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Descripti on ' Technical Field 10- : Thi s t
‘general fiwglysws789 nedi cal technol ogy and rel ates specifi Q%mﬁs{lgg%
device and _pethod fqQr varying the rvature of the cornea-of the
eye in ordbr t REPBAGER SHEETH prd¥fens| The.device is an intrastronal
corneal ri ﬁlmttmﬂmdns pagsdr.l edo paged .the |15 cornea and varies the radius
of curvat Ul @ei(sy theged ..t aspigedi.cl.shape of the cornea as a function of
the cone {pf DAMKHgE)Ofpaghe..Bevs paged .. .| Background 20

Anonal i es - Ag@maha é&dgﬂgtgygﬁaan"gcuse vi sual disorders. Axial
hyperopi a | Rfﬁsbﬁﬁéﬁg%ﬁﬁs") occurg when the front-to-back distance in
t he eyebal £ GG R SR e hyperopi a occurs when the.cornea

curvature is Iess t han nornal_and th refore | an the

normal corne® In thesengﬁg%m'bé\'-ag Rﬁgk‘iﬁ%rlggrﬁpréﬂléﬁeater t han
20 feet fromthe eye focus behi nd the retina. In contrast, when the
front-to-back di stance of the eyeball is too |large, axial myopia

("nearsi ght edness”) occurs. \When the corneal curvature 30 .is too great,
curvature myopia occurs. In these case®88CZiRLIRA focus of parall el rays

entering the eyegggggﬁgag_gﬁagg'front of the retina. Astlgnatlsn1|s a
condi ti on occur { aIIeI r of.¢f OCUS toO
a S|ngI@ poi nt. wiithin Pﬁ "”g &%% héP %é%e §“$a §ﬁ31§55f f ocus

due to the fact mesicafle mm@élogaum Gﬁéa&sﬁu 9ec1f1cally to a device
- and method for varying -the curvature of the cornea of the

eye in order to correct vision problems. The device is
an intrastromal corneal ring which is inserted into the
15 cornea and varies the radius of curvature and/or the

aspheric shape of the cornea as a function of the cone
angle of the device.

Backgr
- 20 ' Anomalies in the shape of the eye can cause

visual disorders,--Axial hypéropia ("farsightedness”)
occurs when the front-to-back distance in the eyeball is
too small.  Curvature hyperopia occurs when the corneal
curvature is less than ncrmal and therefore is flatter.

25 than the nozmal cornea. In these cases, baraliél rays
originating greater than 20 feet from the eye focus
behind the retina. In ‘contrast, when the front-to-back

: distance of the eyeball is toco large, axial myopia

("“nearsightedness”) occurs. When the corneal curvature

30 is éoo great, curvature myopia occurs.. In these cases,
the focus of parallel rays entering the eye occurs in .
front of the retina. Astigmatism is a condition which
occurs when the parallel rays of light do not focus to a
single point within the eye, but rather have a variable

35 focus due to the fact that the corneal curvature varies

-
as Been Re‘laced

i,



FROM MORRI$ON % FOZRITER LLF . (’}‘JE) 2. 20° 96 22:49/8T. 22:46/N0.,3'7604_37Q72-P 9
-2- In different neridians. Light is therefore refracted di fferent

.di stances and focuses at different regions. Sonme degree of astigmatism
i s normal , WRIPS/E e astigmatismis too pronounced, it nRGIUSHIEISObe 5
corrected. Presbyopia is-an age-related condition that results in the

| oss of the ability of the eye to change -.z2focal |ength.

Hyper opi a, nyopia, presbyopia and astignmati sm are usually corrected by
gl asses or cont gef diffeaentlGherSdigineal MHiGMIS § Whdiet e redhiawted such

Bsorders  con R il ol RN A R e

| aser corneal alfame degrase of gsu_i@atlsm R avexrmed., bLMFM) Anot her
met hod for corrgGleiiRghakd sm l@%djlp%gdwn%éds i Qi IdBledtyat | on of
ggl{ﬂgrggrnéa ri ngs In the elg‘i 6 q(;{%r%%lsﬂgtqroﬁgaeato chan econe C:ngnva térte
pol ynet hyl net haaiegdulites (ifM¥Ne rlioxss ofaldhegradfill iegr refalthe eye we:h%m_l;e

hydrogel s i s wel c d. One of the ring 20 devices involves a ring
design that all oflv\%cgg' s&%&rl ng: to be inserted into a channel :

di ssected in the stronmal HypeXapiar, @fyopia.c @nespyopia @e\ﬁ @@q}mta-am
m ni nal |y 'ﬂ@%é@l‘l’iﬁ'cﬁﬁéctt@d)w HisEe d kg @m@&lt @ndele

i mpl ant |s reat ed and th ch Ehe Iant i S i, N rte(a and _
adj ust ed. dj uSHHFEH T TH})" ction ?ﬂ' nt of-
ring size or di amyteerbeen c:.ted 1n the UiSerAtioe axd 14;04.'&23,e23‘id1«a§.cr| bes a
met hod and anngy, el 'éea'u “é”\é%tt‘érn%gagdg%“ 'EE% 4k an

met hod i nvol ves 1 nsertin one end o stlng rlng into
the cornea of tHe&8fe ﬂg'*&q?e cornearih rﬁ@llarﬁ'&&nm(ﬁ@ﬂ & FathSuntil its

end_sI rrecra]t The gndent No 214 me[?@aﬁter aﬂ&&k&dn{e@r?d \Frd %&&@%c&h@er
wher cupon e cRdOEE SHAGFARRE AR ENTEHGR, RLRARAS 1o Ofs PolaBeTis,
curvature of thEL@@ﬁnam.the eye’'s corneal stroma to change the curvature
' of the cornea. ' Previous work involving the impiantation
of polymethylmethacrylate (PMMA) rings, allograft corneal
tissue and hydrogels is well documented. One of the ring
20 devices involves a ring design that allows a split ring
to be inserted into a channel dissected in the stromal
layer of the cornea. The device uses a minimally
 invasive incision through which the channel for the
implant is created and through which the implant is
25 inserted and adjusted. Adjustment of the device normally
involves an- adjustment of ring size or diameter.

U.S. Patent No. 4,452,235 describes a method
and apparatus for corneal curvature adjustment. The
method involves inserting one end of a split end

30 adjusting ring into the cornea of the eye and moving the
‘ring in a circular path until its ends meet. The ends
are thereafter adjusted relative to each other until the
shape of the eye has assumed a desired curvature
whereupon the ends are fixedly attached to maintain the

' 35 desired curvature of the cornea.
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- Uso3/ 00059, the ent| rety of "whic

|ncorporated by reference, describes a nethod for the refr

correction oVO@®)e as well. Intrastromal corneal rings g—ﬁ'iféf’?”ﬁ‘b
thickness are inserted into the 5 corneal stroma to change the curvature
of the cornea.. ' The present |nv3ent|on I nvol ves the use of
intrastromal corneal- ri ngs of wvarying cone angles to change t he

curvature of the cornea forpéﬁﬁéﬁ/@ﬁéye the ertdi Ht rfleasg ‘a{lénl.pqseye 10

Summary of the Invention I nventi o

i ntrastromal cor neRgorporated oy Ime¥%c%ar@¢ﬁf§r¥k?ﬁs AMeRhAd far/de t he
aspheric shapge fdct Hee Cﬁmﬁoxﬁmey@é Y€ s w1y . t fmumm&mw -

.of inproving the VISIO of .t he eye sp A | |ng
and is adapted t CLRRILXUIT P n‘fﬁ %9 t%c}frh %oeﬁfeamsﬁfecoqé(ﬁ ?Fa
t hi ckness of Siesmrahhqabesm to chiange theSCUrNRIBH ofinthel coxnsRR angl e

above about 22. 5[ err] -Tﬂ_é‘epfé’é@n@nﬂi\?eﬁéx&boﬁ%ﬁ?éé?dcr@ Jde gdarting
20 curvature of  the eye an on th cknesg1 the |1 CR and the type
of aspheric shapelREsd? Sends1 ringg oL YArYiRg SR ARgissk t°

i nvention is to achange nehélodufmtwm yohgthdecaxneamt for tie tref xarticee of an
eye again ty%%ﬁ&“:ﬁ(e O of h@hé)u%‘pé)se of inproving the vision 25 of
; .

the eye. The net I nvol'ves i nse ng an intrastromal corneal ring
havi ng a thit®&ness desirably bet ween about 0.05 and 0.60 nm and a cone

angl e between MMH] into the corneal stroma to

I ncrease the radi us of_coprneal cuyvature and/ oy chan e t as herjc 30
shape of the cornea. - Such MRIROIPVERCHER AR4P 3% 1Rkras aly
nyopi a, presbyopi aingd(nsn) gfor i earying the Brue&atﬂeseraxpﬂ/(m ttie tataphenc
Ero?}Mzggtsal secti oihape of't Ftﬂé”&:}néé St SENCIPL | Eyp FELPEFESE | e Pudpose

- 4- 15 of ngrevansstlaestwuef.W-as%yet.oﬂ't%fl%els a k¥ ior

portion of the eyporjweerpe rirgvandols ddypted ofo subdtEntidIBR encircle
the cornea. The ICR has a thickness of de51rably between
about 0.05 and 0.60 mm and a cone ahngle above abdut
- _ 22.5°., The cone angle is chosen based on the starting
20 curvature of the eye and on the thickness of the ICR and
the type of aspheric shape desired.
In a further aspect, the invention is to a
- method for varying the curvature of the cornea of an eye
‘again typically for the purpose of improving the vision
25 of the eye.' The method involves inserting an
intrastromal corneal ring having a thickness desirably
between about 0.05 and 0.60 mm and a cone angle between
‘about 0° and S50° into the corneal stroma to increase the.
radius of corneal curvature and/or change the aspheric
30 shape of the cornea. Such method may be useful in the
treatment of myopia, presbyopia and astigmatism.

g 2 : Ee : !1_ E !1 D 2
Figure 1 is a schematic representatzon of a
35 horizontal section of the eye.
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Figure .3 is a schematic representation of an 5 eye show ng the average

‘cornéal' curvature radius and aspheric shape of the cornpgrnsean9esso
Figure 4 iwO0&sS8¥M&natic representation of a nyopi ¢ eye show ng the
average corneal curvature radius and the aspheric shape of the cornea.
10 Figure 5 is a plan view of -a%-I CR of the I nventi on.
Figure 6 is an cross sectional viewof an ICR =~ of the invention. .
Figure 7 is a graph showi rRigure Gorné anh@demgtins 1livgrgatdond ofi the CRs of
varying thicknesgrerior portion of ithe @ySAndiAngl the %%ioll%a.a?%&s ozd
14A are corneaﬁ maps that show t he change in topography of the
cornea when | CRSRE ‘Eﬁﬁ%i ng thickness and a 34 cone angle are
i mpl anted into a cadaver eBigguré Quriss BEclEMatiC repBestiBatizB, of3BR and
14B are corneal- [ the
eal JRPSSHARIng KHE averddl® CIAMAA Idh:vatu @ HUARY ot

cornea as obser . erent nes that are 90[err] apart.

Li ke el enents i @ﬁ%%%ﬁn@eﬁgﬁru’ﬁé%‘&%@ ref.erence nunerals. 25
Ic\i/bde's'l forf CaLryi ng Qut theridantd Ais a schematic re;ﬁ‘@:@nt@ti@mloﬂﬁ @i ng ]'Ehe
etails of the inventive devices an Q shor xpl.anatj.on o
t he physi ol BEPHf THe "%ﬂg ;tg}eedéfpet%eéa%pc%} |e§le thﬁé'a%bl@e ur‘#@'&gonal
rel ati onshi p of amd theiaspherithehape of the cormea. Figure 1 shows a
hori zontal ggction of the g¥fire 5 M td gl AHRe del bn Gicr ke Q¥R

resenbling a sphere with. an anterior bul ged spherical portion

" representing thelRVent¥®Rnea (12). 35 . _
-5- ‘The ¢l oigde )e difs tdre ey awitiichalfl wikweof an ICR
concentric coveri gshenclwtr)%%n]g?%he vari ous transparent medi a t hrough
whi ch the 1ight RhstPpatdVaariis:

{ reachi ng the sensitive retina (132.
The out ernost covering i s Bi®ire |bhria Graptishewing thhen cone gogler i"&"

five-sixths19f to MBI Ghed Swith tECRS bORAGHA Mt 1EAINMEd he sclera (13),
and - sonetines referredF{é)“Pesst £ vm‘t & § f’ tﬂS\,e)ﬁAvihexrs . and 14A are
corneal maps that show the change in topography of the
cornea when ICRs of differing thickness and a 34° cone-
angle are implanted into a cadaver eye. Figures 8B, 9B,
20 10B, 11B, 12B, 13B, and 14B are corneal maps that show _
' the change in the topography of the cornea as observed in
two different planes that are 90° apart. |

Like elements in the drawings bear the same

reference numerals. -
25 '
Mod . c ing O e I .

' Prior to explaining the details of the
inventive devices and methods, a short explanation of'the
physiology of the éye is needed to appreciate the

30 functional relationship of the device to the eye.

Figure 1 shows a horizontal section of the eye
with the globe (11) of the eye resembling a sphere with
an anterior bulged spherical portion representihg'the
cornea (12).

35
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Vi i1t &ROERYTHRt “-FThe anterior one-sixth of this outer layer is the
transparent cofnea (12). 10 A mddl e covering i pcfagshmeseascul ar
- and NWOrISI65782 i n f uncti ion and is conprised of the choroid (14),
ciljary body (16) and iris (17). The choroid (14) general 'y functions
to mintain the retina (18). The ciliars. body (16) is involved in
suspending the lens (21) 15 and accommobdation of the lens. The iris (17)
is the nost’ anterior 'Jnmrtg'lmbe)f(luhe ofi dillee ey exansjssis dfe threeand i s
arranged in a fronlale il &nGyvddsd éfs aeﬂéld&fﬂ WAy g‘i‘ﬁﬁxs tr afi%@ﬁ”d' ng

to the di aphragmorn# a canera, an orate near |ts

~circul ar apert ureigh| hxPyah '!}Hérbd-'ﬁ?q 3(’-@')': muste pasS Refanee rﬁi‘ﬁ ari es
to regulate  ¢hd heersitive Qfed:ltﬁ'lt(lml £h Tacrevrtsy doverinbB)is lat

contracts accomodat i.on SIAVEE to.sh e s by
di ni ni shi ng4 hée’ra‘?%%‘fs a%%%reaﬁ?%ve h&r as e’ po ?f)aio% giia’es e%ss{o?cfg
bet ween t he corwtetac!( 1y whike @ opaquenand valiled the @fql@rﬁaor I3anmaad

(22) and posteré&ﬁe imes Fé¥EEFed 23 -as/ thd MIRIHDIE R theCz@/erl ng is:
t he retina (18), consisting of nerve el enments whi ch raxte true
receptive portiVvtSiRke FQ e | fxRRissi GRe anterior one- 51 5 ;Hﬁ (18) is

a part of the biwter arapéngiSOha st ranspaEFmwidodnean (12 fore-brain, with

the optic rve (24) flber tnfaaj Qg&e&{i 53{@ retina
part the brain V\n%sﬁ{%ﬁ?ore d is f rods an cones,
| ying j ust bene@mhriatwfgn@ht@éﬂ%qoiqfhearnilrﬁﬁ)rf:qwlsed afnttde shagadd of the
retina serve aS(iMﬁuaén.Pﬂif ¥6d¥5(16) and iris (17). The chor01d (14)

-6 - photorecet htra sform ht ) into
nerve i npul ses. SRy £ ctigns \r}r {&%%%&r@% %nspa $ht

gel ati nous rrasscmmfbd:dl:s (3@ postimvekvédkn fsuspendime the Heng Ji2d )
(11). At 14s saﬁ&saaéoﬁwmaﬂ&@ Hd | Bl . T}‘@%l(sl(sﬁ) 1AN4 ¢ e Hdsta

(18). A frontal saucer-shaped depressi on houses, the |ens. ,
The I ens (21) oan%%l%yep%twf rehsi dhddie coverding, of e eye and 1is
crystalline appepramged plifcedf PaivErplave 10 1d riss a Ehimnd zeulaodE seody

(26). Its axialod gRleking cd WhS S BikA 3 1 GHRATTdAd 9y A cilTary

zonul e

. perforated near its center by a circular aperture called
- 20- the pupil (19). The size of the pupil varies to re ulate
' the amount of light which reaches the retina (18). It
contracts also to accommodation, which serves to sharpen
the focus by diminishing spherical'aberration. The iris
{17) divides the space between the cormnea (12) and the
25 lens (21) into an anterior chamber (22) and posterior
chamber (23). The innermost portion of covering is the
retlna (18)," con51st1ng of nerve elements which form the
‘true receptive port:zon for vzsual impress:.ons
The retina (18) is a part of the brain arising
30 as an outgrowth from thelfore-brain, with the optic nerve:
' (24) serving as a fiber tract connecting the retina part
of the brain with the fore-b: .n. A layer of rods and
cones, lying just beneath a p.smented epithelium on'the
anterior wall of the retina serve as visual cells or
35
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(573 consi,sting o? transparent fibers passing between the ciliary body

(16) -and lens (21) serves to hold the lens (21) in position and enabl es
the ciliaryweowvsodigoto 15 .act on it. : Ref er r i ngpexyassy/opssot he
- cornea (12), this outernost fibrous transparent coating resenbles a.
. wat ch glass. Its curvature is sonmewhat” greater than the rest of
“the globe and is ideally spherical in nature- 20 However, often it is nore

curved in one neridian than . - another giving rise to astlgnatlsm A
central third ofPhotorgerptorsigthich dankfame RiMaiqal Annray t3ighs)i ght

ftattening taki npngd atervait gl sed her eof as the cornea t hi ckens

towards its periphery. M of the refrac 5, of the e e t akes pl ace
t hrough the cornea. S‘I‘he vitreqys hogy 4 &té A& FoAn arﬁ?t”é detai | ed

dr awi ng of gélkatineus onagwrwhiorh il tqte)tpbsﬂmzt ouwtafiifiths of
layers of the corpedgidre @prr'swgl@gtos%taoémﬂ% ks the Skl I al

cells on the surface thereof function t mal ntalrn transparency of the -
cornea (12). TheRAy (16, Anddherefinag Q&) 1 dh inenfaic djacereshamed and
acetyl chol i ne antepiessiatthoudes rtﬂg_ulle&m the cor neal cor puscl es and
controls the transport of lggtr tes fhrou h_the lanrellae
of the stroma (32) of 35t g%rnea ll) of ¢ e?}ey n% aréae B

-7- convyex aPﬁ%Yl‘Eﬁ ¢m't41rigm%rﬁma(z@33ce pdfanede dpatween the

BO\évrraE' S Mener a?:BrDé {2yerand wMédTuhs)rtﬁsh;bettmen Eﬁ?)t% axxa@.pldt:.faﬁel:% (31) |
and the stroma c e s{.r.onm conpri se

| anel | a-'havi ng b%%’s frﬁasﬁc? rbaﬁ,caqqngrfo%%h Qﬁé‘i’iﬁg}) Er”f“ﬁ t he
whol e of : the(%bkne@pnsﬂﬂﬂmmm tfanspaderiir diidberan e saing bexiveeh -

to the rface, S I 41 r [ or
limti nzul amna (34) Is rfes?el?c?ﬁeig (tj%s)p%i“;I l%eén(tﬁ)l %r&;(, rsrbto ﬁﬁﬁt E?t !
strong nenbrane Js?i‘h% pf3L 1 Oty Rl g #Rd t?élaétlﬁﬂr&h(%z-')lla-lm e%lls§t1&ntt°t 0

pat hol ogi cals praessas f. t he cornea. The endot hel ium (36) is '
t he nost posterior the carn and consj sts ngl e | ayer
of cells. The Ii nbusa‘%/e?ﬁg:s g t?eqatll%%sq {11h LIRS i’% 5t he

conj uncti va (38)ouRImAstertifn®)s dranapagrenth oo timg resenbtlescar waschl?)
on the other. glass. Its cltritifred iHWmWIRLINR Y tREPERN2ULRT 2

- of the globe and is ideally spherical in nature.

20 However, often it is more curved in one meridian than
another giving rise tO'astigmatism' A central third of '
the cornea is called the optical zone with a slight
flattenlng taklng place outwardly thereof as the cornea
thickens towards its periphery. Most of the refraction

25 of the eye takes place through the cornea.

: Referring to Figure 2, a more detailed drawing
of the anterior portion of the globe shows the various
layers .of the cornea (12) comprising an epithelium (31).
Epithelial cells on the surface thereof function to

30 maintain transparency of the cornea (12). These
epithelial cells are rich in glycogen, enzymes and
acetylchoiine and their activity regulates the corneal
corpuscles and controls the transport of ‘water and
electrolytes through the lamellae of the stroma (32) of

35 ° the cornea (12). |

/
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FEPRERBTTIY % PH AR aver age spher i cal Padi ds“of Scurvat ure (41) and a
_posi-tive asvé)herl C shape By "average 20 spherical radius of curvature"
intend the the circle defined by the points aquﬁé"‘ﬁ’é?q“phery
(45) of t he cor nea near the |inbus of the eye and having a center
(46). By "positive aspheric shape" we nean f-hat the di stance (47).
fromthat center (46) to the anterior 25 center of the cornea is greater

than the average . sphel Galt dradAY i1 tiHg Adiitha ) | sefdigradttqs i OF
~surface of the cornea flattens as it center (44)

resses fromt
to its periphery £pwmany %Wﬁ%ﬁrﬁgﬁj ver, R&?e‘ﬁﬁ?é?eoﬂ iREtYSRR He
| i ght pass throwgithed icoe nill) 3Hhd wHeaasr rdameey(3R)e crﬁeftrlm:tcmhtga t h&he

" cor neal surfaces t onver Al f t he
eye. The di angoé“r% o‘f ﬁ‘c'—) X re&?p?scouac{é 1 or %12&6{1?} ses

di scussi on, & he fridfride inaradilied ttofeadte ather andigra- ing tﬁtﬁtwmise &L the
eye. 35 the cornea. wmle mosﬂtefem:éien&t&cb 'Hhrﬁiegl!ﬁé 4d % IDEni C

because the I | ht romthe peripher f the cor ea ract
into focus at a %Y xﬁ?é:%nt &8’ ?g:rﬁ 9 1¥re
retinal surfaceA Iﬁastﬁezr:,ozt Hamwanba[imm 5(34)i rn-ﬁ:ggﬁezxzednatsp @&&s not

‘have the same asplif! Céeﬂ%ts,@m}é@ane thats &5 Pt 4 dzlma?}] e HiaayHi15f ance

(47) fromthe he anterlor su ace of e cornea is .

about the ddhe &F%\rn*%sfsfqmteﬁ’hﬁ IRETaMR o2 )s et ixeRistant £ ys of
curvature (41) (tHdlsgidi) mgggas;m(ﬁhel(};on{datten from center (44)

to periphery (45) but rat t.eaus eve I pS enter

an ICR is i npl ant ed rﬁ%ﬁwt@ﬁ%ﬁ“% rLIff s}é"

rays refracted aydr obveHe atdzmresd aud rtzcaislssj:rs‘ arfe awld:lngle ldxezr e:fﬁ acted
at a smaller angl dtfﬁ@f@ﬂf‘{g t t a;ég},as
directly on the reeeatlna @sﬂ ectlon %%rﬁt%g dzi%nige

appropri at ¢%ondhe congiupativg A8 O\E%rsatlt&?'aey@-% o PBbitdie o dp@étdt i ve
aspheri c shape anHeé |eorriea t (k) Jwwhe otdexr Figure 3 eye.

Under stood hat the devi od S 3 S S%, B 1ake SOSHR 498 BRTHE & 1 or
t he adj ust nent fornea (12) with an average spherical radius of curvature
- (41) and a posltlve aspheric shape. By "average -

' 20 ' spherical radius of curvature"” we intend the radius of
the circle defined by . the points at the periphery (45) of
the cornea near the limbus of the eye and having a center
(46) . By "positive aspheric shape" we mean that the
distance (47) from that center (46) to the anterior

25 center of the cornea is greater than the average
spherical radius of cufvature, that is, the anterior
surface of the cornea flattens as it progresses from the
center (44) to its periphery (45). As shown in Figure 3,
when parallel rays of light pass through the corneal

30 surface, they are refracted by the corneal surfaces to

converge eventually near the retina (18) of the eye. The

_diagram of Figure 3 discounts, for the purposes of this '

discussion, the refractlve effect of the lens or other

portions of the eye.

35 '
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at l'east a.portion of an annul ar chord of the cornea to decrease the
radi us of curvature and/or change the shape of the cor rrcT/wee40958&r to
i nprove t hWQPS2/? of t he eye. 25 W have found that the shape of the
anterior corneal surface may be adjusted by using I CR s having varying
“cone angles". The cone angle “N' of the | CR-is shown as . angle Nin
Figure 6. Cone angle "N' is defined as the angl e hetween. th | ane of
the flat surface that theTheRESQ depdstedoAnaFAIRIE Ae 18 BYXAPHE g?ﬁgﬁure’ﬁe

poi nt of the Cr‘%_%% 1ight $8%s ¢Romhehe’ ﬁétripﬁ&ryhaff kak eurﬁeaereﬁdathe

poi nt” on Cross- sec lon that i.s f the e
the ICR rests orintth"e EOCKHS @k RaPOIRFLA T F ZEFOS%%E’Bs err\gg 18 i s
one that cuts tipyuh dthend &ImealobutrltaCSE Fugrherd Itbeaeyendsﬂgpéeéf |

90[err] tothe fl f gc t have the same as heric shape as
-9- g aﬁtlﬁri“q:r ogisﬁlas a9es. 588 ang‘grlee N was gene p

consi der ed appr dyhEtatshown a}q iBiGRTea Bue Eﬁh?ald‘ts&%ut“ﬂ f?éme'gFr] Thi s
angl e was sel ectghder b@@nq-_d/\h;lr@h antérdor sugftlae:ealolfy the tamgeatisl to the

corneal anterior surfacge at the fraont igh CR W
have now f o fRPY %fa\%ﬁ Ah$x rzntcfs(,soﬁ":g'aang%l‘il vteri%Fjat %bg’% Eg%grh\' e
of the radi us ofraruruaataﬁ ewfvatvaec dédida qmdogrhe@smhg fcogmea doegeP@nter to

the periphery ofgtha & Qﬂéh 485%_%1 periphéry (A3 ble ¢akhed
assunmes an aspher| c pr of cl’osel’'y mat t he Q:&iltlve
aspheri c shape SWARPAYE F‘?@Lﬁ*‘éen di dFh RS t HE @ohé& Pe chosen

and the natural jmplarstedeimdo tdtee cmmm sTtmm:dma Flgyire . M ,withle liegabove

22.5, preferably it w t raf I
it will be bet me%??’%b%#{ az%[ete)‘éa r‘w he’ %& é%ﬂé’%é’a%ﬁi%gal Surggcs %qa
i nst ance, appr oxpersxefyacted At R gRaller Gnrgle Fud W@%ﬁ%%ﬁ&%e? a
means o aff usthofe (dfscant pothisin Gl \Gliee Yy dhaimoedmmn {hat

d O |
R L R g R
sel ecting the tranémesmapfallwrim the eye (oo dibfipinm a H@mﬁltdﬂ’e
corrective refrag r#l?é‘rf'c?sél’i s 1léxhet<5 féﬁﬁi vl &th bhe 8L fa

ot her eye conponé ocus dlrectl the retlna
Ihe cone angl e N may ‘tb’et%e‘f-’é%t*&F W?Fbﬁ‘?]t%%‘% (r)g}cg"’sqﬁfp 25
the eye prigg toihNELSRA) Of OShddiRa rb.élgmdéfbmdsmrcmame device and

method of the present invention is for the adjustment of
at least a‘portion-of an annular chord of the cornea to
decrease the radius of curvature and/or change the shape
of the cornea in order to improve the vision of the eye.
25 We have found that the shape of the anterior corneal
surface may be adjusted by using'ICR's having varying
"cone angles". The cone angle "N" of the ICR is shown as
angle N in Figure 6. Cone angle "N" is defined as the
angle between the plane of the flat surface that the ICR
30 rests on and a line drawn between the point of the cross-
| section that rests on the flat surface and the point on .
the cross-section that is farthest from the point where
‘the ICR rests on the flat surface. The cross-section
referred to is one that cuts through the diameter of the
35 ICR and is at an angle of 90° to the flat surface.

Sheet Has Been Replaced 5
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FROM MORRISON & FOERSTER LLP (‘JF) 2. 20°9 22:51/8T. 22:4
the cone angle N-may be selected to alter the aspheric

eye. ' woospsige Fl gure 5 shows one desirable | CR made accPEgmggmgsﬁo to
the invention. Ple |CR is conprised of a generally 30 circu

‘having split end portions. The material shoul d have properties that
render it physiologically conpati bl e wi-th the tissue of the cornea. An
illustrative material is a plastic type material sold under the trade
name ‘of PERSPEX C(Jerr] (Presiicaisligherheaicode ane@#pblnyASEgghgnra)lAYhOV\ever_

many ot her bioco iefed ro nate ac a fixed value e al to aboutO-
pol ymers includin ut not aplg p 8 Rl

to Tefl on sul fgnes are
useful in the i né@nti on. "B} ¥34Se se ECGPG‘S§ sgct PH%a I‘F é’°b‘3rét
rings is the hexagneraldyape tangemvial woFithe eofrnaad as:tea:ﬁeuralshyrface
o st oned 0 biyd b iert 3P oo S bRl 2R PO rode RN O
Ri ngs. of other crissmddadatody varEas the conel aNGiE ., bl!'-thencﬂtlel Bift @@ame
~ovol oi d and reCtQﬁgtﬂr@ radmssf&p%m\tm b¥eicte icdrhla b'%%&@ %&n@smhd
10 %Famherethee IS no r%/,plc t he net hod
present inventi orFifayfFSESFs &l 3\? h&% 5’&%§°mea S'Iancﬁ’levéﬂﬂl“?tﬁf’
the central cor nesncind:nah'e t;hq:ihmnueaslazqwmes anofaspherdicr peaf iGenehalt! may

Speak n. W&%Le Ié 1d§% chang| n%rﬂqu Q}ét ga%ﬁ;llcg%h\%bec%ﬁw ;ﬁoﬁégﬁr €ee

curvature w thout ness hi gher

cone angle (o. fePRRENY qnat nge tihep pPATUEAL

Where, however i tgHap @Ieﬁ e edremni nt'mienddm% amher NCw:l.ll behapovexi sltl ng
prior to inserti p r| e ngl e
shoul d be enpl oyg% ‘%0 ri)parttg%a'hfalg'r Ii?eg}gl[lh beI 85 e?’k%%% | gtjl n(cé?’eﬁgggd ‘and
t he cur vat uRreffenaid yeyid iwill &e M%wt @3¢ andnpgise - Sucy ag
gui de to | C havtiiy %@dﬁcﬂatﬁﬂ* GoRtaat@ e%pyi%xzmte'l e nleCld mm

t hi cknesses i s shqQqwn Aeng: re 7. Insertlééf rln?ﬂs i,nto
"theoretical 43 q‘ﬁﬁ e‘&é’" o &eﬁnﬁn l?é"t\ﬁéié

-13.5 diopters radis Iunjtcwudne:am |thealdoamieag stohe;mplve.lsum wsof the
eye. However, th ns I ckn

from eye to eyee"'5| nce eJt“fle an e%falﬁ%%"?egl@asene‘{lg’rl geéz%r %’é‘a?i% %ts\é?:rax
#he eye may al so digepsigms of ddhediparuieuiagueyer, tO\MlP@r dmpRantiedokness of

the ICR for 20 By selecting the thickness of the ring
according to the amount of corrective refraction desired,
the rays refracted by the cornea and other'eye camponents
may be brought to focus directly on the retina. The cone
angle N may be selected to maintain the aspheric shape of
25 the eye prior to insertion of the ring. 1In other cases,
" the cone angle N may be selected to alter the aspheric

shape of the eye. '

/NE) 376?437%72 P 16

'Figure 5 shows one desirable ICR made according

to the invention. The ICR is comprised of a generally

30 circular member having split end portions. The material
should have properties that render it physioclogically
compatible with the tissue of the cornea. An
illustrative material is a plastic type material sold
under the trade name of PERSPEX CQ™ (Imperiai Chemical

35 Company, England)( however many other biocompatible
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exanpPRRIFY 6. XFRAH® the cone angle wi II e bet ween about - 28 and
34[erf], for 0.25 mm the cone angle will be between about 27.5[err]
“and 33.5, .woesfdsi9 nmm the cone angle will be between zbwaisfeyser r |
and 33, for 0.35 nm the cone angle 35 wi |l be between about 26[err] and
32, for 0.40 mm the cone - -11-
angle wi |l be between about 25. 5[err] and39: S5[err] for 0.45 nmm t he

cone angle will he betvveen ab ut 4. 5[err] 5 for, 50 nm
the cone angl e RE4YMHF q’%n%0 J%re\é}ondmf%e

~ thickness of th_m]lmlﬁartessamus&ﬁsﬂs in (:dxae igywing igin .| @@%ma@ﬂ@ut
2501025 S sesionss avapd ¢ it o 6 AR o

correction of nyopla
corrective ref rﬁ&%mm&%f tang i @R;xegally %W@d\/l‘%’i 6’& Fr om

- the deternmgat i Qad d e nb to rneaﬁ&ﬁnarbrdhorgcﬁﬁw O RRIUMACH (difenisien

. physician wll ,_, oeanl the appr rlatet Lckpess @and cone
angl e to obtai n tHe ¥ ‘f %ttm dhj'r Lr'sdD@e%rbre Q J'ﬁllm §i ckness

wi |l be bet me_en(@hmrtsmmS"m an®Ringo afmother matsh@e@@n@narlgls@a@em be

between 0 and dmé’rkﬁh‘?rﬁéﬂ ﬁllﬁted)@d"‘%ﬁibl%@wtan@[z%rcfdan@%da@ or

bet ween about 23 err;Ol or between about 23 errhsand 35[err].
The ring may beSH3R% I’?ae’ﬂ be usqfpl Hat jthee AnveRtion as.dedds of the corneal
stroma by 10 any of theEwvex hattesrenve: Hea ey es Hi@avmatn ntylop ieg s tthieo mieehod  of

suitable for su&pe %é‘éﬂ@ti%nfa&ﬁ' P%{]é/ &%%3%%;%%%& e BE9Gess

and its allled%gI us shown IS Incorporated
herein by refer@hceurvature, of thehiqenanal GomRafedd thee ASARETIS SHEPSI | ed

in t he foldapvumg FEFHES . /Géfﬂrdllr}a@pﬂaléﬂ@ Siwdierdes itRdes aesuablbhe

radius in which th J?ﬁ;|sfult|matteeé}/ cibe 25 i nstalled al%% Lthe

cornea. A disse®t the ]f%‘?rrﬁrbfc tra "ﬁﬁ'} ]TI m%\ﬁ © poi nt

sui tabl e fi& prmhhmg:mg aICR thidkness amsl |ZOR mma hightexn degries clone

corneal stroma | trpﬁucgﬁ#g%tﬂ,& S'mll IH’éCHiFﬂ rot ated in
ra

such a fas |on t at a gene y..ci rcul ar ‘channel
.conpl etely abolfNeFRy RAYWAVET i dgidasixahle £q maintain trl"@( Mﬁrﬁ’rct he.

oppOﬁl te directsivdpd cexidtihivpriof rwnitmrhtmn tafntle tH1TRS fa@{]rmkl wiit® | lc:?
L3 L0e fotrocariubitapl e coné LI R il ! 100! 00V
20 particularly as the ICR thickness is increased and the
curvature of the eye is flattened overall. One example
of a guide to ICRs having coordinated cone angles and
related ICR thicknesses is shown in Figure 7. Insertion
of such rings into a “theoretical 43 diopter" eye
25 provides correction between -0.5 and -13.5 diopters
without significantly altering the asphericity of the
eye.  However, the relationship of cone angle to
thickness may vary from eye to eye since the initial-
diameter and corneal -curvature of the éye may also vary.
30 According to Figure .7, where the thickness of the ICR for
example is 0.20 mm, the cone angle'will be between about
28° and 34°, for 0.25 mm, the coné angle will be between
about 27.5° and 33.5°, for 0.30 mm, the cone angle will
be between about 27° and 33°, for 0.35 mm, the cone angle
35 will be between about 26° and 32°, for 0.40 mm, the cone

- ——
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FRM MORRISON & FORRSTER 'i"a further met hoa For fohéé czgr?e/ct |2§n4%/P° ’ 6°4r73y8p2| a,
.the- phyS| CI an vm |1 determ ne the anount of corrective refraction
necessar ZWwheshégoove a patient's vision and fromthis @€TAIssd/onEs0 on
wilt choose.an ICR 5 wth the appropriate thickness to obtain the corneal
curvature radius desired. In addition, the cone angle of the ICR IS
chosen to change the aspheric shape such that the cornea flattens nore
- fromcenter to per| pher The cone angl e and thickness i's as descri bed
" above. The ri rapake the ibagweeR ARG %5 i Fhand el §UYibHAS Mt he

corneal stronels &S ramfre aDE be between about 123 y5=t @rptIvers netdmd for

the correctio t he ph l.anR. W ter e nt of
corrective repqggcq i"Gh r%&%s%%ﬁ?/ ﬁt%é)"‘ ']:e pA%ﬁ' %et \‘ﬁn‘s cgnd from
this determ nadon and |wm¢mwemhmness Q/ﬁ tthe tiﬂhpl;ﬂ dbr5Satmm .t Kikekness
to obtain ghe &S}Eé‘eﬁ%le mwrw@tw&é&ha&&ewei drl- 62@“5" on, the cone

angle is chosen tain the a c, shape, of e close to

prior to inplantation offmh'g“?@? thod, ‘?‘Fp rte)?'?e ‘fﬁ’;‘P ett eand t hi ckness

of the ri ng ar@omecmmid)édnmm ambtptwsmianlw@.]rm;emm afeed in

t he i nner e 5@l nesd RS fbove.
d;‘riexf%%ffor gk re%ractlon 0 #

I n yet one m)re e corre Ive an eye, wher e

it is desirablRAtiERhiR WHions Fremithe, detprminanion £HHde ¢ shape, the
ICR of ~ 10 pa:éws&ﬁytébﬁim*ﬁmmhmmJ Q:H&I)pli}%:ldﬂ&rﬁrﬁiad. and

t he aspheric shape Measuy usi,n for instanc arretrlcs
Class |1 Cornecg'f BT e @ﬂa’f%// Iﬂ? PIopriaftg rﬁpeﬂ?“% FH% corneal
surface in teramghd B0 obmmatthe)mdrmla ophatiues dines @Tesal.:qmt i cul ar
Sl ze. I'n ﬂ&%ﬁﬁcl&fes@%iﬂp%i%w%aﬂ% R é\ﬂtﬁax} " eau gl am!r ement

of a sphere woul d resul rap ving a . roun or
"mesa". Any dARGtERH PR ANRLe will bR betireen L iand éﬁ)ws RERLST
t hr ee- di mESS] detwéen alfopt C18 Dramd S0 VAroRserweéann it ¥ eaa S05,9ur es

8B, or . between about 23° and 35°. The ring may be installed
in the inner lamellar regions_bf_the corneal stroma by
any of the methods we have shown in the past to be
suitable for such installation. Particularly desired is
20 the process and its allied apparatus shown in
- PCT/US93/03214 which is incorporated herein by reference
in its entirety. 1In general, the ring is installed in.
the following manner: A small radial incision is made at
the radius in which tHe ring is ultimately to be _
25 ' installed about the cornea. A dissector in the form of a
split ring and having a point suitable for producing an
interlamellar channel or tunnel in the corneal stroma is
introduced through the small-incieion and rotated in such
© a fashion that a generally circular channel is formed
30 completely about .the cornea. The dissector is then
rotated in the opposite direction to withdraw it from the
tunnel thus formed. The ICR is then introduced into the
circular channel. Similar methodology will be used for
. the treatment of astigmatism and presbyopia.
35 '
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13- . OB, 10B, 11B, 12B, 13B and 148’ s“how‘t‘)’o?‘h?frfé/%%éﬁe“%ﬁm ERE9137072 # 15
basel i ne "sphere” and the deV|at|on fromthe spheri cal baseline in
t wo- di mensi owo 9smspesct i ons. YWere the neasur ed aspheric sPEIQUS940%68 as
desired, the ICRwill 5 be removed and the ICR with appropriate cone angle
wi || be i npl ant ed. - The faol | owi ng Exanpl es are intended
to further illustrate but not to limt t4e invention in any manner. 10

In each of the Exanples belgasamgpgghgismggﬁg?g %%déﬂgpgorrectféntgg I CR

was hexagonal and the ICR e
Exanple 1 15 myopia, ThespBysiplianswili Geberminei thehamoumt wefn | CR

thi ckness and Congoaadlee 3adrbltakeiba! haBepbathoes dibrove 3 fatltnt's |

anterior- corneal surface when an eye i's
t hi ckness 't hat haVésiR@ 3RfefZEMethis dﬁﬁ@F@énaEB°n will choose AR Ik io
define the cosneawithpepeappprbpsiate thiekness Eooobthﬁnliﬁécoueneagle

effect, ICRs m‘thcurvathQ'C$Q§3F§S fngQBS QPa 9dgt angh% ?Qngﬂgﬁggg of

const ant coné ang Were Uur gesc .
cadaver eye. The &bend&R 48p6hPEERY @fCbﬂgggyéhﬂaésﬂgerh§a§h$2€ Pachr ehahd

after ICR Inplant%hboaoeﬁbagflae:ens mEeeafebni eéntkfSeo! pefDpReRy . SuThéce

Anal yzer. The Anal es. l.aser hol,ograp | hte

neasure . cornE&PetSBééFaﬁﬁa thickness is"as EF F%é é-iéo andT%Fsﬁbﬂg
the corneal 30 - magodpeajingtaliled dépetpei dnneo hadehlaer:bgiag9|aﬁlaheed
with I CRs of varyiag géghcﬁgﬁﬁﬁa Eggﬁégcgébggoggogge aspheri cal

t opography in three I Mensi ons an Shows the topograph
observed in two different pERn¥§t ano hﬁﬁtm&Fé°§OFEFrPh9p59¥reE%%ﬂnF?éures

show the topographyopiajSthel paysyeian welisdetedmihel the anéune spherical

shape corrective refraction necessary to improve a patient’s

15 vision and from this determination will choose an ICR
with the appropriate thickness to obtain the corneal
curvature radius desired. In addition, the cone angle is
chosen to maintain the aspheric shape of the eye close to
prior to implantation of the ICR. Again, the'cbne_angle

20 and thickness of the ring are as described above and the
ring may be. installed in the inner lamellar regions of
the corneal stroma as described above.

In yet one more method for the corrective .

refraction of an eye, where it is desirable to obtain or

25 maintain a particular aspheric shape, the ICR of
particular thickness and cone angle may be implanted and
the aspheric shape measured by using, for instance, a
Kerametrics Class II Cormeal Surface Analyzer. The
instrument measures the corneal surface in terms of

30 deviation, from a spherical shape of a particular size.
In Figures 8A, 9A, 10A, 11A, 12A, 13A, and 14A,
measurement of a sphere would result in a graph having a
rounded plateau or “mesa®. Any deviation from the
spherical baseline shows up on that three-dimensional

35 depiction as a variance from that plateau. Figures 8B,

-
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- 14- ‘before inplantation of an ICR As is evident fromthe to

‘Ti ght portiqodfestdsgure 8A, the eye has a nonsymret ri cal FCIAS94109560
shape, but it is nornmal in that the corneal curvature generally
flattens fromthe center 5 to the periphery. Figures 9A and
9B show the eye after I nplantation with-0.25 mmthick ICR The
aspheric . shape has been mai ntained close to the original aspheric
shape in what is98onaDBer 33Bt 0188, alABr AR a4PhshPw bAtbethe FhaPRaPLt e

_curvature flatte th er h h 1
Fi gures 10A and %8§Ei§§% tﬁgﬁggg aahgrthe dGV1HEEbH gkgﬁ 3?? sP erégann1

thick I CR Figur B3seiAngn4n twd- §}Be§ﬁéﬂp?nedggé°55935 |nﬂpﬁﬁFaF Bn with a
0 35 mmt hi ck 15meabGifed hephartat shapef iBonbtt hs Ges8f@rew, ande0IBE wiillhi ck -
| CRs produce.l es u t ept S ures

1oA and 128 ShowbEngelpied pad the ICROBIER, ApBRBRFIRCe fons®aRRER WML
These figures be smvwaaﬁedspheric shape that does not flatten from cent er

20 to periphery but bulges in the upper quadrant shown in Figure 12A
Such result indicates that _an |.CR.w cone angl e bs gt 34 errhF
shoul d be enpl oyed to prodd&e §°11°"1§§pﬁ§ﬁmgl§ﬁaﬁ§et nrepase ERs TPF

center to perlphdnnustrate but not tnldmir EhguiageatianAxandnB madnedt e

that the 25y egr‘g‘ijo gsh%%g% @ ehdmoien! rogho [ Rl ceUekALuUEe 1681 Bhape
t

careful ly tuned he cone an
chosen. he 1¢ RTWRAS &#ﬁP@aéhéﬂg FH@ FSFaFPGﬁsHPpebEPﬁeen | CR
t hi ckness and coga;&m@_e and the variation of the anterior corneal
. surface based on constant thickness and varyi ng cone angl e.

A 0.40 mmthick ICRwth a 25[err] cone angle was 35 inserted into the eye.
The cor neal topography of the eye Example 1

-15- i5 - . This Example shows the relationship between ICR
- thickness and cone angle and the variation of the shape
of the anterior corneal surface when an eye is implanted
with ICRs of varying thickness that have the same cone
angles. '
20 In order to define the corneal topography that
results from the ICR cone angle effect, ICRs with
thicknesses of 0.25, 0.30, 0.35 and 0.40 mm with constant
cone angles of 34° were implanted into a deturgesced
cadaver eye. The corneal topography of the eye was
25 measured before and after ICR implantation using the
Kerametrics Class II Corneal Surface Analyzer. The .
Analyzer uses laser holograph;c interferometry to measure
corneal topography. ' '
Figures 8-12 A and B show the corneal
30 topography of an eye prior to and after being implanted
with ICRs of varying thickness. Figure B8A shows the
aspherical topography in three dimensions and Figure 8B
shows the topography as observed in two different planes
that are 90° apart. Both Figures show the topography of
35 the eye in terms of deviation from a spherical shape

heet Has Been Re laced
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{TVE)

PRSI SPh*F Ghi es 19A and 13B. Introduction of the ICR produced a

desj rabl e aspheric shape. Renpval of the 25[err], 0.4 d
" repl acenwma9swst®? a 34[err], 0.40.mm I CR resulted in a(}rﬁé}é’%ﬁasﬁler

central cornea (see Figures 5 14A and 14B). Therefore, to produce an
aspheric shape that flattens nore frogycenter to periphery, an ICRwith
a smaller cone angle would be used for this eye. o
Modi fi cati ons wéfdte hshengiasion hefl adReR f orAslGs aaridenty fudm tthe

Lrg\éleglt Ing,n E)Bﬁ%%cgé ﬁ%f%}g/%/?g%ﬁ%%‘gt%ré%gﬁaeh%r Seri'{e% Lﬁi}eeg ]#almgl%llse;?: im;\tended'
to be wthin tiensyopetricabfaspheriot |Shdpgy dull e is rermal irpghat 25
30 - 35 tH® corneal curvature generally flattens from the center

§ to the periphery.

Figures 9A and 9B show the eye after
implantation with a 0.25 mm thick ICR. The aspheric
shape has been maintained .close to the origihal aspheric
shape in what is considered to be a normal aspheric shape

10  in that the curvature flattens from the center to the
periphery. ' '

Figures 10A and 10B show the eye after
implantation with a 0.30 mm thick ICR. Figures 11A and
11B show the eye after implantation with a 0.35 mm thick

15 ICR. Implantation of both the 0.30 mm and 0.35 mm thick
ICRs produce less curved but still acceptable aspheric
shapes} Figures 12A aﬂd-lZB show the eye after
implantation with a 0.40 mm thick ICR. These figures

show an aspheric shape that does not flatten from center -

20 to periphery but bulges in the upper quadrant shown in
Figure 12A. Such result indicates that an ICR with a
cone angle below 34° should be employed to preoduce a
aspheric shape that flattens from center to periphery.

~ In sum, Figures 8-12 A and B indicate that the

25 ' degree of change of the central corneal curvature can be
carefuliy tuned depending on the cone angle and thickness
of the ICR chosen.

Example 2 :

30 This Example shows the relationship between ICR
thickness and cone angle and the variation of the
anteripor cornmeal surface based on constant thickness and
varying cone angle. | ‘ :

A 0.40 mm thick ICR with a 25° cone angle was

35 inserted into the eye. The corneal topography of the eye

i
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ShRiMEBr1 sok. & FAERITRR &St romal - corneal ring for introduction into the cornea
of an eye, sai'd intrastromal corneal ring conprising a split olLyneric
ring - adapbeslos™® substantially encircle the cornea, said Wﬁ%’ﬁé‘ a
cone angl e above about 22.5[err], the cone angle being selected so that a
front surface of the intrastromal corneal rjng, which faces a cornea
anterior surface upon installation within the cornea, is not tangential to
the corneal ant gl ghoi haceigliRE 1Al 2hldhis@! OfnbBBalBEIBA! beMBheCoERCA!
ring into the cornea. 5. %le intrastromal corneal ring o claln1f
wherei n the con®rafyiced & gesixaklghagPhesisr phapsd sBemoval ofhthe 25°,
intrastromal cogngal mid TCRUSRKAUrepRacembheCWiv® @OBBeGt 0QaoOmmamcrye for

t he purpose of ingr éi g.the vis'o? oﬁgsaid eée gy changiqg thg.radius of
_curvature of saf§ €§ eds Ay 3 FRFRs fABREPT SRREER L, CR3DRIIRESaFtAPERRess of
bet ween abodt 0183 amd 0480 .mTThedefore,atg produmecanabsphegfier shazad

SOferr], said CeparaRqia®tiepisthosd! QQEﬁlchﬁtEQ'a'ﬁﬁep%Q?pPQ%‘ﬂs af TeRr WaLHr e
of the eye. 4. An_intrastronal corneghnbkngpuse u refractive

f,
correction of aft &RIASE CRRe,ARFIEWER &g £RZ §g§FoﬁY8f said eye by

changi ng the aspheric shape of the cornea of the eye, said intrastronal

corneal ring having a thi8F@§??cgﬁégggrg?PfﬁQg§F8@EOﬁeggkﬁﬁgdomggegnkﬁgd a

n"m . 207 96 22:5
r

cone angl e between about con€é angl € being selected

to change &Re aSpREYiAgsPusctie dnvepsinsathatt Rrecpbvious toppersons of

intrastromal coeRgall Hnh@¢hesefielldeober AbBacinee ephtAglinaNogl, 2Bpe¥Ret ey

the purpose of LR 19140ea" ¢3e20s2hr2i e SHea>Rodne L BRAROMRL S25PE°
of the following claims. '
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17 a thi ckness 'of between about 0. 05 and mh and>a cone @ng?@%?"ﬁ%e’n”

about 0 and 50%@5‘@%’ sai d cone angl e sel ect ed to maintain the alypherl city
of the eye ¥P8 the asphericity of the eye prior to inseP¢F ﬁ'ﬁ"?’?"ne
intrastromal corneal ring. 6. The intrastromal cor

3, 4 or 5 wherein the cone angle is between %bout 18[err} and 50[err

The intrastromal corneal ring of claim5 whdPéin the thi !nmﬂmthl L“II

i ntrastromal corneal ring is 0.20 mm and Me angl e
28[err] and 34[err] . The intrastro neal ring of claimb5

wherein the thi c‘ﬁﬁe%’sa!ﬁ‘ the intrastromal corneal ring is 0.25 nmm and the
coPe a?Q' e :S bet ween -aboui . 27. ﬁﬁaﬁ&rﬂ&&&%[@dﬁealk ®©ing (ICR) for
intrastromal cor erein the i ckness,

intrastromal cor neé* éﬁkﬁgl&r‘ bé%%v? %% Gt e ?as“geliéﬁen about
27[err] and 33[ erepprising: arr@lmrmxmmic ot)meaadaptmﬁ dfoclaim5 wherein .
the thickness ofswgmmaﬁyomélf@weake rédhds, badta wr}fk\s}or @ one

angl e i s-between_a ut 26 32, 11, The intrastro rnng
of claim5 wher e‘-ﬂ‘s ﬁeakP‘H %‘é o?zt%e intrastronal corneal ring |s 0. 40
nm and the cone angle is between about” 25.5[err] and 31.5[err]. 12. The

intrastromal corneal ring of cl.%gn e@:@; e ness. of '
intrastromal corneal ri n | s 0 mﬁ’r%an cghgc%n%‘;%eg#ie 9, eﬁé@ %Foout
24.5[err] aHY 30CERERr} whenmain Thhe caneRngialis hetwgen iahpuf 23%iand

~wherein the thickmess of the intrastronal corneal ring is 0.50 nmmand the
cone angle is between about 24[err] and 30[err].

| 3. An intrastromal corneal ring (ICR) useful
for refractive correction of an eye for the purpose of.
15 improving the vision of said eye by changing the radius
;of curvature of -said eye, said intrastromal corneal ring
having a thickness of between about 0.05 and 0.60 mm and
cone angle between about 0° and 50°.

20 4. An intrastromal cormeal ring (ICR) useful
- for refractive correction of an eye for the purpose of
improving the vision of said eye by changing the aspheric
shape of the cornea of the eye, said intrastromal corneal
ring having a thickness of between about 0.0S mm and 0.60
25 mm and a cone angle between about 0° and S0°.

5. An intrastromal corneal ring (ICR) useful
for refractlve correction of an eye for the purpose of
1mprov1ng the vision of said eye, sazd intrastromal

" 30 corneal ring having a thickness of between about 0.05 and
0.60 mm and a cone angle of between about 0° and S0°,
said cone angle selected to maintain the asphericity of
the eye close to the asphericity of the eye prior to

insertion of the intrastromal corneal ring.
35
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I3 HRE Pt Fasironal corneal ring of claimb5 wherein the thickness of the

I ntrast ro‘galg BS,' geal ring is 0.55 nmand the cone angl e i spoessasebout
©23.5[err] ana S.S[err]. 15. An intrastromal inplant for introduction
i nt.o the cornea of an eye, conprising an arcuate- el ongated polymeric
i npl ant adapted for inplantation within tHé-cornea to correct vision, the
i ntrastromal inplant having a_front_surfa e_thag faces the anterior surface
of the cornea of the eyeemhenTESiaanPFagi?bﬂﬁl r bl @Rt 5 ¥hpreRi thed at
t he desired | oesheoanghet k8 bPetweanaadoatcnae andl 80sel ected so as not to
be tangential to the corneal anterior surface at the front surface of the
I ntrastromal inplant. 16. " The intrastromal inplant of claim 15 wherein -
the cone angle is betweefl-abofhe0IGRdCE0FERLR. 5 whereimcthet thickapss
i mpl ant  of scl apt theWierein bHheoi winf aR8r e8| cbAB! aRg1eSid Bel bérwebyeric
ring.  18. ‘The.in rgﬁgro | ,igpl ant of claim 15 wherein the intrastonal
implant is an aPSHkt elﬁﬁgagéd‘inplant. S

8. The ICR of claim 5 wherein the -thickness
of the ICR is 0.25 mm and the cone angle is between about
10 27.%° and 33.5°

9. The ICR of claim S wherein the thickness
of the ICR is 0.30 mm and the cone angle is between about’
27° and 33°. |

15 . _
10. The ICR of claim 5 wherein the thickness
of the . ICR is 0.35 mm and the cone angle is between about
26° and 32°, -
- : 20 11. The ICR of claim 5 wherein the thickness

of the ICR is 0.40 mm and the cone angle is between about .
25.5° and 31.5°,

_ 12. The ICR of claim 5 wherein the thickness
25 of the ICR is 0.45 mm and the cone angle is between about
24.5° and 30.5°. ' a

13. The ICR of claim 5 wherein the thickness
_ of the ICR is 0.50 mm and the cone angle is between about
30 . 24° and 30°. |

14. The ICR of claim 5 wherein the thickness
of the ICR is 0.55 mm and the cone angle is between about
23.5° and 29.5°. | '
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