nent of

t he uni versal/sibd2ank shown in Fig. 60 on the exposed surf agermobodds@sLor nea;
Fig. 68 is an enlarged side elevational view in section taken through the
center of an eye and illustrating t#é-universal blank shown in Fig. 60
positioned on the exposed surface of the cornea; Fig. 69 is an enl arged
.front elevational view of the cornea with the universal blank shown in
Fig. efdpresent on the exposed surface thereof as showmn in Fig. 68; Fig. 70
is a side elevational viewin section taken through the center of the eye
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surfa f..th rnea and on the, universal blank sho in Fig. 60
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PCT/ U384, 60 dndl Med:ﬂ)(gﬁogéf{h%can&de el evational view in section taken
t hrough the center of the eye illustrating the flap-Ilike portion

repositioned over the remaining portion of the universal blank shown in
Fig. 60 and abl ated portion of the cornea. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Fig. 1 is a side elevational view in section taken

t hrough the center of an eye 10 which .includes a cornea 12, a pupil 14 and
a lens 16. If the cornea 12 and |lens 16 do not cooperatively focus |ight

correctly on DEBANED DESCRIPTSONVGY TC{E PREFERREIPEMBODIVENTS®  adequat e
vision, the curvature of the cornea can b€ nodifred to correct the

refract i veFigohds 2 side elayationsd Miew mrrgctiontikenthreugh thissenignatan eye Whmdich he
l'ight.is {£ocu M,th 1 to the reting ,A universal blank.18. according
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showngodpbgativeliyVRicadllight aBlfedBC 65 Ahe Getifa (MitSsHONMRY MBI eyes t¢lithls pham@d and
has a uniformor substantially uniformthickness throughout, as illustrated
speci #deguate yision, hecurvguregidhe comed £4n be medificdrtn cosettbe refractive ppwanef |
subst ﬁxrétclo%alela Ynd s Sotredt the’ ﬁ{gﬁﬁ&% %v%&éhythg ']Jirgf{teig focused with respect to the retina.
A universal blank 18 according to an embodiment of the present invention is Hlustrated

in Figs. 2-4. As shown, the universal blank according to this embodiment is disk-shaped and

has a uniform or substantially uniform thickness throughout, as iflustrated specifically in Fig.

3. Specifically, the blank 18 has a first planar, substantially planar, or substantially curved

surface 15, a second planar, substantially planar, or substantially curved surface 17, and a

periphery 19. The surfaces 15 and 17 are arranged parallel or substantially parallel to each

other with the periphery 19 being perpendicular or substantiaily perpéndicular to one or both
surfaces 15 and 17. Of course, the surfaces 15 and 17 and the periphery 19 need not be
uniform but could have recesses, projections, raised portions, or any variation in shape and
texture.. Preferably, the universal blank 18 has a diameter of about 4 to about 9 mm and a
thickness of between about 20 to about 500 microns. Of course, the diameter and thickness of
the disk-shaped universal blank 18 can be of any practical size as would be appreciated by one
skilled in the art. Furthermore, the universal blank need not be disk-shaped although it is
preferred as shown in the embodiment of Figs. 2-4, but can be frusto-conical, oval, square,
rectangle, or any practical shape as would be readily appreciated by one skilled in the art.

The blank 18 is preferably made of synthetic material, organic material, or a
combination of both synthetic and organic material, that permits all or substantiaily all light



surface 15, a second planar, substantially planar, or substanti&l% guw@d
surface 17, and a periphery 19. The surface's 15 and 17 are arra §<§
parall el or substantially parallel to each other with the periphery 19

bei ng peenass8l ar or substantially perpendi-cul ar to one qicth@dhnsyr faces
15 and 17. O course, the surfaces 15 and 17 and the periphery 19 need not
be wuniform but could have recesses, Pfojections, raised portions, or any
variation in shape and texture. - Preferably, the universal blank 18 has a
di anmeter of about 4 to about 9 mmand a thickness of between about 20 to
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t he di sclosures of which are hereby incorporated by referénce heréin. The
bl ank thelive cernat myst beirampved. Fogemavalibedaydrwf tire comes pasectdirrmie pefomiate of

the corne t he e. In.order.to expose this inner_surface of the cornea
of t heBeyEthJop kmpikyin ieitn, i3 R BoRR pnnortiaieos Bicoais Rokafote. ( ho
layer mE. BNeTRRIRBRion22PPeeMeR bStd8dfaRdtiRHin layer 22 of the cormea from the

remaining portion of the comea 12. The incision can be made with a scalpel, keratome,

excimer laser, or any type of surgical cutting instrument known fo one skilled in the art. The
layer 22 can also be sepas.:aied from the surface of the live comea by any other method which
may not involve making an actual incision in the cornea as may be appreciated by one skilled
in the art.

The layer 22 of the cornea can be completely removed from the remaining portion of
the cornea 12. However, as shown in Figs. 5 and 6, it is preferable that the layer 22 of the
comea remain attached to the main portion of the live cornea 12 by an attaching or liinging
portion 24 Accordingly, as shown in Fig. 7, the layer 22 of the comea is formed as a flap-like
layer that is pivotally moveable about the attaching portion 24 to expose an inner surface 26 of
the comea. The layer 22 typically can be of any practical thickness, for example, 160 microns.

The umiversal blank 18 is then uvsed to modify the curvature of the comea in the

followinig manner.



in which, for exanple, an incision 20 is nade in the front portion of the
cornea, as shown in Fig. 5 This incision 20 is nade so as torsgpdrate
thin layer 22 of the cornea fromthe remaining portion of the cornea 12.
The incision can be made with a scal pel, keratome, exciner |aser Qr _any
type of sumgéseB2cutting instrument known to one skilled iﬁc‘["ﬂjée%{ﬁz. The
| ayer 22 can al so be separated fromthﬁ§ surface of the live cornea by any
ot her method which may not involve making an actual incision in the cornea
as may be appreciated by one skilled in the art. The |layer 22 of the
cornea can be conpletely renoved fromthe renmaining portion of the cornea
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flap-1i to correct the abnormality of the
For example, as shown in Figs. 11-14, a laser beam L is directed to the first upper

surface 15 of the blank 18 that is opposite to the second lower surface 17 of the blank 18 that
is supported on the eJ.cposed surface 26 of the comea 12. The Jaser beam L can be emitted
from any type of laser 27 typically used in eye surgery methods, such as an excimer laser 27
or the like as described in U.S. Patent No. 4,840,175.

As shown in Fig. 12, the laser bean L will begin to ablate or erode an area 32 of the
blank 18 to which the Jaser beam is directed. Again, the area of the blank 18 to which the
laser beam L is directed and which is ablated is selected to remedy a specific type of
abnormality from which the eye is suffering. |

For example, if the blank is being used to correct a myopic condition, the laser beam L
will be directed toward a central area 32 of the blank 18 so as to ablate that central area 32. As
shown in Fig. 13, for example, the biank 18 is disk-shaped, and the area 32 that is ablated 1s
circular in tc-)p plan view and is at least initially in the form of a substantially hemispheric
recess. Of course, the shape of the ablated area can be any desired shape necessary to effect

correction of the particular abnommality of the eye.
As stated previously, the blank 18 is made of 2 material that will absorb all or

" substantially all light having a wavelength within the laser light spectrum. Therefore, when



eye 10. Cenerally, every 10 mcron change in curvature of the cornea

change the refractive power of the cornea by 1 diopter. For &x& npfeuwés
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© ?Iexsxge[, tﬁg ?eﬁgactive power of this flap-like layer 22 will be changed due to this change in

shape. The flap-like layer 22 can be reattached to the comea 12 by any known techniques

ey

such as suturing or the like.

Because the material of the blank 18 is transparent or essentially transparent to light
having a wavelength within the visible light spectrum, visible light will pass through the
remaining portion to the blank 18 and enter the eye 12. However, because the reshaped flap-
like lé.yer 22 has a different refractive power, the flap-like layer 22 will refract the light
passing therethrough differently than prior to the reshaping. Therefore, in cooperation with
the lens 16 (see Fig. 1), this reshaped layer 22 will focus the light in the appropriate manner on
the retina, thus correcting the ametropic condition of the eye.

It is further noted that the laser 27 can be used to reduce the overall thickness of the
blank 18 prior to shaping the blank. For instance, the blank 18 can initially be about 500
microns thick for ease of handling. Then, once the blank 18 is positioned on the exposed inner
surface of the cornea in the manner described above, the inner beam L can be directed to the
upper surface 15 of the blank so as to reduce the overall thickness of the blank 18 as desired.



of the cornea has been ablated by the | aser beam After the |aser ablation
process has been conpleted, the flap-like |ayer 22 of the corneﬁ m -
repositioned over the renmaining portion of the blank 18 and the stiltLc &0
of the cornea 12 as shown, for exanple, in Fig. 15. As illustrated, the
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the flap-like |layer 22 when the flap-like layer is repositioned over the
remai ning portion of the blank 18 andissurface 26. of the cornea 12. Hence,
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Alternatively, if the blank 18 is being used to correct 2 high hyperopia condition, the
laser beam L can be directed toward the outer perimeter of the blank as shown, for example, in
Figs. 18-21. As discussed above, the blank 18 is made of a material which will absorb all or
substantially all of the laser beam. Therefore, as shown in Fig. 19 specifically, the biank 18
will bcrablated by the laser beam, but none or substantially none of the surface 26 of the
comea 12 bejow the ablated area 38 of the blank will be ablated.
 The laser beam L can be irradiated onto the ablated area 38 of the blank 18 until that
area 38 is ablated down to the surface 26 of the cornea on which the ‘blank 18 1s positioned,
and the remaining portion of blank 18 thus has a frustoconical shape. Of course, the blank 18
can be shaped in any manner by the laser beam L. As shown in Fig. 22, the flap-like layer 22
is then repositioned over the remaining portion of the blank 18 so that the remaining portion of
the blank 18 influences the shape of the repositioned flap-like layer 22. Since the material of
the blank 18 is transparent or substantially transparent to light having a-wavelength in the
visible light spectrum, visible light will pass through the remaining portion of the blank 18.
However, because the reshaped flap-like layer 22 has a different refractive power, the flap-like
layer 22 will refract the light passing therethrough differently than prior to the reshaping.



until the area 32 of the blank 18 is conpletely ablated by the | aser beam
and becormes a hole that passes entirely through the blank 18. (2 BEGafe)3
the laser beamL is "directed onto the exposed portion of the surface 26
of the VP A¥AGEL as to ablate a portion 36 of that surfacepcﬁggdayaghﬂgly, as
shown in Fig. 17, when the flap-like layer is repositioned over the

remai ni ng portion of the blank 18 andgthe surface 26 of the cornea 12, the
abl ated portion 36 of the surface of the cornea 26 will also influence the
shape of the repositioned flap-like layer 22. By using this technique, it
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the apetropjc condition of the eye
when the like layer 22 is repositioned over the surface 26 of the comea and the remaining
portion of the blank 18, the remaining portion of the blank 18 will influence the shape of the
flap-like layer 22.
As fucther shown in Fig. 28, any portion or amount of the exposed surface of the
cornea 26 can be ablated as well, as long as a sufficient amount (e.g., 200 microns) of cornea
is left remaining so that the remaining comea does not experience instability or outbulging
(ectasia). As illustrated, the laser beam L can be directed toward the surface 26 of the cornea
underneath the ablated portions 32 and 38 of the blank 18 to ablate those portions 36 and 40 of
the surface 26 of the cornea 12. Accordingly, as shown in Fig. 29, the remaining portion of the
blank 18 and the ablated portions 36 and 40 of the surface 26 of the cornea 12 will influence
the shape of the flap-like layer 22 when the flap-like layer 22 is repositioned over the
remaining portion of the blank 18 and surface 26 of the cornea.
As illustrated in Fig. 30, the laser beam L can be directed onto the blank 18 to ablate
the blank in a nonsymmetrical manmer. This type of shaping of the blank 18 is usually done to
correct an astigmatic condition of the eye. For example, the blank can be sculpted to assume a



If a nore substantial nodification of the shape of the cornea is necessary
to correct a nore severe anetropic condition, the |aser bean1§tga@3b%g$*
directed onto the surface 26 of the cornea 12 in order to abl e‘a*poﬁ? on
40 of that surface 26 as shown, for example, in Fig. 23. As shown in Fig.
24, when Whew/s168%p-1 i ke | ayer is repositioned over the remapgirfigopesdghon of
the blank 18 and the surface 26 of the cornea 12, the abl ated portion 40
of the surface 26 will also influeneB®-the shape of the repositioned
flap-1ike layer 22. Accordingly, the thickness of the blank 18 need not be
dincreased in order to increase the degree to which the flap-Ilike |ayer 22
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portion of the blank 18 and the ablated portion 44 of the surface 26 of the cornea 12 will

influence the shape of the flap-like layer 22.

Fig. 34 shows another embodiment of the method for using a umiversal blank
according to the present invention. As illustrated, after the flap-like layer 22 has been
positioned as shown in Fig. 7 to expose the inner surface 26 of the cornea, that surface 26 can
be ablated by a laser beam before the blank 18 is positioned thereon. Specifically, the laser
beam L is directed onto that exposed surface 26 to ablate the comea 12 down to 2 particular
depth. Typically, since the thickness of an average comea is apprdximately 500 microns, the
surface 26 can be ablated to any amount up to a depth of about 300 microns, which would
leave a sufficient amount (e.g., about 200 microns) of comea left remaining so that the cornea
does not experience instability or outbulging as discussed above.

| The ablated section 46 of the surface 26 can be symmetrical about the center of the
front portion of the comea as shown in Fig, 35. Preferably, the shape of the ablated section 46
will coincide with the shape of the blank 18 that is used in modifying the cornea. In fhe
example illustrated in Fig. 36, the blank 18 is disk-shaped and hence, the ablated section 46 is



axis of the eye. In other words, the blank 18 can assune a substantially
hem spheri cal shape having a varying radius. As can be appreci il otfi3
Fig. 31, only a portion 42 of the right- side periphery of the blank 18 is
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of the exposed surface of the cornea 26 can be ablated in a nonsymetri cal
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tematively, as shown 1g. 38, the laser beam L can be directed onto the blank 18
and the exposed ablated section 46 in a manner similar to that described above with regard fo
Fig. 16. By doing this, a portion 52 of the ablated section 46 of the exposed surface 26 is

further ablated. The ablated section 46 can be ablated by any amount as long as a sufficient

amount (e.g., about 200 microns) of comea 12 is left remaining. In this example, the
remaining portion of the blank 18 and the ablated portion 52 of the exposed ablated section 46
influences the shape of the flap-like layer 22 when the flap-like layer is repositioned over the
blank 18 and the exposed surface 26 of the cornea.

As shown in Fig. 39, the periphery of the biank 18 can be ablated in the manner similar
to that discussed above with regard to Fig, 21. As shown, none or substantially none of the
previously ablated surface 46 of the exposed surface 26 is ablated by the laser beam.
Accordingly, as shown in Fig. 40, the remaining portion of the blatﬂc‘ 18 and the ablated
section 46 of the exposed surface of the cornea influences the shape of the flap-like layer 22
when the. flap-like layer is repositioned over the blank and the exposed surface 26.
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remaining portion of the blank 18 and the exposed surface 26.

Another embodiment of the universal blank according to the present invention is
shown in Figs. 46-48. Specifically, the blank 60 shown in Fig. 46 has a large portion 62 and a
small portion 64. The, large portion 62 can have any practical size and shape as could the
blank 18 shown in Fig. 2 as discussed above, and can be made of the same type of materials as
the blank-18.

In the example shown in Fig. 46, the large portion 62 of the blank 60 is disk-shaped
and has a diameter of about 4 to about 9 millimeters and a thickness of between about 20 and
about 500 microns. Of course, the diameter and thickness of the blank 60 can be of any
practical size that would be appreciated by one skilled in the art.

As further illustrated in Figs. 47 and 48, the small portion 64 of the blank 60 is also
disk-shaped, but has a small diameter than the large portion 62. The diameter of small portion
64 can be any practical size, such as a small disk-shaped projection having a nominal diameter
up to a disk-shaped projection having a diameter only 2 fraction smaller than the diameter of



when the. flap-like layer is repositioned over the blank and the exposed
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further shown in Figs. 42 and 43, a portion of the blank 18 alone or a
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illustrated’in Figs. 47 and 48 the small portion 64 of the blan
al so 68 and periphery 69 need not be smooth but can have projected portions, recesses or any type

of texture.

An embodiment of a method for using the universal blank 60 according to the present
invention is shown in Fig. 49. Specifically, the surface of the cornea 26 that has been exposed
by forming and positioning the flap-like layer 22 in tﬁe manner discussed above is ablated in
the manner shown in Fig. 4;9. That is, the exposed surface 26 is ablated to different depths so
as to assume a shape which can accommodate the blank 60. Hence, an outer section 70 of the
exposed surface 26 is ablated to a first depth, while an inner section 71 is ablated to a second
depth greater than the first depth. The depﬁs of the ablated inner and outer sections 70 and 71
can be any amount which would allow a sufficient amount of cornea 12 (e.g., about 200
microns) - to remain so that the remaining cornea does not experiencing distortion or
outbulging. It is noted that this step-shaped blank 60 provides an advantage over a uniformly
shaped blank 18 in this regard, because less volume of cornea can be ablated to form a recess
which will accommodate the smaller portion 64 of the blank 60 and thus point the blank 60
from shifting on the sorface of the comea. That is, the volume of comea removed to form

section 71 is less than the volume of cornea removed to form section 46 (Fig. 34).
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substantially central portion of the blank 60 as shown in Fig. 52. That ablated portion can be,

for example, a substantially hemispherical recess as discussed above with regard to Figs. 11-
14. As further shown in Fig. 52, none or substantially none of the ablated section 71 is further
ablated by this laser beam. Accordingly, the surface of the ablated section 71 and the
remaining portion of the blank 60 influence the shape of the flap-like layer 22 when the flap-
like layer 22 is repositioned over the blank 60 and the exposed surface 26.

Alternatively, shown in Fig. 53, a portion 76 of the ablated section 71 below the
ablated portion of the blank 60 can be further ablated by the laser beam to any depth which
would allow a sufficient amount (e.g., about 200 microns) of the comea 12 to remain.
Accordingly, the ablated portion 76 and remaining portion of the blank 60 influence the shape
of the flap-like tayer 22 when the flap-like layer 22 is repositioned back over the exposed
surface 26 and the remaining portion of the disk 60. '

As further shown in Fig. 54, multiple portion of the blank 60 can be ablated in a -
manner similar to that in which the biank 18 is ablated as described, for example, with respect



shaped bl ank 18 in this regard, because |ess volunme of cornea can be
ablated to forma recess which will accomodate the smaller po t&smt6$g$§
the bl ank 60 and thus point the blank 60 fromshifting on the uf'ébe“é
the corn®P00fH882 i s, the volunme of cornea renoved to form meaebde@dsgd iS

| ess than the volunme of cornea renoved to formsection 46 (Fig. 34). 0 2
DEC 2003 WD 00/51682 - PCTI USOQ 05284-2923 As shown in Fig. 51, the blank 60
is positioned on the ablated sections 70 and 71 of the exposed surface 26
so that the surface 68 of the small portion 64 of the blank 60 contacts or
subst afit Figsl 18-22abact. sFuioalblobe ehow i Bik. 85, Wl loger themXUb RS BB 0frd e

| ar ge e blank 60 contacts or substantially contacts e

ortion, 62 of _ t
abl at eﬁlesﬂélﬁ‘?do?%@n 4 02 Hsviixposesl supfacs 36 to ahietsmportion @8l gEthaR aldtet Bectivhl 7at ed

ti t . PRI 66 of . the | tion of the blank 60,:-
i | o SRR, 38\ ol Fle: B e Repdhing Sortn i 821 Weh oBl sty teint ¢

smel |- seption i Hnirfizente ke shhRnkf GRe ﬂag-mewuag@r INQuhz e ﬁ&ﬁﬁﬁ@%ﬁfe% 8 ;4 he
ma

abl ated section 70 and 71 can be e.to conformor substanti a
with t¥BRosifioned gwer iheasERossf surfack a?fendnthe serabiningopbitiuns o6 Zhartladd 60.

respecgl | ank .60, and can thus be a ractical size and
Chape. Sty % sholfn BLRRL s e SOHaE R dattin of At el 56 ndihedbrtberaict o
sect | opuatid) 780 ticlablated dectioh 7Fofl e QxposBLirhGADs BRfikhod HE REMN fAh- 3L €2
axis of the eye; but rather, could be offset fromthe centr optf axi s
of t helikeylayemel mwhemtbe dlapdikedayer2®: iertgesitidRedioderfhe thpbdtd suafab@ b6y the

sections 70 and .71, .respectively, can contact the peripheries 66 and 69,
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dept h $4Ha&dR6 and the remaining portion of the blank 60.

As shown in Figs. 58 and 59, the blank 60 and ablated section 70 can be ablated at
multiple locations in a manner similar to that in which the blank 18 and surface 26 are ablated
as described above with‘regard to Figs. 25-29. Accordingly, as shown in Fig. 58, the
remaining portion of the blank 60 and the ablated sections 70 and 71 of the exposed surface 26
influence the shape of the flap-like layer 22 when the flap-like layer 22 is repositioned over
the exposed surface 26 and the blank 60. Alternatively, as shown in Fig. 59, the Mcr
ablated portion 82 of the ablated section 70, the further ablated portion 84 of the ablated
section 71, and the remaining portion of the blank 60 influence the shape of the flap-like layer
22 when the flap-like layer 22 is repositioned over the remaining portion blank 60 and the
exposed surface 26.

Another embodiment of the universal blank according to the present invention is
shown in Figs. 60-62. Specifically, the blank 86 is annular or ring-shaped having an upper -
planar, substantially planar or substantially curved surface 88, a lower planar, substantially

y cofform -



woul d allow a sufficient anount (e.g., about 200 m crons) of the cornea 12
to remain. Accordingly, the ablated portion 76 and remai ni ng portion of
the blank 60 influence the shape of the flap-lie |ayer 22 when the
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the remaw figsiggy tion of the disk 60. As further shown in brgasbdeszeqll tiple
portion of the blank 60 can be ablated in a manner simlar to that in

Whl ch the blank 18 is ablated as desc#$bed, for exanple, with respect 2 JLC
"U3 WD 00/51682 PCT/ U$00/ 05284 -24 to Figs. 18-22 above. Furthernore, as
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portion of the blank 60. As shown in Figs. 58 and 59, the blank 60 and
abl at @0v& e Lypigailys dhe hlank 86 g a{leateatdmwﬂtwh@ a mngeioaboutnd mmréoakout

I t t 1 f | at
descr el sh8 oosfipk Yedhs e feloRr 5 Ry i B3Bant 1 pin b rive

58, t higre dreR@bUtENEaiiefet.] pﬂrtﬁbfmbft@&téﬁaﬂﬂ; 86 cAD i ANl et SRE RN ELAR and

71 of the exposed surface 26 influence the shape of the f Igﬁ I I ke | ayer 22

when tifepm topabaut d 008ywm, withi & thiclowss tof abeut é%rpm being a suitable exemplary
thickness. In general, about 12 um of blank thickness provides a correction of about 1 diopter.
Hence, a 144 pm thick blank provides for a correction of about 12 diopters.

Also, the blank itself can have any suitable shape, such as oval, square, rectangular,
polygonal, and so on. As shown, for example, in Figs. 63-65, the blank can be an oval shaped
blank 98 having an upper surface 100, a lower surface 102, an outer wall 104 and an inner
wall 106 defining an opening 108 through the blank 98 which, like opening 96, can be
circular, oval, or any other suitable shape, and can pass entirely through the blank 98 or be a
recess in the blank 98. Blank 98 can be made of the same types of materials as blanks 18, 60
and 86 discussed above, and can have similar dimensions. That is, the largest overall outer
diameter of blank 98 can range from about 4 mm to about 11 mm, and the largest overall
diameter of opening 108 can range from about 0.1 mm to about 10 mm, depending on the size
of the outer diameter. ;

Furthermore, the blank 98 can have a thickness ranging from about 10 pm to about
1000 pm, with a thickness of about 144 um being a suitable exemplary thickness. Also, the
surfaces 100 and 102 can be parallel or substantially parallel to each other, or at any suitable



t he exposed surface 26 and the blank 60. Alternatively, as shown in Fig.
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t he bl anWO®9/51682] uence the shape of the flap-like layer 22Mb&hoshe
flap-like layer 22 is repositioned over the remaining portion blank 60 and
the exposed surface 26. Anot her enbefi-nent of the universal bl ank
according to the present invention is shown in Figs. 60-62. Specifically,
the blank 86 is annular or ring shaped having an upper planar,
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to each other. The surfaces 114, 116, 118 and 120 can be smooth, or can have projections or

any suitable texture. Also, instead of gaps, the regions designated by 110 and 112 can be

regions in which the thickness of the respective blanks 86 and 98 are greater than or less than

the overall thickensses of the remainder of the respective blanks 86 and 98.

An embodiment of a method for using the universal blanks 86 and 98 according to the

present invention is shown in Figs. 67-71, which is similar to the methods described above

regarding blank 18. For exemplary purposes, Figs. 67-71 illustrate blank 86. However, blank
98 is used in a similar manner.

Specifically, a flap-like layer 22 having a diameter of about 8 mm to about & mm and a
thickness of about 160 pm is separated from the cornea 12 in the manner described above to
expose a surface 26. As shown in Figs. 67-69, the blank 86 is positioned on the exposed
surface 26 so that the surface 90 contacts the surface 26. Typically, the blank 86 (or 98) is
positioned on the surface 26 so that its center is substantially aligned with the opﬁcal axis of
the eye 10. However, the blank 86 (or 98) can be placed at any location on surface 26.

As further shown in Fig. 70, the laser beam L is irradiated onto the portion of the
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114, 116, 118 and 120 can be snooth, or
the exposed surface 26 of the comnea 12 and, if necessary, the blank 86 (,

or_can have projections _or )
or 98) is ablated is

dependent on the severity of the vision disorder being corrected, as well as the type of vision

disorder (e.g., mvopia, hyperopia or astigmatistn).

Once the desired amount of ablation has occurred, the flap-like layer 22 is repositioned
over the blank 86 (or 98)-and exposed surface 26.as shown in Fig. 71. In a manner similar to
that described above, the flap-like layer 22 rests on the blank 86 (or 98) and surface 26 in a

relaxed state. Accordingly,

the ablated surface 26 and the remaining portion of the blank 86

(or 98) influence the shape of the flap-like layer 22 when the flap-like layer 22 is repositioned
over the blank and the eprsed surface 26. The new shape assumed by the flap-like layer 22

thus corrects the refractive power of the eye 10 as necessary to correct the vision disorder.

Another embodiment of the universal blank shown in Figs. 60-62, for example, allows

for the specific parameters of the blank to be prefabricated, such as by ablation by an excimer
laser or shaping in a cryolathe, so that the lower (posterior) surface 90 of the blank 86 has the

same or similar radius of curvature as the preoperative live cornea. The upper (anterior)

surface 88 may have a curvature which is concave, convex, toric or parallel in relation to -

posterior surface 90, or any

other suitable curvature. Posterior surface 90 can also have any of



any suitable texture. Al so, instead of gaps, the regions designated by 110
and 112 can be regions in which the thickness of the respectiv ELgeksnﬁﬂ
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shown in Figs. 67-71, which is sim|&8-to the methods described above
regardi ng bl ank 18. For exenplary purposes, Figs. 67-71 illustrate bl ank
86. However, blank 98 is used in a simlar manner. Specifically, a
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e SREpRRteptecE Plapk b on S8 relsaih B shpecghe dapoeg oty 23 whon the Hap-
like layer 22 is repositioned over the blank and the exposed surface 26, without ablating any
portion of the flap-like layer 22, the blank 86 (or 98), or exposed surface 22. The new shape
assumed by the flap-fike layer 22 thus corrects the refractive power of the eye 10 as necessary
to correct the vision disorder.

In addition, blanks 18 and 60 can be prefabricated in a manner similar to blank 86, and
used in amanner similar to blank 86 without laser ablation as described above.

Once the flap-like layer 22 and surface 26 heal, the patient’s eyesight can be tested. If
it is determined that the vision disorder has not be satisfactorily corrected, the flap-like layer
22 can be again separated from the comea 12, and the surface 26 and/ or blank 86 (or 98) can
be further ablated as necessary. Also, if deemed appropriate, an additional blank or blanks
having the same or different shape and characteristics of the existing blank can be stacked on
the surface 88 (or 100) of the blank 86 (or 98), and the additional blank or blanks can be
ablated as necessary. The flap-like layer 22 can be then repositioned over the blank and
surface 26, allowed to heal, and the eyesight can again be tested. The steps of removing the



t he exposed surface 26 of the cornea 12 and, if necessary, the blank 86 (or
98) is ablated is dependent on the severity of the vision di §ofd&l lj8fhg
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However, the blank 86 (or 98) can be placed at any |ocation on surface 26.
The flap-like layer 22 is then repositioned over the blank 86 (or -98) s
exposed surface 26. In a manner similar to that described aboVe; "ttre~¥+<
flap-like layer 22 rests on the blank 86 (or 98) and surface 26 in a
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tested | f°"f%is deternined that the vision disorder has not be

satisfactoril y, %esiefiROe addpedith BBckpdetd kY Bker RAdmcan be agai n separ at ed
fromthe cornea 12, and the surface 26 and/ or blank 86 (or 98) can be

further abl at edwald sygcesadpnding\befweey paid disviaad apeondsutiages; azthdeftdng ronal
bl ank or %ﬁﬂ $ns @ghﬂg.the sanme or different shape and characteristics of
t he existing Bl'ank can be stacked on the surface 88 (or 100) of the blank

86 (or 98), andfitdagoaitai bétasal sitl afikt ourfdek anksatihbecbad salhal @didasortion
necessary. The flap-like |l ayer 22 can be then_repositioned over the bl ank
and sur fSHEEAUBHENE 3 MARIEY of sithapgning iyl dafwing AlishHuckasss: aghi n be tested. The

steps of remvy fgofdEofiod b@ﬁﬁeg%gi%l ig}g %gﬁé%qgg séi%gseagﬁl ﬁ%ﬁégﬁgﬁé&cg{gp' like

| ayer 22 and ablation, as well as t tion of nore can

r epeat ed mstiorahyving i anescoad thekessalsyidt secpnd pleickyess drermec tess Heany issidofirst
disorder.,lt is desirable that vision up to 20/15 or 20/10 can be achi eved
Due to tﬁ@wb?§§ence of openings 88 and 108 in bl anks 86 and 98,

respectively, daldamimk 86mpRsndSa aRGRHMS Shok€ Sstopdtie) IRImit NBFhtahgRhi da bl ank
(e.g., blank 18 discussed above) having the sane overall dianeter and

t hi cknessvaviangyveithiniee vigible spsetropdapatjshercdirel shead proreat arbstantiglly #lb

bl anks 88§. i nl-y:b e r o_aplate the,.,exposed surface of
t he cornggﬁpﬁﬁgg%%ﬁgfﬂg%%%gﬁgﬁb§$Em%ﬁgggféﬁﬁnl083%H¥%$%ggﬁ% aﬁﬁg%priate
corneal nodification. In this

2. A blank according to claim 1, wherein said material is adapted to be ablated

by laser light.

3. A blank according to claim I, wherein the thickness of said blank is within a
range of about 10 to about 1000 microns, and a maximum length of at least one of said

first and second surfaces of said blank is within a range of about 4 mm to about 11 mm.

4. A blank according to claim I, wherein said blank is annularly-shaped
having said first and second surfaces on opposite sides thereof, the thickness of
said blank is within a range of about 10 to about 1000 microns, the diameter of
said blank is within a range of about 4 mm to about 11 mm, and the diameter of

said opening is within a range of about 0.1 mm to about 10 mm.



event, |less |aser usage and thus, |ess overall surgical tinme, is required.
"Although only a few exenpl ary enbodi nents of this invention have been
described in detail above, those skilled in the art will readily
appreciate that nmany nodifications are possible in the ex%g .

enbodi ments without materially departing fromthe novel teachi §§AHM&d
advant ages of this invention. Accordi n@ll y, all such nodifications are
intended to be. ingl uded w.thjn.t.he scope of..this.invention as defined in
he Folow ng b1 & et G0 RAd ol SRR o i) Bl o eefRmikd

modi fyi ncarddi§ntbetiombterigl. of a patient's live cornea, conprising: a first
surface adapted for placenent directly on a surface of said patient's |ive
cornea; a second surface adapted to be exposed to a | aser beam a wall
surface, extendi - Sa] 4T f : defining an
opening in sairkg %gtél%% @Sﬁlrﬁod%%hﬁgﬁﬁgg \%\i@g%&g%r?%gsfcﬁl%g}t?cgu dce and said
second suchalyaer sallagenardyainylesusyidaiadl grazeiaj ori ty of said opening and
defining a first thickness; and a second portion between said first surface
and said second surface, said second portion having a second thickness,
sai d second thi clangsse ReLAGNG B3 Faitd BRIRAIA sfill hkerjdl HcRlHRESSe ok d bl ank
conprising a material whose properties permt |Igﬂ'|t aving a wavel ength

wi t hi n t Hellowgiglsressdimied prgantcongasas:tcollagmhhyahglonimradidp nenceprilysodistidat i al |y
all 1ight h?vin a wavel ength within the laser |ight spectrumfrom passing
t her et hr SUIHYDPOM B ank according to claim 1, wherein said material is
adapted to be ablated by laser light. 3. A blank according to claim1,
wherein the thickness of said blank is within a range of about 10 to about

1000 microns, %né Hanpsdepiging erdaim biwherein szid blaskdapt sehstaptially priforand
second s I i Al range of about 4 mmto about 11
mm 4. AH%%%%%ggg%%%@F%SQ%%%§F3%%%?%Eﬁ%§§ein said blank is annul arly-shaped
having said first and second surfaces on opposite sides thereof, the

t hi ckness of said blank is within a range of about 10 to about 1000
mcrons, the Cﬁ a,%l:fl@qk %ﬁcordlng to claim 1, wherein said first and second surfaces each are

substantially planar surfaces, or substantially curved surfaces.

10. A blank according to claim 9, wherein said first and second surfaces are

~ substantially parallel to each other.

11. A blank according to claim 9, wherein said second surface is convex, concave,

or toric in relation to said first surface,

12. A blank according to claim 1, wherein said wall surface extends at an angle

other than 0° with respect to said first and second surfaces.

13. A blank according to claim 1, wherein said wall surface is convex, concave or

toric,

14. A blank according to claim 1, wherein said wall surface extends substantially
perpendicularly with respect to at least one of said first and second surfaces.

15. A blank according to claim 14, wherein said wall surface extends substantially



said blank is within a range of about 4 mmto about 11 nm and the di aneter
of said opening is within a range of about 0.1 mmto about 10 mm a 2 DES
2003 31 5. A blank according to claim1, wherein said nateri%l ig;mng@ﬂ?f
organic material and synthetic material. 6. A blank according to ¢laim 1
wherein said material is one of collagen, copolyner collagen, polyethylene
oxi de and hydrogel. 7. A blank accordi to claiml1, wherein said materi al

i ncl udes -.fallaow ng. cfoss-l inked anic materials: collagen,
hyal ur oniﬁg %n:agc,uia}rl]rﬁvé%lprg%%?gg\egéﬁlgréraﬁ:anda?ﬁ? |5§}(E¥8%5m ein. 8. A blank according
to claim1, wherein said blank has a substantially uniform thickness
between said first and second surfaces. 9. A blank according to claiml,

wherein sai d fi& ¢t blapaccertpgitoshippb sdegip paid blank 4y mulastyrepsd. pl anar

surfaces, or substantially curved surfaces. 10. A blank according to claim
9, wherein said first and second surfaces are substantially parallel to
each other. 1117. A helokccaciing i cdgnt b wieadins&8d bldakricovel shapgdsecond surface
is convex, concave, or toric inrelation to said first surface. 12. A

bl ank according to claim11, wherein said wall surface extends at an angle

other than 0 wg h §88P&GhrdiQ RAILnS i,rﬂerﬁﬂg%ig SRANr S d 8588 said dperfnd! ank

according to claim1l, wherein sald wa surface IS convex, concave or
toric. 14as asubstantiellycironldilpghtpedopatingl, wherein said wall surface extends
substantially perpendicularly with respect to at |east one of said first
and second surfaces. 15. A blank according to claim14, wherein said wall

surface extends. sublafieadcolihy ot 1,282 dail SFapeffa s dFnedbdit op ct to
said first and second surfaces. 16. A blank according to claim1l, erein

sai d bl aré anovahshared pRenétgaped. 17. A bl ank according to claim 1, wherein
said bl ank is oval -shaped.

20. A blank according to claim 1, wherein said second thickness is zero.

21. A blank according to claim 1, wherein said second portion has a first
edge and a second edge, said first and second edges extending from said opening to a

periphery of said blank.

22. A blank according to claim 21, wherein said first and second edges extend

substantially parallel to each other.

23. A blank according to claim 21, wherein said first and second edges extend

at angularly with respect to each other.

24. A blank according to claim 21, wherein said first and second edges are

smooth.

25. A blank according to claim 1, wherein said first and second edges have

projections thereon.



18. A bl ank according to claim 1, wherein said wall surface defines said
opening as a substantially circularly-shaped opening. 19. A bl ank
according to claim1, wherein said wall surface defines said ope[hiZn@ECam[]gn
oval - shaped opening. 20. A blank according to claim1l1, wherein said second
t hi ckness is zero. 21. A blank accordi g to claim1, wherein said second
portion has a first edge and a second™edge, said first and second edges
extending fro aid,o i . perinhe L .saj | ank. 22. A bl ank
according to cn%(%i m ﬁ@@%@?@ﬁd@gﬁng%ﬁl%}& E%@%@&%(ﬁ@%& s extend
substanti al | y qpparatiheh ldyer ety td@ineaZdom tedk@ilof ag aveltaged;0 cl ai m 21,
wherein said first and second edges extend at angularly with respect to
each ot her. 24moyng sgik separatidylaygr t cxpase A ntempeusiape hisaids livye comay

second edggs A bl ank according to claim11, wherein said
first and selc-:ﬂ%%\ Sggg%g&ﬁ'gs@%’roj ections thereon. 0 2 DEC 2003 33 26, A
met hod of nodigdogitivgire bk, hodng an pagng heersihe ps seifl ineepd satfhcegofisdidyer of
said |i ve, cornea fromthe front of said |ive cornea; noving said separated
| ayer to E&FE5¥%n internal surface of said |ive cornea underneath said

separ at ed | ayefifecBRS htlézs‘déf‘ 'blagn Ank) 2PkrtioNAEisHY RIIORCIHINGY s&ig‘fﬁo?ﬂiéh oPhgai d

internal surface of sai ive cornea; directing a | aser beamonto a
portion dilarkaivchilsl laaming en abitleted paitibnpelt aidblank ogesaifl inkdreallsurfadd dsdidavi ng
an unabl aﬁ dcopl%ra_t' on of said blank on said internal surface of said |ive

cornea; and tepositioning said separated |ayer of said |live cornea back

over said inteepaitionityd kaidesephratedi Hytd Y€ ssiarRAcAHAtk Hadkd ovsrakli@ti@nerti on
of said blank, so.that the shape of the internal surface and said

unabl at ecFUp8PT Poffidblive apmenpathieid nrahlaad serticneofshidgdans se fiag the dgpeiof i oned
separ at ednl H&haCdurfitt dud LaE ufiff1E&@ portion of said blank influences the shape of said

repositioned separated layer of said live cornea.

27. A method according to claim 26, wherein the separating step comprises one of
the following steps:
directing a laser beam onto said live cornea to separate said separated layer
from said live cornea; and
using a blade to cut an incision into said live cornea to separate said separated

layer from said live cornea.

28. A method according to claim 26, wherein the separating step comprises the
step of forming said separated layer as a flap having an attaching portion which remains

attached to said live comnea.
29. A method according to claim 28, wherein the separated layer moving step
comprises the step of moving said separated layer about said attaching portion to expose

said internal surface.

30. A method according to claim 26, wherein the laser beam directing step



27. A nmethod according to claim 26, wherein the separating step conprises
one of the followng steps: directing a | aser beamonto said |ive cornea
to separate said separated layer fromsaid |ive cornea; and @s@r3E(x pade
to cut an incision into said live cornea to separate said separated |ayer
fromsaid |ive cornea. 28. A nethod according to claim 26, wherein the
separating step conprises the step of”formng said separated | ayer as a

flap havi i BQ. ti ich remains ,.attac to,sai.d | jve

cor nea 59 eale Sk 36D o0 LRIk A0 M ek SER i BERE AR PRl e

novi ng stsajl bladhwitheeablatieg sitepndhllyBW cfhafibintbre pafaecd | ayer about said
attaching portion to expose said internal surface. 30. A nmethod according
to claim 26, wherein the | aser beamdirecting step 0 2 DEC 2003 34
conprises the st i ! ] ASEle; L: abl ate
said portion 0313' ggg%ogkgcﬁﬁ&ﬂ\}\?&%%w %%I at| %ggg%gﬁgoﬁtoig%lﬁﬁ Aé}%;lh%l#l&s?ai d

i nt er nal sstfifaed sm8 blankAefminbedidapenindiimepifl blankai m 26, wherein said portion
of said blank includes surfaces of said blank defining said opening in
said blank. 32. A nmethod according to claim 26, wherein the | aser beam
directing stems A0HRHbE Sscotdife ﬁiaanpﬁg,dme%&h&ma&%@aﬂlaﬁ@&iﬂg%@? onto said
internal surface to ablate said portion of said internal surface w thout
abl at i ng wulpsisemnthieaskdpyoladiyectifig saiddadsk dokm @8 sk imsemedswfce taiahigte wid| ai m
26, wherein.the. | aser beam.directi step .conprises t.he.step of directing
sai d | asdlP UL 38}%@8{%%?a“fﬁ“&ﬁ\?&ﬁwﬂg‘éﬁ?‘b?%‘gﬁta‘q@hﬁy Oiﬁ?lf@iaé&t o abl ate said
portion of said blank and said portion of said internal surface. 34. A

met hod according to claim26, wherein said blank is annul ar-shaped. 35. A

net hod accor dig 4 sethodi agsadingip slean gos wheren the laserdbeandiresiag atap
comprises the step of directing said laser beam onto said blank and onto said inner
surface to ablate said portion of said blank and said portion of said internal surface.

34. A method according to claim 26, wherein said blank is annular-shaped.

35. A method according to claim 26, wherein said blank is oval-shaped.



