; 1"#e3e) >&889; X<>6N>T>XWD 00/ 51682 PCT/ USO0/ 05284 A UNI VERSAL | MPLANT
BLANK FOR MODI FYI NG CORNEAL CURVATURE AND METHODS OF MODI FYI NG CORNEAL
CURVATURE THEREW TH This is a continuation-in-part application of U S

Pat ent Appl i i Serial 'No. 08/84S,448 filed April 25, 1997 he entire
contents of V\?\ﬁzl}’oésﬁ&lzs i ncorporated herein by reference. BAMN%?Z THE

| NVENTI ON Field of the Invention: The present invention relates to a

uni versal blank which is used to nodify the curvature of a live cornea when
i npl anted therein. The blank is made of synthetic or organic material, and
can be shaped to the appropriate configuration while supported on an
exposed i nner surface of the cornea. WO 00/ 51682 -2 Description of the
Rel ated Art: PGI/US00/ 05284 A nornal enetropic eye includes a cornea, |ens
and retina. The cornea and |l ens of a normal eye cooperatively focus |ight
entering the eye froma far point, i.e., infinity, onto the retina. However
an eye can have a disorder known as anetropia, which is the inability of
the Il ens and cornea to focus the far point correctly on the retina. Typical
types of anetropia are nmyopia, hypernmetropia or hyperopia, and astigmatism
A nmyopic eye has either an axial length that is |onger than that of a

normal enetr QRINEVERSALAME. AT EEﬂgﬁﬁg&?ﬁ'ﬁoﬁ ' @omﬁhi“é@w;

stronger than ARpiveTHODS GONRAF AUV
stronger refractive power causes the far p0|n?ﬁFb e projected in front of

the retina Conversely, a hypernetropic or hyperopic eye has an axial length
shorter than that of a

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

reference.

BACKGROUND OF THE INVENTION

Field of the Invention:

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

inner surface of the cornea.

IHAGAOHAT

*159159*



normal emetropic eye, or a lens or cornea having a refractive power |ess
than that of a |l ens and cornea of an enetropic eye. This |esser refracti've
power causes the far point to be focused in back of the retina. An eye
suffering fra@esicsgnmati smhas a defect in the Iens or shapgrgfofelfs COr nea.
Therefore, an astignatic eye is incapable of sharply focu5|ng |nages on the
retina. A common method of correcting-Ayopia is to place a "minus" or
concave lens in front of the eye in order to decrease the refractive power
of the cornea and lens. In a simlar manner, hypernetropic or hyperopic
condi t i onBescaptiopef teRetatddoit:t 0 a certain degree by placing 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 Wﬁorﬁﬂl’l&ﬁé@?nc@e\ﬁ%ud% a Qbried, 1hB ARG FL1hENTES cihé dndiRbkArlay
confi gured |n the formao | asses or.  contact |enses. This techni que whi ch

i nvol ves ToFBalsys ceqpsraively f?céﬁélé}%‘ enieTipg gmeygﬁ‘rogh@faé)pgmtpg pfivify, engo th
Phot or ef i el RowkPirabPGleRE hafdd difhieth. M&rﬂén%gv WRCHRAA SR oéﬁﬁ:n be
used to correct vision’in eyes su roml ow myopia up to Iopters,
or in eyelsnssanﬂfcempmgl ﬂocttsrﬂqunepmatorwpﬂy:pn thepetimepiTypoal @ptsi afranteiropigaredi ti ons
whi ch are_not ¥ X? aorh er ém$ ineffective in correcting vision
in eyes JBYPE sev%‘? ?pé?’ﬁ% ﬁnfopl a. For exanple,

phot or ef ract i MW@EM@ @ither 9n kgisiSlesfth &t isUengeNtha@ tHaE6ft 4 Admial hetidpRPi @ of
6 diopters or greater, and is also ineffective in WD 00151682 -3

PCT/ USO0 RY528 4 ceawa etlennbaving Afeiacive PaYiet StePsea H&nélw ef thefcgrga ars lens of

hyper et ranie8hic ByP eTigPiton gHARAR e Pawr%&@é e Y& e gf&?]e%%dfﬂﬁont
correcting these nobre severs forms o ametropia to a cert egree. For
exanpl e, dfthegeti;achni que known as nyopic keratonileusis, a mcr oker atone is

used to cut a on of the . front. of the |j.v in
section of thg’a?{versee&)}gor SACpAC %rullypem Pt oh hasfm %‘aﬁ&‘#}r‘l%a |3&PIF frr:nd

pl aced i mopmélreyteirapib eyepbed kens dér cbﬁxeshztkuteﬁmivapader 1685 tteanitingy ofh&nsdnalpe of
the cut porti on of the cor n(%g ihan ges the refracth\ge power of hi s_cut
porti on) SRFACERE EhefRetopiccRyes Thisdesss Ceacite RAWERARUSES PoGhioche AgpsehE cut
portion of,.f ﬁﬁg@&{ﬂga is focused. The reshaped cut portl on of the cornea is
then reattac to the main portion of the live cornea. Hence, it is

i nt ended that Aerrselﬁha@ﬂomcﬁsmatm hasghdafere in Hee lgesson shope af thetvioieat he

| i ght ent theeethrouhth ort| u o that

hopeful |y E&F’l gﬁ‘tStl S culsse arEl i ncéxgmg uE °$§’h§‘§3?“r?§ the ametropic
condition. They Wrﬁmkﬁbzﬁbmﬁeﬁu@mydpmhm flare al "sikuEd whednoavedemfih &oht ve in
curing nyopic condltlons within a aneof 6 to 18 dio Hovvev t he
t echni que® © {eF I AP 1 elﬁéeé‘%ﬁjglér g?)PB‘(j%r Qfe‘gﬁ/ °8‘6‘ﬁi)la$‘§:§'t“éd r?dsutn?ﬁre
consum NombdRe ZRemetedphd drtgp@bsic LHRMMEY cAAREBEERE: to EEHAR BERESDY Pliking
techni que is ineffective in correcti ng nyopi c conditions greater than 18
di opt er s. a ldwsiop pararRE leng on diept ofcthe R¥eIAAnCEeapY the sgfracdvanavier of thecomer arkt i ng
Sever a”efeﬁsoﬁ.eﬁse%%ﬂh btRBSsh estcﬁl??é%}égd coftbdt@btighhikie Tﬁﬁ@&ﬁa&@‘ cddvex 6Y €' S
cornea. Inthis tec que a tificral orgatuc or synthetic lens iIs

i mpl ant edothersshefeedt lbreses anertyppically ctoh’égtebymaﬂw dornt higlesseper efntach éensesr ridds and

cor at o | Bereieety AR brkef A o 860 ) DRt Bl 0BT B, R e

altered tphmrdmtxeek@itémmylg Ilght enterl ng the eye to be focused correctly
on the retina. However the ker haki a tﬁchnl ue is impractical

conpl i cat ed, HiEhough, Bhatproiiadixe, Ef§ ctpgy oam, BF Peed W GPRITCh St A §Y e Sullating ng a
speci al | 808 mlreiopazpuls Ttog6'd’k§:ﬁé'r§'d?rin'e%sos1ffﬂ?ﬁn§%ﬁle%rp ﬁﬁ‘éﬁ%ﬁm ay@fwlﬁteeﬁ i's
required to either maintain an assortirent of many ferent|y shaped

| enses, opstigmetés W&timv@ﬂ whiclygre motepescyere b methad ipmgHeafize engarsaing visieuch as
a cyrol at he h 8RS, jo the
cor nea. g‘r I'ca tec ﬁ?%ﬁgg?ﬁ@gfﬁ%%piahgotse 8&3?{"?%@?&3%{%%{5%8%0”er
wavel engt tesi effestive irocomediigyhighenyohiapd Gflioptes a@renta, aldsis alsoeinkffietime i-or
exanpl e, exciner |asers, such as those described in U S. Patent No.
4,840,175 to Peyman, which emt pulsed ultraviolet radiation,




VI aO 001 51682 PCT/ US00/ 05284 -4 can be used to deconpose or photoabl ate
tissue in the live cornea so as to reshape the cornea, Specifically, a

| aser surgical technigque known as laser in situ keratom |l eusis (LASIK) has
been previ o0 §0/4e82el oped by the present inventor. In thi sSPERESHOHAE, a
portion of the front of a live cornea can be cut away in the formof a flap
havi ng a thickness of about 160 to abthat 180 microns. This cut portion is
renoved fromthe live cornea to expose an inner surface of the cornea. A

| aser beamis then directed onto the exposed inner surface to ablate a

desi red earisaing ssvere petigmatism andsevere formp of lypeHAstbd arbhgpevasa.deep. The cut
portion is t t d er the.ablated portion of the corpea and
assunmes a Sh;ig&év{:vgﬁf %‘?%?ﬁgte?h\é“ 548 gtoﬁecogﬁzfq%e cfbcof?qrﬁrf.e"%vé%? ,OI}because
only a candtmipia tam@eniin dégre Focexample, e tadHnajue tndivh BOMYopib RerbtBAMERNSE COr nea
becom ng unstabl e or experiencing outbulging (ectasia), this technique is
not es peﬁ%‘ﬁ??t%?? @C‘{SFQ,EP Py 2oy FM‘%°§/&F Rt ghthelisisi camegfpm the maint ypi cal
live cor i § i RO ' al| ' pon
t echni qugeb@tr?oeﬂqﬁfit?gé@%/ﬁgr?&gt I eagg 5%8%&? g%%g&r%aggrgﬁ?nggmlp Lag&g%r%e% 5!&9 roma
remai n awhese ittip eutzind seshapedi Altstingthetshapewd thenent pomtion @l tHei coyneaobanges thel gi ng

i g my st P s I o Bn RN e SO Ao ey B B

cor nea téutpbmtiosiefthe eomes BI6aKkst. tTheatshfedichSpdridd Sfthé Y&EmEAYen $&ttached O

suf ficient correct the focusin the eye, too nmuch of the cornea would
need to Wetk‘glﬁ‘?aéﬁ BOFHIOR-QF, sy ]évse ¥ ng‘gﬁ‘f"‘f’ é’cﬁrfP'ﬁB‘i%‘ tf‘@)trtgﬁﬁ?ff‘?g?fi FeTER Mk al

cur vat Ur ghangeifhb pdsitiéd&Sehictl &€ Qfgﬁte&te’ilﬁg\ﬂee ey rtﬁ‘rog? el Regbrlith I foeusbfilsent No.
4,994,0S8 to Raven et al., U S, Patent No. 4,718,418 t" L' Esperance) U.S.
Pat ent Néat pefelly thedightis Baupssion thq retina, thugjremedping dhe amqiropig cguition7s t o

Peyman, and upl L Gat) : : # b :

" Ker at om | euzll'}gé g‘kgﬁﬁe%egﬁq%%yﬁégﬁgc% u?ﬁéeﬁ(@%it%eﬂg{ %gerc g{é%ﬁ SN o mXB%ngi a". A
C. ~nti ncondBionewithinhkaugfecof 6 te k8 dibpsters.o Hovaypr atie thelrdgeds impracticalrbeeauke iter y
severe anetropic c. ~rf_di t{ons.. SUMWARY, OF. THE | NVENTI Og\ll ccordiqr;ggI% a
primary GBPIR¥ Ve tompliseted gnd timf, eSTBRe; Tecphey Fig & EIHAEH can be
used to RgHelMoreOtHReREhnidte iglikbfRctivet ihmbheaas%eﬁ%@n@icamtm deanbask s
associated with the wo oo/sl6a2 -5 PCT/US00/ 05284 known techni ques

di scussediont§ve, to thus correct severe anetropic conditions. Another

obj ect of theglnvenht L i : i tinfasgicon the
surface of tﬁ%bﬂ(a:%égneaaogné&rﬂyeegh%g% %‘ﬁ%on t gfgﬁfélg%cgﬁ%ge‘?ﬁe cor ga SO
t hat t hecaelitions ofithe dyaby altering rtieef shbpe eftheeyeds compedi fIin ¢hds fschrdquetan apfifieiadnent on

the cornea. A further. object.of .the invention.is,t r.,ovi de met hod for
nodi f yi n§*&eNE ogﬂaxipgg&leng&sl W@@SH‘?@& dbeycoﬁécﬁgogm rea%gllt%éhets?i‘%gc 0351}{3 S e(pg)l aced
on the syid AR Hangd@s Lrbi¥RtiGOPORar. Atcordighpas Wilte teo myofici keratomileusisher
object of the invention is to provide a nethod for nodifyi n% t he f,hape of a
live cor tehnigye, feisoigsirpleathptathe shepe afjthe porpes bopliaed toor dedsersalloying, bghtc e
under neatPeer [ ' HResed surface that can be reshaped
whi |l e onte'?ﬁgﬂéeéggg%g%seS%‘Ylgéggc?ﬂfgceté’%gpi ng the device, the exposed surface, or
bot h, and repHswevasnthagkerdtephiakipctechmique ishimpraotinlnicagphenatad, gnd ofxpensive
reshaped.devi ce_so. t hat the .reshape Is X . r h,

i nfl uencé’ CPR rseﬁ‘é’f)ees D ufaﬁﬁnpﬁéﬁ%%cfds? %éﬁéq?nﬁgnggtéﬁgllﬁ&%%?g@%#% ﬁ%@%’er

obj ect ofHeénbE d dtivgsohiioequired € pithey nthintdin Bt dgdinient ofrmding \diffigeritlyeshapeipe of a
i ve cornea by renovi a layer of the live cornea to.expose.a surface
under neag?ﬁsesp P‘é\%lfeﬁ&t‘é{ag’r’@‘f‘ség‘%feca&i’ﬁﬂE‘IJI@W’&%YG cgipment sugh aﬁr?rfé’foa\?aq‘if -“"ahh‘\g‘ped

devi ce, QfnbdEse8¥ AR e 1614pHBES, inRAfdn P BRIcbimeal Ng the |ayer of live cornea
over the device to_ influence the shape of the |ayer and thus the overall
cornea wi t houfSwgiral tpsknigies dnyolideg the gise eSpirpeioleh andshopswavdiingiclasst 1o he
cornea orm{ge tﬁ@mags of fHa&ofh o0 bR € Fof eRinth10ARbiRRE iaXer?,Il%‘héH mﬁw

providing a universally sized ank nmade of organic material, synthetic
mat er i al ,desaribad dpHiS. RatenoNo.of, 84k Jarte & exman, syhiethemit oulsed vljauiolet ragdigtionan be
pl aced on an exposed inner surface of a live cornea and ablated with a

| aser beamto be altered to a particular shape. The universally sized bl ank
can be porous to allow oxygen and nutrients to pass there through. Al so,
the bl ank can be nade fromliving cells such as a donor cornea of a hunman
eye (e.g., as taken from an eye bank), or can be taken froma cultured
cornea. The bl ank can be di sk-shaped, annul arly shaped havi ng an openi ng
therein, or any other suitable shape. A flap-like portion of the |ive
cornea is renoved to expose the inner surface of the cornea. The blank is
positioned on the exposed i nner surface of the cornea, and a | aser beamis
directed, for exanple, onto the inner surface of the cornea exposed in the
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bl ank, onto certain portions of the blank, or both, to ablate those
portions of the inner surface, blank, or both, and thus reshape the inner
surface, blank, or both) based on the type of anetropic condition (i.e.,

nyopi a, hypewenio@iget astignatisn) of the eye needing corregg*@goom'mg
flap-like portion of the cornea is then repositioned over the remalning

portion of the blank, so that the r emaihi ng portion of the blank, abl ated
i nner surface, or both, influences the shape of the reattached fl ap-Iike
portion of the cornea, thus nodifying the- curvature of the surFace of the
cornea. TH® *t?rﬂs%fgﬁﬂsd;wm"émf REgieablpfs figsus ibthp dve caskrarse atiorreshane thecames.
anetropi ¢ condggt. 0j ,gbq'hg j il obj
ects, advant ag%%e'?ggﬁl(ijy ’gg%i@re%?g@ég%ms 0 ‘h}%{%setl%?i@esﬁé‘ E%@éﬁlte?%%&vm )becoma
appar ent hasoreen Ipeeviayslyodevelgped tyathe @bsete Saventor.i dm thisvtecimiquet akertidnnof the
conjunctign w.th the attached draw di scloses. preferred enbodi nents of
the invenﬁf"gan?@ﬁ?faﬁgnmeﬁﬁﬂﬁy&ﬂ%mmﬁ@ggﬁg81?19?% REW K81 he
drawi ngs uvuch8d aticrons. pahis cof pértien & tefioRed frOnSHE VivelcBined k@) expbsé Gn anrek de

el evati onal _vi %i n sect‘%:rn %aﬂken hr&tigh the center of an eye showi ng the
cornea, piisfare §hle FURER Afager bsam is thendirekicd opto\he qxpessd danep srkihe AbiA? of a

uni ver sal ddatrad kmae Urdhd thnkOsurfiSe B &5 850-180MERds Ueep. FiTlle o8t hottin §d @BA
el evational view of the enbodinent shown in Fig. 2;” Fig. 41s a top

el evat i ongsettashedovsr thengbladedopndtionesft the peswpr and assugnes 2:shafieccon®rmingdo dhat of
el evati on ' h.section taken through the center of an eye show ng
formati onal(%fawgé?lpglg{oﬁi ke structure at the front of the cornea; Fig. 6 is a
front el evati diiabever,checafse tdndy aocanam amourft | &fpedmdaccat beiablated withdudk@e al ong
lines VI-VI (n Filg_h 51;) Fig. 7 is a side elevatjonal view in section taken
through ¢ PSR E9thgy Behmiis msiable & STRGHGREIR ¥ PUEIE (RESEM SRR oned
10 exposen@fespdit®ly cBeéthack c&@ec‘iﬂ@v&gr})ﬁ@%y@iﬂ- TRat i aatg}?l@ﬁl 1We%fhe§"§13% .

t 0 d” showi ng

el evational viewin section taken through the center an eye an
pl acement avsrage dbous 3RO migiensithigk. Thedasen phiationdechbiquafeqsimswhatiahlemt gbowe 266 t he

exposed Siﬁﬁ%@gﬁgfq{xe Edtfiedt QMR remain D W glﬁﬁ%l?g%zérh@gtgé Q3 %tﬁa% u@ta%{lletg a-’(ﬂ)? :2

enl arged si evational view iIn section ta ough the cen

eye and i bitbdgingtdoergndt lwecun.niignees thiis procadkrestaonat b effBitiyely ispbii ¢cdnertcldglon t he
exposed surfacefof tthetgco[%?a' Fig.C 10 .0 s a ftr ont el gl\éati onatl %i ﬁw of the
cornea wi PHORIAST FRFAR AN 1 ARRIETHPEAER " RIFHS T %%%cs QNF ale™ 1EFED as
t aken al opdedshriy@s alerttsirbfrdctite pdver kb 8 toklffickenfly c@fdcbthg €stusinglof e @ygttbonal
view in section taken through the center of the eye showi ng the cornea and
the irradmaeh ofthesormeavepuignegd toheshlatede uni versal bl ank positioned on the

exposed surfac]g,jaggl‘gletsh@f RASWRE Rechiibbhs be &Milli_{y?rggr @(Slrgéql oRHARONaRE L ehosent er

of the univers l'ank by the |aser beam I's a reduced front
el evat i ondiscugsed\atove, ateadesanibed dU.SnPatent il 49P4AARE todkavan gt Pnd). 5. Ratent Mol 1- X1 | |

(N O 188G b Sl SHATHEM NSSr Y | BMBlek! GY0 U PalhA RS, AN
cornea as ‘takKen al ong I'1 nes - In Fglls;
4,840,175 tc Peyman, and a publication by Jose I. Barraquer, M.D. entitled "Keratomileusis
and Keratophakia in the Surgical Correction of Aphakia".
A continuing need therefore exists for improved methods to correct very severe

ametropic conditions.

SUMMARY OF THE INVENTION

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

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



Fig. 15 is a side elevational view in section taken through the center of

t he eye showi ng the cornea and the flap-like portion reattached over the
exposed surface of the cornea and the renai ning portion of the abl ated

uni ver sal blwokosiegen in Fig. 14; Fig. 16 is a side el evat pOnakonosmse i n
section taken through the center of the eye illustrating ablation of the
uni versal blank as well as a portion of- the cornea bel ow the bl ank by the

| aser beam Fig. 17 is a side elevational view in section taken through the
center of the eye illustrating the flap-1ike portion repositioned over the
remai ni ngmpwtchwquﬁs disqess¢s] ahake, imduabireectodveroamétmpicadonditienc or nea; Fig. 18

Is a side el eyat] o Ml | n.secti t ak t hrough the center of the eye
showi ng t he cgghglgpghaéét(ﬁ\é&% rﬂlrvgx(’flfoéltl?gﬂ c(?f’ﬁé“? g\?eéjegﬁgéﬂ]%ﬁrpoﬁm%?fﬁ%l"‘é;lepheraI
p]?rtihons smfadehﬁﬂmﬁmga_aardsh@pgthfohttt@uﬁbml | dfitie @i darsottlltiaﬂw(m&et R d,e;whrfaCﬁ
o e cornea; : i S i de el evational view in section taken throug
t he cent é‘f{]mﬂff’ﬁﬁgfé@%mqﬁépawap %WW°?H@°B@E?‘i ons of the universal

bl ank by irradi fith&bbpdct bftee hﬁ%&[onh@?d*?x%ﬁd% RN d¥oF inddifyifle el Shpeldkd S 2
reduced front el evational view taken a on%‘&l ines XX-XX 1h %I g. 19; Fig. 21

IS

i s an enlliye germeahusingsrodavics that can kaplacgi en thelsuriepelof thedivixpmzxend nestrped 20,
WO 00l 51@@&e CT/ US00105284 -g Fig. 22 is a side elevational view in section
taken through the center of the eye showing the cornea and the flap-1like
portion reatt tlhedurtheeobjedief the rozadbrsivtd groeidod niethod darmedifyirpdhe stepe efrai ni ng

portion of, the unjversal blank | at ed b he | aser beam.as shown.in Fig.
o Fi g, SAeemen by s AT P e fPER SURPYS f PREACHPORBIPIEE enter
of the eygvigh @Wtﬁwex?bsleﬁtshﬁﬁbe(lﬁat REN bé edihapRll vihile ot The/@ipdedd ukfafk réhspidghe
exposed surface of the cornea below the blank by irradiation_of a |aser

beam Fi dhe devidesthe expoprd surfaapaer bota rnd fepoyitianingdhe faym ovendenromainingperiione
over 1 he e BeE UAMCA G RshiERe BBiel Lrpdehd kb or o, e R e o
uni ver salshigeafithedsyen bddthecthbyvardlecdrmmer beam as shown in Fi g.
Another object of the invention is to provide a method for modifying the shape of a
live cornea by removing a layer of the live cornea to expose a surface underneath, placing a
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 conea without the use of a laser to reshape the exposed surface of the cornea
or the device. N

The foregoing objects are basically obtained by providing a
ination of organic and synthetic

universally sized blank

made of organic material, synthetic material, or a comb

material, that can be placed on an exposed inner surface of a live cornea and ablated with a

lager beam to be altered to a particular shape. The universally sized blank can be porous to

allow oxygen and nutrients to pass there through. Also, the blank can be made from living

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

from a cultured cornea. The blank can be disk-shaped, annularly shaped having an opening

therein, or any other suitable shape.

A flap-like portion of the live comnea is removed to expose the inner surface of the
cornea. The blank is positioned on the exposed inner surface of the cornea, and a laser beam

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



23; Fig. 25 is a side elevational view in section taken through the center
of the eye showi ng ablation of multiple portions of the universal biank by
irradiation of a |laser beam Fig. 26 is a front elevational view of the

abl at ed uni veweadssibt2ank taken along lines ~VI-XXVI in Fig. 27 is a
side el evational viewin section taken through the center ‘fzatf%&m/gV§

showi ng the cornea and the flap-like pation reattached over the exposed
surface of the cornea and the remaining portion of the universal blank

abl ated by the | aser beamas shown in Fig. 25; Fig. 28 is a side

el evat i onhlanknoaw deﬂmﬁ@ﬁﬂioﬂﬂoﬂtﬁl‘@l@nﬁ l_F 88480 abiGte & W ng

abl ation mul t.i %'hsaé‘BO ti ons of the uni voersgﬁ qﬁgﬁéﬂgﬁ%&%ﬁ?ﬁ% ace,
irradiati forgbq B Ffshape ghe fupes surface | blenkelog\bath, dresdd o éw dype €Ct i On
t aken t hr ghetopid\@neRivh @i, OhydfiE Y& Q%&ﬁ%nu g and the flap-like
portion reattached ove? theyei?‘goggdo%ur ac ‘?g?%(g{@%re % heding Somse LPé’mau ni ng
portion ofha Hep-likq M‘%P Hhesgorneasis Mabmsltb;zed breer | ths esmdigiagnpagios ke | N

Fig. 28; n n _section t hr ou t he
center oflﬁ esge’é@ Fow ng %ﬁc}rﬁi{f%éntﬁeﬁl 111 sé‘lﬂl % Qﬁg"‘ﬁnmé uences the
nonsynmet shiapeabf the mepttachey ﬂapmkel ipaition rof e amheaﬁﬂfas Bﬁﬁﬂkmﬁ'tﬂe cit¥atl® oF theduced
front elevatio vi ew the agjf%&d unij versal bl ank taken al ong WO
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cornea and the flap-1i ortion reattached over the exposed surface of the
cor nea and thé)‘-FQé”rﬁthSngd%ﬁﬂg‘?sohndoﬁh?m@ealmwef ﬁl&lprtslearulnvmwab\hhtbecbnw t he
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abl ated by a | aser beam

BRIEF DESCRIPTION OF THE DRAWINGS
Referring now to the drawings which form a part of the original disclosure:

Fig. 1 is a side elevational view in section taken through the center of an eye showing
the cornea, pupil and lens;

Fig. 2 is a perspective view of an embodiment of a universal blank according to the
present invention;

Fig. 3 is a front elevational view of the embodiment shown in Fig. 2;

Fig. 4 is a top elevational view of the embodiment shown in Fig. 2;

Fig. 5 is a side elevational view in section taken through the center of an eye showing
formation of a flap-like structure at the front of the comes;

Fig. 6 is a front elevational view of the comea 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;



Fig. 34 is a side elevational viewin section taken through the center of
the €ye showing a central portion of the exposed surface of the cornea
being ablated by a |aser beam Fig. 35 is a reduced front el evational view
of the abl amasloomigmased surface of the cornea taken al ong Lrawsgsoddegré XXXV in
Fig. 34; Fig. 36 is a side elevational view in section taken through the
center of the eye and illustrating the-Mni versal blank shown in Fig. 2
position on the abl ated exposed surface of the cornea and abl ation of a
central portion of the universal blank by a |laser beam Fig. 37 is a side

el evational viEig 9 i e enliged sidakievatibhdl 918 insbRios ekeR thrdligh ioeRiEoSHQYE N t he
reattached over the exposed surface of "t he

cornea and f,hgsp- |.i k(ﬁwpor,ti 0{1 ed . t

cornea antPdiffistrating thyi Wivepst blankshopmiip Eig, dinpsitienad an the kxpesedassirfaceef y t he

| aser beagpngea; shown in Fig. 36; Fig. 38 is a side elevational viewin
section taken through the center of the eye showi ng the cornea and the
flap-1ike por tHigrOrigafrontctievationabyiew o€ theycomsa with dhef wniversef blaiepresennaethand t he

remai nin Jelils fhdrOlF MR : nK. aftef a central portion of the

uni ver salge)@ anl? a%cg a&ceﬁg%%/rpép%%lpgéﬁg*%aﬁé%bl ated exposed surface of the
cornea have bekig 140k ah eolaigyd aidt aleatiohaiavigw i @céh iakerathfouge Rl Ri®E bDMal Vi ew
in section tgken thré)#gh tg center of the eye show ng abl ation of

peri pher aYe5B0Ying the iradiatign qf ajfaser Rnitke wieersal Blsaly positioned

abl at ed eg 86 8fboSell Judfas: oTfthd ddgnegOr Nnea; Fig. 40 is a side elevational view
in section taken through the center of the eye show ng the cornea and the

f1ap-1ike por tHigr2ribestretes pletiomes thetchpterofitsswivessal blanebyothe {aser beamnea and

Shoan i 0 F g, 161 B AR Y3 OB ptterbl B W RERE"
ornea and 11ap-11ke. portLon Leattached over Lha cxposed surface ol the
cor noa and t haiFeiit A FUSBOL EPBACPATEET 1 e Pt a5 carics 4 (6o SRS 16  pher y
of the unkmengwlin Bigak and a portion of the ablated exposed surface of the

cornea surroundi ng the remaining portion of the blank have been abl ated by
a | aser beam Higgl5 4pajsideqelgvationad|vigpn in ¢ention \thlkepy througl dhe eenteragéethe taye ough

1, £ SRl 548, U A S RORIERE 5] Ll R s,
of the unindahsmimablimgportidn afttheebiatddamivesshl Eardcshown & Fignikslynmet ri cal manner by
a laser beam Fig. 16 is a side elevational view in section taken through the center of the eye
illustrating ablation of the universal blank as well as a portion of the cornea below the blank
by the laser beam,

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

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

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



Fig. 43 is a side elevational view in section taken through the center of
the eye showng the cornea and the flap-like portion reattached over the
exposed surface of the cornea and tfie remaining portion of the universal
bl ank after \gog(ggg%on of the abl ated exposed surface and UgpdMEdosad sl ank
have been abl at ecl y a |l aser beamin a nonsymetrical manner; Fig. 44 is a
side elevational view in section taken ghrough the center of the eye
showi ng the cornea and the flap-like portion reattached over the exposed
surface of the cornea and the remaining portion of the universal blank of
whi ch mul tipl e |prid ang RVE.A8&HI %Qhﬂheﬁecﬁé’n @ak'eﬁ%ﬁ'f)u T ce@cg of 4 lee @
side elevational view in section taken through the center of the eye
showi ng t hehowingrthecaamrs and therflapdike peation mattaqhng peeathecespesdd ewtace pfithe esypess ed

surface of ' 'gg RO ' o) he .uni versal bl ank
after mul t‘?*‘gﬂg" %ﬁ%@g# Pﬁ%’{’ gg:?gr?éé poraﬂa%e(r%%gfélfk erebfﬁlgsag(:?ﬁoswurr’f’h € and
mul tiple pi®:tions of the universal blank have been ablated by a | aser beam
Fig. 46 is a perspective, view of another enbodi ment of a universal bl ank
according to tﬁ:rég'p?:seés_e?ntsmierﬁ??ﬁ?‘?'@ﬂ;‘”eﬁ B segtion taken fﬂ!“SP&h theetputsr °§HL° eye
enbodi _rrents_hﬁaﬁlg%b'ldi‘ioﬁ 16 poftns b the hivetsil BlahO bhd MeVexpiie@isuithte GHOULMBNT
shown in Fig. 46 as taken along lines XLV>II-XLVI11"in Fig. 47; Fig. 49 is
a side el chedow thadlank byirddintioeof 4 leser bedrsn t hr ough the center of the eye
show ng abl ati h P ce 1 h r by 2.l aser. be to
di fferent dept %Sgoslél Ef. Eggféi cg&gg?%g&%g’d ?%H{m g?kggvtgrﬁg%éwc%’ rea?fa et%g‘lken

al ong | i neshoWihgihe tomndal aprd theFlap-like\Ebifion behtifiched65let tieSAPIBD ltface df theicGmed 1 i S
a side elevatjonal ,view in section taken through the cepter of the gye
showi ng t h® v&a@grgnﬂr%wfimq%%efsaﬁﬁaﬁﬁ%%ﬁ&%bx@mp?%whawnﬂm &
exposed sugf.ace of the cornea after the exposed surface has been ablated as

shown in Fig. 49; Fi %:; 52 is a side elevational viewin section taken
t hrough t he cerftigr2%is 2 lsidecsevationshiviey itheection fitken dhrgughh thef ¢eaper [ofikthe s¥8 t i on

reattached_,over X f : . 1.he I al portion
of the. un; F0Ygig e SPERRREpSAORES Ol wilig BRAER, ARl LTI BLE POl
as shown i n Fi Fig536 isFa GontSAeviadoral siedeofethe \sblatednaliversabblahk taken telomg lineken '
t hrough th r .ot . the eye showing the cornea and the flap-like portion
reattacheqﬁﬁ&i's&mn%%gged surface of the cornea and the remaining portion
of the univer satigbpARKa ShRWlevatiodal Fiewtéh adctibh takes @RloG@ HROEdnte? bfCthe tehe :
uni versal blank and a central portion of the ablated exposed surface of the

cor nea havehopingthe perasacnd the fiaptlike pprtign sgpttaghed oves Ahg expesed syréace PEths cPBRR|
i i td ; ; t j { d
Vhe 1 ap g0 sl pAEBH 8wk 36 SR il N 1pOMafis BEwh B BRE 270

the remai n2§)g portion of the universal blank shown in Fig. 46 whose

peri phery has en,abl at e | aser beam. Fig. i si de el.eyati onal
view in secti ogﬁg'aﬁgﬁs Frﬁ‘%uegﬁ“ﬁﬁ%ﬁé’é% & Srgm? H%(eg 03%‘5%*%@6”%‘@%%? €% and
the flap-| sHovilOablation dfaniliigle pediony of the hdiverspiobletk sid doagea 1 irfabliatiGpoNga and
the remai ning _portion of the universal blank after a portion of the

peri phery bperbsamyyni versal bl ank and a portion of the abl ated exposed
surface surroungingo ting EBEvHiBSAl RAEW InPRedon ttenthARkh MR Berlt st @Blegbed by
a laser beam Fig. 56 is a side elevational view in section taken through

t he cent er showingthe egmeaind\thenileptlike pesionaeattached oMer the exposedisurfgrs of thereornea

ttached . a T ti
of "t o uni 08 85l RARGEOARE btrecl biahls SMQAR BERade ek BURANIAFRE] L 07
beamin a @&nsymetrical manner; Fig. 57 is a side elevational viewin

ti t ak t h th t f.th . i t th
i ap | 1ke porti B Pddt auireaeuoer it dx SHeh ‘Sir Sest 5 REEo B8 Hed ¢ he
remai ni ng mwih?ablmontdmmﬁwwahnmbmnsmw nanger WOradibtidn of Paseki on

of the universal blank and a portion of the abl ated exposed surface have
been abl at éﬁfmb'y the | aser beamin a nonsymmetrical fashion;

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

pm.ql




WO 00151682 PCTNSO0/ 05284 -12 Fig. 58 is a side elevational view in section
t aken t hrough the center of the eye showing the cornea and the flap-1like
portion reattached over the exposed surface of the cornea and the remaining
portion of Weeogis¥er sal bl ank shown in Fig. 46 of which rRETyS¥/@s280r t i ons
have been by a | aser beam Fig. 59 is a side elevational view in section
taken through the center of the eye showi ng the cornea and the flap-Iike
portion reattached over the exposed surface of the cornea and the remaining
portion of the universal blank shown in Fig. 46 after nultiple portions of
t he uni velires XX Rk XhaFigad% i pl e portions of the abl ated exposed surface

have been abl at.ed I . 1. Fig, .60.1s erspective view of

anot her errbod?ll;l 'n%i)g Lg?dlfnﬁﬂ?/‘g#lgrgﬁ?%“érl{kg%%%rtgﬁeﬁgh{% glfﬁlée fﬁng e‘htjt Fri¥€nti on;
Fi g. 61 ishowirg thertoradacand theaffupllike¢ipomtionireatthched ot dhaexpbsed Baateiof tHel c@rned0;
Fig. 62 is a top elevation vi ew of . the enbodi ment shown in Fig. 60; Fig.
63 is a p@rdstb%?%av‘énwm'b?afj %‘HPYF@%‘J E‘ﬂ'gb?fi byrthe;lagenibgarm anshopmAn Fig.
accordi ngzg;o the present invention, which is a variation of the enbodi nent

shown in Fig. 60; Fig. 64 is a front elevational view of the enbodi nent
shown in Fig. 8;3%Figa sgls ¢levagonad yiest dwy seatiomdnken thiqueht theh eenserbefdthaesye shown

in Fig. 6';5]?&]] | tiael i i rj.afl to

enbodi men{hg S omfﬁgchﬂéa%ngg{cr% 13%5,‘3%@;}1 r%l&gé.heé?sélystﬁ) é;ex Pyg s{él‘l?e\?a? Ithgncgf*n'égi ew in
secti on taidethetramainiplg pdmorc efi ther urdéersah bble afer] a spootionn of fHeapaiphery off the he
enbodi nent_,of uni ver sal ank shown_in Fig. 60Q.on the exposed surface
of the co\“H%eé‘?aﬁ Efaﬁka"@él?%u%f’qjél?'ﬂ %‘P%ség s‘é‘faﬁ%h‘évieg’\‘?%& *?D(lfﬁ%ﬂ bx4 ]éWri%ﬁa‘%;ect i on
taken through gife3£ @k &ideOdle@dRoY &idi Gh iskdtid® talah thebubh Shd! Bi&' §odhe Rlyank
shown in Fig. 60 positioned on the exposed surface of the cornea; Fig. C9

i's an enl shogunrg & seshiel nertiopaf theeaposed Einaes ofithecosraaheiagablered bia laser Reamsal
bl ank shown ' gk 4 is Bledb RN efRPatlolf ViOPORRIabAE ApBsdaN B or AR c%ﬁ%‘ﬁ’n 'n

Fig. 68; Fig. e elevational view 1 n sectron taken through the
cent er of takérealenglireh XRXNG XIS odfipedd; and the irradi ation of a | aser beam on

t he exposed suy.f . of .the cornea.and on.the universal blank_.shown in Fig.
60 pos! ti oned A Thi3 S SETOM e T oot oK) TRARER e F5ni0 o6 Koo ong
PCT/ USOOI ffud@4ting the universal blank shown in Fig. 2 position on the ablated exposed surface of the

cornea and ablation of a central portion of the universal blank by a laser beam;

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

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

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

Fig. 40 is a side elevational view in section taken through the center of the eye
showing the cornea and the flap-like portion reattached over the exposed surface of the cornea

and remaining portion of the universal blank as ablated by the laser beam as shown in Fig. 39;



Fig. 2 1 is a side elevational view in section taken through the center of
the eye illustrating the flap-like portion repositioned over the remaining
portion of the universal blank shown in Fig. 60 and abl ated portion of the
cornea. DETALSFAEBESCR PTI ON OF THE PREFERRED EMBQODI | vvI ENI & /fdoflos2ds | S @
side el evational view in section taken through the center of an eye 10

whi ch includes a cornea 12, a pupil 1l41end a lens 16. If the cornea 12 and
| ens 16 do not cooperatively focus light correctly on the retina (not
shown) of the eye to thus provide adequate vision) the curvature of the
cornea can be ppdilied §i@ cRYARRL Vibe ihobLRG kY& @l LG GPfReR.and
thus correct the manner in which the light is focused wth respect to the
retina. Askewingthe spmps andidlapdikg portion reajached eiver theisaphisad sitrfaoé of thecpnessdt

inventiong.s ilJduyst i L . oya.t uni.ver | ank
accordi ng&%egreiinh’lk]g%eﬂ’r?g%og?or?etﬂn Eﬁlg&%ﬁl § Laeﬂé ﬁ%%(}gggmf i soqghﬂﬁ?ly%?%%gapg aAid'3
subst ant i pbitign ofiiht @blatet lekpdsad sisfacdoDihig baméa subdunding e rahating perivii ofthe! y i n
Fig. 3. Specjficall the blank 18 has a first planar, substantially
pl anar, OBﬁg}ﬁE%‘{ez’ﬁ?lfl%hlqt Lﬁ@’%‘*&b%ﬁ!ﬁ’f ace 15, a second planar, substantially
pl anar, or subpjandijglal dd< eleVRRBnAWIERGE sddtionakbnthRRigh RRE c¥ntdOef thiaCeye
surfaces 15 and 17 are arranged parallel or substantially parallel fo each
i

ot her wi t shawieg the coprreand thoflanslikppoianreatiarkedioxer the expobrsksrfaceafithe cornea
di i i - e, : 15
B 17 andt{ e pBiioR 3t el AECRO R b bkl B 1 S b B BT

pr oj ect i onmpnerdy addbepain ons, or any variation in shape and texture.

Preferably, thg unjversal blank 18 .has a diangter of about to. gbout 9 mm

2nd & ¢ i tknesEieoio et AEEREPAYOY g 500 BT HrEBCE cerer gl BEeve ne

di anet er gRsvihPinelco@ss and thé NEp-HkSorGdhrp@ehchdi over thebxgdbalWarfadk Tk fencdf any
p

practical size as would be a&arem ated by one skilled in the art.

Fur t her noead the semaiping pertign ofthg yriversd lank aftere nortin of thgrabdated expesed isurface; s
preferred POV b j éIﬁJ;rt | 3Sin a%it WMU_I- .
frusto-cor??@a , ovg"aﬂkéic}ﬁgrg%?&?%ct nagl gfgéor ar%%/m%s act c%?ﬂlgﬁgeﬁ’e as would be

readi | y apprecFit ¢d ibya side ekkatlonaldview ihhsectiont takébhthrdnighntke T8ntersopthef eyeabl y

made of syntheti.c materi organic.material, or.a conbjnatio f _both

oynt het i o SHirio 6 sfes et ASk S Relyor et fe oyl o pRRBLER R FoBRE | § g
WO 00/ 516&zrd e téhizhias PoiSd of thé uhiaersdl Bhlank whwhick ngiltiple portibues havsbdehablapdct rum -
to pass throygh, but absorbs all or substantially all light having a

wavel engt BYi8SEr 4e8@er | ght spectrum For exanple, the blank 18 can be made
of collagen, cepolgnBra 68 LRIKBNAIPAEY ShhyxttRRCaRe BRouph Y deREebt thereye
cross-linked organic material such as collagen, hyal uronic_ acid,

nucopol ysabowiag thecomea andthe frplis portiengrepitasiedovertiie exposedrjusfage ofghq eprssr ous
to all ow gxygen . ' . .18 can
e made 1 AUNCE TERRGPE BBt e AR A HAE! BOYR bopdehd Br ok aRuBaich”, TR0
cornea. Hafehesxpoted asuifhcenind Ifultisle pottiohs of the dintvershlhisiank have deerabtdatedhylacan be
made of ari%/s sui table material, such as those disclosed in U S. Patent No.
4,994, 058 ‘#6 8&Pen et al, U.S. Patent No. 4,718,418 to L' Esperance, U.S.
Patent No. 5, 36 361s 4 perspactivetvievedf dnbther dthtodiniat 604 uiiGersal bBAL adcbhdingdto
Peyman, and a publication by Jose |I. Barraquer, MD. entitled

"Ker at oni |BYRIESOLAYENRERAt ophakia in the Surgical Correction of Aphakia",
the di scl osur egiDh7 W fedht He® JTeIRMboliRA! MOWALEEIg6; r ef erence herein. The
blank 18 is configured to be placed directly on an exposed inner surface of
the cornea of Fig 48yi¢2 bofomrdey of Srecsmhodimenh howmiadrigstfy pntakernplongh lingsor nea
of the ey 4 f the live cornea nust be renoved. To renove the
| ayer of t'he Ccornea, a %’roéedure is perforned in which, for exanple, an

i nci sion 20 i s Figad® isre side elavetidnapwietvi innsectfiort takerc treugh ths cehterwof ithe ieg. S.

Thi s incision, 20,1 SO as ta separate thin |layer 22.af the cornea from
Che’r enai RGP ERePLore ERestd shhes ohBe Sofer e i 6 i Gireitdfal 1o
scal pel , ker at (g 50 @dxcdied frameliow 6fthedbyndap ke alony 1ities 30-50 i Fign®;

i nstrunment known to one skilled in the art. The layer 22 can also be
separated fromthe surface of the |live cornea by any other nethod which may
not involve nmaking an actual incision in the cornea as may be appreciated
by one skilled in the art. The layer 22 of the cornea can be conpletely
removed fromthe renmaining portion of the cornea 12. However, as shown in
Figs. 5 and 6, it is preferable that the |ayer 22 of the cornea remain
attached to the nmain portion of the live cornea 12 by an attaching or

hi ngi ng portion 24 Accordingly, as shown in Fig. 7, the layer 22 of the
cornea is fornmed as a flap-like layer that is pivotally noveabl e about the
attaching portion 24 to expose an inner surface 26 of the cornea. The |ayer
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surface 26 of the cornea. The blank 18 is then positioned on the exposed
surface of the cornea at a position deened suitable by the person

perform ng the cornea nodi fying technique. Typically, as shown in Fig. 10,
t he bl ank 183v@80/53682i t i oned centrally or substantially centPCH/USPOBF84 he
exposed surface 26 with the central qugitudi nal axis of the blank
substantially coincident with the central optical axis of the eye. O
course, the blank 18 need not be positioned centrally on the exposed

surface 26 as shown,, but rather, its central |ongitudinal axis can be

of fset from t h&&ettisa sidpieivational viswoin sepidoropken dthrevghntssienten ofl tmn eyehe
exposed Supdwing tbumbertd) BlaR iMRRatkd in FRE 4 ! | can
be nodified suffici en?t ly to ilnfl ﬁenéne ﬁeﬁgﬁé}ggﬁf@ﬁg%ﬁ%g ?ﬁkagglog?gcr 22
and to thgemenafiethegxposed syrface hasdegroablatedods shomen frl Big49% ke | ayer sufficiently

to correct the ram i: f the eye 10. Cenerall very 10 m.cron change
in curvature of @)%2 lg?r %1%% e\fl)ﬁv?t'onglhg%‘élemt %?8*“%“54‘5%%‘%9@@\%‘?“8? g%ﬁ}ée &6t nea
by 1 di optskéwing tie corraphdthe figp-tikopdttionrebtt@Bed dvbr fé expostdsitfacd AR borhéa
directed to ,the first upper surface 15 of the blank 18 that is opposite to

t he secondnd Hhegemainingnogionofdhe yriverss] hlank illystrated in Bg s46asablated tonthe faser
exposed S‘ﬁ%&ﬁﬁ?si%@n%Fi#f‘?l-cornea 12. The |l aser beam L can be emtted from
any type o aser 27 typically used in eye surgery methods, such as an

exci ner | aser Eig. @B isheeside lelevatondesiewi ipestction k& tiRanghnthe Nenter} B4, dyeb. As
shown in F.g.. 1 t he | aser .be Lwll begin to,ablate or_ero an area 32
of “the. bl APRViES Bieoien a5 B 8o AEbportin.isp Ao el 1 PPOGA St St FmBr ¢ pe
bl ank 18 taad eirehaihing pbAen bf the afiversil Btk SRGER Fig d6\Witecdcentalgfoktinad thes

selected to, reng a specific type of normal ity fromwhich the eye is
sufferi ng.““ﬁ"&fsaje};j "= qepirlortsinat s Sb?%@i Fposrseuriacy ofdhe e%?eaahwﬁsm:
condi ti on,ahiha pyadferit@an L Wi Il be directed toward a central area 32 of
the blank 18 so"as to ablate that central area 32. As shown in Fig. 13, for
exanpl e, the bFig 6418 4 sidelieldvatidrabueidy mngectiore takew shrapght that cepter ablithe eyk i s

circular ip to | an vi ey.a .S at .least initially in the.formof a

Subst ant | AhyBR R St apied Hon e Bisiot Bk el b Bel PERRES R bodip o e
can be anymd@s refdintlizgRetichesTabe@iVerdad bRAE SldwrCiaIHig 16l vibse beripheryak hee!| ar
abnormality of the eye. As stated previously, the blank 18 is nmade of a
mat eri al taaketedfyiylaskhRBM al | or substantially all light having a

wavel ength w t ki h Mol r 4T f hol682
T Usod! poota Tl 5 8 FREElevRRHL SRACH Wilion ARERBbG P{ﬁ:&ﬁtleé\r?f%? 7 one
or subst arshpwingyhewomeaahd thedlapdike portiemreatidched pees thetepesad burfane ofthantengs t o

abl ate any ion.of the.co r i d,
Fhe mat or 1R Wb ' BheiSihe RGO B ubfrersHOBEKE ao”R IR OF B Bl RS

havi ng a watvweksahbiaak vind hd portitee of ithé hablated i eyhdsed parfhoeusurioanding shet Fearaitifig ough.
Hence, as shown in Fig. 14) the |aser begmL can be directed to the blank
18 unti | t??émﬁ'cﬂflélieeﬂa‘g‘é}ﬂ’?%ﬁméglétﬁgg%aﬂ?é? *a hole with a fcustoconi cal
wal | which passgs siis 4 aldé didvaeral viehe ikfibn ldkeh GhRUBO TR SenBPrdfi tBE epé of
the surface 26 of the cornea 12. O course, the hole can have a

cyl i ndri cathoyingitheeasneaaad thel flap-likg pprtign reatipghed eves thegexpagefl surdace ghthe somes

shape as I %th @é&? A . i e or
essenti al }A%Hntg%%ﬁng;&% e slur?ftatgguAZXG 0 b?ﬁi%@n@?@?@%@r}hgtﬁg ?al}t %bﬁatgigfhe
| aser beanthe liserdrearntea haspmmatricaltmamepr ocess has been conpl eted, the
flap-like layer..22.0f the, cqornea Ls.repositioned over the remain ortion
of the bl ank 18F1§‘n%I‘Pfsh§sqfr q%lvc?go i E\ec&lSIr’n 1 Ogg‘h rsElEeO\‘?\‘/‘ﬁl,terf0 rtﬂgx tf“r'pl e,
llg Fi ?I J5?l:]oﬁ&g'thé bkﬁitéaaiﬁd%e ﬂdpaﬂcﬁipa?iien@éalﬂhd]ﬂ_ » dlbecﬁ‘mx' du'z:dggseﬁ@ﬁﬂfdcﬁmf }Elil‘e cbhxegllzl ank
Wi i nfl uence the shape of  the, p-like |ayer_. n the flap-like
layer is roptrapBeReEion pethp diyerpingaHs FR9"BhnoFis: ﬂg“ afipraf M@nacrfotLe
surface 26ufi{ertdBlaRaAE A pbrion HEMELabldtéexpBEddatthdecha0008dn Matéd by tHel 1ader | 1 ke
| ayer 22 will be changed due to this change in shape. The flap-1like |ayer
22" can be beanipaoeayymmetiabiashipnica 12 by any known techni ques such as
suturing or the |ike. Because the material of the blank 18 is transparent
or essentially transparent to light having a wavelength within the visible
| i ght spectrum visible light will pass through the renmaining portion to
the blank 18 and enter the eye 12. However, because the reshaped flaplike
| ayer 22 has a different refractive power, the flap-like layer 22 w ||
refract the light passing therethrough differently than prior to the
reshapi ng. Therefore, in cooperation with the lens 16 (see Fig. 1), this
reshaped | ayer 22 will focus the light in the appropriate manner on the
retina, thus correcting the anetropic condition of the eye. It is further
noted that the | aser 27 can be used to reduce the overall thickness of the

— e
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Hence, a SO0 micron thick blank can be reduced, for exanple, to about I|Oa
m crons or any suitable thickness by the |aser beam L before the laser beam
L is used to sculpt the blank 18 to a particul ar shape as shown, for

exanpl e, i n v @Psieskl- 15. Additionally, based on the severidgragoobsaes
abnormality fromwhich the eye is suffering, it may be determ ned that the
surface of the cornea nust be reshaped-¥®re extensively. In this event, as
shown in Fig. 16, the |laser beam L can be irradiated onto the area 32 of
the blank 18 until the area 32 of the blank 18 is conpletely ablated by the
| aser beam and Rigcifmissa aidacdievatidhal vipes BeecBEH taked YhrbighOhe heehiRe obliRNkyel 8.

Afterward, .t he | aser beagn Ld'és directed onto the exposed portion of the
surface 26hoVnghe cozaaand th flap-like porkpn reattached over the exmsedt surfage ofthe Fermen

Accor di ngland tiSremaRiME goRtidnl i theluhivefRER A holvh ' St bid oned
over the remaining ‘f)nc;grﬂti on of thevebl anﬁﬂél]8oan F#éggﬂtgggé%lgggﬁéﬁcor nea
12, the albiaue begnpyaiiserbedd; of the surface of the cornea 26 will also

i nfluence the gha f_t epositioned flap-like |ayer 22, sing this
techni que, it istrg' %tgnaeéﬂeags??frv jg/t“’t“ﬁltaf'lei”h’é‘ Teﬁﬁ?‘gk}?k?’s ﬂg?‘yg?‘h@ebqeﬁﬁz °gf§haogye
changed i nhowitgithe s and the flap-iiké poriofcbdithéddvet tha BGOsedIsurfate 5H@PEorAEa t he
flap-1ike IS er 22, ,Alter,natt{veln%, if Efggﬁgl ank 18 is bei n‘g_used to correct
a high hyf® TEMBYRE BT ofithe ufixersal b QWi I Fig A eattes anltiple gogtions ohe
outer per i@kfvers blale altl ABkpRDo  subfledT

di scussed above, the bl ank 18 ?sﬁ%yd\gﬁg%ggaﬁg%@%%Sﬂﬂa?ﬂag\?\jbf%&‘g sc?rlﬁsall
or subst artk¢ lasarbeasm;l of the | aser beam Therefore, as shown in Fig. 19

specifically, l i) at e t he.l aser but ..nope or
substantially tr? 'gaéﬁﬁ%é%gmefdée(ﬁg&%%%é ?rﬁ%o%%gfiﬁmﬁg?agﬁ%éc%%?’ﬁ@ d area
38 of t he thé prasentinivéntios; abl at ed. The | aser beam L can be irradiated onto
the abl ated area .of the blank 18 uptil that area 38_is ablated down to
the surface 26%&°%?FF€%WHJ€§3%H5W“E?F‘{‘%@% ti}@_“inénﬁl’%ﬁ?;i oned, and the
remai ni ng por t ipg 69%s Aop BlévalBndl Wikt (ke AntlddbtadnP GRWNGAFiSBGPE. O course,
the bl ank 18 can be shaped in any manner by the laser Deam L. As shown in
Fig. 22, the f [Fig6Biikepirspeetiveiewy of anathar embaslirent ofie universal bidnk acendingiiong
portion of : t r inin rtion, gf. the blank 18

i nfl uencesth(%ﬁesest]%g%‘téﬁ v?tﬁ%h lrQ g%%éilﬁ?flgﬁ{eﬂae %p- Fﬁ%féo‘fréﬁ? r'g'fg.’ Since the

mat eri al of th&igledtda fidht elevitioasl v efithe @mnbodlithait showindh Fig. 63;ansparent to

| i ght having a_; elength in the visible |ight spectrum_visible |ight
will pass throgﬁvﬁgﬁ@?gﬁﬁyqﬁpﬂﬁ"&&?ﬁs ‘_’“glpd{"'ﬁ"é‘tfh" I%nijg.%%-lomever, because
the reshaped fIFgbiidefbit¥RiatdaalNasy af SdrfafbPRithe GRBRThINESHINNRA F%g%f‘tfb
flap-like layer 22 will refract the light passing therethrough differently
than priora8§3i he reshaping. WD 001 51682 PCT/ US00/ 05284 - 18 Therefore, in
cooperation wi gy (6s b&RiR dbaliRfviehdin stdtionttie tﬁl%ﬁ%l@ﬂl%%enﬁy 6f af e d
focus the light 1n the appropriate nmanner on the retina, thus gorvee I ng

t he anet r chpwingpirdemens of the emhedimymt of Hie waiverselblankizhowmin Rip. 6foah the expiosean of

t he shape he.corn IS necessary to correct a nore severe anetropic
condi ti on,ﬁ{fﬁéeeq%glseecron%%am L can be directed onto the surface 26 of the
cornea 12 in oRigr6stivambilagel sdpeletationel 4iewoin debrin takenfthragk theasntehemda for
exanple, in Fig, 23., A5 shown jn Fig. 24, _when the flap-like layer is
reposi ti orfd8 2 ilusiratioe #&?rfﬁ‘i“ﬁfsﬁjgbq Pown Fig Spositionsd Qs EPQsRESSTHC e 26
of the cortigeordel; the ablated portion 40 of the surface 26 will also
influence the shape of the repositioned flap-like layer 22. Accordingly,
the thickness &8 -t4els igh galerced fonkeleyrsiona) evigvn of thgsrother withr the universalnbladas e
the degr eeuban WkiEhsd esehd dAind 4 ' .gh_myopi ¢
conditions up to 85 |of§itflec{alq§:ar¥5 séehg%l.?grcgcﬁﬁéég?a/&g‘gﬁﬁlgﬂgh@é techni que. As

di scussed abovd)g.ailyisposide elevationpbricivoinsseofiont takerb ttaobghl the cmntebof ald ageed t 0
a degree negcess to correct the ametropic condition qf the eye. For
exanpl e, as o‘gﬁlg\%lﬁﬁéllc?{nﬁ and .‘E"zﬁ”‘é‘%"zg‘g [aﬁ% beam op %i‘fl?f’?f%c“ a‘ffeo%tg? ETRE
toward a cadtonahe miiessaBBlani so@ i FRN K0 pSsifistdd ah S dxpuwRE Gurifite o8 theQbrdehte
blank 18 to ablate inner and outer areas 32 and 38. As shown in Fig. 27)
when the flap-like |ayer 22 is repositioned over the surface 26 of the
cornea and the remaining portion of the blank 18, the remaining portion of
the blank 18 will influence the shape of the flap-like layer 22. As
fu.,-ther shown in Fig. 28, any portion or anmount of the exposed surface of
the cornea 26 can be ablated as well, as long as a su~cient anount (e.g.,
200 microns) of cornea is left remaining so that the renmai ning cornea does
not experience instability or outbulging (ectasia~ As illustrated, the

| aser beam L can be directed toward the surface 26 of the cornea underneath
the ablated portions 32 and 38 of the blank 18 to ablate those portions 36

A~ e o o ~ ~ e - - A~ - A —— p—s




WO 001 51682 PCTNS00/ 05284 -20 circular. Furthernore, the dianmeter of the
abl ated section will coincide or substantially coincide with the dianeter
of the disk 18. O course, the shape of the ablated section 46 can be
asynmet ri calwo bmsiesaxanpl e, and can vary to acconmodate a dp&tuswerslag any
shape as woul d be appreciative by one Skl lled in the art. Furthernore, the
center of the ablated section need notltoincide with the optical axis of
the eye, but rather could be offset fromthe optical axis. The' edge 48 of
the ablated section 46 will abut against the periphery 19 of the disk as
shown in #dg. 36, thereby preventing or substanti ally preventing the disk

18 from novi glen e l.y;.0 urface of .the, cornea. Howeve t he edge

48 need not coré Zi:lt Est%uéc’}agn ?vragonazrv IThet >s/e° @’ltt%(e’ég‘?ﬁo %f%F?tﬁfLﬂfc‘E‘Fﬁﬁ? As

shown i n iBugratifg the tlap-likte pmaﬁrepammed abérahedmiatidgoriioi Teke GHivtdss bRk above
SO tha a recess or hole is forned in the center

W th reg dto 4

or subst PYV%I“t g,%)atnaébé ﬁtP@’F‘oBP thg&omemnk 18. In the exanpl e shown in
Fig. 37, the ablation is stopped at the exposed abl ated 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
remai ni ng portion of the blank 18 so that the renmaining portion of the

bl ank 18 and the central portion 50 of the exposed abl ated section 46

i nfl uences the ShBPAIKED DESCREFFIONIOPTHE PREFERREDEEMRODIVENTS t er nati vel y,
as shown in Fié%g. 3 8,. thlg | aser beam L can be directed onto the blank 18
and the exposd&de d0F asidg elewrtions)yions i sgetion faken droughthe eanter of amgye (Pleieh hed
above wit g Y arfd0 t{g S, p 0 t ted
oot on AGDRAR ol 100 phpl IR aidOh e 1817 BePQihdallz 38 sl 178 2P
section 4®opustivsly Eqsuethehr epyregily onrthel rt@tmas(npfod@vm ofl tbeifeye ¢¢ dbus pravidnt

(e.g., ab npl e,
the remmi a%?‘ﬁ.“ageg‘gsr‘ on 0 tnﬁg ﬁ@ ﬁﬁi% gn#%ﬁeﬁeadtﬁg& %lt por %%’H{’%é&%@?)éfhe
exposed atht adreeh and tlivs correbb themidnnerin emchhlm lghapéoonﬁed\hﬂx febpuot foithecretimyer 22
when the flap-]ike pOsSi ti one e blank 18 and.the exposed
surface 26 of AP¥ @ﬁ?ﬁgﬁkﬁ%‘:@ aﬂexpggﬁm Bﬁé’rﬁéqtl%‘ﬁ@f’?/“ Bfﬁ‘tsﬁéte‘ﬁl ank
18 can beinqi? satad AJShbRE, HERGErsS rbmnketcotcang 3athis GBS uRRACIS ARRWRapti 't T €02 d
to Fig. 21 shown, none or substantially none of the preuvi ously abl at ed

surface 4s@funifheon expbstartially uniform thiskness disbughewt, a5illasteatad-speqifienllsia Fig.
Accor di ngly, p o) I 18 and
t he abl at%e pé"g?faﬁg’h\{ﬁ}élé)}ff e ezgﬁf)sgggmsﬂr g{élelp%![y E%‘&eakC‘S(;ltrs(r%ie)sat&?1 Sglﬁg%s t he
shape of §dﬂﬁcé L5 becksd playey sx%ﬁtauﬁneuy pliver, fdrapbdtinkielly ayreed sm'facepds ad aned
over the bla d 0 face 26. 00151682 /05284 -21
Al ternathFé'ﬂpg 3@ %ﬁfﬁx‘%szgé‘ngﬁ are arnged %M\gh%fuif%u %igpge%af on 46
of the expn&sgitsihe pefighedb]l TodindPerpehdicaRf oﬂéﬂbﬁhﬁdll?)ﬁeﬁ:bﬁﬂt&tﬂﬁ&b ohearmbothn t hi s
event, when _the HFIHQ ike layer 22 is re 05|t|oned over .t he expqsed, surface

26 and t httrfegsss lboﬂfucewseeheﬁurt%s gtk 17 Ré theppeaipberypkh P‘?eérthhe and
remai ni ng u I lahi e

| ayer 22. m%g)rn?'u@? ﬁgéld tshﬁﬁvﬁ E%ﬁ@%é@;écﬁiﬂs %ES@@ %%gss B’g?ﬁ/ 8%11-1%1‘888{115@%%% 18

al one or B:xtmthmferabﬂy,tthﬂembWIsﬂkb dﬂchaaameﬁeowaBOMM tohabout9 mmedndect i on
46 of the_,expose urface e

nonsyrmot HRBrs RSP RERg0dS At SOGRIASR, DR phlh B it 3fla Woidess of
repositi oﬂﬁdhsk\sﬂﬁpeHMVemﬂdﬁa&ﬂ 18 et beef 4§ pﬂmicat kiee asonmildbegppoeidtsddy ané t he

bl ank, the e of t enai ni orti 8 and. .t he abl at ed
portion 5 t@ﬁ@@ ﬁﬁ"é{h tﬁ?“ﬁhgstl%izﬁﬁlqeﬁ‘gn?tqife?klﬁé’apﬁ%h Ugh %31 t her
shown in BleGgred4d sRéteh fiothe réytlbtaalﬂteﬁt di?f(lh sczncs vaf cdne Rhaekorliéhl,2dval @q@iire,

mul tiple portions of the blank and nul @d? e portions 58 of the ablated
section 4&ctihgle s any pragtical thapg ascrousberasdily appmtiated by e}c skifled|ipythe@rtheam

Accordi ngly, Kk

portions 58 of?ﬁh%ﬁﬁglgiggpgg%??gﬁn%% Bf%Fﬁgﬁgx%%gg %émge |ﬁ??uence t he
shape of tbrebihitip-dfibloth dyathetic 281 evganic miateriall that perinits latlpe isubs¢antialyoall tighsned
over the remaining portion of the blank 18 and the exposed surface 26.

Anot her enbodi ment of the universal blank according to the present
invention is shown in Figs. 46-48. Specifically, the blank 60 shown in Fig.
46 has a large portion 62 and a small portion 64. The |arge portion 62 can
have any practical size and shape as could the blank 18 shown in Fig. 2 as
di scussed above, and can be made of the same type of materials as the bl ank
18. In the exanple shown in Fig. 46, the large portion 62 of the blank 60

i s di sk-shaped and has a dianeter of about 4 to about 9 mllinmeters and a
t hi ckness of between about 20 and about 500 microns. O course, the
dlaneter and thlckness of the blank 60 can be of any practlcal S|ze that
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invention is shown in Fig. 49. Specifically, the surface of the cornea 26

t hat has been exposed by form ng and positioning the flap-like layer 22 'in
t he manner discussed above is ablated in the manner shown in Fig. 49. That
i's, the expog®dosiss ace 26 is ablated to different depths geragfesisasSsume a
shape whi ch can accommopdate the bl ank 60. Hence, an outer section 70 of the
exposed surface 26 is ablated to a first4-depth, while an inner section 71
is ablated to a second depth greater than the first depth. The depths of
the abl ated inner and outer sections 70 and 71 can be any anount which

woul d al | ohevingsasdvielehgthtin thewisitle spéctﬁ:ﬁﬁb@asslﬁ‘o(l@ Gut, absdabs il FQlbstEnGiEINE) t O
remain so the re ni,n ea does n r|e cin dlstortlon or

out bul gi ngﬁgrlﬂt%‘a‘i’%g ?18?%“%3 5 rgggf p]ELeQi WR’ tg?)blﬁ'%b of
advant age @fe@gend cupa&ﬂemwua'gb@ppayéﬂkﬁalé d:8dd '@)rtﬁ}‘d%greﬁg&r &ossbﬁﬁ@alsag&ﬂés

vol ume of cornea can be ablated to forma recess which will acconmbdate the
smal | er ponpteda sgeh ay cqllagens hyplrropin aside mugenslysasoharidener glyeopkotein, Howmsta f ti ng
on the suf f@ceridibineRiRRs iRy beyeed B MALHHEP fest BBl ATONEH e TOT M

section 7116 16s5 than the vol une cornea renove orm=section 46
(Fig. 34).blank\8 ¢/tEI68ER frad®a HEHiNSOMED 608 Hunan syhomnc@rbeﬁulgniﬂah;abiﬂmrhd ank

60 is positioned,on th e and 71, f t urface
56 S0 {hatcifa: IPTeEs HaRRt IR e of hR e, el St B R0 O B act s
or subst anguitable Ynatepil, 8GdhSastthése A RERIANILS! Padht No. WYoh 058 ReR Sehfebal B8, Of

t he Iargee&trtl on 62 of the blank 60 contacts or substanti ally contacts the

abl at ed selatgnd N076»7b%4%t9\AnEspp§mf°uUtSaé’@tesmm S34r26d g Barett effaly HeS. dlateat ed
section 71ygo0 55 the h e l.ah (o] f e hl. 60,
whil e an e 8 Qﬁ@ 1?5 ﬁ Pgﬁlgfe sec llﬂgi;?a[%d% ggné‘%@tg t he ecfl g&ig?yéﬁ% &Ef t he
smal | port flfnnat@mlmslsmhé mra!mihaBQ in ’Qi‘: Sutainas Eprredtion off Apbakialyl thehdigsbosung of he
abl at ed secgug %1 egg ra%g cehere g.conformor substantially conform
with the s"PERHZAE 5‘5%?0 Frgn e°5hd smal | portions 62 and 64,
respectively, olfhetmalkbisaialcoﬁ@gurwld beaﬂactemu&edml@ ahnah @pasdd iandr saiface afrtbie shape
as woul d be appreC| ated b one skilled in %qatﬁ Alsqt% the a tglgﬁt
sections 7¢PrRGAPTthe exectn grdar thex & p5DeR Ot ihe qyes thiy 12 Pfca!
axis of thgegye orﬂéatmﬁs@f)@%)ovg@ufdjfeﬁ@v@&lé Er JRRokia, £a0tddade iOpdrior@bd axi s
of the eye and ?rom each other. The e %em 2 and 74 of the abl ated sections
70 and 71, inrwlsighe dori axainple, arnicision 28 dt medecin goy frpmiaortios afghegagneggas shown in :
respectlve N ELL Y4 Stk 0 j own
B 5 MO BAGENG EhbaLo B 1ol BRRANSHIORAL 919 siSedrila Ak &

in Flg 51 aser beam L I's irradia nt o I'n a nmanner
simlar torenabiinglpsrtion o€ dhenboruen 1d. tThermgaoni cam bEimade With b4schlpela fkkbratomeq

ccntral or suybstantiall ce ral, |on of th bIa k 60. as.shown in, Fig.
52. That aBfeHPEdessh O %‘égma? Gytting insfpment kngy F@F??‘tﬁ%ﬁﬁtsgﬁ%rl cal
recess as wymmmsabe%@amadmdx@gersdrfm oFueaweJ;a;&léa bﬁﬁn}f btBérBethGhwhith | n
Fig. 52, none or substantially none of the ablated section 71 is further

abl at ed bymexnet ingeles mpldagrin aetuabingisiog|is thecpmen as may be gRPreciieddm e dliliedet i on
71 and they gogkni ng portion of the blank 60 influence the shape of the
flap-l1ike llayer 22 when the ffap like layer 22 is repositioned over the
bl ank 60 and t hEheelgyrs23hf $her omse casbe empletelyrerpeved froghtgmemaining gortigg of 5
portion 76 ,0f bI bl ank
60 can be Tﬂtfrct hﬂ? 1gbl at egels%% ogz’lﬂluzzi;laeér;g %g%ﬁmk‘pgliﬁbé%%pttﬁ&v%l C er\C/)ivo2 %ihﬁgl | ow
a suffici esdbrmedtnain 4teaclged,to all&omhmzﬂﬁmmomﬂmnlsv)e aindate byomnetactify bxohmgmgl n.

Accordingly, bl a t f th k 60
i | uence. Phgog A AR RERER g iy e Brdressl of e tomes Plafietiond RaTEF 22
I's reposit igeedath ﬁil&otﬁn)ﬁﬁmmele%aﬁae@umgjml&@ﬁsdxgdaear[ RAE siia@ 28t i ON

of the disk 60. As further shown in | e portion of the blank

60 can be #mcamea The laysiaahmically Pﬁl’lb&rOf fny R%&cahthwm% gorerample, QR mieropss
abl ated as descn@ﬁﬁw&armﬁf&armls%ewuséa HERORET the NRAME 3¢ #R2cJAEhNSORL 05284

-24 to Figs. 18-22 above. Furthernore, as shown in Fig. 55, the |aser beam
can be dir dellosdngypannerhe abl at ed section 70 of the exposed surface 26 to
abl ate portion 78 of that ablated section 70. Accordingly, as shown in Fig.
54, the remaining portion of the blank 60 and the abl ated section 70

i nfl uence the shape of the flap-like |ayer 22 when the flap-like |ayer 22
is repositioned over the exposed surface 26 and the remaining portion of

t he bl ank 60. Conversely, as shown in Fig. 55, the remaining portion of the
bl ank 60 and the further ablated portion 78 of the ablated section 70 of

t he exposed surface 26 influence the shape of the flaplike |ayer 22 when
the flap-like layer 22 is repositioned over the exposed surface 26 in the
remai ning portion of the blank 60. As further shown in Figs. 56 and 57, the
bIank 60 and abIated sectlon 70 of the exposed surface 26 can be abIated by
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WO 00/51682 PCT/ US00/ 05284 -25 planar surface or substantially curved 90,
an outer wall 92 and an inner wall 94 defining an opening 96 through the

bl ank 86. The opening 96 can be circular in shape, as shown, or any

sui t abl e shayR0051683 as oval, nufti-sided (e.g., square, reRETHRYOOERS4
triangular), and so on. The opening 96 so need not pass entirely through
the blank 86 as shown, but can be a receéss in the blank 86. The surfaces 88
and 90 can be parallel or substantially parallel to each other, or at any
suitable angle, apnd either the outer wall 92, the inner wall 94, or both,
can be per pendiAélfB%‘i”n 1ghé 36‘1?9’65? ﬁaﬂj\“ketlﬁléer 2T ROSHIENES0L8 & GPosethe Emer be at
any sui t aly@aca8ld? i dobhehe - ¥

surfaces %8 and_90, thgn gufgfg\%\%lt&l%gﬁgﬁgglgl‘%%g?n&‘glc?%ﬁg%gg#ﬁgt%m%%%csarmoth,
but can h&bé passjoacdesmed suitabimby theopersaneperfarmingythe comes fmadifiyingr techmiquéegr ee

of curvat . VR, & Vex.. i nd so
on. The-br 2ieah bs Sy AR 1Y uRIARK S BoBTokANEARy of Sl Ndafan
and 60 di sauths exkpededvaufads pé orith the tdnerablamgitudifal i of theublak dutsmmtially

within a ran of ut 4 mmto about .11l nm d openi 6. has di anet er

of abour SOBIRY BB, eehE SIS A Ton Gheoidts dieotastn 18 Saedpct &

di anet er . positibkear ddatrally hehe Rkpddkd SEf42a26 ha éRovh, it FRESIE deatdli 18ggifudmA about

10 pmto about 1000 gm with a thickness of about |44 pm being a suitable

exenpl ar y akisican peetsel framdhareptzal optigsbais aftheeyidy of bl ank t hi ckness provi des a

correction of : g i 1.C i r a
SR oskid5h B exhRAF Artal, J0 o1 R LIrRLaC1S, e UhlpE e erec?

correction of ab Itse ave any
sui t abl e felean beolvdified sviicienty)tosinByence theshapgl odithe fhapkikgdaeer 22 anditesthupn.  As

h , | i,n Figs. -85, .. bl ank. b | sh | ank
5. havi ng A drgBLIFEatp el gee Oatutelf L utReite 35 E off Bon ERT s ong
an inner Vgel1010Genhlly)iReryald @i@on BBangd 8n tdifvatigd of lite bdragk wilB chidiige fthe | | ke

openi ng 96, can be circular, oval, or any other suitable shape, and can
pass ent i rrefgetive povesiof thecomeabxl d¥PSE be a recess in the bl ank 98. Bl ank 98

can be made of Y. tarials Kk dﬁir@tﬁu
di scussed abovgopgjrc] cdnatsﬁgg"zngﬁ‘l 'airal gf}#e‘ﬁ%?(‘gﬁéﬁ%ﬁadﬁﬁftgjﬁq‘{ﬁ% ar gpepse{
overal | ouuefacedi Soofitheeblank 1 SHrithatnik ogBsitate thesegend lower supfacs 1 Uofithe blankb® that 11

mm and the |argest aqverall .di ter [ 8 from about

o mm t o BERTES e GRS AR oiee ERER BF HCnERbeAA TG dOtR RO

Fur t her nor fom lahie tyk o kas@R 7agpicdiuredint dye Glrgerymetiaodg) such by amexebnertlastH2p, m t o
about 1000 pm_with a thjckness of_ about 144 p, mbeing a suitable exenplary
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angle, and either the outer wa , the inner wall 106, or both) can be
per pendi cublank t&toowhich theblesen bedm ishdiresterf sfegain, tigoaremef the blank 18 e vhich the any

sui tabl e le with re ct .t h urf ngd 102 cAS, W
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of texture or ree qf .curyature..In dition, as shown.in.Fi.g. 66 i ther
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conditions. Furthernore, the blanks 86 and 98 need not be corrgl_ etelg/dis
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surfaces 1lisée’ndflbarsé,chersiage ghthe dllated arva @zt berahyadeginédoshiape nécessanyde péfett t o
each other as sho Al t.ernativel 110 can be slot-like) with the
surf aces 15':%“"5%“%{1] °R ‘@ﬂﬂiah’bo%‘ﬁﬁtgl‘)?gﬂ%eﬁ? substantially parallel to each
ot her. Likew seastdedSpieliotsdy thd Hlakdi gl 20mbed BF Agmatetal ltha: wah absorteall or
angularly with respect to each other as_shown, Al ternativel ﬁg 112 can
be sl ot - | | RUbStaiElly ihlieht Beyiaga svavelsst fibip e baserghelt ﬂgecwaﬁheﬂ% f» When
substantially parallel to each other. The surfaces 114, 116, 118 and 120
can be snooth, or can have projections or any suitable texture. Al so,

i nstead of gaps, the regions designated by 110 and 112 can be regions in
whi ch the thickness of the respective blanks 86 and 98 are greater than or
| ess than the overall thickensses of the remai nder of the respective bl anks
86 and 98. An enbodi nent of a nethod for using the universal blanks 86 and
98 according to the present invention is shown in Figs. 67-71, which is
simlar to the nmethods descri bed above regardi ng bl ank 18. For exenpl ary

pur poses, Figs. 67-71 illustrate blank 86. However, blank 98 is used in a
simlar manner. Specifically, a flap-like |ayer 22 having a dianeter of
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for the specific paraneters of the blank to be prefabricated, such as by
abl ation by an excinmer |aser or shaping in a cryolathe, so that the | ower
(posterior) surface 90 of the blank 86 has the sane or simlar radius of
curvature aswdwespsgoperative Iive cornea. The upper (antepic@fukociddidgace 88
may have a curvature which is concave, convex, toric or parallel in
relation to posterior surface 90, or aﬂ;?‘ot her sui tabl e curvature.
Posterior surface 90 can al so have any of WO 00/51682 PCTI US0O010528A - 28
these curvatures if desired. The thickness of the blank 86, the curvature
of ant eri dhe lagariboane Lgg irradiated) @mglhh blahk flBenoge pr &ibStafitinllytnohe ki Re Sasex beatne

regi on be en.s can bhe abrlcat d 0 correc
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| ayer 22 t @0 elgd'?@ T?Feﬁ’feeﬁ%’i"’% f&‘%" gm@? geye{ ﬁz %@e@ T% @@ell’ﬁf @g?a}sy to
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prefabricated in a manner simlar to blank 86, and used in a.manner simlar

to bl ank &eneg, theowfrastive @pwanelihis flepdike devse P2 Bell bab‘b%veed dueto thFPechrap%Ppml i ke
layer 22masg§,5t 1&@ 1827b2 ch'Be &acﬁga msﬂusxe&g,whé bgaaga%om uésf it

is deter he vi'si on sor as nvt be sat ctorlly C rrected
the fl ap- Isné&easlsalyang@ﬂh@hkﬂ be again separated fromthe cornea 12, and the

surface 26 and/, or bl,ank 86 ur t.her ab ed a e

Al'so, if deene®® 5%5?%’5&%?""‘1 ggﬁlead%'kﬁ?dﬁgrg"ﬁg“é’ﬁ?mo?" :Lgd’ksanﬁ a\‘/’ig’ﬁg ? e same
or differ emvmngeVe@dﬁgﬂlchﬂmlﬁahewist ngtcsbea:imm em'xtﬂé ihrggt bllhpkss(lhll‘fbuﬂe tiwt acked
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t hi Ckgess.blw ESOpT, to bﬁﬁ@@&e%ﬁ@koa@nlﬂs@&car& blimiady car ﬁﬁt&my l:ccrhbbhte?dml ﬁnks
86 and 98, |t o) e.ne ess expos surface_ of the
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surgical time, is required. A though only a few exenpl ary embodinents of

this i nverdaPshsuRasel Hedhe blanksoi 35delTadkoathe ayaralhiinkasss pﬁ&rséﬂ@kl 18|ag desingdt he

art will readily appreciate that many nodifications are possible in the
exenpl ary enbodi nents without materially departing fromthe novel teachings
and advantages of this invention. Accordingly, all such nodifications are
intended to be included within the scope of this invention as defined in
the follow ng clains. WD 00/ 51682




-30 What is clainmed is: PCTlIUS0O0/ 05284 1. A nethod of nodifying the
curvature of a patient's live cornea, conprising the steps of separating a
| ayer of said live cornea fromthe front of said |live cornea; noving said
separ at ed | ay@p0/31682expose an i nternal surface of said |ivepcousmw/osasdder neat h
sai d separated |layer; positioning a blank, having an opening therein, on
said internal surface of said live corﬁba directing a | aser beanl(a)

t hrough said opening onto said internal surface of said |live cornea to
ablate a portion of said internal surface, or (b) onto a portion of said

bl ank to Hercat @5hmirrerothidkoriankf cag die deduceds Ior axamblat o {baht BmDIm(ﬁ)ns otahy e

| eavi ng t|on of tern rface of said
live cor?lge&atyaa%g&]epo ?lgsrﬁr R&angé%at%ge&b%ﬁ.{sﬁrgamv %Vseg ﬁ;atl}e d8ittea
back overapaumlm@h@emkhmrfoaewe %oFigs.[11M8. cornea and sai d unabl at ed
portion of said lag{% so that the Sh@tﬁe of the internal surface and said
unabl at ed por t4 bespdop dhasevarity obthe anormality fapewhich theicye isspfeting, oned
separ at edit hay 8¢ dfmimdddhdt ieSubRle R the cgmemettﬂaqgsh?&ﬁ%&k Bfkehdive E}l %gﬁ;}

ste ecting

wherein the sep aratlngl step conprises one
a | aser bwgnb atshews in Kig| l@@@mmb@mbcmemm@teéanmtbema&eﬂhbhm18rom

sai d |ive, Goues, Pk BQ& fis t%' fﬁ?l&e ﬁtedaﬁ& hx@géﬁ% gemlcgtf, g&h% a@iﬁet hod

cornea to separate Sal separat e rom sal

accor di ngthht(pasdealenmréby ﬂxfwgleltlfc ttlknk lﬂepﬁﬁetbuafd;; tisd lager Geam i Bediretde offoctfe Of
form ng sai

ar at fIa havi ng.an attaching portjon which
r emai ns awa%?ﬁsgm% °§§‘Fd S0 aﬁ\t%%’tlﬁﬁﬁlp%f&‘{%%?@Pa@attSHrféqeal m 3,
wherein the sepabriity, |a§)éﬁd$wrmﬁ%/ F@g 1‘$,t@lﬂén0ﬂiénﬂ'éb§iﬁ§ layer is repositioned over the
remaining portion of the blank 18 and the surface 26 of the cornea 12, the ablated portion 36

of the surface of the cornea 26 will also influence the shape of the repositioned flap-like layer
22. By using this technique, it 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 flap-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 material of
the blank 18 is transparent or substantially transparent to light having a -wavelength in the
visible light spectrum, visible light will pass through the remaining portion of the blank 18.
However, because the reshaped flap-like layer 22 has a different refractive power, the flap-like
layer 22 will refract the light passing therethrough differently than prior to the reshaping.



WO 00/51682 -31 PCT1US00/ 05284 the step of noving said separated | ayer
about said attaching portion to expose said internal surface. 5. A nethod
according to claim1l, wherein the | aser beamdirecting step conprises the
step of direedbgideszal d | aser beam onto said bl ank to abl atg1g@esloasy ti on of
said blank w thout ablating substantially any of said internal surface. 6.
A met hod according to claim1, whereinigaid portion of said blank includes
surfaces of said blank defining said opening in said blank. 7. A nethod
according to claim1, wherein the | aser beamdirecting step conprises the

step of dirheeford)dn Siperatias Rith MRABROTY QeSBipd1), BiSIRRlpeE i&g&:ﬂ?fyppfo@@ @te said
tantia

portion of said internal surface wi thout ablating subs y any of said
bl ank. 8. lightathtorpreepeigiednanget on the aptine) thugpesresting theeametropic cheditiordefi thet i ng
step corrpg&e?es the step of directing said | aser beamonto said bl ank and
onto said 1nner surface to ablate said portion of said blank and said
portion of sailfaimaresvhstantisimpedification ofthershdpe df thecormia ixgnecessal ao tordect wher ei n

said blank is annul ar-sha .10 t hod accordi ng.to cl ai 1, ein
2204 bl anfores RO HnBkont Biaioh me Rlean t SErRl by bito S nilor 2 RS " e
cur vat ur ecethesdl2niatorde to sbldté ¥ Bortieh A6 f theOsPRéeSI Al shawh, foSéxafple] ACEgaiapt ed
for placenent directly on a surface of said patient's |live cornea; a second

surface adapiem indigetcxiyadeaflandike loves isrennsitiopedovrpibi remaining portiex oftheli ng
petween Spiaf 14 ki h@R8ESO0FNS Wb o BHTheABLIN 1 of e RN, B wlif! 436
bl ank; sal ank conprising a materi a ose properties permt lig

havi ng a idlweicetiog $hapg ofitha repositionedi fipdiks dget 22mAtccorgdingly, thedhiekresoofithe and

prevent Sl‘)jlbagls ?é‘ééeﬁ lnl)tybe%érealsiecglkﬁtor e?‘YOi Nedte the\ﬁ(ggr(ggltoSv]igig}%tﬂe%zap-lﬂce layer 22 is
reshaped. High myopic conditions up to 35 diopter can be corrected by using this technique.

As discussed above, any portion or portions of the blank 18 can be ablated to a degree
necessary to correct the ametropic condition of the eye. For example, as shown in Figs. 25
and 26, the laser beam L can be directed toward a central area 32 of the blank 18 and also
toward the 38 of the blank 18 to ablate inner and outer areas 32 and 38. As shown in Fig. 27,
when the flap-like layer 22 is repositioned over the surface 26 of the cornea and the remaining
portion of the blank 18, the remaining portion of the blank 18 will influence the shape of the
flap-like layer 22.

As fusther shown in Fig. 28, any portion or amount of the exposed surface of the
cornea 26 can be ablated as well, as long as a sufficient amount (e.g., 200 microns) of cornea
is left remaining so that the remaining cornea 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 cornea 12 will influence
the shape of the flap-like layer 22 when the flap-like layer 22 is repositioned over the
remaining portion of the blank 18 and surface 26 of the comea.

As illustrated in Fig. 30, the laser beam L can be directed onto the blank 18 to ablate
the blank in a 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



wavel ength wthin the laser |ight spectrum from passing therethrough.

PCT/ US00/ 05284 12. A bl ank according to claim 11, wherein said material is
adapted to be ablated by laser light. 13. A blank according to claim 11,
wher ei n t hewbhivgksess of said blank is within a range of a&bowsei32840 about
1000 m crons, and a maxi mum |l ength of at |east one of said first and second
surfaces of said blank is within a rande of about 4 nmto about 11 mm 14.
A bl ank according to claim 11, wherein said blank is annul arly-shaped
having said first and second surfaces on opposite sides thereof, the
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each are substantially planar surfaces) or substantially curve aces
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similar to that described, for example, with regard to Fig 16 until a portion 44 of the surface

26 is ablated. Then, as shown in Fig. 33, the flap-like layer 22 is repositioned over the
remaining portion of the blank 18 and the surface 26 of the cornea so that the remaining
portion of the blank 18 and the ablated portion 44 of the surface 26 of the cornea 12 will
influence the shape of the flap-like layer 22.

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

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



23. A blank according to claim11l) wherein said wall surface is convex,
concave or tonic. 24. A blank according to claim 11, wherein said wall
surface extends substantially perpendicularly with respect to at | east one
of said firg& ggecond surfaces. 25. A blank accordi ng teeralsaiesis,

wher ei n sai ma surface extends substantially perpendicularly with
respect to said flrst and second surfaces. 26. A blank according to claim
11, wherein said blank is annul arly-shaped. 27. A blank according to claim
11, wherein said blank is oval -shaped. 28. A blank according to claim 11,

wher ei n saélgtuml Fustiehae e tdedibnas: sk ansed Qgcti%ﬁ Wil Qﬁ&é‘é‘%& asv\jﬁer tially .

circul arly-shaped opening. 29. A blank according to c aim1l
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be appreciative by one skilled in the art. Furthermore, the center of the ablated section need
not coincide with the optical axis of the eye, but rather could be offset from the optical axis.
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 cornea. 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 ablation 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 remaining 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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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 a
small portion 64. The large portion 62 can have any practical size and shape as could the
blank 18 shown in Fig. 2 as discussed above, and can be made of the same type of materials as
the blank:18.

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

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

up to a disk-shaped projection having a diameter only a fraction smaller than the diameter of
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one or both o the surfaces 63 and 65 Of course, the surfaces 63 and 65 and the periphery 66
need not be smooth but can have projected portions, recesses or any type of texture.

The small portion 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 cornea can be ablated to form a recess
which will accommodate the smaller portion 64 of the blank 60 and thus point the blank 60
from shifting on the 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).



110% & ()-F "Yz109%& ()-%& ' | *0*~++}"<. 4

10! " Y1! 109% () - Y1! 10%8& ()-10"""10%&' ()- ""109%& ()-y

1 109&' ()-! @ 109& () - +++++c. W {/ dE4

10! 10%g& WRWEI@gge: ()-! 10%& () - &10%& () - 3MLO%g& () - PCROPSIOS2p0;

OOOOdEE4 10!° L&Mm%g&' () - F% 10%gé& () - 9%L0%&" () -

"MLO%g& () - 910%&' () -2z910%& () -z0, 1112222dEE4 10! " 010%g& () -
g??:y?g'/(({)m‘i)lo;/?&'ﬁ({gq +10%g8&! g) LE( 1ogg§'0 ) - LF(109%g&' () - 223333334~ =

0 ' O 0 -11s!'1

1s! 109%g& () - %%9}“\2‘3‘3 %10 %Pﬁ 1%’191?1( g‘gl%at’&“ ‘?ggl‘ébma‘?l?teg )7Q yod 71 of

109%92& () thd é;@:%ﬂﬁé’suffhce 26 sohkSsutthce/687of Aild SHRAB TG40 the' bR B cbrtacts’™

10997&' () - S10947& () - 3! 10%8‘&&5 s, 109& () -] 1099& () 882999: g: dE-~_=

10!19- 10%‘&“{8}811&13'150%@“6)&6 tedppgtipny Al whilegbgrgarfape 6&9%&@;& partiom €2 of - g:

_ O3 <<<dEnd blarkd &0 LOREIO S Ssbbehnethir} Qeflisiett e bl etion 70 TOUESm( ) AL-Burther

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 course, 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
surface 26 and the remaining portion of the disk 60.

As further shown in Fig. 54, multiple portion of the blank 60 can be ablated in a

manner similar to that in which the blank 18 is ablated as described, for example, with respect
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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
repositioned 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 is repositioned over the exposed surface 26 in the
remaining portion of the blank 60,

Asg further shown in Figs. 56 and 57, the blank 60 and ablated section 70 of the
exposed 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 the 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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uitable shape such' as oval, multi-sided (e.g., square, rectangular, triangular), and so on. The

opening 96 also need not pass entirely througﬁ the blank 86 as shown, but can be a recess in

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, the 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 any 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 pum, 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 paralle] or substantially parallel to each other, or at any suitable
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both of the surfaces 100 and 102, or can be at any suitable angle with respect to the surfaces
100 and 102. Also, as with blank 100, the surfaces 100 and 102, the outer wall 104 and inner
wall 106 need not be smooth, but can have projected portions, recesses or any type of texture
or degree of curvature.

In addition, as shown in Fig. 66, either of blanks 86 and 98 can have a varying
thickness ranging from about 20 pm to about 500 um, which is especially useful in correcting
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. Altematively, 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. Altemnatively, gap
112 can be slot-like, with the surfaces ‘l 18 and 120 extending parallel or substantially paralle]
to each other. The surfaces 114, 116, 118 and 120 can be smooth, or can have projections or
any suitable texture. Also, instead of gaps, the regions designated by 110 and 112 can be
regions in which the thickness of the respective blanks 86 and 98 are greater than or less than
the overall thickensses of the remainder of the respective blanks 86 and 98,

An embodiment of a method for using the universal blanks 86 and 98 according to the
present invention is shown in Figs. 67-71, which is similar to the methods described above
regarding blank 18. For exemplary purposes, Figs. 67-71 illustrate blank 86. However, blank
98 is used in a similar manner.

Specifically, a flap-like layer 22 having a diameter of about 8 mm to about 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 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. 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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4 exposed surface 26 which remains exposed by the opening 96 (or 108) in the blank 86 (or 98),

and ablates that portion of the surface 26. Alternatively or in addition, the laser beam L can be
irradiated onto the blank 86 (or 98) to ablate a portion of the blank. Typically, the portion of
the blank 86 (or 98) that is ablated is that which includes inner wall 94 (or 106), thus enlarging
the dianteter 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 cornea 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 blank 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 cornea 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 a manner similar to
that described above, the flap-like layer 22 rests on the blank 86 (or 98) and surface 26 in a
relaxed state. Accordingly, the ablated surface 26 and the remaining portion of the blank 86
(or 98) influence the shape of the flap-like layer 22 when the flap-like layer 22 is repositioned
over the blank and the 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 cornea. The upper (anterior)
surface 88 may have a curvature which is concﬁvc, convex, toric or parallel in relation to

posterior surface 90, or any other suitable curvature. Posterior surface 90 can also have any of
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these curvatures if desired. The thickness of the blank 86, the curvature of anterior surface 88,
the length of the gap 110 (or thickness of the region between surfaces 118 and 120) can be
prefabricated to correct ametropia and astigmatism without the use of laser ablation. The
universal blank having the shape shown in Fig. 63-65 can have similar prefabricated
characteristics, as desired.

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 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. The blank 86 is positioned on the exposed surface 26
so that the surface 90 contacts the surface 26. Typically, the blank 86 (or 98) is positioned on
the surface 26 so that its center is substantially aligned with the optical axis of the eye 10.
However, 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 addition, 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
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flap-like layer 22 and ablation, as well as the addition of more blanks, can be repeated as many

times as necessary to properly correct 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 cormneal 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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1. A method of modifying the curvature of a patient's live cornea, comprising the steps
of:

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

directing a laser beam (a) through said opening onto said internal surface of said live

' cornea to ablate a portion of said internal surface, or (b) onto a portion of said blank to ablate

said portion of said blank, or both (a) and (b), while leaving an unablated portion of said blank
on said internal surface of said live cornea; and

repositioning said separated layer of said live cornea back over said internal surface of
said live comea 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.

2. A method according to claim 1, 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 cormea; and

using a blade to cut an incision into said live cornea to separate said separated layer

from said live cornea.

3. A method according to claim 1, 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.

4. A method according to claim 3, wherein the separated layer moving step comprises
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the step of moving said separated layer about said attaching portion to expose said internal

surface.

5. A method according to claim 1, wherein the laser beam directing step comprises the
step of directing said laser beam onto said blank to ablate said portion of said blank without
ablating substantially any of said internal surface.

6. A method according to claim 1, wherein said portion of said blank includes surfaces
of said blank defining said opening in said blank.

7. A method according to claim 1, 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.

8. A method according to claim 1, wherein the laser beam dircctiné 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.
9. A method according to claim 1, wherein said blank is annular-shaped
10. A method according to claim 1, wherein said blank is oval-shaped.

11. 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 cornea;

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;

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
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wavelength within the laser light spectrum from passing therethrough.

12. A blank according to claim 11, wherein said material is adapted to be ablated by
laser light.

13. A blank according to claim 11, 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.

14. A blank according to claim 11, 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.

15. A blank according to claim 11, wherein said material is one of organic material

and synthetic material.

16. A blank according to claim 11, wherein said material is one of collagen,

copolymer collagen, polyethylene oxide and hydrogel.

17. A blank according to claim 11, wherein said material includes one of the following
cross-linked organic materials:  collagen, hyaluronic acid, mucopolysaccharide and

glycoprotein.

18. A blank according to claim 11, wherein said blank has a substantially uniform

thickness betweén said first and second surfaces.

19. A blank according to claim 11, wherein said first and second surfaces each are

substantially planar surfaces, or substantially curved surfaces.
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22. A blank according to claim 11, wherein said wall surface extends at an angle other

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

23. A blank according to claim 11, wherein said wall surface is convex, concave or

toric.

24. A blank according to claim 11, wherein said wall surface extends substantially

perpendicularly with respect to at least one of said first and second surfaces.

25. A blank according to claim 24, wherein said wall surface extends substantially
perpendicularly with respect to said first and second surfaces.

26. A blank according to claim 11, wherein said blank is annularly-shaped.
27. A blank according to claim 11, wherein said blank is oval-shaped.

28. A blank according to claim 11, wherein said wall surface defines said opening as a
substantially circularly-shaped opening.

29. A blank according to claim 11, wherein said wall surface defines said opening as

an oval-shaped opening.



