;IJKLe3eéZ4N64Trt OoEC zom A UN VERSAL | MPLANT BLANK FOR MODI FYI NG CORNEAL
CURVATURE AND METHODS OF MODI FYI NG CORNEAL CURVATURE THEREW Sz PEPI ﬂm‘gs a
continuation-in-part application of U S. Patent Application S a .

08/ 845, 448 filed April 25, 1997, the entire contents of mhic? ig y

i ncor por aWOIE68i n by reference. BACKGROUND OF . THE | NVE pYERY of
the I nvention: The present invention relates to a univa;sal bl ank which is

used to nodify the ' curvature of a |live cornea when i Emmﬁmmwwﬂmnm’ n. The
t he
er rrac
o

bl ank is nade of synthetic or organic material, and ca
surtace of the
[

appropriate configuration while supported on an exposed

cornea. . ~ ~ ~)EC Q03 WO 00! 51G82 PC T/ US00/ 05284 -2 Desci'f¥¥i on of the

. Related Art: , A normal enetroppic eye includes a cones, i na.

. The cornea and Lens of a normal eye cooperatively focus Im@@@mmﬂ@m@m@g t he
eye froma far point, i.e., infinity, onto the retina. Ho ye can

- have a disorder known as ametropia, which is the inability of*f®®" | ens and

-cornea to focus the far point correctly on the retina Typical types of

anetropia are nyopia, hypernetropia or hyperopia, and astigmatism A nmyopic

eye has either an axial length that is |longer than that of a normnal '

enetropic eye, or a cornea or lens having a refractive power stronger than

that of th : mﬁdpﬁﬁﬁrﬁ%%mﬁ%% GH@MM%Z%?RWAWHVG
gg\r/]v\e/;rggry, er%ﬁs% c@ Q@@%@. y‘éﬂha; g’tnA'Ig'E(lit%I .e%th shorter

than that of a normal enetropic eye, or a lens or cornea having a
ef ractive power |less than that of a | ens and cornea of an enetropic eye.
his | esser refractive power causes the far point to be focused in back of
the retina. An eye suffering fromastigmati smhas a defect in the lens or
shape of the cornea. Therefore, an astigmatic eye is incapable of sharply
focusing inmages on the retina. A comon nmethod of correcting nyopia is to
pl ace a "m nus" or concave lens in front of the eye in order to decrease
the refractive power of the cornea and lens. In a simlar manner,
hypermetropi ¢ or hyperopic conditions can be corrected to a certain degree
by planing a "plus" or convex Lens in front of the eye to increase the
refractive power of the cornea and | ens. Lenses having other shapes can be
used to correct astigmatism The concave, convex or other shaped |l enses are
typically configured in the formof glasses or contact |enses. This
t echni que, which involves the placenment of |lenses in front of the eye, is
known as photorefractive kegratec 1 0 h fi 3 k gemdleNoony
can be used t8Sc&t Peﬁ?nt}ﬂ“gﬁ%qnggy < hg%t\ic{ﬁe ?? %B‘f %@nérﬁobvigg%%?g gp to 6
di opt er §g/gak 44f fRESASE DSy 1997, f the rentiy® @ofmhtsopf ewhidty je immiporated aareignby i ¢
conditions which are not very severe, that nethod is ineffective in
correct referesitesi on a, in eyes suffering fromsever forns of anetropia. For
xanpl e, photorefinctive keratectony is |less effective in correcting high
nmyopia of 6 diopters or greater, and is also ineffective in

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 syntheuSor organic
material, and can be shaped to the appropriate configuration while supported on an exposed
inner surface of the comea.



~p 2 DEC 2~0~ WD 001 51682 -3 PCT/ US00/ 05284 correcting severe | ?iﬂreat,,bﬁm
and severe forns of hypernetropia or hyperopia. However, surgi 2003

t echni quego a2 f or correcting these nore severe fornms of P%'ﬁ}sro?ﬂ%ﬁ to.a
certain degree. For exanple, in a technique known as myopi c kerat omi feusi S,
a mcrokeratone is used to cut away &@-portion of the front of the live
cornea fromthe nmain section of the live cornea. The cut portion of the
cornea is frozen and placed in a cryolathe where it is cut and reshaped.

Al 't erDBgribi6n dPaRRQhted R- cUt portion of the cornea changes the refractive
power—of _tnfrs—cut_portrom, which thus affects the | ocation at which |ight

entering the cut portion of the cornea is focused. The reshaped cut portion

of the corxea is, then reattached to the main portion of the |ive cornea.
]

Hence, it 4formebrMeTeRifaye meludesa camen leay aedirating) Thmeroes hed papsidfion at

whi ¢ b 1 H C ROIL: L I.S.f.ocused,. so
(hat Tonat ofePkbopRRkivEl ol R XAl OBy HOmPY ar i, 9, Rl 09 e
aret refin Howeveri am eyeléum layo pidisokdsr &nowh a8 ftiefropRCWRICKUS theSindBINN of thed©
effective in curmﬁg myopi ¢ conditions within a range of 6 to 18 diopters.
Howe &S andrgorpea-tonfoguethe far printearrestly ondheratinaj (Typigsl dypes\aframatmpid arat ed

and t]j . ] . png,..cutgi and thaw ng processes. Furthernore,
t he t‘%ﬂ%ﬁ%%&g&%%ﬁg{&gﬁkfg’g%ﬁniﬁswfﬂg nmyopi ¢ conditions greater than
18 di opterg. @k kdifhes t hadl ' .

A& myspibpPhalditel & AGABKIH W%’Loigéﬂih%ﬁ mé&&%&nlgﬁ% %g{egﬁ i of

correcting sevér anetropic conditions of the eye by alterl

s

t he eye, ar xcomemor lens having beefnaritiye powsr stranight thaalthatrgfathe comlea audiastefc | ens
i.s inplanted.insi the cornea to thereby alter the shape of the cornea and.

t hus 2RFREOPIG &6 ot his SEPREET FRitastve Pewer qaisRs the Tarpaint 1o boprojgeegd in front
 keratgmld gRgLS 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 retCaversebya\hgperafetrofsierorhgpérapicayt Gadim anial leggihghonst thaalthat of a
conplicated, and expensive because it requires manufacturing or cutting a
specingrmplametrnieeye, 6T 2 s Ohenes kaying wiapdvepowerdessiban that of g denseand i s
required to either maintaln an assorf.nent of many.differ.entl haped.

| cna Sofieg of gf cmiropr o, i Bieeh ST BowS, P B R G RbiB e A BRI as
a cyrabRbhhe rédLh can be used to cut the lens prior to insertion into the
cornea. Surgical techniques involving the use of ultraviolet and shorter
wavel engt hAh aye saffenngnfioirf gstignmtisinalps o fiefetteinctheniens ar shape of irovmmedor

exanpl e, excimer, lasers, ,such as those described in U S. Patent No.
4, g4(ihereforegamastigmatio gie isingapable of shaply fosysing mages oadherstiss, 0 2 DEC

2003 WO 00 gﬁ% - / " C | at e
tissue in %%é I \?eégtgﬁggégrg&gggtﬁl §°P%g€8&?ﬁg %ﬁ?%ga(?rgégg%ie? %gﬁﬁ%@&g

| aserofshe @yedh drdahty destedse e refmactios powen of ithe) cémicatandi leasisila 4 lsahild€) has
been previqusly devel oped by the present inventor. In this technigue,

por t iTBRANSF, hypermetrapiser hyperopic cpaditiopn ean hesprissted fp afratain dearerby Blaging: aa

1 ap NaVLRG Ak OLEKALSH o BPON'crd G0 e @bOM rcHB50L ERBS o AU BrfidiaOr L1 0D

€ cornea. A

isre rom i've cornea expose an 1 nner s ace

| aserlefie dnarisss hdvilp 6theesHapes A be usEEtoroopRseaktichiatisms ITHedumchve, @bhvdxcora
desired anmount of the inner surface up to 150- | 80 m crons deep. The cut

por t iasherj shapesk lensesaane fypisailio genfigured nthgtform iy glasses oF coptact innsesa  This
assunes a sha onf or m tq that of. {he ablate rgion. c r
becatfg‘a’"b‘iﬂey ‘gﬁfgr ’tné{P{’(c%\:}gﬁquacc?Pe%r eifnﬁe:fn “b?%‘% §€eth°v\ﬂeho mﬁ'gg as

I enai gHobdtefraitivekeRRSAsMPY unst abl e or experiencing outbul ging (ectasia),
this technique is not especially effective in correcting very high myopi a.

That is, aAlhmighgphotorefractiverksrat¢ctomny caw be aged tboorre@odsion dn epies suffering The

| aser, abl.ation techni qye,.requires that agi | east out 200 m crons of the
cor n B JOWORHOPEHR 1 iR o oF Th/eUs s BE B BRATIEHOPHa SPHOPRM |ty
and oidlibmh@t BShdi6S WHED SeCidh veryRBG&e, thiY methb® FERB AW R YoridBtifs (R5dd vel y

used to correct high nmyopia of greater than 15 diopters because Tn order to
r es hdpeythsufieningdrom seven fomtspfametropias For gxsmpiz] photordfmactieé kemtdctamydsier so

as tq sufficiently correct the focusing of the eye, toq ch, of. the cornea
oul deRbeieetisen eaiis Bie BHRELt & HRGHHOT SEiTy RS # 10 BRIESH R
corneal curvature, such as those discussed above, are described in U S
Patent No. 4,994,058 to Raven et al., U S. Patent No. f 4,718,418 to

L  Esperance, U.S. Patent No. S, 336,261 to barrett et al., U S. Patent No.
4,840,175 to Peyman, and a publication by Jose |I. Barraquer, MD. entitled

"Keratom | eusis and Keratop hakia in the Surgical Correction of Aphakia". A

continuing need therefore exists for inproved nethods to correct very
severe anetropic conditions.

A



SUMVARY OF THE I NVENTION .., Accordingly, a primary object of tIiﬁ)Eq qmnt
I nvention is to provide a device which can be used to nodify 30 ea
curvature w t hout experiencing the drawbacks associated with the 0 2 CsC
2003 WO O\Q'/o%@gsz' 5 PCT/ US00/ 05284 known techni ques discus /agﬁ%gzwt 0

t hus correct sSevére anetropic conditions. Another object of e 1 nvention
is to configure the device to be positioned on the surface of the cornea
and reshaped while on the surface of The cornea so that the device need not
be prefabricated or nodified prior to placenment on the cornea. A further
‘object of the invention is to provide a nethod for nodifying the shape of a
| i ve eQITeSEASIsyvane Rettgraatiiay ansksevergfomasofihypemetiepiacir hyperopia: f ace of the |ive

. cornea and,reshaped thereon. .Still . urt her .object of the inveption js to
provi de a MY ’fﬁlf‘tg"ﬁ?{j%nﬁ‘ﬁ’ef h?"%hg%ew&ngi&&‘%d?ﬂ@asﬁvr? e&?ﬁ'@?n@*a
| ayerafibtrdis td b C6rt&ialdegreet Po £, 3n 8 W KRGVeR %%giﬁﬁbgge&ig gvice

8
. on the exposed surface that can Dbe reshape ?/\/m l e on expos surface,
. r eshamiorgkdrhtontteisi used tohot @way sepbrtion fofidke front afbthie, livencomep fisint theninaip t he

| ayer oyver -t.he r.emai ni ng _portion of the reshaped device so that the

res hai?QHméIQ%ir&Fe{”%ﬁB’B"?éd 1 BRTHOBOf bt Formen S %weeagldtm%ceéwaﬁecwam

| ayer : I . | . Of ' ' s, to
or vt WO i e oil] (UBRAL ASBHAETe RO Pl OBl FlikioR o WIEChRF Bllle U |
| ay er refifactiveepdwetcofthisnen pbioaxwhivh thussaffdcahe lozdeom edvhichlighe emgriag the

prefabricated device, such as an annul arl y-shaped_devi ce, on the exposed
sur f a@w portinn ofthe spmegris fagusade Theyreshaped eytiportiasy ofcthe somea isthen s¢attaghady

i nfl he sh f | d th | ] .the
Lee of 8 hEB, pABR o e B dREnre i br e AL e GRBERS ot it ce
y @ USHaHeE i a(sis];i&z gtlwhichntke TigR: éﬂli’ér%{goiheﬁyé’mrﬁﬁé}ﬁt}ﬁr&zt Poftigndds fscbladoned by

provi ding nade of organic material, synthetic material, or a conbination of
or ganthat hoptfeliynthedight isfocused onttheatetipathisrepiedying timanetrapip oorstitiomner

surface of_rg live _Cﬁ%enea aEd .abl at ed Vrnllép a Iai)er eamto be.altered to a
parti cul ar TeRJPEOPIThELTRIQMY I‘%‘%\It?‘i?‘“équfe’& OXfN 1% 2 P dlsHPE PSR oxy gen
and n : . 0, I ; ; Lo iing

col | Aot iy 1EhE. DT B8 biofleRt HOWR cf (RMECKARUOR IFpER pAMRCANE 100
bank) employs aver econfivatddr amd tineuténsuming dreazing, ditting| andk thagwing grocesses.

di sk- shaped, annul arly shaped havi ng an openi ng therein, or %%_ﬁlt he{S
sui t aBumhermose . the erbiiqre % inslestven My FORGREING | HRORIG coaditions \grealcfthan )14y nose
t he ig@eﬁgurface of the cornea. The blank is positioned on the exposed

I nner ce of the cornea, and a | aser beamis directed, for exanple,
onto the i RREsoSHHKIAGE dabtheh&newhnasgeaipaskiqie foheonpetiigngeven dnropic- 2 i ;

~~. ~~~3 Wo 00~si6sz -6 blank, onto certain portions of the bla
bot h, conditionsaofethe Ieys dyitering the shepe pEthefyes comenadn, this teghRiqug ang

t hus reshape the i.nner .surface,.bl r._bot '

anet rSIEﬁaEJcchr?éIP&et}ﬁ rf?”rs%“nplﬁ“?% %c?%%gg%?% tg?mgg?ﬁ %rr@ ¥ &g?tﬂ;éﬁéﬁg%’e
needi Bgq GRES Shhhed its THEBrabHAP pbike PREJorENEI9f ab Reitls aho aayopsic theeatomilensis
repositioned over the remaining portion of the blank, so that the renmaining
por t i ¢schafquehit ibldesirable thatttbel shapeeof therdomes, beoaltased ko ajdegrescallovang Hight hape
of the reattached flap-1ike portion of the cornea, thus nodifying the-
curvaFﬁIeEnSFh"c‘W&tgmafgegea@‘gffélyc%‘rthgé‘?mﬁ“he uni versal bl ank can therefore

be used to tgse r RPiA I3t S HOBnAY &jeasive t O
35 diopter g&g\%‘%grgl?ng&{agopgﬁaaspecﬁ?gtl%%gﬁg%l’eﬁtﬁhil%%??on, ?ﬁjer el S
provi ecaude it raqiiresatiapifadthing o cuttieg & speciaiichy prigr tohiés insertian inte thef coynea.
patient's live cornea, conprising: a first surface ada tegg%fgr[gfyl a‘}iﬂi’ nt

~ di r ectHepcena surggpp ds deguiresqtogeifhef ragntain pp pesogHent o1 rgany, ey f

" adapt I ' behisREN
card 1D of PHEHRRSER. blsPhiA3RLat A Hhodhoe cupHicnd hch 85 h RRUIAtle, WhioRCD

, First carbkuss loasueaaleadptiordto issertion ihtocthe amrdesai d second surface, said
portion

-

f’i”g;]d

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,



surrounding a majority of said opening and defining a first thi ck“e?sQ,ECam3
a second portion between said first surface and said second surface, said

second p AiMied2vi ng a second thickness, said second thic | | ess
t han sai g'rdf?rst (., . thickness; said blank conprising a nlgt&z)rstlggpfa\%#gse
properties pernit |ight having a wavetength within the visible spectrumto
pass therethrough and prevent substantially all |ight having a wavel ength

within the laser |ight spectrum from passing therethrough. According to

anot hggn BSRRA ko BbcdnkifdsPbESIRIbabldly Bikue QR thel INGY drhéa 43\t eethape tHaldapkka0f
modi fying a blank, conprising the steps of separating a layer of said |ive
cornea fr oSpedificdllypnatlasof surgical uechxeqm)zmmm asriasemip it keratomileasis dLIASIKD to

expose ap interpal, surface, of said |ive caorne derneat h sai d,.sep ted
| ayer hasbesn PKioRY AeKFIaRe O 40¢ REFSRt IBREMPhg It R dpehnits. &partioh el )
surfa | | ; = oo 1iags § m
onto gﬁggéﬁfgﬁggéﬁéﬁ?ﬁ%@gﬁw? )(’)ﬁagﬁ%afta gh g gigg%got?‘?iuggné gﬁé sai da%+%§§ ,légmqléll e .
| eavi aigown 80NMidraxise d Thisrduit ortidn Harethdvied rfkororths divgt ¢corhen talexpesef ac énret sai d

| i ve cornea; and repositioning. said,se ated | ayer of said_.live rnea
back SWEICCORIF GOmE falaseT hoaibis then QiZcleq Ry Lo PROSed L SHpcs ta pPlAte R

ti ' - I ‘ - . : d
Dbl Skt e S0 ingef siutile b6y 30080 dnidrdlfs HELECT Tk cBHpOARS AMRRS O
separ ada@ificHedver @fe sbdateld portionadrthe someh rd ashinest 5 shapd\canfargrng tatdt ofl | ent

features of the present invention will becore apparent fromthe follow ng
det ai thecblpsedporonon, which, taken in conjunction with the attached

drawi ngs, dj scl os ref erred enbodi nent f _the invanti .
DESCRI PTI ( o&_ev?ﬁgﬁ e ﬁe‘fe'gﬂni ﬁﬁwHBfNP? Ocqrﬁga &i ?é\?\ﬁ% né@&\_}\%&?ﬁﬁ@&t ke 8 part.)
of thg ﬁ&hﬁg%ﬁ&y Sécbftitty Gnstibi6 or bxbérichchigdSutBhRidd (haka)y HEWiddhnifetisON
taken?f rough the center of an eye show ng the cornea, pupil and lens; Fig.
2 is aopespepielty ieffectivecin cofreatingwirydiigie myapia. a That iseagypichl Hvk commeansiong t o
the present inventign; Fig 3.is a fronpt el eyational .view of the e l\ment
Shown averega ghoub SOmaEoRs ikl s ace b RS APAHEERHS TR AT AL 20R o
in Fig. 2. Fi ' | evakl JRAVA | rkogﬁg&j:&)rg tifkCRstabiiRy @agt he
cent e%’lgph%ﬁkg%/ceé%'hg%%gg}nggrfﬁn%ﬁ g%&g@@aab*%t%\g_xh ke struc?ure at tﬁfei.yf'ront of
the cQpibaBiingtes foticka. fHeafe, tiepmicbduralcamabeoéffectizelyorseddo atreet highl i ke
structure as taken al ong lines VI-VI in Fig. 5; E’I{Pg 71s a i(%ﬁ
el evamiyopid of gessterrthae 4§ diaptersk BIcanssy uQFATHE &8 rﬂ‘8f°°§ﬂeae§% 38w ng
the flap-1ike sect.ion .t | r Ay 6f the Rge CHNER;
Fi'g.  mevcssany o Aot raPlly S pEHEHAARERAY coRER e i Sfune Melebrs
centehtﬁilo@a,%&rwmﬂ@gg@mualaamnt of the enbodi nent of the universal
bl ank shown in Fig. 2 on the exposed surface of the cornea;
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 to Peyman, and a publication by Jose 1. Barraquer, M.D. en_titlcd "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



~~ 2?2 C,"'--~ ?2~0~~ WD 00151682 PCTNS00/ 05284 Fig. 9 is an enlarged side
el evational view in section taken through the center of an eye BndiDEC 2003
illustrating the universal blank shown in Fig. 2 positioned on the exposed
surface of  t rnea; Fig. 10 is a front el evational view Qkhea
with the W£®§1§8§| bl ank present on the exposed surface the?ggglﬂ‘gg/&?g en
along lines X-Xin Fig. 9; Fig. 11 iscan enlarged side elevational viewin
section taken through the center of tf51e eye showi ng the cornea and the
irradiation of a |aser beam on the universal blank positioned on the
exposed surface of the cornea; Fig. 12 illustrates abl ation of the center
of t hekngwmteshniquep dispyssed ahaye, to4Bus casEeshsevereAmatoni¢ condiigRted f r ont

el evati onal , vi . l iver I ' - X
in Fig. 12;%@&1 %eétrsb ?atﬁpeﬁ%giagg sc@o%@&f%n%&%é@vbgf tsh%(;}%‘ﬁagn%{dgnd
COr neaupfacd 8K coinRA@nd rddhsped! whiké Wnithe furface b thé-t@med s&that the devdee need
.elevational viewin section taken through the center of the eye show ng the

cor neznat he prafebricpted or medifieginrios to plasemertithg samethe exposed surface of the
d i nj fi f.th | | . '
B o5 i A Mo PRicll P8 Shprtie i 1d Proy R £ ol ot Shagbyl WK b o

cent erjf oot WMRing d dsidethit n Bl plade@oncthe bivdadervfhe liek comealindsesheped as a
portion of the“cornea below the bl'ank by the |aser beam | Fig. 17 is a

si de etherean.i onal view in section taken through the center of the eye
illustrating.the flap-lik ortion repositioned aver.the r. i Qi ordion
of the bl anftilknguthst dbiee Gahe FSFAGAR SIS DEamEiay fof gidifiif fi Bt b1

el evat | LEWY § P%,ﬁf%t I Rep6RY firfRE vnlermRu®, plasingg t he
cor ned %%L?'#ea%}regll a %%98’}@{;&%?&& earﬁ)onpot her peri pheral ﬁ’pgrt i ons or
t he undevfdesctl thiel explisedisuriace thapoai bé oeshdpahwhile oaxthe sxposadr suaface,ofshaping
cornea; Fig. 19 is a side elevational view ] ntﬁg%i on taken through the

cent ertheideving the/exposasqurigee 9F heth ADGFCPOHIEOPEt epPVEHRe TFRYBINEROTHAR, 1
by i i at i the | b Lo Fig . k8ia Fi | d
P ont o edrng) b, iq L HRRERGRATIINR, bRoded sufffcc, Grbotf Anhberet 8 Fe

enlarg |l thel vardidepeadl ong lines XXI-XXI in Fig. 20; 0 2
b 200 aPh R R 1RFEMane

. PCT/ US00/ 05284 Fig. 22 is_a side el %at j onal,. vi ew
in section Aabther dbjectiafithe frevention éy tooprovide %W%Wﬁ@og‘&ng ?\éiéapé‘n‘{f % he
flap-Iike portion reattaghed Ovel il dSomsR oS o' A6fackfundifncit] BRding o

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 comee

or the device.

. . . b
The foregoing objects are basically o . : '
material, or a combination of organic and synthetic

f a live comea and ablated with a
ally sized blank can be porous to
blank can be made from living

tained by providing 2 universally sized blank

made of organic material, synthetic
material, that can be placed on an exposed inner surface 0

laser beam to be altered to a particular shape. The univers

allow oxygen and nutrients to pass there through. Also, the e
can
1is such as a donor cormnea of 2 human eye (e.g., as taken from an eye bank), or .
. shaped having an opening

from a cultured comea. The blank can be disk-shaped, annularly

therein, or any other suitable shape.

i i i oV
A flap-like portion of the live cornea 1s rem
N o inner surface of the comea, and a laser beam

ed to expose the inner surface of the

comea. The blank is positioned on the exposed

is directed, for example, onto the inner surface of the cornea exposed in the opening in the
ls ]



and the remaining portion of the universal blank ablated by the,laser gﬁ%gm
as shown in Fig. 19; Fig. 23 is a.side elevational viewin sect Liaké

t hrough the center of the eye showi ng ablation of portions of the universal
bl ank an®Q#¥S1é&posed surface of the cornea bel ow t he bl ankecClyyudopmsegicat i on
of a laser beam Fig. 24 is a side elevational viewin section taken
through the center of the eye showi nd§-the cornea 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 | aser beamas shown in Fig. 23;

Fi 9. bRk, on@d s ?ﬂrﬁyﬁg 6O b 126k EBY hdth, %6 Gbla@tHosk ?&t{ohﬁ Qe ihh& Gepker of
the eye showi ng abl ation of nultiple portions of the universal blank by

i rr abianki, o With,aandighys teshape WeginnaGsurface, blagkt oelbethat basedilonvihewtype dthe

) B O SR B AT o Sy
showippg fid}R1ikd pbRRNASH tHehCorhéARs thek Gepindied sRAlthe thalnaLporlidd GxpRsed

surface of. the cornea and the remaining portion of the universal Dblank
abl abakbyo tHaetHeasmainimmportion off tharblank, Bblptedibnersugface,Sribotly influknces the

el evational viewin ctign taken rough the center. of the eye show ng
bl ashane of thypatashed BEPIGROTBN Oh v, e Jaws BIodiing the aitareyg) the
irradiaiio S t]ﬁﬂ{g ib%hnikaan! ' ' VA j ction
t akeRUT °o£kgﬁgt°§redc§"en &r o r%%e eye.sr%%é%%é tg ﬁgg %%ﬁ%%ﬁﬁée‘{&h‘g °§B‘-§ﬁ%i ke

por t i.gRditiBad, sashechigh etyopheuretorBssdioptetst f ace of the cornea and the renaining
portion of the universal blank as ablated by the | aser beamas shown in

(Ei 9. 28, ., XdcGrdinf tc%]%ne 2ba® & @Y LQRRlinvnGYh, theR & }p%l'i&e_'iikﬁrblﬁrh{,OUQh the
enter of the eye show ng ablation of the universal blank in a
nonsy nadaptableafor neenin exodifyirigrthadiraatumenofof patientdskye corisarponprging3dl is a

reduced front. el evatiopal .vi ew of the, abl.ated uni.versal . bl ank, taken al ong
~ 2 ~~~ 2008 f%%tﬁ%@ﬂﬁgﬁteﬂ of Pl?@%‘“?&ﬁl‘! (OB 4, SiEfage (gg*;a“g?%ﬂéﬁg‘ivﬁszm Fig.
32, i&ifesi de elevational view in section taken through the center of the

eye show ng the cornea and the flap-1like portion reattached over the
exposed sur & ssendsurfdre adapterble beredpodsd to adasal biamy portion of the universal

bl ank bl ated by the | b in Hg 30 Fi i i d
ol cvat | onal ® el BXERGRE bERERT AR i pristult fupes obd e el ow n e

cor neaoﬁéﬁqlgtih@,aﬁilmgi ke portion reattached over the exposed surface of the
cornea and the remaining portjon of the universal blank after a portion of
the peri phetfirgfpartien bafwesn said Bishswiassand st seeomdorriase @idBAEA s ur f ace

have been ted. . | L€ 34 o ' vational viewin
R 'iYao fitst ifciilede aflieva
sect i ofiHfoy giﬁ‘%taﬁ’rq%gé tfﬁ%ﬁ?@ﬁ'?'gg dhd E‘%‘ﬁ'é"%fzé crHess;

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'presen't'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 comnea,

moving said separated layer to expose an internal surface of said live cornea
underneath said separated layer;

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

live cornea;



showi ng a central portion of the exposed surface of the cornea being

abl ated by a | aser beam Fig. 35 is a reduced front elevational view of the
abl at ed exposed surface of the cornea taken along |lines xxxg V in Fig.
34; Fig. 36 is a side elevational view in section taken thr kiinhdll3ent er
of the eye and illustrating the univegsal blank shown in Fig. 2 position on
t he abl at ed exposed surface of the cornea and ablation of a central portion
of the universal blank by a |aser beam Fig. 37 is a side elevational view
in section taken through the center of the eye show ng the cornea and

fl ap-Li ke portion reattached over the exposed surface of the cornea and the
remai ni ng portion of the univer S\Eoh afesidbeam as
shown in FB@‘?Ct'@g;a lﬁeé%egg ‘?“é"gp?lﬁk e'}.3 J)e gdvglt?ilrﬂg?l%l%@?eﬁy(}% section taken

t hr ougfapk NEhite Mating Qi UrlaBlagiepditionb gait itankormesad amtemehsarfacaefispide porti on
reattached over the exposed surface of the cornea and the remaining portion
of thévecermes;9ad bl ank after a central portion of the universal blank and a
central portion of t - caf bdcReoveprsamainbans been

abl at ed byr%?o?' lggpgb%gdmg%?%ggéﬁfég%ze%il%g%e%g\%‘ati onal view in section taken
t hr ouglkfidaefegidtipie cindahadeayid wiblatedgpativmof smd bankesd {paehEIsharsr el ons of

t he uni versal blank which i osi ti.oned . he .abl f.ace of
the cémmiatematisprfacepndsaid ‘&ag@?“éil R Bﬂ%ﬂlgbfagg/'ﬁ%ﬁuesé%ﬁ‘ gﬁﬁ@ﬁgﬁﬁt rough the

center_of.1h Arkh8 icethHgaa.and the flap-1ike portion reattached
over {?Pé’s‘éB?B%’sg%g‘s?ﬁépﬁﬁ%e ..o% thle cornea and remai ning portion of the

uni ver sal ank.as_ abl.ated by t 1 t Q. 3 ~ 2
2TE' S 2 o0s DU b dataifedt) b Sl Hpe BT T RRAMY H0eiich wllbecome |
Vi ew z}@a&%fetﬁ&ﬁ K flloiiR® Ubiaildde deeiption, Olvhiche tehed &h@ehjugctidre with tka and
flap-I'rke portion reattached over the exposed surface of the cornea and _.
t he rstached dgwings, disolosés proferediemboduments efrthe #ve8HORhe peri phery of the
uni versal blank and a portion of the abl ated exposed surface of the cornea
surroundi ng the remai ning portion of the blank have been abl ated by a | aser
beam Fig. 42 is a side elevational view in section taken through the
center of the eye showing the cornea and the flap-1like portion reattached
over the exposed surf BRIEGDESCRIFIHSROHNHE DX ) portion of the

n

DR

uni versal bl ank whi ch has, been ahl.gt gd in AR licdbosurenner by a
| aser beanRefarng nowite ‘H?Wé“gélvgggtfﬁgmaa[p% ew ?’é gecti on taken thr ough the

center of the %Bé%s'idfaewﬁﬂar bRwcialsBemnaaked theodghathe ceiter pHan pymshosdng ached
over the e b% ed surtface of the cornea and the remaining portion of the
uni vemorﬁg&a%mﬁ@rcng portion of the abl ated exposed surface and
uni versal bl ank have been ahl ated by a J.aser be j S A3l e
manner, Fi §ig.44is %PQYSEFQ%’ee‘f‘%W&fiaGn%Pb‘{mti %tb%ec Jicgkr??%)z%%gn througg%adthhe
center of t.he eye showi ng the cornea and the flap-Like portion reattached
over PHECRLPEI® surface. of the cornea and the remaining portion of the
ni ver sal QJ-%@(E@‘Mi%aﬁwﬂivﬁﬂveobmbbmdiMGh@&emElﬁ died by a |laser
pbeam Fi g. 11 is a side elevational view,n section tak n through the
center of tRig 4isa whekivationdyienphibse Bdﬂfé‘tfﬁ%‘ﬁgﬂ ¥ fortion reattached
over the exposed surface of the b ristrabl shbowirdge
ide cfﬁYP{}?‘bql é/x%vg?\{ (&R0t ?zﬁ(eh rlﬁro'hgﬂ hdEdilerUiTanl ey

uni versal BNgnkis3 6 tons of the abBlated portion of the

exposggnﬁé;gga&eaﬁglgﬁﬁymma@ﬂ{et&&ﬂ%fafedomni versal bl ank have been

abl at )
Fig. 6 is a front elevational view of the comnea and flap-like structure as taken along

lines VI-VI in Fig. 5;
Fig. 7 is a side elevational 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;



| aser beam Fig. 46 is a perspective view of another enbodi ment of a

uni versal blank according to the present invention; Fig. 47 is ﬁ”ngPt ?%' ew
of the enbodi nent shown in Fig. 46; Fig. 48 is a bottomview of"the" &
enmbodi neq&osbgg\{gézi n Fig. 46 as taken along lines XLVIII-XL\fidirusoorokesg. 47;
Fig. 49 is a Sidé elevational viewis section taken through the center of

t he eye showi ng abl ation of the exposeg_surface of the cornea by a | aser
beamto different depths; Fig. 50 is a reduced front view of the cornea as
taken along lines 50-50 in Fig. 49; .~ ~ C~C ~~~3 WD 00151682

PCL' 1 USO0/ 0528~ -11Fig. 51 is a side elevational viewin section taken

t hrough t he Fdg R isangnlarged side elevatignalyviewdn seqtipataken througl the qepter phar gye n

surt actf Risrafe St BSuCHBRE Sovit fn FE°2 Bostadfiod B B BbE ol BERRECT
vi ew i Borpegt i on taken through the center of the eye show ng the cornea and

- the flap-like portion reattached over the exposed surface of the cornea and
t he renai ni Kig J6ris pdrons elevational viesy efthe spmea with the ppiyersal blank-prgsent onthe

abl ated_b he .l aser b s sh n_ | | O ;. Fig. 53 is a side

el evat F’@f’éF&§‘i’r£’\’ﬁei§ﬁcr§_%€%r%§eq%ﬂ[g%mﬁ?ﬁrjg’tgﬁlﬁgicent er of the eye showi ng the
cornea and te 1fll §Rml doffgBPEide @evifiatidl d4dve th S3¢6bn tdken erdagke thesetnta @t thé t he
cornea and the remaining portion of the universal blank shown in Fig. 46

after eyeshuwiag theocomen and thehizradiation of al laser bemeaondthe upiversab blaplspositioned t he
abl at ed exposedﬂiyrgace f the cornea have been ablated by.a | aser beam
Fig. 5&nthe ¢xpos g of S ew i n section taken through the center of

t he eye show t. ' el : i § begkagyer the
‘exposed sur?ﬁa%geizo %&%@%ﬁ%@ﬁ%&ﬁ)&%%ﬁxﬁ%&%%o O%P%he uni'ver sal

bl ank shown Fig 13 . a dduedibfenpelevatioaslyvibwsofithe ablatzkd amixtrén) blankaaken dlong
Fig. 55 is_a side . elevational viewin section taken through the center of
t he eydinehZHIAgIkind1gokdiea and the flap-1ike portion reattached over the

exposed surface of the,cornea and.. £ ¥l i i I

bl ank af ter ng'ao‘tr‘?i%ﬁngfg?dggoﬁéﬁqgﬂé%?weoﬁ Etﬁg%mﬁaﬁﬁ&%%%g}%%@r% and a

port i ORQL .dged exposed surface surrounding the remaining portion of
t he bl ank mgngkegen ablated by a |laser beam Fig. 56 is a side el evational

vi ew i n sectRign1$ aken sider elewationhle viesh ireseationt takem ferougly the gentpe of dher&¥€and

the r cmaPWInEJhp PRGNS DLy DB reBRaR SO hown gurzes CfinERoHEd o1
oi do. olhe TSRl pbARRTof 3P SpeRaY Bl SRL I f Phie eve
OIS LMY besmandtiam L el M s o
shown iiHugtraging sblasionaf the yaiverssh @ﬁgvegtrﬁs\pepcggpn BF E’r?kwéxﬁe&e%é%%ﬁ% gir]#’%f

t he abﬁ-}gﬁe)ﬁ(ﬁ%sﬁ%;?w have been abl ated by the | aser beamin

?' nons ~ ~ ~~ 2003 WD 00/ 51 682 - PCT/ US00/ 05284 - 12
fig. 58 is apigl d9 R £\Rid eRAtionabwidw in esettiom tdkeh dhrongh dhgleentse ofethe eyeof

expos o illastringethof fahBke pOTaD repRRHORKL oV eI REFRFIEH PPBIPTOPE e SR A o
bl ank Sﬁ%;gm’gh%ftﬁefscgéea,mi ch multiple portions
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 ablarion of the portions of the universal blank by ixradiatipn of the laser beam as

shown in Fig. 18;
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-XXI in Fig. 20;



have been by a | aser beam Fig. 59 is a side elevational view | n2§60ti on
taken through the center of the eye showi ng the cornea and thevf ECI 2003
portion. d over the exposed surface of the cornea i ni ng
portion o w@%gﬁi versal , blank shown in Fig. 46 after rru??iqp %sgéfslg?ons
of the universal blank and nultiple pggtions of the ablated exposed surface
have been ablated by the |aser beam Fig. 60 is a perspective view of

anot her enbodi nent of a universal blank according to the present invention;
Fig. 61 is a_front elevational view of the enbodi nent shown in Fig. 60;

Fig. 62 is digof?df & side sieyptional \yigw innsectinm Jakens fhroughv ke icenter @f the; eyei g.

AR " ; ] . . | blank
accor dPASFIERE binkEa Kl Hep H18 pBRor(RARRHIR Shthe BN St OF Biiometon
shown iand Fh@rentdiningipgrtidiiof the anfvenal brhk\ubldten by thé RideObednti8s SRBWHI]

shown in Fig. 63; Fig. 65 is a top elevational View of the enbodi nent shown
in Fig.1953; Fig. 66 is a front elevational view of a variation to the

nbodi t . i 60 d.63:. Fia,. 67 4 i I ti i i
Sontion takEIEL AT i & S e Bodl AT i Lhof takeh uRully 15F St A rthe 5% he
enbodi gReWing| abll&tonUsE YRl of HRNnis&eNNblafk faha - thé @xpeselN@rAXP oFafle Tokldace

of the cornea; Fig. 68 is an enlarged side elevational view in section
t aken beloswuthe bidnk bhydniadiatiod ofanlassrdeamgl” i | | ustrating the universal bl ank

shown in Fig, 60, positioned on the exposed surface of the cornea; Fig. &

is an enlar 3"&} 2‘? ¢hid gﬁ%\?fﬁvl"‘%ﬁ‘%s W vinofechar m@gowh he Kentghof cths #ye

bl ank ¢ i I in
Fig oanoybe e firea s e TR MBridiToRRRBE Sral e Brfoded Shitile GRuigilba 0
cent er afd thdRnRitfing poition &f tHeniwrae dlaaktslabhited b tiedbicd Befth a8 shawalin Fgam o
t he exposed surface of the cornea and on the. universal blank showm in Fig. .
60 posi2B} oned on the exposed surface of the cornea; 0 2 DEC 20@B WO
00151682 -13..ang. RCT/ U300/ 05284 . Fi.q. .71 is a sjde.el evati onal vi in

sect! on t akdiE 78 g Sn SVRAEEH it fesislaR BRGL RTINS HEMPY 55 be aye
portio @h&ﬁﬁxg%ﬁtﬁﬂ%‘i}nﬁﬂﬁ‘ﬁle b&ﬁoﬁ?&_ﬂh@ hRBvepsat blaARk b9 irrhMiatisn o¥ £ 1384 bédngnk
shown in Fig. 60 and ablated porti.on of the cornéa. DETAILED DESCRI PTI ON OF
THE PREFERRMHiE.EMB3EDa Mt Sldvatgonal view afthe ebldted abiversal biankvtaken slomgi limes

t aken Wﬁce ter of an eye 10 which includes a cornea 12, a pupil
14 and nKig. 4%e cornea 12 and lens 16 do not cooperatively focus

| ight corregly h j . i6h thi&, i

adequat e vi gfl 'n,2 '?%tea §S§?§V§€%&Q$ﬁ%‘ﬁ§9‘§%ﬁ§§ can géefsﬁ%tgiﬂﬁggm?%%\goﬁreeﬁc t he

r ef r acishowingahe tordka atbthe dlapdike postidrveattahed ovtr theexposedaurface ofthelcorioa
light is focused with respect to the retina. A universal blank 18 accQrding
to an @anddhe mmaining porionwithe yniversab hiankablated by the lasercbeany ag-shawn an £18.A5
shown, t.he universal blank according to this enbodi ment is disk-shaped and
has a dntform or substantially uniformthickness throughout, as illustrated
speci fical | yrigna&iig.a side Ratibhat alitw, int H2tibh aakenl $hrdash ahé icenter Pifather eye
substantial |y planar, or substantially curved surface 15, a second pl anar,
subst ashowingyablatioraef multiple pertions ofi ithe universeti blank fandecornca by drradigtion phidy y
19. The_su ce's 15 and 17 are arranged parallel or substantially parallel

fa
to eaclr hﬁz}m’with t he periphery 19 bei ng perpendicular or substantially
per pendi cul aig! 99G8% Gte bivarighl ' ASASin sedtidiChakén thlousR ths Genteh LFSthel s 1
S and 17 an ghe peri phery 19 need not be uni form but coul d have recesses,
pr oj ectshowing theicomea pnd thedlag-likerpoation seattachedmver thesixppsedasudface of theccomea

Preferably, the universal bl ank 18 s.a dianeter of. abqut 4 to about,..9 mMm
and a tRfdheEmainipe pertinpat Ttverse) Hapkcas AR BY e Bt peayos Pt Bige

di anet &yg.and thi ckness of the di sk-shaped universal blank 18 can be of any
practi cal size as would be appreciated by one skilled in the art.

Fur t her nor e, Figh80usia/ eids a@dlevationdl viewdimeéction tikek thioaphkdheldehtragdf the eye
preferred as shown in the enbodi nent of Figs. 2-4, but can be .

f r ust o-ShewingAblatinp.of the yniyewal blank img mensypmaticalmganercby wedigtionof 8561 pe
readilybeg&oreci ated by one skilled in the art. The blank 18 is preferably
made of SyAthetic material, organic material, or a conbination of both

synt hetic arFigoBDina gediibéfromt elevafiohalpeiewl 6fxha lablaédd enibersalrblinglt takesldlodg ght




Q 2 DEC 20fI 3 WD 00/51682 -14 PCT/USO0/ 05284 having a wavel ength in the

vi si bl e spectrumto pass through, but absorbs all or 'substanmgtt z@lg

|l ight having a wavelength in a |aser |ight spectrum For exa et bl ank
18 can b ﬁﬁﬁf col I agen, copol yner col | agen, polyet hylepg.r '0{,1/35295_

hydr ogel ,” or cross-1inked organic material such as col |l agen,” hyaluronic
acid, nucopol ysacoharide or glycoprotg.n, to name a few. The blank 18 is
porous to allow oxygen and nutrients to pass therethrough. Al so, the blank
18 can be made from a donor cornea of a hunman eye, or can be taken froma

“cul tured i er, the blank 18 is not limted to those materi al s,
and céweﬁmm\r%}géﬂtabl e material, such as those disclosed in U.S.
. Patent No. 934, Q5 { . P, 718,418
L' Esper ancel,éligu.%g.-l(3 atSfed(r%t %ﬁﬂgﬁﬁ%@&l&@o&aﬁgﬁmﬂgﬁ%ﬁm qeer a&?n?yel\lo.

4, 840, shéwingtheeyirra and tit Bapdlikd peréibh eatlavhediaser the dRpbscatiieface VF the Gthéd | ed
. "Kesatoni | eusis and Keratgghaki a in the Surgical Correction of Aphakia",

t he diand|the ramainipg partionrpiihe universal blank ay ahdated byl the laserfosamrasshommeinFig The
bl ank is configured to be placed directly on an exposed inner surface of
the cornea of the eye. In order to expose this inner surface of the cornea

of the eye,Fig BBii§ d 3ercleVatiol Viewe if Q6IRA A&l thupleTRY Qntel off fIEOYR t he
| ayer of the cornea, a procedure is perforned in which, for exanple, "an

i nci sishowixg the comde and theh@aprlilaportion réaftached avertheexpesed susfasé ofithe coriéay. 5.

This ingision 20.is made sQ as tpo se ate thin | ayer of t.hhe corpea from
the r &REi BefgmadERg ertign © @%W@M%ﬁﬁh o 17 P8 eéﬁb%@eﬁa VWP ey

scal pel. ' ' j

ot § iyt Bl and SEEL T of (18 BXposBl nBfkeiRCHa, SUASH £5h 1ot bIS, |
separ at ed fFigm3dhie  widkaglevationhlneiew ¥e seqtionenkéy thouglh tthe rcefitdr hefithsheyeh |
may not involve nmaking an actual incision in the cornea as ma

be
appr echawdrg pgensrabpenkion of the expesed surface gfithe compes being eblatqdebmilaseabm be

conpl etely ke ed from.the remai.ni Rg. POrELoN the corneag 12. .However, as
chown 1 n i B PER 1o S CRTBOMAT HPLO! 8 Ao Bles’ DEoR S5 o UL
remai RaRdd AGAEANdsKKRY-KXXV pPFigd. 94; of the live cornea 12 by an attaching
or hinging portion 24 Accordingly, as shown in Fig. 7, the I‘%er 22 of the
cornea i s fEignB6 ina sidef ¢layationkleviewl iysectiorn taken shroughytlad contemof sl eyeatmsiut
the attachin ortjon t.0 expose_an_inner surface 26 of t cprne The

| yer. iastappdhy ptvERA tanh sRolT P o7 meation ke, Adated epotelai st Of the

m cro %mégﬁd%ﬂ?]a\éﬁgx%?% BBl bottfon dfihd Hﬁ@mﬁﬁ%\%&%éﬁbéﬂﬂﬁ curvature of

the cornea Int OW Ng " manner . F 001516872 -15
PCTNS00/ 052Big. 33 showsidei elevatiphal 8iemndn Sectidnetakem thiongle theyente22of the eye

positiogned sQ as to expose_the |jnner s é‘gace 26 of the gornea. The bl adnk 18
st heshonpas thecAmaand HAp-Tiks posion Tertiached ovar theexRosscBitase of Liscarpra
deene ' . ] r R ik i . iague.
Typi capt jehBiog s BELSRERARYIRE f Ak fy BVIRGE bERH ot thiim i Y 06
g.UbSt ant i al Fig. agnisr alsid¢. elevitiopak ¥ies 6l ssttidnataker Ghivuph theecenestt ofithe eye

| ongi tudi nal axis of the blank substantially coincident with the central
opt i cashogingthsfcornea apg the ﬂ»p-blwp@él,ontrn@tabhqf-/wex therxpgsedoturiase 98 dhe corper)

centrally,on the.exposed rface 2 s.shown, but, -rath i ot

| ongi t ngretgwgcé)ﬂgg%oiﬁ]&@ngag rl?? eam:gé ﬁtcf”%tralé)p?fﬁé:%& g%(el éﬁgg&%lhﬂg%e.
Once pasd 4 b@@Pp6rtioh be X aRed copdst@s@fae ofthd dfinsetidiRDetn abldicd byadenf

t he uni versal blank can be nodified sufficiently to influence the shape of

the flbganki ke | ayer 22 and to thus change the refractive power of the
flap-like |layer, suffjciently to correct e abnornglity of .the e 10.
General Iy, BRI BEsd retiobaion B Hetion jaken FEOURR Binsebisr S % 33 HORA o
the r e{ma&sd b¢ pRfl rap%o&iaﬁs 2" thE AurliVerdal BIRRE Whic & PS&‘iﬁHﬁé&m ohe SABIMEd | N
Fi gs. I-14, ser beamL is directed to the first upper surface 15 of
t he bl exposédBsurfaae of theeppm®aj te to the second | ower surface 17 of the bl ank

"18 that is supported on the exppsed surface 26 of .the cornea 12. The | aser
beam L can Big &% %Stéd‘lc?er G{ﬁ]‘ﬂ" af)}’b"é”d? Jegles '&?“t%"@gl 1%37 erauer P ths gye

.surger 0%% ' 'r@ﬁﬁfc Exﬂo-k TG jn -
uU. S Péaht en E %swﬁ%%dﬁ%ﬁ%%ghgﬁ)ﬁ n ki Sgd?‘i‘%gr ﬂ%‘ﬂe I aécg?&g%%m L %/\,?f&ﬁeibegi n
t o abl aidremiaising gortion ofl theouridPersdl bldik dslablatedily the laskr bdant heshowrein Figadd;i s
directed. Again, the area of the blank 18 to which the Laser beamL is
directed and which is ablated is selected to renedy a specific type of
abnormality fromwhich the eye is suffering. For exanple, if the blank is
bei ng used to correct a myopic condition, the |laser beamL will be directed
toward a central area 32 of the blank i 8 so as to ablaze that central area
32. As shown in Fig. 13, for exanple, the blank 18 is disk-shaped, and the

S ~S o2 1 o 3




havi ng a wavelength within the visible light spectrum visible light wil
pass through the remaining portion to the blank 18 and eater gt GDEQI?Q@Z
Hovvever,“Qp@)?ﬁaﬁ t he reshaped flaplike layer 22 has a diffﬁ,rei ‘re ive
power’, the ap-Li ke layer 22 will refract the |ight passi P’gizﬁfough
differently than prior to the reshapi_rﬂg_. Therefore, in cooperation with the
lens 16 (see Fig. 1), this reshaped |ayer 22 will focus the light in the
appropriate nmanner on the retina, thus correcting the ametropic condition

of the eye._JIt is further noted that the |aser 27 can be used to reduce the
overal | thilin8lds g sidscelpyationall Biepr iimseetions bakesh rthravgh thieaceter Foff thenggeance, -

t he bl . LOLT . be about 500 mcrons thick far ease of handling.
e Dl il hd Bt AR B b 03 b st e ot
cor neahé ferhAiRinFEyoNeen L &R idieSdsA MM aftdiGhé PEAPhEYS W the %ﬁﬂefbﬁl gﬁﬁﬁ%ﬁ% to
the upper surface 15 of the blank so as to reduce’the overall thickness of

t he biperiomef the ablatadrexposed QurfacoOpfiRGaBnea WraIDABIZABL rerhFinindPortito 6f 284
Hence, 8,300 mcr thick .bl apk can be reduced, for exanple, to about 100
i cro éan(lfrﬁmgﬁ e?h?“?%%ﬁﬁ‘ y?ﬁ?sfkﬁ?é'%’ by the |aser beam L before the | aser beam
L is used tppsgplipts ihe : InCHkBH tﬁm r
exanple, in Figs. 11-&5&%&%&@%‘5&%& ;ﬁ/’ Qg%dsdgd on the ggv‘grgi%;g%ft%g cye
abnor showing the comed amchthie fiapdijle pastiom fdaaacieg, ovier therexpbsedinirReeona dohmda t he
surface,of the cornea rru:tg be,reshagaglfl$ npre extensively. In this event, as
shown 2pf agemaining portion ofthe upivgrsal blank which has diesn eblatad: in a nensymumetgigalof

t he bl@aﬂﬁa.l@r i EEHF area 32 of the blank 18 is conpletely ablated by the
eam- n%ﬂ%&lb .

(I-aser econes a hole that passes entirely through the blank 18. __
Af t erwar d, Figle43 dser sideaievatibBal' Vieweri S6LtRAL Qb RSth d%ﬁfe}'d?ﬁlihe‘c?fehe -
surface 26 of the cornea so as to ablate a portion 36 of that surface.

Accor ghorying theyeornpmand the flepdikeiportion sxattatteds dvap the dxposatmirfacs of theanmedaoned

Do« B8 i e RePBRish o poip el AR eSquaé‘@rﬁteQ%sﬁm””?%Sdé?m‘%igf e
'“”U%B&%fv!éﬁaﬂhﬁﬂghﬁeﬁegﬁﬁﬁ%sd#adt t eegnnaiﬂ-d%dégy@@eﬁ%&éagﬁrw ng this

technique, it Is not necessary t N1 ckn ’18 be
changed i nFig.0¢4 is @ side\dlelatianaloviewsitbséaioni takexs throggh i the tdeaites ofpihe odyet he

flap-1jke, | ayer 22. ternatively, if the blank 18 is being used to correct
a hi gﬁh?ws Fomes, ﬁe&wwqré%mmmm@aﬁhweﬁdew%ee pbthercgmege

t . i . . i N.sFi L. 8-
ai s ou 288 e feninidl porBEn B MY yersil W 0PN TRl dchioh e bBaE dlafll |
or subytadader bbdmy; al | of the | aser beam Therefore, as shown in Fig. 19

speci fical Il_ly, the blank 18 will be ablated by the | aser beam but_ none or
subst ant i afig Hoie 2o$ide [rdevatipnal ceewsinyseation @kem dhrovgh e gfmter OfHBF Ved

area : jp || ‘ A I e Fhradiated
ont o #heing i edthl ud e PSR RGH toaliafhdti e BBl A o LERORRES .,
{-o t heng thd RARIMAr PorioRDfIRE ifivcRd biRhKE BftéRulipdortidns of fRsdbldted portioand -
"he renmining portion of blank 18 thus has a fiustoconical shape. O '
cour sf theexssehRutaecad muitiplpodtions cfithe waiveesal biankrlavedwen sbisied by aAs
shown,in Fig. 22, the flap-floe layer 22 is then repositioned over the

r emai r\?sﬁﬁ tion of the blank 18 so that the renai ning portion of the

bl ank 18 i Hig URRaSperipReBVEPRWAS dnbfher RBOUIACHIVH alunirddl banka¢Bérdaw toSi NCe
the material of _ the'blank 18 is transparent or substantially transparent
to | i ¢hepresent myentioavel ength in the visible |ight spectrum visible Ilight

will pass rough the renmaining portion of the_ bl gpk 18. However, because
t he re;hapgﬁg‘#gﬁ?lq%%ﬂegﬁ/‘é{ﬂ'?gmﬁagm&“aﬁh?wé‘hf‘grgg;r active power, the

f1ap-1ike IFyedg £2a Bolbm! AehAGH e VEnbd Bbap s th FIEIA B 0iGh otrlel mhant | y
than prior to the reshaping. 0 2 DCC 2003 WO 00/51'082 -18 PCTI USO0/ 05284

Ther eXdreI-Xh VdHdp&igtd’on with the lens 16 (see Fig. 1 ), this reshaped
| ayer 22 wi].l cus the lLight in the appropriate nner_on the retina, thus .
correcting le‘&re‘giﬂ%larﬂ Fc,el"?:"%ﬁlﬂi"iliY)‘f"’l""’o¥n Pgﬁ:tf‘of @%@n t[{ﬁ% rfBPé’eQ-;‘FBsqfa&?Fi &©

nmodi fi i . : ' t.0 € nor e
cover SERERMblich M ¢HGA0aC! it CPABPncA W BE ek ) SR el

surface 26 Fig. S0ris aceduced frbat viewwfdbe corpesls faken aloﬁgmi‘nbpﬂoaso inFig ke surface
26 as shown, for exanple, in Fig. 23. As shown in Fig. 24, when the

flap-like layer is repositioned over the remaining portion of the blank 18
and the surface 26 of the cornea 12, the ablated portion 40 of the surface

26 will also influence the shape of the repositioned flap-Ilike |ayer 22.
Accordi ngly, the thickess of the blank 18 need not be increased in order to
increase the degree to which the flap-like layer 22 is --' reshaped. High

myopi ¢ conditions up to 35 diopter can be corrected by using this

S o S L o - Y " 1 A~ S



As illustrated in Fig. 30, the laser beamL can be directed onto the bl ank
18 to ablate the blank in a nonsymmetrical manner. This type of shapi ng of
the blank 18 is usually done to cerrect an astigmatic conditi on[}oQ e 2&8'33.
For exanple, the blank can be scul pted to assune a o~c~~~1;~~,iJ WSQQ‘} 51682
~ PCT/ USOWP#828982. 19 substanti al | y hem spherical shape resehdl’ ﬁg one- hal f
of an egg as cut along the |ongitudinaf;axis of the eye. In other words,
the blank 18 can assune a substantially hem spherical shape having a
varying radius. As can be appreciated fromFig. 31, only a portion 42 of
-the rightside periphery of the blank 18 is_ ablated. Accordingly, as shown
in Fig. 32, KiBedSlclte? ldsgelptationgh,visw ghsegtiom kaken thrqush; the | qsaieE oft the &¥fape
of the -] . e kg f lap- kit . r ' g d
over t RLOAI HESHOEH Wi IR b, 1D 14 phBriontCYE U ool 3ABIE HERE,
shop i rcofmed.afidBtheaxposedrsuifate s basd ublhtedfas shewa ipBRedosur f ace of the cornea
. 26 can be ablated in a nonsymetrical manner as well, as long as a
Csufficient HiguA? isfa sislerglavationg. viesbausectim taken gheoughsthe cdenter cofathsi e so
that the remaini ng cornea does, not .experience instability ok oukhul gin

(cct asi By W gpthed o AR SapCikd BoriSh REtarhECovet e Blpobed uilee 8t i elih o
the di sfpqife r@ndiRingPotiGiflof MRAnMNrel tAR! RS FaS 480 NbRIED dhe td3er

| aser beamL 1s directed onto the surface of the cornea 26 bel ow t he

abl at ebepnr dsishowafin Fig Sbj ank in a manner simlar to that described, for

exanple, with regard tp Fig 16 untjl a portion 44 of the surface S
abl ated. Thaig: &9 Brbmie ﬂg‘#}t’@. alyytew SPPUQR faken the -chtqréb%@let P¥hed

ver t [ [ : nea
ot hac SRR DR dhd TR ALk ForRoR Bfark @ S it ok Gl 8 lVorki "
t he surdndQRe FégndihingpRrticl ¢fahe ddivedshl bluik shisnc i Fige46 hfigrea @dntrahportibaf thee

| ayer 22. Fig. 34 shows anot her enbodi nent of the nethod for using a

uni ver sutivéssal anst @l cenyral portion qfthe @hlatgd gxnesed surfage af|the sprngs Ve heso,

t he -flg%-llieﬂftgyl zglserbzz has been positioned as shown in Fig. 7 to expose the
i nner 3t 36956t °¥® cornea, that surface 26 can be ablated by a | aser
beam bef or e e sal ANk sidd bisyARBkE VRAE G B6H&P RakeBP@EMighCale] dentdrhef s eye
beam L is directed onto that exposed surface 26 to ablate the cornea 12
down t cshawimg thewormea aid theflapFlike parttion reatached over thé exposed suréiice o the eoraer:

cornea i s approxjmtely 50Q mcrons, .th urface 26 ,can be abl.ated t ny

amount #d the remaBRg PYHOB G the %ﬁ“ﬁ?léhﬂﬁ%sshm H’nF\ﬁoﬁfc’d{hoéﬁ\Pgn%h%?‘Ff g’legrht

anount :g)g%gdb ?tfé)s"é}béqg m crons) of cornea left remaining so that the
&Ry exp

cor nea errence instability or outbul ging as di scussed above.
_ The abl at epigs &5t {s0n side .elevitivnab vidvade s2ttiomnaken tyonpht thiecednterbofithe laye

center of the front portion of the cornea as, sho in Fig. 35. Ptgferably,
t he shashowing thecomsasnndthe Han-like pagion;reattached, OVeIShG LXRP éﬂ%?&ﬁér ¢ CoTRED

bl ank 18 at _1s.used in.nmodifyi [N e | Lart d
in. Fi g.“‘%,&e’t FaBPRRPART é’qaﬁ['slgﬂgﬁeg%%dﬂgé\%%ﬁge&@g ab atlg%—lﬂsk%*t&tsitogﬁhﬁ6
i's” 0 gnibEGal26RAKk RIS/ k@S2 of ABe RBESRAPSEABurfice Cuirdundifg rthb eremmaing t he

di aneter of the ablated section will coincide or substantially coincide
wi t h t hportionof therblatk have bgew pblated byerlagesbea®; t he shape of the abl ated

section 46 can bg as trical Qr._exanpl ng ¢ a
i sk having B Ehips S SsiRiewst ViR crerroanky el g SoRECOFIRERE
Furt her geing & &id 8¢ flapgike PorticireasdheddveeRE eRPoscd Quitatedsf the icbrreae
optical axis~of the eye, but rather could be offset fromthe optical axis.
The' edgnd ti2 refnaiding poitioh ed theutivensalddany shovab it Figg 46 vaiich hes breni ghlated byg
of the disk as shoqwn in Fi a?tﬁlgg“ﬂt her eby preventing or substantially

i

pr event thedases begmdn a pgnsymy] Pt eral |y on the surface 26 of the

“cornea. Howeyer, e 0 6n THoLES (RECERBETS the &
achi eve thi s‘f‘?%n%’{ ?%r?. ggfée eﬁlgﬁﬁnﬂ%g& %%c?ﬁ%h%ndi sk 18 can be ablated yi@n

t he mangkswitigtkeisarnca aitbthe flapilikerpagtivmireatadtiegoved thelexpesedtsutiaceof besomegr

T8, 11 end o somiaini AR i S e SV i e b e SapRe s

abl at ed ' U H3BR ted! By tHeORaSerof-
Phe oo DRfHEDBIANR A4 4 Hoitph o HE ot aexpBsg & f|§3{a|“?i”§§‘f g?gtreazﬁz’y i's then

r eposi t beafdn anensyretriealefashiom; porti on of the blank 18 so that the

remai ning portion of the blank 18 and the central portion 50 of the exposed
abl ated section 46 influences the shape of the repositioned flap-like |ayer
22. Alternativeiy, as shown in Fig. 38, the |laser beamL can be directed
onto the blank 18 and the exposed abl ated section 46 in a nmanner simlar to
t hat descri bed above with regard to Fig. 16. By doing this, a portion 52 of
the abl ated section 46 of the exposed surface 26 is further ablated. The

. . . . o Y Y 4 o "




~ ~ DEC 2003 WO 00151682 - PCTNS00/ 05284 -21 Alternatively, as gngxgpin
Fig. 41, a portion 54 of the ablated section 46 of the exposed s e?BIB
can be fwdbgsiseb! ated by the | aser beam 1n this event, Wm/&ﬂﬁm&isqp-' i ke
| ayer 22 is repositioned over the exposed surface 26 and the remal ning
portion 18 of the blank, the ablated =gartion 54 and remai ning portion of
the blank 18 influence the shape of the flap-like |ayer 22. As further
shown in Figs. 42 and 43, a portion of the blank 18 al one or a portion of

t he bl ank 18&:ando-: ion 56 of .the, abl ated section 46 of the exposed
surface 26 ?):fl g't gge lgoa?g@é e%!agglﬁa? bAC¥ iy feEtoR nfakem, Siepahrdhe icenter mfnthereye

Accor dshewing thé esrnbd end the FrapLlii@ pofty 1S ql R t exposed
surface 26 and the renmini ngl porﬂtoi o(ﬁfroe%&ﬁ@dgﬁgﬁﬁ# #ﬁgﬁgﬁgﬁg&%ﬁ%é’(’&ea .
r emai nAR thsofemaging pertionof thenkivargalahlank stovabimFizd 46 af tvitich Bfuliiplt lpsansR t he

shape t filap-like |ayer 22. Also, as further shown in Figs. 44 and 45,
mul ti pﬁ%veptgﬁ%flibgr@a%quﬁm’ bl ank 18 alone or multiple portions of the blank

and nul ti pl §iP0sd ii9RSs; : t:ed [ 4 exposed surface
26 can be .abllé;t edlb;? sf‘ﬁ% ?ﬁgggﬁggérﬁ csc%rﬁ [ n‘é?%,“ ﬁf’ﬁ% gﬁ%icﬁﬁ?tﬁb ngtf‘?ieé’ﬁ of
the bl showing theeaeaandthe fapdikp pottionneathithed ovhethalekpésed saffitd OMthd Goftfeat NE

exposeg!}(ga}rface.i.nfl uence the shape of the flap-like |layer 22 when the
f1ap-I eLymainiug partion; of; the, spivessal blank shewniiniRig 4foefteromultiple pertionarwf 18

and th f 6 . her i ment _of the.universal bl ank
accor d%r?g to %Eg%e%gﬁ?&aﬁl\?@%ﬁ% Q@Wiﬁpﬁ?e&sﬁ%‘? gve stedbyy,

t he bl theRaszobesiainn in Fig. 46 has a |arge portion 62 and a small portion
64. The. large portion 62 can have any practical size and shape as could .
the bl ank 1818 196\ip aiperspegive Yiews ofl anathersembadinent ofmdniversabblafk decaliing 6
sanme t i)r%[ {mterial,s as the blank 18. In the exanple shown in Fig. 46,

t he Iaﬁ‘g SPHESHRI of the blank 60 is di sk-shaped and has a di aneter of
about 4 to i oht & IS t. out 20 and
about S00 mggg%sl?ag‘ouc%ﬁ%%?atwg?gﬁﬁg er angnﬁhf’g’%nﬁeg?gg'o@?t he bl ank 60
can be of akig. pRdcs tapedlevatioral tvitew ofithielethbodiraetrshewatis Figysoone skilled in
the art. As_further illustrated in Figs. 47 and 48, the snall portion 64 of
the bl ank 6518 §34$ 3 perspedtivsvigye af anntherrembadiment of alimiversel bianka actdnding a0 ge

porti Laneter.of small!l p i on, 64. can be an ractical size,
such 9{3‘8 %gesgg rrgﬁvgﬁg %-Snk%&cgﬁéavwﬁogcq%{t%%cwg%ﬁ%mésm Hé:f%dg nmeter up to a
di sk- shapedFig; 6i4ec4 feft d1evatibialdichi aPBleVmiRidiniest Jhb%tih@g%%iﬂl l'er than the
dianeter of —~a ~ ~~c 2003 WO 00/ 51682 -22 PCTI USOO 052 the | arge shaped
portion 62.Fig: 682 tnp, clevationalwiaw pfitheiembodimerdstiowntin Fig. é3sk- shaped, but
can have any. practical, shape -woul.d be reciative. by ong skilled in the
art. Furthe#’r%?ggs?ﬁ nﬁé?"g’@“’ﬂ%f‘ﬂ?%ﬁ@?’agﬁg&g% W‘Bﬁ“%&h%%%gﬁ° Qapes
di f f ergi@e¥;r om each other. Hence, for exanple, the large portion 62 can be

di sk-shaped while the small portion 64 can be oval or rectangularly shaped.
he | arge pBig i63ris @2sife elevationak viepl Ensection takdrs throngla theycantanef as vyé and 63, -,

'second_pl anar or .s tanti all | anar, surface 65, and_a=periphery 66, The’
sur f acsgjé’“ggg gﬁeetggnt(gg Eﬁ%%&fﬁﬁ%‘#é&‘@? uniygrsabblank shawm in Eig 60 opdhe gknpsed her
and t%&hpaﬁrﬁn@hcan be perpendicular to one or both of the surfaces 63

, t

and 65. O course e surfaces 63 and 65 and the periphery 66 need not be

snoot h but FEiga 6Bdy en pniargedtside gevdtionabvieweeseion tikeatirdughahelcehteXbfag. |
The smal | oi{ltion, 64 is integral with or attachable to the |large portion 62

and a e Bytraling dhe; wriversalyblank: shewe igFigné0 positiongshen theaeposedbsustace ofe 68
can begpp eLl;el or substantially parallel to one or both of the surfaces 63
and 65 of the |large portion 62, and the periphery 69 coul d be perpendicul ar

or substantFigl 169 ipanpaldiel fiont élevitimaF Wdwa 6 thd corRba GAH B8R univB@alShiahiRCe
68 and _periphery 69 need not be snpboth but can have projected portions,

r eces oWy inkiig. GO,psesest on therexpesed surfaentbareot as showminigigh6® f or using t he
uni ver sal 6 ceprding.to the present invention,i g shown i ig. 49.
Speci fi cal %@15 k?egs%rs?d;ecéejle %op%ev'c?& ﬁ%zf%nt h@?‘@eﬁ’ce?%?eﬂglﬁge %X'F m ng
and potiotwing tigedrhe dddde liiridiatiay ' g bs
ablated in the manner shown in Figga%#'?'ﬁéalﬁqzng@e?ﬁ‘goexpose g?&ﬁﬁ%@% IS
abl at ¢tnd:en thefunivessal bliaksishews dn Eig. 60 msitiomed ansthe prpoded] shrfaceofithe wormeat e

t he bl ank 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 depths of the ablated inner and
outer sections 70 and 71 can be any anount which would allow a sufficient
anount of cornea 12 (e.g., about 200 microns) to remain so that the
remai ni ng cornea does not experiencing distortion or outbulging. It is
noted that this step-shaped bl ank 60 provi des an advantage over a uniformy




As shown in Fig. 51, the blank 60 is positioned.on the abl ated sections 70
and 71 of the exposed surface 26 so that the surface 68 of the §nIDEC 200
portion 64 of the blank 60 contacts or substantially contacts the ablated3
section 71 W@%k& the surface 65 of the large portion 62 of $oR8I8460
contacts of ¥ s%antially contacts the ablated section 70 as shown. As
fZUt her shown, an edge 72 of the abl ajyd section 71 contacts the periphery
66 of the large portion of the blank 60, while an edge 74 of the abl ated
section 71 contacts the periphery 69 of the snmall portion 64. of the blank
'60. O course, the sizes and shapes of the ablated section 70 and 71 can be
made tB9conform or substantially conformw th the sizes and shapes of the

~large and sggl b1pRrd RS ; i 70h can
thus be any | TLPRA e ?E&é’ﬁ’ﬁgsﬁ%}’;’e“ﬁigﬁm%&'é%’*é‘%‘%%%‘é??%?%ﬁﬁﬁy one 2Kil |l ed
i n t hellasttatingltheoflap-tike pbitioh eepositvmed overtbie amhidibgpeetibmeof thioamineaisal blank

. symmetrical, about the central qaékcal axis of the eye, but rather, could be
of f setshowain Fig 60and 2hlated portion oLfhe comea he eye and from each other. The
edges 72 and 74 of the ablated sections 70 and 71, respectively, can
contact the peripheries 66 and 69, respectively, in their entirety or at
various | ocations. As further shown in Fig. S 1, the |aser beamL is
irradiated onto the blank 60 in a manner simlar to that described above
with regard to Figs. 11-14 to ablate a central or substantially central
portion of th - i i A j on can be,
for exanple, i&@ = nat @ﬁ@ﬁﬁ =S Euﬂ%ﬁéﬁ%ﬂgg& @’i@é@é@@ above with
regard to Fgj o1 is'd difle eR¥atidthal PRW BRE¥Rb tAkér Brouzh the 88ReO6f Ay FOWwhivh! ¥
'none of the ablated section 71 is fiuther 1. ablated bg this laser beam
Accor dinolydys atdvensuid2aacpupil 14hendbd densdl6eckithba conemd2tang lemai i Wg B ti on

of the blank 60 jnfluyepce the shape of .the flap-1ik ayer. 22 .when the flap
| dce | ¢ppperaively stocus, dight F%%’Glyo%rtg? M= g‘?ﬁ Sggw&kt?eft'hg eé')?p%’s tapsg e 26.
Al terngtively.. edrPath ' A0S power dfl

bel ow BisgtEk Visial %‘{tr?%tﬁ’le%ff i eorfpP i Yedfodthell o LOReA MIRACH by the

| aser {peaBiiea andhudepirbet\the mhnves i ohichl thedightds féonsethwith mespact todheretinabout

200 mcrons) of the cornea 12 to remain. Accordingly, the ablate ortjon
76-and" r nmAiEY bl & gpoardibgsp ah RIBOGTIEE QLR Prisrat SNeporb Tiaied

flap-fke..l 2 he f] ' | i b i e th
exposclh B8k ke At B niishl hiaif sb@fing 6 48 chBRgRhor dPAl Mpfedly {1
shown jn FibforRfor fibiahAlR BifdinBickhedshBroaphit, &Dillusmatbe spiziifically inrFig.
manner simlar to that in“which the blank 18 is ablated as descri bed, for
exanpl 8, Spécificallys fiechlank 38 has-acfio plangr, Gobsiadlyrrlmagsop YL i gs.
18- 22 abgve. Furth , h in Fig. 53 .t b
i 7 oot SRS, B i Sosralygnary e SRR el SRR B 2
porti ogr%ﬁz@mrfy 160 eaéﬁk-ﬁ{;é‘s S8 1 Plre Brrar¥ed Gl by substartfallyrpacalleFitg eadi,

{he re I'mg portion of the blank 60 and the abl ated section 70 infl uence
he shafier ehthithe petiplery il R beingyperp@diontasrorshibstantially nekeendigpiar to pueor bo

repositioned over_  the exposed surface and, t he,remi nin j he
bl ank swrfaces dveanse] ¥, ST ﬁ‘”%?cﬁs ?135?“%1 h';e apd, thic RF‘E%“%X% %‘%ﬁ;?g{ Rée

bl ank 60. ¢ t.ed: DL td : Adlyev LThtivAGhI & Andf
t he exb‘%@@‘%ﬁﬁ%@g b% g?%c?%gﬁg’ ce‘]e?ﬁéﬁgéﬁggéﬁgﬁfﬁgﬁrf apl dce | ayer@gg. when
the fI gexnirek Prefeyly,ABe nnivemsabblank d8ckhsoy diamteter af>aboutd towbput® mm and 2he

remai ni ng portion of the blank 60. As further. show) in. Figs. and 57 the
bl ank ehtickneds afibetween ahaut 29t atrpub H0Q gicrons. Qf FAITS t‘éﬁa’ﬁﬁ’&g"ffgagﬁ‘r‘igﬁ%g of
abl ated by, t | gser_be i F L Gal i ghown
' Fi o thesbsk sawed atrerar by § oAEDE R e R0 R b e

© 70 i nf k1A Sn IHE afth aP@HRmbIRe the apiveiskieblanly ace® Aowbe wiskkshaped plithpwgh itaiger

is repositioned over the surface 26 in the renainLn ortiaqn of%%he bl ank
60. As pstfemed as shown it5 the ereodiment efEigs; 24 bubran ?j%&%‘?%ﬁ"%@ uSPHES

“‘remai nin rtion of th | ank ' f ih lgePart dce
| ayer Zﬁgﬂﬁgﬁ‘?ﬁEyPﬁﬁbgﬁﬁﬁ%wﬁgﬁggﬂégz#%ggg?ﬂ%gﬁg%hgggggfhgngfgosed sur f ace
26 and the rEEBLRNRY1P0K! preferabily t faadd| cinkyrfieticAmatdriabn organké gsatefal, aord 259,
the blank 60 and abl ated. section 70 can be ablated at nultiple. |lo aﬁions
in a neombinaionidfdoth synthetic and evghnin material) thak pemnitsRil o Y&ile ght
abl ated as described above with regard to Figs. 25-29. Accordingly, as
shown in Fig. 58, the remaining portion of the blank 60 and the abl ated
sections 70 and 71 of the exposed surface 26 influence the shape of the
flap-like |ayer 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 further ablated portion 82 of the ablated section 70, the fzuther

. o o - e b1 . . o o o o - o Y




Al so, the blank itself can have any suitable shape, such as ovaﬂ,zégﬁéﬂgﬁ
rect angul ar, pol ygonal, and so on.” As shown, for exanple, in Figs. 63-65,
t he bl an an oval shaped bl ank 98 having an upper su a

| ower sub?gggﬁ%%i, an outer wall 104 and an inner wall 106 %e |§?n§%gn
openi ng 108 through the bl ank 98 whi chi4-li ke opening 96, can be circul ar,
oval, or any other suitable shape, and can pass entirely through the bl ank
98 or be a recess in the blank 98. Bl ank 98 can be nade of the sanme types

f i al k . d di d d have. si m.|
i o M EE s REyeth B fy 6 vichele 3PeteBE S B lent B oS B SR Bubiieh A
range flighthadinsh vﬂav&l&x?m ialauder liéhtfﬂiﬁbc . FbPexanpleSthe BYAKAlR caﬁib%rﬁécﬁ:r%t‘e)f

openi ng 108 can mange from about 0.1 mmto about 10 nmm depending on t
si ze ofollageng rapolymnerneeliagen,Fpolyethylene coxide eomhydiogs onrerossdinkadt bigakicess

rangi ng_from abput 10 ltrn to about..1000 with.a thickness .of about 144
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However, the ank 86 (or98) can be placed at any location on surface 26.
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correct for the vision disorder as appropriate. It is further noted that

the abl ation of the exposed surface 26 and bl ank 86 (or 98) need not occur
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bl ank a StSfror hd S tical otivof thelelyat i ng any -porti on of the
flap-1li E’gs?‘g‘g‘égé 2, the blank 86 (or 98)

or, exposed surface 2

S hape assunedddey positiohbd pn theaxpbsgesurfage 260§ ﬂlﬁﬁ"l”é?f‘td]g’ #PFGS%PB? P%L\%‘%ﬁlm
of the eye 10 as necessary.to.carr.egt the Viisi ' Br 20 gid toothus
bl anks b¥@k oand:earg@%qaﬁ&}gfw@ﬂé{ﬁ?i ?%lﬁei%ﬁc éélﬁhg%g?égéﬁnﬁll&%}a:io bl a_tpyk ?t%
and used, in v i\ 18GerwWutfiaeritly taserrectithe ebmommaljty of the
descri bgaa%ﬁ?%g%@%‘gépweﬁg%?ﬁ%%a%ﬁ 22 and yisurf ce 26 heﬂ{/ t he the
pat i ent ' ege )ESiGeterally) veryt d6tmitron fchinigei in @Vl ﬁédﬁ‘f earmep Rl Fhgnss

di sorder “has not be satisfactorily corrected, the flap-il~ce |ayer 22 can
be agai mefragtivegioner of the qreeakyediOPEr ond the surface 26 and/ or ﬁ?l;s?nk 86
(or 98) can further abl d. as. necesaa Abesm I fis diseovadi toather URpEr,
an additi onalbl??fl ng?’ o] %hﬂok%@ ﬁgg‘.gﬁ'ggfﬁg’ égar?g or di ffser ent ngﬁ‘?glaggq t
char act e{*ﬁ%ﬁg ogfﬁéé Piank1 B thit Rgoppcaitt te thre decorst lowes qudageetli{eo §8‘hfor
100) of e an 6 {or 98), and the additiong#1 E.ban%epgc&ingﬁg@em%d
abl at ed Bsuppereaten yhe Fxpostd syfaceidd ofthecomea; e daeh) Feposi tioned over

the bl ank and surfage 26,_all.owed tg. QSdHOd arcenvimeyalaserii2d
tested. from @WemeJ?@E%Z%%%e“wb&%“fg%o%%mﬁ%m 51682 - 29

PCT/ CIS00/ S%i‘gay ARtolel & U3y Patep?NaN4,840/135 on, as wel | as the addition of
nore bl aP&® 'E&A i i

;epeated as many tines_as necessary to or rfpect
the vision di a@rdhewm intFigs12dbé ke hewili kegam t%ﬁbs‘% °£(?F‘l‘% %’? ﬁ%?%%?c%ﬁ
e achieved. Due to the presence.of,. openi . ¢ Blaak agkis Whichrthe
98, respblankvlélfp,wb#céﬁk§8%r W%%ﬁ@'ﬁ&uwggg%nﬁﬂ%al than a_solid

bl ank (e;ags%g!%%c{ér g%ﬂé&g&l%ﬁ@%ﬁm\&wabm i stleeted aoeremedy a0 IspesifigndyRS ©fnd -

t hi cknes ecause the openings are already preseat in the

bl anks- 8GhAsKhalRy fioin Whichaht gyelis suiferingsary to abl ate the exposed surface of
t he cornea through the opening in the blank to ' tisRRhORkércbeam L
corneal nodi f iRoxtexemple, tbﬁbk’“%\bsen‘i’ﬁ‘f‘g olcggg“r"taaﬁlggggﬁgﬁ tﬁﬁ’s, Ie5532 As
overall surgicagl tiome, is_I ' meo&ﬁo@mmw@uylma .
enbodi mm%ﬁ&%'f@tpﬁ’%i??%ﬂéﬁgsgggn descri bed in detail Cﬁ)m agragéfls
skilled i thea 6L 4 |for & '1b,wha|blmxkc18aiseiisl¢1dlapn@.rﬂﬂdrfbﬁﬁqa '

possi bl e in the eXenplary e odi mrents w t hout terially. : i rﬁ{sﬁﬂgﬁ&e
" novel teagkuhginaop paty sievaged isont JeastI UMY AR ﬁ.foﬁgtradﬁ“gg“,éngli such

nodi fications are intended to i i t hi Fretiai to effect
_invent i orreaessddPf eewss, the %@PFSEﬁbﬁé‘%gﬁgﬁa\r@élmw&%@%ﬁ nebésary

comrection of the particular abnormality of the eye. |
ttieblanleismadeofamaterialthatwillabsorballor'
Therefore, when

As stated previously,
" substantially all light having a wavelength within the laser light spectrum.



30 CLAIMS: 1. A blank, adaptable for use in nodifying the cur\ﬂaﬂLE?ié: &5333
patient's |live cornea, conprising: a first surface adapted for placenent

directly \980@/5?6'1}5]( ace of said patient's live cornea; a SeCOF@r/ﬁH&{/)&?ﬁ
adapted to0 be exposed to a | aser beam a wall surface, extendi ng between

said first and second surfaces; and degi ning an opening in said blank; a
first portion between said first surface and said second surface, said
portion surrounding a nmagjority of said opening and defining a first

t hi ckn ; S r{io said first surface aid second
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é\bout 11 mm "and the dianeter of said opening is within a range of about
. 1 nmofithe abmes hagbeemablatedbythpiiaserlpm@m.31 S, A bl ank according to claim1, )

wh [ [ terial J.S. f ' teri ' lal. 6.
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COPO! VTGt Slidri Ser e kY RABMERBHON b heIhiN1E aDtle suffacd 2 lof e 6eaes 112 ng

to clarm erein said materi al includes one of the foll ow ng

Cr 0SS- 49 &Horvh, Fogexinplerindigal $: Asdllustrpted, the shapemfitbe aemaining portion of the
mucopol ysaccharide and gl ycoprotein. 8. A blank cos di t Laiml, .
wher ei i B8 Mn@ﬂﬁ%cea@umﬁrﬂfll glel galﬁl‘ﬁ‘#?ol?ﬁ?rt 2?0?%%%%% ?qleia Birst
and second..sur es COF f | Sld ks ey. §F Hhé @bfheh 125t
and sefcgﬂﬁmgﬂ?‘i §§ sfhgagﬁ‘éé]ﬂ«;%@?aﬁﬁlgl i y pllgn%rdr%surfaces, or _
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said first and second surfaces ara ]
' shape. The flap-like layer 22 can be reattached to the comea 12 by any known techniques

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 léyer 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.



substantially parallel to each other. 11. A blank according to ﬂamﬁ?
wherein said second surface i s convex, concave, or toric in rel i 02093

said first surface. 12. A blank according to claim1l, wherein said wall

surface. t an angle other than O with respect to sa k6 d
second sur ?@@?ﬁla A bl ank according to claim1, wherein Sgllyg mﬂé{fs%&n

surface is convex, concave or toric. _34. A blank according to claim1,
wherein said wall surface extends substantially perpendicularly with
respect to at |east one of said first and second surfaces. 15. A bl ank
according to claim 14, wherein said wall surface extends substantially 0
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defines said opening as a substanti al Fy circul arl y-shaped opening. 19. A

bl ank accor diddionglly, baised an thetseyesity of the @abnermality, fifoae whiglf thaeye éxsufferingni ng
as an gval -.shaped .o ing. 2Q. A.hl ank according.to ¢l aim wherein.said
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edges extending from'said opening to a periphery of. said bl ank. 22. A bl ank
accor dumti] the ardaz32nothe bldndr k8 is complitdly ablatedriy thedased beaimendebacemds a hole
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first and sacondifdges shown B Pigetl, when thecflgolike layer s DEfOsfiRd 33/e? Ghe A

met hod of nodifying a bl ank, -conprising the steps of: separating a_layer of
sai d | remainipgpostion ofthe hiark Bhandghe surfage|26\0f the camga 17 theneplatsd @O&%%t ed

ayer I’)P the surface o thie rc]:to%reg, %lé \giﬂraﬁs%clgﬂl?gncg %iledshlai)é( of Bt 1 8sitioned flap-like layer
22. By using this technique, it is not necessary that the thickness of the blank 18 be changed
in order to provide a more substantial change in the shape of the ﬂép-like layer 22.

Alternatively, if the blank 18 is being used to correct a 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 blank 18
will be-ablated by the laser beam, but none or substantially none of the surface 26 of the
comea 12 below 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 is 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 mﬂcﬁd 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.



underneath said separated |ayer; positioning a blank, having an logebEbd003
therein, on said internal surface of said live cornea; directing a | aser
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said inner surface to _ablate said portion of said bl ank and sai d portion of
sai d and 26.rihe laser beare L ean b dirested toward s céntrpl tageas B2 jofitB6 blankci8eand alao d

bl ank, | h 1 03D. t hod di Lai m 26, wheregi id
o1 anic e P S BARRRR 1538 anfard BnaP i SR sepsahandal Ashonfhof Kie 2

E. AN' whkn th3- ; A ; - .

GYL. A A,ﬂ%. A3 A( JAet22 s repositioned oyer the surface 36 ofthp gompsa pnd the remaipige .
| wr mhpdriipn af the] blapic 3§ ,ctht cehainingajortipn af tree] blahk 4 Bowilcindnendd] the shapeldfcthe

a] cal ﬁg;l-(fiﬁlfal)\rgxlfﬁa] caj] ca] ca] ca] ca] cTa] cOaU] cOa {

As fusther shown in Fig. 28, any portion or amount of the exposed surface of the
comea 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
undemeath 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 comea 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 2 nonsymmetrical manner. 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
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The edge 48 of the ablated section 46 will abut against the periphery 19 of the disk as shown
in Fig. 36, thereby preventing or substantially preventing the disk 18 from moving laterally on
the surface 26 of the comea. However, the edge 48 need not contact the entire periphery 19 to
achieve this function. _ |
(- As shown in Fig. 37, the disk 18 can be ablated in the manner discussed above with )
regard to Figs. 11-14 so that a recess or hole is formed in the center or substantially in the
center of the blank 18. In the example shown in Fig. 37, the ablatibn is stopped at the exposed
ablated section 46 of the surface 26 so that none or substantially none of the ablated section 46
is further ablated. 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 and the central portion 50 of the
exposed ablated section 46 influences the shape of the repositioned flap-like layer 22.
Altematively, as shown in Fig. 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 to
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 blank 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 rcinaining portion of the blank 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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Alternatively, as shown in Fig. 41, a portion 54 of the ablated section 46 of the exposed
surface 26 can be further ablated by the laser beam. In this event, when the flap-like layer 22
is repoéitioned over the exposed surface 26 and the remaining portion 18 of the blank, the
ablated portion 54 and remaining portion of the blank 18 influence the shape of the flap-like
layer 22.

As further shown in Figs. 42 and 43, a portion of the blank 18 alone or a portion of the
blank 18 and a portion 56 of the ablated section 46 of the exposed surface ﬁﬁ of the cornea 12
can be ablated in a nonsymmetrical manner. Accordingly, when the flap-like layer 22 is
repositioned over the exposed surface 26 and the remaining portion of the blank, the shape of
the remaining portion of the blank 18 and the ablated portion 56 influence the shape of the
flap-like layer 22.

Also, as further shown in Figs. 44 and 45, multiple portions of the blank 18 alone or
multiple portions of the blank and multiple portions 58 of the ablated section 46 of the
exposed surface 26 can be ablated by the laser beam. Accordingly, the remaining portion of
the blank 18, and the ablated portions 58 of the ablated section 46 of the exposed surface
influence the shape of the flap-like layer 22 when the flap-like layer is repositioned over the
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 2
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 a fraction smaller than the diameter of
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one or both of the surfaces 63 and 65. Of course, the surfaces 63 and 65 and the periﬁhery 66
( need not be smooth but can have projected portions, recesses or any type of texture. )

The small porti_on 64 is integral with or attachable to the large portion 62 and a planar
or substantially surface 68 and a periphery 69. The surface 68 can be parallel or substantially
parallel to one or both of the surfaces 63 and 65 of the large portion 62, and the periphery 69
could be perpendicular or substantially perpendicular to the surface 68. Of course, the surface
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. 49. 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 depths 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 comea 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 surface of the cornea. That is, the volume of cornea removed to form -
section 71 is less than the volume of cornea removed to form section 46 (Fig. 34).
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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 substantially contacts the ablated section 71 while the surface 65 of the large portion 62 of
the blank 60 contacts or substantially contacts the ablated section 70 as shown. As further
shown, an edge 72 of the ablated section 71 contacts the periphery 66 of the large portion of
the blank 60, while an edge 74 of the ablated section 71 contacts the periphery 69 of the small
portion 64 of the blank 60. Of coursé, the sizes and shapes of the ablated section 70 and 71
can be made to conform or substantially conform with the sizes and shapes of the large and
small portions 62 and 64, respectively, of the blank 60, and can thus be any practical size and
shape as would be appreciated by one skilled in the art. Also, the ablated sections 70 and 71
need not be made symmetrical about the central optical axis of the eye, but rather, could be
offset from the central optical axis of the eye and from each other. The edges 72 and 74 of the
ablated sections 70 and 71, respectively, can contact the peripheries 66 and 69, respectively, in
their entirety or at various locations. _

As further shown in Fig. 51, the laser beam L is irradiated onto the blank 60 in a
manner similar to that described above with regard to Figs. 11-14 to ablate a central or
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 cornea 12 to remain.
Accordingly, the ablated portion 76 and remaining portion of the blank 60 influence the shape
of the flap-like layer 22 when the flap-like layer 22 is repositioned back over the exposed
surfiace 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 blank 18 is ablated as described, for example, with respect
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to Figs. 18-22 above. Furthermore, as shown in Fig. 55, the laser beam can be directed onto
the ablated section 70 of the exposed surface 26 to ablate portion 78 of that ablated section 70.
Accordingly, as shown in Fig. 54, the remaining portion of the blank 60 and the ablated

- section 70 influence the shape of the flap-like layer 22 when the flap-like layer 22 is

repositidned over the exposed surface 26 and the remaining portion of the blank 60,
Conversely, as shown in Fig. 55, the remaining portion of the blank 60 and the further ablated
portion 78 of the ablated section 70 of the exposed surface 26 influence the shape of the flap-
like layer 22 when the flap-like layer 22 1s repositioned over the exposed surface 26 in the
remaining portion of the blank 60.

As further shown in Figs. 56 and 57, the blank 60 and ablated section 70 of the
eprsed surface 26 can be ablated by the laser beam in a nonsymmetrical manner.
Accordingly, as shown in Fig. 56, the remaining portion of the blank 60 and the ablated
section 70 influence the shape of the flap-like layer 22 when the flap-like layer is repositioned
over the surface 26 in thé remaining portion of the blank 60. As shown in Fig. 57, the
nonsymmetrical ablated portion 80 and the remaining portion of the blank 60 influence the
shape of the flap-like layer 22 when the flap-like layer is repositioned over the exposed
surface 26 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 further
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
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opening 96 through the blank 86. The opening 96 can be circular in shape, as shown, or any
suitable shape such as oval, multi-sided (e.g., square, rectangular, triangular), and so on. The
opening 96 also need not pass entirely thro'ugH the blank 86 as shown, but can be a recess in

P&

the blank 86. The surfaces 88 and 90 can be parallel or substantially parallel to each other, or
at any suitable angle, and either the outer wall 92, the inner wall 94, or both, can be
perpendicular to one or both of the surfaces 88 and 90, or can be at any suitable angle with
respect to the surfaces 88 and 90. Also, thé surfaces 88 and 90, the outer.wall 92 and inner
wall 94 need not be smooth, but can have projected portions, recesses or any type of texture or
degree of curvature, and can have aﬁy shape such as concave, convex, toric, and so on.

The blank 86 can be made of the same types of materials as blanks 18 and 60 discussed
above. Typically, the blank 86 has an outer diameter within a range of about 4 mm to about
11 mm, and opening 96 has a diameter of about 0.1 mm to about 10 mm, depending on the
size of the outer diameter. Furthermore, the blank 86 can have a thickness ranging from about
10 pm to about 1000 pm, with a thickness of about 144 pm being a suitable exemplary
thickness. In general, about 12 pm 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 pm being a suitable exemplary thickness. Also, the -
surfaces 100 and 102 can be parallel or substantially parallel to each other, or at any suitable
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astigmatic conditions. Furthermore, the blanks 86 and 98 need not be completely annular.
That is, blanks 86 and 98 can include a gap 110 and 112, respectively, as shown in Figs. 62
and 65, which can be of any suitable width. - The gaps 110 and 112 can be wedge-shaped as
shown. That is, the surfaces 114 and 116 forming gap 110 can extend angularly with respect
to each other as shown. Alternatively, gap 110 can be slot-like, with the surfaces 114 and 116
extending parallel or substantially parallel to each other. Likewise, the surfaces 118 and 120
forming gap 112 can extend angularly with respect to each other as shown. Alternatively, gap
112 can be slot-like, with the surfaces 'l 18 and 120 extending parallel or substantially parallel
to each other. The surfaces 114, 116, 118 and 120 can be smooth, or can have projections or
any snitable 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 9 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 coritacts the surface 26. Typically, the blank 86 (or 98) is
positioned on the surface 26 so hat its center is substantially aligned with the optical 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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RaBDC  the diameter of opening 96 (or 108).

Accordingly, as shown in Fig. 70, a portion 122 of the surface 26, a portion 124 of the
blank 86 (or-98), or both are ablated by the laser beam L. The surface 26 of the comea 12 can
be ablated up to any suitable. depth as discussed above, to correct for the. vision disorder as
appropriate. Also, the portion of the blank 86 (or 98) can be ablated entirely, or by a desired
amount, to correct for the vision disorder as appropriate. It is further noted that the ablation of
the exposed surface 26 and biank 86 (or 98) need not occur evenly. That is, some of the
exposed surface 26 can be ablated to a larger depth than other portions of the exposed surface
26 being ablated. Likewise, some of the blank 86 (or 98) can be ablated to a depth greater
than that to which other portions of the blank are ablated. In any event, the degree to which
the exposed surface 26 of the comea 12 and, if necessary, the blank 86 (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., myopia, hyperopia or astigmatism).

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 a2 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 exposed 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 comea. The upper (antérior)
surface 88 may have a curvature which is concéve, convex, toric or parallel in relation to .~
posterior surface 90, or any other suitable curvature. Posterior smﬁace 90 can also have any of
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The prefabricated blank 86 (as well as blank 98) can then be used in a manner similar
to that described above. That is, the flap-like layer 22 having a diameter of about § mm to
about 9 mm and a thickness of about 160 um is separated from the comea 12 in the manner
described above to expose a surface 26. The blank 86 is positioned on the exposed surface 26

(- S0 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 optical axis of the eye 10.
waevcr, the blank 86 (or 98) can be placed at any location on surface 26.

The flap-like layer 22 is then repositioned over the blank 86 (or 98) and exposed
surface 26. 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 exposed surface 26 and
the prefabricated 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 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-like layer 22 thus corrects the refractive power of the eye 10 as necessary
to correct the vision disorder.

In addiﬁon, blanks'18 and 60 can be prefabricated in a manner similar to blank 86, and
used in a manner 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 cornea 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

N
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times as necessary to properly comect the vision disorder. It is desirable that vision up to

20/15 or 20/10 can be achieved.

Due to the presence of openings 88 and 108 in blanks 86 and 98, respectively, blanks
86 and 98 each uses less material than a solid blank (e.g., blank 18 discussed above) having
the same overall diameter and thickness. Moreover, because the openings are already present
in the blanks-86 and 98, it may only be necessary to ablate the exposed surface of the cornea
through the opening in the blank to achieve the appropriate corneal modification. In this
event, less laser usage and thus, less overall surgical time, is required. '

Although only a few exemplary embodiments of this invention have been described in
detail above, those skilled in the art will readily appreciate that many modifications are
possible in the exemplary embodiments without materially departing from the novel teachings
and advantages of this invention. Accordingly, all such modifications are intended to be
included within the scope of this invention as defined in the following claims.
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. A blank, adaptable for use in modifying the curvature of a patient’s live

cornea, comprising:

a first surface adapted for placement directly on a surface of said patient’s live
cormnea;

a second surface adapted to be 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.

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

by laser light.

3. A blank according to claim 1, 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 1, 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.
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6. A blank according to claim 1, wherein said material is one of collagen,

copolymer collagen, polyethylene oxide and hydrogel.

7. A blank according to claim 1, wherein said material includes one of the
following cross-linked organic materials: collagen, hyaluronic acid, mucopolysaccharide

and glycoprotein.

8. A blank according to claim 1, wherein said blank has a substantially uniform

thickness between said first and second surfaces.

9. A blank according 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

104
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16. A blank according to claim 1, wherein said blank is annularly-shaped.

17. A blank according to claim 1, wherein said blank is oval-shaped.

18. A blank according to claim 1, wherein said wall surface defines said opening

as a substantially circularly-shaped opening.

19. A blank according to claim 1, wherein said wall surface defines said opening

as an oval-shaped opening.
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 openingto 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.
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live comea;
directing a laser beam onto a portion of said blank to ablate said portion of said
blank, while leaving an unablated portion of said blank on said internal surface of said
live cornea; and
repositioning said separated layer of said live comea back over said internal
surface of said live cornea and said unablated portion of said blank, so that the shape of
the internal surface and said unablated 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 cornea.
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
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said blank without ablating substantially any of said internal surface.

31. A method according to claim 26, wherein said portion of said blank includes

surfaces of said blank defining said opening in said blank.

32. A method according to claim 26, wherein the laser beam directing step
comprises the step of directing said laser beam onto said internal surface to ablate said
portion of said internal surface without ablating substantially any of said blank.

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




