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SCLERAL PROSTHESI S FOR TREATMENT OF PRESBYOPI A AND OTHER EYE DI SORDERS

BACKGROUND OF THE I NVENTION Field of the Invention: This invention rel at-es
to met hodswaf ovrreésat i ng presbyopi a, hyperopia, prinmary open aR§T&ISIP/AEdna
and ocul ar . hypertension and nore particularly to nethods of 5 treating
t hese di seases by increasing the effective working distance of the ciliary
nmuscl e. The invention also relates to increasing the anplitude of
accombdati on of the eye by increasing the effective working range of the
ciliary nuscle. 10 Brief description of the prior art: In order for
the human eye to have clear vision of objects at different distances, the
effective foceITLENgt h SELERALC\RROBEHESES a8PRs tTREABENE pOF h PRERRYEOBIA he

obj ect focused as sharphypasTReRS E¥Ee AIBORIERSt i na. This change 15 - in
effective focal length I's known as acconmodation and is acconplished in the
eye by varying the shape of the crystalline |ens. CGenerally, in the
unaccommodat ed emretropi ¢ ey ACKGROUND! OF eTHE TNVENEFAON s such t hat

di stant objects are sharply inmaged on the retina. In the 20
| nacconodat ed eye near objects are not focused sharply on the retina
because thei rrighdesf| ktkehd@mvemttilany etinal surface. In order to visualize

a near object clearly, the curvature of the crystallipe lens is jngr d,
t hereby i ncreasi ngThiis r ginregnt i@ pokelaksF catRi nfj‘eFH@dFrra £§§aE§§1‘§

t he neftlr_ obj e S:eEBy_Bf:'i'a,Onhyﬁérﬁﬁghga-pﬁhﬁar?h%w ianglshapgd augioma hegd
crystalline ens 1§ acconplishe t he_act]i 0 [ mﬁ%ﬁﬁgagn £
structures w PﬁPﬁtheh@%gg?Sb?ngl %?r?hgag}e}éu%ffegg i's Tocated in
the fogward pareaefiriheheye, dimendiest blyy iBoreasingehhedef ABCHdNE WOTKiNas
the shape of %i%k%%%éng Qh%?%&ﬁﬁary muscle. The invention also relates
to increasing the amplitude of accommodation of the eye by

increasing the effective working range of the ciliary

muscle. )
10 Brief description of the prior art:

in order for the human eye to have clear vision of
objects at different distances, the effective focal length
of the eye must be adjusted to keep the image of the object
focused as sharply as possible on the retina. This change
15 in effective focal length is known as accommodation and is
accomplished in the eye by varying the shape of the
crystalline lens. Generally, in the unaccommodated
emmetropic eye the curvature of the lens_is such that
distant objects are sharply imaged on the retina. In the
20 unaccommdaated eye near objects are not focused sharply on
the retina because their images lie behind the retinal
surface. In order to visualize a near object clearly, the
curvature of the crystalline lens is increased, thereby
increasing its refractive power and causing the image of
25 the near object to fall on the retina.

. The change in shape of the crystalline lens is
accomplished by the action of certain muscles and
structures within the eyebali or globe of the eye. The
lens is located in the forward part of the eye, immediately

30 pehind the pupil. It has the shape of a classical biconvex
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optical lens, i.e., it has a generally circular cross section having two
convex refracting surfaces, and is |ocated generally on the optical |ens,

i.e., it hagogogeeerally circular cross section having two CegfRisofnoss: )
refracting surfaces, and is located generally on the optical axis of

the eye, i.e., a straight line drawmn fromthe center of the cornea to the
macula in the retina at the posterior portion of the gl obe. In the
unaccommodat ed human eye the curvature of the posterior surface of the 10
lens, i.e., the surface adjacent to the wvptreous body, is sonewhat greater
than that of the anterior surface. The lens is c¢losely surrounded by a
menbr anous capsdlealt haenser viese as drt i haer nedigatrerstlliet u:rn.&dulatﬂ"lecs-uaaort

and act uatloge%ftltatgle t‘ehl n8 g‘ﬂg Ic_e&;Y dxléér ?k%es%fzef rﬁﬁy 2 syispe ended

on the optical by a ar asse ve y
many radi al | }oma;t@ét egdenenaliy fqrber-be tqqretzmhl denshi dheare att dumedaat

their inner gagderaaithe RS TaPSULecRRD Aeddifdl OHB%.n@"dStJIQ tBen%Bc' ary
rrusclg, a muScuyl ar rlr&g of tlssue | ocated just with out er
ti

SUpport i ng SEREEAGTTE EHETErES t hatek| élsa OC?ﬁédm EFE‘PfaHﬂé’cl gn sthe
rel axed in tbpturadcarixlaifdieyeepad theref ar atassighs liﬁe| argeat from

di aneter. A rdi 0 _th I I r acc i.on,
originating %V%VI %eﬁgle%hotft gh% %é%rn% at [ ve?‘% F‘g%lé d|1§1 &r r ;tltnl’?'eag‘l tPgry
'25 rrusclp@_atrenmrs porbiohoro T atibes salcplaensu orimn thiee unagkermadatked n
turn pull S r?a@z'm%'ri Yepalt Wﬁéd &i%&é&f@néfc%@rﬂj'ﬁos@é’ﬁ?bﬁg stdr?]&a%waéf’r e @le

di anet er b_he l ens to increase_slightly and ‘decreasing
ant eflpor-pos &0%er diSrensiiyh SrrEpee] éﬁﬁaé’@ntthé"ooﬁth%a‘r”a&?@‘ls brdy, dife
tensi on on tRk®mewhat greater than that of the anterior surface. The

lens is closely surrounded by a membranous capsule that
serves as an intermediate structure in the support and
actuation of the lemns. The lens and its capsule are
15 - suspended on the optical axis behind the pupil by a
circular assembly of very many radially directed elastic
fibers, the zonules, which are attached at their inner ends
to the lens capsule and at their outer ends to the ciliary
muscle, a muscular ring of tissue, located just within the
20 outer supporting structure of the eye, the sclera. The
ciliary muscle is relaxed in the unaccommodated eye and
therefore assumes its largest diameter. According to the
classical theory of accommodation, originating with
Helmholtz, the relatively large diameter of the ciliéry
25 muscle in -this condition causes a tension on the zonules
which in turn pulls radially outward on the lens capsule,
causing the equatorial diameter of the lens to increase
slightly and decreasing the anterior-posterior dimension of
the lens at the opticai axis. Thus, the tension on the
30 ~ lens capsule causes the lens to assume a flattened state
wherein the curvature of the anterior surface, and to some
extent the posterior surface, is less than it would be in
the absence of the tension. In this state the refractive
power of the lens is relatively low and the eye is focused
35 for clear vision for distant objects.
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30 | ens capsul e causes the lens to assune a flattened state wherein
the. curvature of the anterior surface, and to sone extent the posterior
surface, is-less than it would be in the absence of the ten

! . . LOsod{bsbd!" S
state the\grb a@?l ve power of the lens is relatively | ow anﬁ'ﬁggéye 'S
f ocused 3 R

or clear vision for distant objects. WD 99/ 17691 '
PCT/ US98/ 10582 -3- Wen the eye is intended to be focused on a near object,

the ciliary muscles contract. According to the classical theory, this
contraction causes the ciliary nmuscle to nove forward and i nward, thereby

rel axing the 5 outward pull of the-3enules on the equator of the |ens
capsul e. This reduced zonul ar tension allows the el

tic capsule.o
lens to contract \gai4si REeareyeIcicasntendad &R eP8- ‘E‘ﬁ?cgr %g]i aar'reznéérﬂﬁf
the lens (i.e., the

3 L88S 86 Le1 sehesdmatdct esulrdarrdingntPndase
in the 10 obJegti Capep&@;%?tﬁ\g ['ens. Becausg, 0fed ORGK apii i ry
di fferences dTnddicdhi citmwsy of e | FRACH WS, 1ses Al antertiﬁ%
radi us of curvature deqreases pRaedt hand t hewaedt, r ethereslsr K61 373dus-o

migele ;s o e _
curvat ure. I S the acco dat ed gogd&{ ofy, fe%t%e shettien 1&ms
i mages of neasud@ard pudd et s 1Z°%Haf Pl y on the retina. RS DY PRE R4 ES
t he uni ve_rsal:aggﬁiéiise-ﬁmst &%Mdtzﬂeub&ra‘ég@m&atail&?q%a P tyareal |y
observed in Tndivi dug';;;g,\éeé ?&% %%arc%r&‘;]ra@lﬂ;e;cad‘sirt@ qer Enereasenginbhfal
vision, i.e.cangwiRg r 8 eyes, the ablglty {9 foﬁu%pn Rea 2@ns
objects i s gnadeabl-pomericmddinmetan vPEuaF ot ¥ o heed ‘gl asses o
tasks requirih ey &{i:géog h%%'&:a@.% r eadiiDEindcdoy dang iNERSRE S ol et onal
of the T e o %Cconﬁofattizﬁg of the agifig Kk | drdeebpagedphicalse
of the optical power Of lens. ‘ _
differences in the thickness of the lens capsule, the
central anterior radius of curvature decreases wWore than
the central posterior radius of curvature. This is thi
accommodated condition of the eye wherein the image of nea
j 1y on the retina.
15 objects falls sharp ‘ .
Presbyopia is the universal decrease 11 the amplitude
of accommodation that is typically obsexrved in 1nd1v%d?als
over 40 years of age. Tn the person having normal vision,
i.e héving emmetropic eyes, the ability to focus on neaz
20 | objects is gradually lost, and the ipdividual comes to‘nee
glasses for tasks requiring'near-vision, such as r.eadn.ng.f
According to the conventional view the amplitude ;
accommodation of the aging eye is decreased because of t :
loss of elasticity of the lens capsule and/or SClerOSlz'Ol
25 the lens with age. Consequently, even though the ra t:

i e
tension on the zonules is relaxed by contractlon.of
ciliary muscles, the 1lens does not assume a g?eatez
curvature. According to the conventional view, it is ?o,
possible by any treatment to restore the accommodatlze

) ici £ the

30 power to the presbyopic eye. The loss of elasticity © i
1ens and capsule is seen as irreversible, and the only
ia is se

solution to the problems presented by presbyopia 18 to u-f

i i
corrective lenses for close work, Or bifocal lenses,

i i t vision.
corrective lenses are also regquired for distan
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| oss of elasticity of the | ens capsule and/or sclerosis of 25 the | ens
with age. Consequently, even though the radial tension on the zonules is -
rel-axed by contraction of the ciliary nuscles, the | ens does not assune a
greater cugppddisge; According to the conventional view it i spaPlushgsEsed( €
by any treatnent to restore the accommodative 30 power to the
presbyopic eye. The loss of elasticity of the |lens and capsule is seen as
irreversible, and the only solution to the problens presented by presbyopia
is to use corrective |lenses for close work, or bifocal |enses, if
corrective lenses are also required for digtant vision. WD 99/ 17691

PCT/ US98/ 10582 -4- Certain rings and/or segnments have been used in ocul ar

surgery for vari OUe LA PR ngs DS AREn S8 WBA D&dn flfad bire At OF
el astic material, attached orT prepared in situ_b faSt%SQﬁg t he ends of
strips of theSWE®FY afoF GlAKLSIS PUTPRESSost eRFBFSp&H oFEBMENGFotRRE

posteri or tﬁ fi’l@lenalé ghayar( elestiile mutkerigl ngateached, olrayprepeared:six t?
conpress the .sclera._in _certain stefiqr . £ ' 0
metal, adapt e¥¥d BY ?f?%teel&blﬁ? 0 eo?r&?%eofscsfq{e}?laé %%%/ée)@beee%%g‘r& %i;qiédr}%éﬁ? ary
supporiing 10the posteuwdbur goutuidme®wiyerglobet hpogreldor Howdhe Pawhe

of these knowp deyi cediaverReenysedylial SHoiRa], { 1RAlCHees D5eabyep! 2

and none hav een adapted to e spetCl all needs ,of prosthetic devices used
in treating preBRyeBFa. Y& or BFAGFR, alPeeFeRES1ItontPATEETEBTexi®RI¥PSa 15

net hod of trQé%i:BﬁtEhQSb:&i.@@isa of haétdl] | adeptedass fhe ahpl icdomtewf of
accommodat i on of the _presbyopi

need for auxiFPﬁrys %ﬂﬂég%%ngggépéhggﬁggvgggﬁ: %ﬁ%gﬁ%§?lﬁg % y%%?g.
10 structures during surgery on the globe. However, none of
these known devices have been used for surgical treatment
of presbyopia, and none have been adapted to the special
needs of prosthetic devices used in treating presbyopia.
Accordingly, a need has continued to exist' for a
15 method of treating presbyopia that will ‘increase the
amplitude of accommodation of the presbyopic eye, thereby
lessening or eliminating the need for auxiliary spectacle
lenses to relieve the problems of presbyopia.

20 SUMMARY OF THE INVENTION
The treatment of presbyopia has now been facilitated

by the prosthetic device of this invention which is
implanted within a pocket formed in the sclera of the globe

" of the eye in the vicinity of the plane of the equator of

25 the crystalline lens.  The prosthetic device of the
invention comprises a base, having an elongated planform,

and a ridge extending along at least a major portion of the
elongated planform. The prosthesis is inserted into the

scleral pocket- with the base oriented in a generally

30 outward direction from the center of the globe, and the
ridge directed inwardly. The anterior edge of the
prosthesis accordingly applies an outward force on the
anterior edge of the scleral pocket which elevates the
portion of the sclera attached thereto and the ciliary body

35 jmmediately beneath the sclera to increase the working
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20 SUMMARY OF THE | NVENTI ON The treat nent of
presbyopi a has now been facilitated by the prosthetic device of this
invention which is inplanted within a pocket formed in the sclera of the
gl obe of tilwoeymésmn the vicinity of the plane of the equat or RET/Q0898/10582 t he
crystalline |ens. The prosthetic device of the invention conprises a
base, having an elongated planform and a ridge extending along at |east a
maj or portion of the elongated planform The prosthesis is inserted into
the scleral pocket with the base oriented in a generally 30 out war d
direction fromthe center of the globe, arf-the ridge directed inwardly.
The anterior edge of the prosthesis accordingly applies an outward
force on the dGistanoe efigthef cihdayyl AMECkRHA@EOTRIRE EPeFRCSRIRIHRE i on
of the sclera.gitgehed-bpereto and the ciliary body 35 i medi atel y
beneath the sclera to |ncrease the working

WD 99/ 17691 | .
PCT/ US98/ 10582 - 5-AFR¥a#eELY tHe &iF i &fy FRATFE é’c‘% ?gﬁengl?geflﬁéof’he%?y
oftthetlnvsn;ﬁf@vfﬁégédtﬂéhﬁmenttfb& preehyerianf the invention to provide
a treatnent for presbyopia. 5 ur j ect ov a
treatnent for predbybpfaidy |?E?%%E|nbsth%éefé€§%}€§ m%r tféa{@%?%ncgg%f
the ciliary npseébyoplahbypnasb?epuugey@e Rﬂﬁ§Qﬂﬂﬁe(ﬂﬂﬁk&nﬁsd%%t%?%Qlﬂg a

treatment for, ppesbyonty hukher §Sihe Hiediplisic Wpance betueen the 10

equator of thé Crys ens and the ciliar . A further objegt_ is
to provide a treabneferther pPRIBGEpi ASpytP EﬂY?aﬁ i A tﬁﬁe§§W§Pg anr
plurality of prashpepes Wy cinddéasing' ease rdibialbr disgadicet dremwedn t hbe

10 equator of the crystalline lens and the ciliary body.

- A further object is to provide a treatment for
presbyopia by implanting in the sclera a plurality of
prostheses which will increase the working distance of the
ciliary muscle.

15 A further object is to provide a treatment for
hyperopia.
A further object is to provide a treatment for primary
open angle glaucoma.
A further object is to provide a treatment for ocular
20 hypertension.
A further object is to provide a treatment for
increasing the amplitude of accommodation of the eye.
Further objects of the invention will become apparent
from the description of the invention which follows.
25 u
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows an isometric view of an eye having the
prosthesis of this invention implanted therein.
Figure 2 shows a front elevational view of an eye
30 showing the location of straight scleral pockets.
Figure 3 shows a front elevational view of an eye
showing the location of straight scleral pockets.
Figure 4 shows a cross section of the eye of Eigure 2

along the line 4-4.
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ciliary nuscle. 15 A further object is to provide a treatnent
for hyperopia. A further object is to provide a treatnent for prinmary open
angl e gl aucona A further object is to provide a treatnment for ocular 20

hypert ensi g{rther object is to provide a treatnent f or pdYOSABERY t he
anplitude o accorrrmdatlon of the eye. Further objects of the invention
w || becone apparent fromthe description of the invention which follows

25 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows an isonetric view of an
eye having the prosthesis of this invention inplanted therein. Figure 2
shows a front el evational view of an eye_3Q showi ng the | ocation.of
straight scleral pockets. Figure 3 shows a front el evational view of an eye

show ng the | ocatignnpfe S§ réhghé asl %'iﬁ'a:d@‘&:k&frfew Fbfut Be 4cBbons sections

section of the eye of Figure 2 along th I, ne S T T ET (RULE
26) WO 99/0ify gkgure 4gz.n the reggon gnda.cated by lg%% %Fuggsl 18582

-6- Figure 5 shows ;@@Iarsgmivsnae\plm‘n tiewcdsa rectrpgudkrregbediment t he
regi on indica u I ViAW 0fh 5

rect angul ar e‘?ft;dﬂ? O%’f rosﬁ%gsﬁgv% ?’%?P%\ygrﬁgn havi ng a:fl t
base. % Figure 77 m @ fixant alematenal \?Pe%’ofo

prosthesis illustratedsi pFhgrrgeba Thowigudesovs an end el ovati onal vi ew
of the

Figure 8 shows an end elevational view of the
prosthesis shown in Figure 6.

Figure 9 shows a plan view of an embodiment of the

10 prosthesis that is curved in the plane of the base.

Figure 10 shows an end view of the prosthesis of
Figure 9 as-indicated by the line 10-10.

Figure 11 illustrates a plan view of an alternate
embodiment of thé prosthesis of the invention.

15 'Figure 12 shows a front elevational view of the
prosthesis illustrated in Figure 11.

Figure 13 shows an end elevational view of the
prosthesis of Figure 1l.

Figure 14 illustrates a plan view of an embodiment of

20 the invention in which the ridge member extends beyond the
end of the base member.

Figure 15 shows a front elevational view of the
prosthesis illustrated in Figure 14.

Figure 16a shows an end elevational wview of the

25 prosthesis of Figure 14, wherein the base prosthesis is
tapered to the posterior edge.

Figure 16b shows an end elevational view of a
prosthesis similar to that shown in Figures 14, 15 and 1l6a,
wherein the base is not tapered.

30 Figure 17 shows a plan view of an embodiment of the
prosthesis of the invention wherein the prosthesis is
hollow and made of an elastomeric material that is filled
with a liquid.

Figure 18 shows a front elevational view of the

35 prosthesis illustrated in Figure 17.
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prosthesis shown in Figure 6. Figure 9 shows a plan view of an enbodi nent
of the 10

prosthesis that is curved in the plane of the base. Figure
10 shows an- end view of the prosthesis of Figure 9 as indi

_ _ (ﬁﬂﬁéﬁogﬁe l'i ne
10- 10. Fl‘ggr ?"ﬁﬁ“l | lustrates a plan view of an alternate e of the
pr ost hesi S e invention. 15 Figure 12 shows a front

el evational view of the prosthesis illustrated in Figure 11. Figure 13

shows an end el evational view of the prosthesis of Figure 11. Figure 14
illustrates a plan view of an enbodi ment of 20

the invention in which
the ridge nenber extends beyond the end-@f the base nenber. Figure 15 shows
a front elevational view of the prosthesis illustrated,in

1 N ELgUr 8e14¢nl gure
16a shows an endgqlgel\i@iqryal sHows ofa t eross secib}cag?.}.esxlrgégf éi’egure 14
wherein the base prosthesis, | r&feoh@ the honeedPededge. Figure 16b
shows an en@@%ﬁ%ﬁ]aﬂé\fﬁﬁ%%ag?prost géi S Sé@tli@néo thadw Shkdwn the
Figures 14, 15 angh wer eihovishe ahs &Y ot tapereci". 30
Figure 17 shows an view ofi-anienbodi nent of the prosthesis of the
i nvention vx/rﬁé’?%?ﬂ“%)%%s p%/%g%ggfs s _hol Loy, andqade oFf aan esdaxtiomsnt of
materdal that is Fighee AthLAUFFHRFGS ﬁi'gure 18 shows a.fr t-ﬁ_layﬁyé@nal
viewof the 38 poePh@StBesEsthel usveatsen WhEEgITe TP NS TURE STEET
(RULE 26) B5PT7691 cure of the globe.
PCT/ US98/ 1058@ match the cuxv 1 tional wview of the
Figure 22 shows & front eleva
s d in Figure 21.
prosthesis illustrate . . of the
10 ' Figure 23 shows an end elevational view

prosthesis of Figure 21.

TAILED DESCRIPTION OF THE TNVENTION AND

DE PTION OF THER ~bVaisa et ===

PREFERRED EMBODIMENTS

_
N This invention is based on a differe'nt t':he:;rjsr,
developed by the inventor, which has been descr:.]:;ed :?Ch . i;
pPatent No. 5,354,331, the entire disclos‘ure c:l vclause ~
jincorporated herein by reference, drijiidt;i tt cecnstimltes
20 the loss of amplitude of accomm? a . § e
ia. According to the invention, pres Yyop
f:z:ziz:p;; increasing the effective working dlistance. :f t:;:
ciliary muscle. This 1is accomplished by increasil :‘;or o
dista‘ncé between the ciliary muscle and. the lens <.equaof il
25 increasing the diameter of the sc¢lera in the region
Cllla:}c’:c::zi;lg to the invention the effectivfa ;rorl:;zz
distance of the ciliary muscle is increased by;E l:::e a:ye ?
in pockets gurgically formed in the sclera o R
30 plurality of prostheses designec? to place s bOdy_.
traction on the sclera in the region of the ciliary

i scleral
The relevant anatomy of the eye for locating the

p y y id - 4 ) The

i i anterior
transparent cornea 104, which constitutes the T
r .
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Figure 19 shows a <cross sectional view of the prosthesis of Figure
17 along the line 19-19. Figure 20 shows an end el evational view of the
prosthesis of Figure 17. 5 Figure 21 illustrates a plan view of -
an enbodi Mg 9ohi7éoe prosthesis of the invention wherein the fgosIssosszr ved,
to match the curvature of the globe. Figure 22 shows a front el evational
view of the prosthesis illustrated in Figure 21. 10 Figure 23

shows an end elevational view of the prosthesis of Figure 21. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON AND PREFERRED EMBODI MENTS 15 This invention is

based on a different theory, devel oped by-ghe inventor, which has been
described in U S. patent No. 5,354,331, the entire disclosure of which is

i ncor por at ed dedméie byer eher eitssr r@@atdi NgHehecDoeiskanf jAfiction tife thess
of anplitude of acco dat L on _t hat tes esb r §o
t he inventi on$O*Pr2sBY pFﬁiF?‘t r"«?at S%/l ¥ 3 ngng Elhq' k{% S?gld%&%

wor k1 ng
di stance of ttiee céyear gsniddustralres iin aﬂdme)nprosﬁeaegylpncpefaﬁlrﬂjnﬁe‘*:

di st ance bet % &%?g?ﬁ h¥ méi%l q_o%ndlé ﬁggeggegqgﬁt @r ttm,gsnembranous

i ncreasing theé o the sclera int region of the ciliar
Accordbng to eaRsHheeardorda hoertedt rU@‘e\%alherkY R GFEECDS tPhé"h)é I”r5¥§/

nmuscle is incgeasegy ehHEhaaéhBQaMyp@élsQ:teﬁcfdﬁ g aiy gupikdiis émethe
sclera of the eye a_3

outward tract PBRIBALt ﬁé“sscl%fa ;)fegl OSt?e?‘ﬁz dﬁefgggggs&)e%#lhécﬁy "
rel evant anat Qaﬁumést helﬁyex‘uyndm@t breg welean stheralelp@clcarzsu%@/ & seka by
reference to Flgurg,. 1 TK} oY ?1 Ve |AEed 0 S¥F BO8y CLIP! | SPRet he
white, tough 3 dk ePa gf enco asses nost of _the globe and_t he
10 ciliary body 116 11es jLSt under the sclera 102 (f.e., just
inwardly of the sclera 102) and is attached to the inner
surface of the sclera 102. As may be seen in Figure 4, the
ciliary body 116 lies generally in a plane 130 defined by
the equator 110 of the lens 108. The plane 130 can also be
15 extended to intersect the sclera 102 whereby it forms a
generally circular.intersection located about 2 millimeters
posterior to the limbus 106. The external muscles 118 of
the eyeball control the movement of the eye.
According to the invention' a generally outwardly
20 directed traction is exerted on the sclera in the region of
the ciliary body to expand the sclera 102 in that region.
This expansion of the sclera 102 produces a corresponding
expansion of the attached ciliary body 116 and moves the
ciliary body 116 outwardly away from the equator of the
25 lens 108, :generally in the plan 130 of the equator 110 of
the lens 108. The sclera 102 is preferably expanded
approximately in the plane of the equator of the lens 108.
However, any expansion of the sclera 102 in the region of
the ciliary body 116, i.e., in the region of the sclera
30 somewhat anterior or posterior to the plane of the equator
110 of the lens 108 is within the scope of the invention,
provided that such expansion of the sclera 102 moves the
ciliary body 116 away from the equator 110 of the lens 108.
Typically, the expansion of the sclera will be accomplished
35 in the region from about 1.5 millimeters anterior to the
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transparent cornea 104, which constitutes the anterior WD 99/ 17691
PCT/ US98/ 10582 -8- segnent of the outer coat. The circular junction of the
cornea and sclera is the linbus 106. Wthin the globe of the eye, as -

i | | ustratedvonyiteel cross-section of Figure 4, the crystalli nd@QT&98A0%2| s

enclosed in a thin nmenbranous 5 capsule and is located i medi ately
posterior to the iris 112, suspended centrally posterior to the pupil 114
on the optical axis of the eye. The I ens 108 is suspended by zonules 115
extendi ng between the | ens capsule at the equator 110 of the |lens 108 and
the ciliary body 116. The 10 ciliary-Bedy 116 lies just under the
sclera 102 (i.e., just inwardly of the sclera 102) and is attached to the

i nner surfacepdnehel3¢| efa to2. emmateyr befsébe | hersgdhod 4tor FPUY i &r P

body 116 "esmgﬁﬂ%%'t d ga&n%ﬁ@rl@ elsatng@amé ”16 Lquatm ldboet bhe
| ens 108. The ane 1 n al so be 15 nded to intersect the
sclera 102 V\hélliéléy-fqettefr@r nECa ¥ePekal4 s cf"i"@ﬁllé‘fquﬁ%r POSHERL o c fPed T RBout

2 mllinmetersipases iposto tzt@cdawbughl% thEheapuéeioal marsyires1228 of ®he
eyebal | control _the moverne

d
generaPly out \ﬁé’tl(?lri?h(?oc dﬁ%c{“’é&‘iy?’&tﬁfcorl gg}(é?ttié’ %orf[%%e‘:lergﬂsg fé?ghlen

t he regi on of silerai.liary body to expand the sclera 102 in that region.

Thi s expansion of pLed S 1 AveRii &GN ik ﬁ@@stgna_ 1khe
attached ciliary bE)IE' %%3 rmveégt gem ?1 arylbody 116 f? 9&3 o

fromthe equatay 0®tﬂiwtam§1126 dlrecﬂ%§rf@8'-l‘§bﬁ€r sey scd efife &heléﬁ
equator 110 of,ddg iliNSor1@Be arterist emar QﬁIrazwefe@ﬂ&qaem@hnge¢ket

kpanditon of ’ 120 sci BPSOTRAAYY ne W dropegresls of e il BHELEE i o
base adapted to be placed against the outer wall of the
pocket surgically formed in the sclera. The base has an
elongated planform and is oriented generally
circumferentially with respect to the circle defined on the

15 sclera by the intersection therewith of the plane 130 of
the equator 110 of the lens 108.

The position of the prosthesis within a scleral pocket
and its operation to expand the sclera are illustrated in
Figures 4 and 5, showing a prosthesis of the type

20 illustrated in Figures 6-8. '

The base member 202 of the prosthesis 200 has a smooth
exterior face 212 adapted to be placed in contact with the
internal surface of the outer wall 128 of the scleral
pocket 120. The opposite, or interior, face 216 of the

25 prosthesig 200 is provided with a ridge 214 extending along
a substantial portion of the length of the base 202. This
ridge 214 bears against the inner wall 126 of the scleral
pocket 120. Accordingly, the sclera 102 at the anterior
margin 122 of the scleral pocket 120 is elevated above its

30 original level. The attached ciliary body 116 is thereby
also expanded awéy from the equator 110 of the lens 108,
and the working distance of the ciliary muscle 1is
increased.

A first embodiment of the prosthesis of the invention

35 is illustrated in Figures 6-8. Figure 6 shows a plan view
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the ciliary body 116, i.e., in the region of the sclera 30 somewhat
anterior or posterior to the plane of the equator 110 of the lens 108 is

wi t-hin the scope of the invention, provided that such expansion of the _

scl era 102wwypsedihe ciliary body 116 away from the equator gdfusss/tose | ens.
108. Typically, the expansion of the sclera will be acconplished 35 I n
the region fromabout 1.5 mlIlinmeters anterior to the WO 99/ 17691

PCT/ US98/ 10582 -9- plane 130 of the equator of the lens 108 to about 2.5

mllinmeters posterior to that plane, i.e., fromabout 0.5 mllineters to
about 4.5 mllinmeters posterior to the |idfgus 106. Accordingly, the
anterior margin 122 of a 5 scleral pocket 120 will be located in that

regi on of dlt hegicbﬁéaé.nﬂé& P el ithefprbethesest 200 mviesy gnashse 20| y

an outwardly di.rected tracti.on to the l,era_a r Shhizon t he

anterior rrargl’“’t’rtg”zzaﬁf aé%seﬁlecfﬁl e&@&egs‘l‘o % &jgl%%e.lgle%c?rd&%ﬁg@?'thgﬁd

prost hesi s of lalteriadyemdsor? dfasard Rk@. adBheecdnnsrbéagicaddd dgnipuevigded

outer wall of w&*&%og%ciﬁf&%érlgﬁthékk)énii%@dalidhé henschengeh Hie hasemAgseran
is -

el ongat ed plan I oriented ener '|%g h -
ci rcunber ent | dimpngion reEpshe HLAMRALSE cPESGeiTTRd of ¥FHFA 57 ShOUR | Bra
Iby the interseeldnen thevawibhadl hewplepe it Prddthewimt wf 1FAgufret hé
ens 108. The position qf th rosthesis, within_a pogket d i
operation to e‘g’;?é(’r’rd‘gl hetq'éecl eﬁa“ﬂa‘re ?‘f‘?ﬂi?r ab&an %ﬁ}grﬁf;a?se 4 and 5$Eshg\i/:1\n§ng
a prosthesis gfrdduhdsipe 2(Figurei 8| showst ad siideFivigwe%-ghe TRECBRbESis

menber 202 of Lhe J é)sél?%s%ﬁtggosﬂﬁa%es g h exd erliagef 39@ Zvg agapbednt o
be placed in Sontacts wi e ,
10 218 on the inner surface 212 of the prosthesis.

Figures 9-10 illustrate. a prosthesis of the invention
having a curved planform adapted to be implanted in a
scleral pocket that is curved to match the curvature of the
eyeball. The prosthesis 300 of Figures 9-10 has a

15 generally planar base 302, curved in the plane of the base
302, having an anterior edge 304, a posterior edge 306, and
lateral ends 308 and 310. The inner face 312 is provided
with a ridge 314 extending along the length of the major
dimension of the elongated curved base 302. Figure 11

20 shows an end view of the prosthesis of Figure 9 showing the
outer face 316, the ridge 314 and a notch 318 on the inner
face 312 of the prosthesis. The curvature of the base is
chosen to provide at least an approximate match for the
curvature of the adjacent structures on the surface of the

25 sclera, esg., the limbus 106, adjusted for the distance of
the scleral pocket 120 and prosthesis 300 from the limbus
106. Figure 3 shows a front elevational view of an eye
provide with curved scleral pockets 120 to accommodate a
curved prosthesis 300 of the type illustrated in Figures 9

30 and 10.

Figures 11-13 show an embodiment of the invention
wherein the anterior portion is tapered from the ridge to
the anterior edge. Figure 11 shows a plan view of the
prosthesis 400 having a base 402 with an anterioxr edge 404,

35 a posterior edge 406, and lateral ends 408 and 410. The
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I nternal surface of the outer wall 128 of the scleral pocket 120. The
opposite, or interior, face 216 of the 25 prosthesis 200 is provided
with a ridge 214 extendi ng al ong a substanti al

portion of thegh®Rabss0f the
base 202.wdbb/g7661 dge 214 bears against the inner wall 126 of the scleral
pocket 120. Accordingly, the sclera 102 at the anterior margin 122 of the
scl eral pocket 120 is el evated above its 30 original level. The
attached ciliary body 116 is thereby al so expanded away fromthe equator
110 of the lens 108, and the working distance of the ciliary muscle is
I ncreased. A first enbodi nent of the pr“ds]t'hesi s of the invention 35
illustrated in Figures 6-8. Figure 6 shows_a, plan vi TeEEihBEET
R e o e 15 aonen Caid MRaB el Lo i pHEEEA THEE

. . . £
PCT/ US98/ 10%2% ;10 Of b deneer chaceuskrt relpr 328hesi 3 208°Kadi RIK Fase
202 with an &1 67 eal e 204,_a po i, : , with | at erialgendd 4208
and 210. The(:i.nnerTl’ﬁacgn’Hﬁ |fsa°pﬁ? 25’% dl%rvm' ?ﬁ&@lagﬁ

i's

ovided arid eacf_’m di, B9 aleong
the length of, ey 0516ng thedilenmilorobf thfie @16y :é&ergéé{scgﬂzgg
Figure 7 shows a front, el evghihonalpid@ie ofi 2t Gowsost hesost oR1RVgHIOR
' a %g base 2 X ( :
showitng t he $AFRIAEFOOPRZGuTef 'surfate 216, of LNS Pr 8aL0ARGS cheguriad,
shoue 2 5! doviewwodl the WW%SSR(;‘M bg?ﬁg ]ter surface 2]??6’ ﬁms
idge 214 and 2 ?@tggt%g face 449 OF tiiee iprestbesiace FIFUFE tie S
prosthesis. BFQUres~9-10 iTlustrate a gfe%itsh%fsﬂbuﬁ:@e ipvehbiwimchavheg a
curved pl ant anmendapybawt §he-RTpPARPET T "a Sl Sl B NIRET A 4a cHEVEd
to match theoﬁgé¥akﬂﬁé afi 2t ke yermltidge 4h@ OBr 55fn &I %6 Fi%ures
9-10 has. a ener al | | anay, bagg s302mbeaimenti rehee Niogike 815 he
basel0 the prosghe31s o n s P
tapers toward the anterior edge 404 of the prosthesis. X
.Figures 14-16 show a preferred embodiment of the
prosthesis in which the ridge member includes extensions
beyond the ends of the base member which lie on the surface
15 of the sclera adjacent to the scleral pocket and hélp tz
stabilize the prosthesis. Figure 14 shows a plan'v:Lewdoe
this embodiment 500 having a base 502 with an anterior eli
504, a poéterior_edge 506, and lateral ends 508 and 5 d;
The inner face 512 is provided with a ridge 514. The end
i s
20 508 and 510 of the base 502 extend slightly beyond the enh
" the
of the ridge 514. Accordingly, the ends 508 and 510 o§ >
a
pase 502 will extend beyond the ends of the pocket 12
i a
l1ie on the surface of the sclera 102. Figure 15-shows14
front elevational view of the prosthesis of Flguﬁ: .
25 showing thke flat, smooth outer face 516 of the prosthes i
and the ends 508 and 510 of the base 502 extending k?eyonf
the ends of the ridge 514. Figure 16a shows an end v1e: o
i ce
the prosthesis of Figure 14 showlng the smooth outer ba °
i s
512 and the ridge 510 on the inner face 514 of thz’ éew
i vi
30 502, as well as a notch 51i8. Figure 16b shows an enh .
f . . r
of an alternate embodiment of the prosthesis 500 whe "
i
the base 502 does not taper all the way to the pc?sterd i
edge 506 Evidently, the thickness of the posterior e gs
. i a
506 may vary from a relatively sharp posterior edge

i i i dge as
35 shown in Figure 16a to a relatively thick posterior edg

SUBSTITUTE SHEET (RULE 26)



302, having an anterior edge 304, a poéterior edge 306, and | ateral ends
308 and 310. The inner face 312 is provided with a ridge 314 extendi ng
along the length of the major dinension of the elongated curved base 302.

Figure 11 ?Q) g1Shows an end view of the prosthesis of FigpgpuBossieess ng .
the outer ftace gﬁé the ridge 314 and a notch 318 on the inner face 312 of

the prosthesis. The curvature of the base is chosen to provide at |east an
approximate match for the curvature of the adjacent structures on the
surface of the 25 sclera, e.g., the |inbus 106, adjusted for the

di stance of the scleral pocket 120 and prigsthesis 300 fromthe |inbus 106.
Figure 3 shows a front el evational view of an eye provide with curved
scleral pockehswh29nt PigagenmeBat 6raecenvenipkest hesis BOhadfantegegps.
illustrated in Figures 9 30 and 10. Figures 11-13 show an enbodi nent
of the invention wherein the anterior portion is tapered fromthe ridge to
the anterior edgeFidgirms e 11-3howdliugtaate evef embogimenfesiaf 4obhe

and Tatora GRS A0S Baciih, 4nbi Ve o, f(%%‘ﬁ‘é%‘ o e o0
99/ 17691 elastomerlc material and filled withp ¢i058§19&{e 3t er
face 416 is MR 2 éﬁﬁﬁﬂéwjdﬁ)ﬂhiéﬂémﬁﬁﬁfmﬁmmsﬁomhﬂavﬂngrashaéacéoéf
brovi ded wit W1t i ae SASCERPEndIGHE a°5Hg e TOREETLSr 19 S e di A2%s1 on
of the 5 1aalenndatentidases 488d SEDgur &he2 ismeas fade o2 eievampeﬁaﬂw. ew
Che b oot hes Rt dndYigek t%h%!}gstthml fhacSgBEVBOVLCEuppER ! Lhco!
e prosthesi’s ure ows an end view of th r os heshs ocketg%a% 11
showilfg t he prosthes1s on the inner wall 126 of the scleral p
in the same way as the ridge member of other embodiments of
the invention. Figure 18 shows a front elevational view of
the prosthesis of Figure 17 showing the flat, smooth outer
face 614 of the prosthesis. Figure 19 shows a cross
15 section of the prosthesis of Figure 17 taken along the line
19-19. The cross-section shows the flexible wall 612 of
the prosthesis as well as the flat outer face 616, and the
crest 614. The cross section also shows the filling liquid
620. Figure 20 shows an end view of the prosthesis of
20 Figure 17 showing the outer face 616 and the crest or ridge
614 on the inner face 612 of the prosthesis 600. The
hollow prosthesis is filled with 1liquid, typically by
injecting the 1ligquid through an end 608 or 610. The
prosthesis may be filled with more or less liquid in order
25 to adjust the thickness between the outer face 616 and the
crest or ridge 614 to provide more or less traction on the
eclera at the anterior margin 122 of the scleral pocket or
belt loop 120. '
Figures 21-23 illustrate an embodiment of the
30 invention generally similar to that shown in Figures 6-8,
having, however, a base in which the inner face of the
prosthesis is curved to provide an approximate match to the
curvature of the globe. Figure 21 shows a plan view of the
inner face of the prosthesis 700 having a base 702 with an

35 anterior edge 704} a posterior edge 706, and lateral ends
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outer face 412 and the ridge 410 on the inner face 414 of 10 t he
prosthesis 400. In this enbodinent the ridge 410 tapers toward the
anterior edge 404 of the prosthesis. Figures 14-16 show a preferred -
enbadi nent WO 9eMEE9pr ost hesi s in which the ridge nenber incl uP&SESOBEARE20NS
beyond the ends of the base nenber which lie on the surface 15 of the
sclera adjacent to the scleral pocket and help to stabilize the prosthesis.
Figure 14 shows a plan view of this enbodi nent 500 having a base 502 with
an anterior edge 504, a posterior edge 506, and |lateral ends 508 and 510.
The inner face 512 is provided with a ridgé-514. The ends 20 508 and
510 of the base 502 extend slightly beyond the ends of the ridge 514,
Accordingly, 7hé ends 308 arfhsHnngrtfRCeais25as \H"]W’é%&der‘ﬁ‘%éy%nﬁlgﬁé

ends of the peghetek2hdingy |dFoy the lengrte of the malera diddndignrefld
shows a front el evational Vvjew o thgqgrosth sis of Ei r

gure 14 25
showi ng the fERe SIOEEREH ePFSRe of th&9PFEst ﬁ@si sseké%wds tre ehB8™50s
and 510 of thelk&at ia®ialextiendofigtheyprdsthesdésdefoFigheer 2ligeh6wiingFrher e

16a shgws an end_view_of e t ' f oFi-gUEEe | :he s
outer Pace 515“533drh§“F¥%beO@%%§b%8?ﬁéc%nng chgﬁéiégggtgﬁgagéseﬁgghbe
502, as wel|l 28 shwtszhaslend wpigwr oficthenpreshhesrsd BhaWing &he PEFRLt e

enbodi ment  of ot e IOSifesi n80QiWher &1 t4iea basaokeR daes ditcha@penraed
the way to the posterior edge 506 §§$dentl¥, t he thickness of the

posterior edgdmwe wyriags FYomh tRF RT'HYeEhirp posterior edge as 35
shown in Figure 16 tpreréetadi embpdietit peSt eheoscdedgmlagprostiz9ds 11691

ndvanidgeous. BT 3D FREGEEPaiD H chBbd RSRe o e dAcéfior rim
304 and the posterior rim 306 are both generally circular
arcs. The "taper in the diameter of the segment is
preferably selected in an individual case to fit the globe
in the region of the ciliary body. Accordingly, different
15 sizes of segments will be provided wherein the radius of
curvature of the anterior rim ranges from about 7.0 to
about 10 millimeters in 0.50 millimeter increments.
Accordingly, a preferred segment has a typical internal
circular radius of curvature at its anterior portion of
20 about 7.76 millimeters, at the position of the ridge of
about 8.21 millimeters, and at the posterior rim of about
8.91 millimeters. .The preferred segment has outer radius
of curvature at its anterior portion of 8.02 millimeters,
at its mid portion 8.47 millimeters, and at its base 8.94
25 millimeters. These measurements will vary depending on the
size of the eye, the amount of rigidity required, and the
strength of the material from which the segment is made.
The preferred anterior chord length of the segment is .5
millimeters. The axial width of the segment will typically
30 be about 2 millimeters. ,

The scleral prbsﬁhesis of the inveption is made of a
material that is sufficiently rigid to exert a-force on the
sclera sufficient to produce the radial expansion required
by the method of the invention and that' is physiologically

35 acceptable for long-term implantation or contact with the
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prosthesis that is hollow and made froma plastic or 5 el astoneric
material and filled with a liquid. Figure 17 shows a plan view of this
enbodi ment 600 having a base 602 with an anterior -edge 604, a posterior._

edge 606, %B 9}1%9qr al ends 608 and 610. The inner face 612 pSr/a598niokd2y
rounded and rirses’'to a crest 614 that serves to support the 10

prosthesis on the inner wall 126 of the scleral pocket 120 in the sane way
as the ridge nenber of other enbodi nents of the invention. Figure 18 shows
a front elevational view of the prosthesis of Figure 17 show ng the flat,
snooth outer face 614 of the prosthesis._q,Figure 19 shows a cross 15
section of the prosthesis of Figure 17 taken along the line 19-19. The

cross- secti on, the fleexi bl eyl | 1fit2.,afa1tdheapPEOShEEEL EndfmWein ahe he
flat outer face 616, ana the crest_614. The ¢ross se%éion al so_shows _t
filling |iquisneeca¥i gife 3 shBRAVER L RARME oFeFRE Spr oSTHR%T &% of

Figure 17 Shcyzghmaé@fc Opé S£1né ACes0iBalBDd hbEalseshcdudei ddeablifmon goiad,
i nner face 61Z of, the prosg '

sis 600, The hollo r IS Al s
with |iquid, RIFFEEETy BLATRREEiF5 the F?‘&E?g“?‘hgf)‘ggﬁ%ﬁggﬁd S%%é’rlé!ralg‘%o.
The prost hesiscosytdieléi bladyws,t ambr ther lides. | | §uiidahlerderaRrscs may o
adjust the thigkfiogs DELYERRbIGeOUHA T a6LEL6uNd ddieli£Bs OButhdgadls
ess trac

to provide mot& or fion on the sclera at the anterior nar i n 522
of the scler apopoekainorabaningeopiliea, FR4dieen cardide ., igh-Sthrng

enbodi ment of ;1§30 and thdVENKd ON sgERRIKAld Wwwithdtalc tnta tehata s durc Jude
Fi gures 6-8, %aving '

prost hesis i stﬁF%Qhoggg\gingi’ dgrg?r% epwa%ﬁ?;{sxté&ﬂc e(r) %%gegﬁl\#a{aﬁteh%]f
the gi@be. Figeneh2trshpas e) pl an viclhyeit hpéd emmer fageedtyRhepbsfifesis
;82 h:xgn?a?eggigé%gérg%&noggeﬁﬁylenefynﬁgi§ﬁafﬁgﬁé€9§’s@l@@ﬁﬁgiﬁésﬁﬁge

’ and the like. The prosthesis may alsc be made of composite

materials incorporating a synthetic resin or other matrix

réinforced with fibers of.high strength material such as

15 glass fibers, boron fibers or the like. Thus, the segment

may be made of glass-fiber-reinforced epoxy resin, carbon

fiber-reinforced epoxy resin, carbon fiber-reinforced

carbon (carbon-carbon), or the like. The segment may be

made of a semi-rigid exterior and a liquid or gel filled

20 interior so that the internal and external dimensions can

be altered by injecting various amounts of ligquid: water,

saline, or silicone o0il; or various amounts of a gel:

silicone, collagen, or gelatin. The semi-rigid .exterior

may be made of any of the already listed materials. A

25 preferred material for the entire segment is surgical grade

poly (methyl methacrylate).

The scleral prosthesis of the invention may be
manufactured by any conventional technique appropriate to
the material used, such as machining, injection molding,

30 heat molding, compression molding and the like.

The scleral prosthesis may be foldable to facilitate
ihsertion into a scleral belt loop or made in a plurality
of parts so that it can be assembled prior to use or may be
installed separately to form a complete prosthesis.

SUBSTITUTE SHEET (RULE 26)



WD 99/ 17691
_ _ _ PCT/ US98/ 10582 -13- 708
and *710. The inner face 712 is provided with a ridge 714 extending al ong

the length of the major dinmension of the elon

gated base 202. Figwe
22 shows we9omreont el evati onal view of the prosthesis of FiR§€S98403owni ng
the 5 curved, smooth outer surface 716 of the prosthesis. Figure 23

shows an end vieM/of the prosthesis show n

. g the outer surface 716, the
ridge 714 and a notch 718 on the curved inner surface 712 of the
prosthesis. A preferred enbodi nent of the scleral prosthesis is 10

that shown in Figures 9 and 10, wherein t¥e anteri i
_ or rim304 and th
posterior rim 306 are both generally circular arcs n

dianeter of the Irsggasticing shef seibiod of| EBFeHnYﬁnEFPPnnggdﬁH;‘g@%‘: t
fit the globg jJdde t{ﬁ% | OPo9d -t PEgEbhi Y th@d)scmrt{b rige yexpahfiedebly 150

si zes of segnents W | e prOV|ded wher th
anterior ri mm@ﬁggslﬁg onfabSdEERNES o l)lrjlp T§6© E’P'P’met erés:ulr%f({%ﬁ#ggleeferg]e
Imn![ Ielr gg]t e(r:I r gﬂﬁ%@r S gl Nithyus . a mte2e$ rreill kgeeershadogkwysec and

{
about 7. 76 AT SO PR IR 11 O THe b e ar aboue .y oYe:
mllimeters, sanil Atmiteipsstes | pesténior agogheslembﬁﬁu PﬁEFéﬁg spteral

preferred se N out
8 02 nilline%§§§?G§$§|ts fg%#gﬁlUslﬂélgyeﬂgturelag Lts aﬁte&bepq@mérxmr<ﬁ

25 T St bana eme. Ao TR P iy sl fond ' Bpd Y
the eye, the QnoHhs Ofdéélﬁl' dH)Uéﬁcgn r£d, 1aaned Tehe ksltaden e f qﬂeee % Ze Of
from whi ch the segnent is epreferr d gh f aHeMRl ok al
segnek? is 5 HPPEREEE, s‘m’f’l"‘l a I‘ﬁ ﬁg}'%}gl%eﬁtc Q%Glsg%{égafgré 28
ge about 2 mtbhneteed. sthetsd efabr psoiehreél $>Q§3fkettl‘-ﬁe RVRALFofoeP e of
made which have an anterior length of 5 millimeters, and a
length extending generally axially of the eye of 2
millimeters. Thus, each pocket or belt loop is preferably
15 centered over the 45° meridian.of the eye. A prosthesis is
then inserted in each of the four scleral belt loops. This
produces symmetrical scleral -expansion which will produce
the desired result of increasing the effective working
distance of the ciliary muscle.
20 The location of the prostheses of the invention when
implanted in the eye is jllustrated in Figures 1-4. Figure
1 is an isometric view of an eye 100 having a globe 102
with the relevant exterior anatomical parts indicated as
discussed above.
25 Figuwes 2 and 3 show front elevational views of an eye
100 showing the scleral pockets 120 formed at approximately
the 45° meridians of the eye, i.e., approximately halfway
between the vertical and horizontal meridians of the globe.
This location is preferred because it avoids interference
30 with structures of the eye that are located generally on
the vertical and horizontal meridians. Figure 2 shows the
use of curved scleral pockets 120 to permit the use of
curved prostheses of the type 1llustrated in Figures 9 and
10. Figure 3 shows the use of straight scleral pockets
35 120. Such straight pockets are somewhat simpler to prepare
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material that is sufficiently rigid to exert a force on the sclera
sufficient to produce the radi al expansion required by the nethod of the -

i nvention and that is physiologically 35 acceptable for long-term
i npl ant at i ofyo5€t act Wi th the WO 99/ 17691
PCT/ US98/ 10582 -14- ocul ar tissues. Such materials are wel IP r{‘é&n”“"%”t he

surgical art and include suitable netals, ceram cs, and synthetic resins.
Suitable netals include titanium gold, platinum stainless steel, tantalum
and various surgically 5 acceptabl e alloys, and the |ike. Sui t abl e
ceram cs may include crystalline and vitrgqus materials such as porcelain,
alumna, silica, silicon carbide, high-strength glasses and the I|ike.

Sui tabl e synt betis camter.i al s kel uﬁeayphxﬁtq@mscaldaélr@é ngtersed-gigHehn
as poly(nmethyl 1

nmet hacryl ate et hyl ene,
pol ypr opyl ene PXREENESES afFfdr o@FﬂV%‘Qﬁe) o bohBERLMEALi cRfe rBRELE
and the |ike. pteehyopdtshesi s may al so be made of conposite materials

noorporati nga SyRLASLIC of 8RN0 SLUSE-TBEELX SENLAL RN L Lhbgs Sndf

hi gh strength materi such a ers or
| i ke. SThus, the skigment- ﬁraylrbthﬁue'eoB ,glabgwingertheemleﬂgeanépm EBSI n,

carbon fi ber - PR Mt ecpf)xkéh'iaesiﬁ‘vex@@il@&n xfe'll&%rr\fee' @&0&:@@9 §§§H951cant
(carbon-carbon), or the |ike The segnen a sem

exterior and ADRCQIEFdr HTUFFPres 9 the ‘?Wﬁen%ﬁl% Ligirs h%h‘?‘ﬁ?eFHSI
and ext er nal e_l;iemmmr&mﬁrgtbﬁa@imered e rscﬂoéramg packeus ammra:sdof:he

| I qui d: mteripgsaslt'h%%es 03‘{' Ifcqzriﬁanq-'@em -r]}ﬁiﬁréo 3mg%ﬂ823e Fade B Zany

silicone, col Trtor
of thdoal readpnafgtrmﬂadm@mbodment A 2%he an@:eiexre@nmu ap2f @wf t hhe

entire segmentsdi$ S gotilety 8¢ebelt loops 120 are located approximately
in the plane 130 of the equator 110 of the lens 108. The
ridge 210 of the prosthesis causes the anterior portion of
the pocket to be expanded somewhat more than the posterior

15 portion. This places the sclera at the anterior margin of
the pocket under a radial tension and causes it to expand
somewhat from its normal diameter at that position. This
scleral expansion draws with it the underlying ciliary body
116 and causes the ciliary body to be drawn away from the

20 equator 110 of the lens 108. Accordingly, the expansion of
the ciliary body 116 operates to increase the working
distance of the ciliary muscle and restore, at least in
part, the ability of the eye to accommodate for clear
focusing on objects at different distances. Figure 5 shows

25 an enlarged portion of one of the scleral pockets 120 with
adjacent anatomical structures. It shows the relation of
the scleral pocket 120 to the underlying structures and its
location just posterior to the equator of the lens 108 and
overlying the ciliary body 116.

30 The method of the invention which increases the
amplitude of accommodation may also be of benefit in
treatment of hyperopia in certain patients. Some youthful
hyperopes can achieve relatively normal vision by
compensating for their hyperopia through the natural

35 accommodative ability of the eye. However, as this ability
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pol y(met hyl methacrylate). The scleral prosthesis of the invention may be
manuf actured by any conventional techni que appropriate to the materi al

used, such as nmachining, injection nolding, 30 heat nol di ng,

conpr essi oRyayod/fHig;g and the |ike. The scleral prosthesis rrabe’ﬁluS@s/mime to
facilitate insertion into a scleral belt loop or made in a plurality of
parts so that it can be assenbled prior to use or may be installed

separately to forma conplete prost hesi s. SUBSTI TUTE SHEET ( RULE 26) WO

99/ 17691 PCT/ US98/ 10582 -15- In
practicing the method of the invention, th#-surgeon |ocates the proper

region of the sclera to be expanded by neasuring a di stance of ,ref,erabl y
2.0 mllinetedschbsésrvbthage hehenifiind Ahat 5 tmbecoRase MOLq @Ellf‘vﬁ 5

count er cl ock\l\%ét%é{g{rheﬁggﬂgi ;rgglgﬁ[ By ]:hqgr b@b@@§30f alnlde teMs: LRRfi 2 to

mllimeters p ror to par Scleral thickness radi a
inci sions, experiengat Headashas i drd; R&l”sﬁzbn%ym%?%mﬁadgvm At af Zage
m L met efsl' Qeﬂeﬁﬁgt35peé‘% CROB% deeal foklSithg enseanedf a driembyopive.

sclera is sected unti ti.al -t lme

are cobnect edEk'éd?HS@YPthCEEPﬁFQE B’Bﬁk%‘{‘%fbﬁuﬁa?ﬁ%%%s a?%a% e L;?A%O&Ee
have an ant er y@ehbanetth tofiss invdritnedrereguidhdba heafuh dxt aRAtRFigEhetle| y
axially of the e of 2 I er POSKSLn QL Bl OO hSir
preferably 15ab1 Xlté"ento edéﬂé%%% tﬁg‘tigﬂrreri ﬁ;n 0 hre1 eye. A prosthesis
i s then inserhggeropdach of the four scleral belt |oops. This produces

symetrical scl eralexpansiqn ohiehidi Lhveneduaealbe tes nad Iriasulinothe
i ncreasing the effect I ve wor Ki, ng di st ance r?fléhel%'ulco Y mjﬁﬂ:ﬁ shows a
- 10 treatment of primary open-ang g

correlation with age in certain individuals. It has been
found that, in general, intraocular pressure (IOP) exhibits
a linear increase with increasing age. (Armaly, M.F., On
the distribution of applanation pressure I. Statistical
15 features and the effect of age, sex, and family history of
glaucoma, Archives of Ophthalmoiogy, Vol. 73, pp. 11-18
(1965)). BAmong the general population is found a group of
individuals who develop abnormally high intraocular
pressures as a result of primary open angle glaucoma, a
20 disease which is one of the most prevalent causes of
blindness in the world. According to the theory of this
invention, the linear increase in IOP with age is a direct
result of the decrease in distance between the lens equator
and the ciliary muscle and the resulting linear decrease in
25 the effeative pull of the ciliary muscle. Since the
ciliary muscle inserts into the trabecular meshwork, the
decrease in pull will decrease the size of the trabeculum
and/or the drainage pores and result in a linear increase
of intraocular pressure with age. In this wview, the
30 patients who develob primary open angle glaucoma may have
a congenital predilection to narrower poIes, protein
deposition in the pores, and/or a smaller trabecular
meshwork, so that when the ability of the ciliary muscle to
exert force declines, after the age of 40 or thereabouts,

35 they tend to develop excessively elevated IOP.
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20 The | ocation of the prostheses of the invention when inplanted

inthe eye is illustrated in Figures 1-4. Figure 1 is an isonetric view of”
an eye 100 having a globe 102 with the rel evant exterior anatom cal parts

i ndi cat ed &g 9é/pyssed above. 25 Figures 2 and 3 skowuspsingss2

el evational views of an eye 100 show ng the scleral pockets 120 forned at
approximately the 45[err] neridians of the eye, i.e., approximtely halfway
bet ween the vertical and horizontal neridians of the globe. This |ocation
is preferred because it avoids interference 30 with structures of the

eye that are located generally on the verfjigcal and horizontal neridians.
Figure 2 shows the use of curved scleral pockets 120 to permt the use of
curved prostheses ghet hgetypga | bEusthat ethventionr eghPechandirddreagegurehs

shows the use qf straight scleral ,pockets 35 1 . c i ght

pockets are s&MERFEEVS nPPEFTE pqgf)‘é?%c%uéﬁfﬂ T8t é&é?é?Rﬁﬂ%ég ’ a%
99/ 17691 thereby increases the force that PEY/ USe8/ EO83X -when 1t
surgically. any ' Sepbh € oOf fosté AHRERPEE heSESa @
provi de adequgtogl%%raeat rfen]{é)%%éf ei Fh%rgggéoi ioaf.) fF?gure 4 shows a afy
cross- Bect i onmuBcilife eyertsaken aFbfg trabeculfr | pREhWork ntej giyr evalue

showi ng the plagenRiteAfstike 4 asthesd SyGhthhgli 8yent | an rdlias iwey toct he
Gener al _conf | GHPRGTGR AhCtEEI EPARBEY s F20FERdCPAE Bros TR d0h 0r
the type il usievailes i prfhgny espénd dngle 19laucomar efserktedagaBodiawsid . be
ot o 0 AL oA 8k PRSHES bkt Iofedttces,
The 10 or at least postponed.

The invention having now been fully described, it
should be understood that it may be embodied in other
specific forms or variations without departing from its
spirit or essential characteristics. Accordingly, the

15 embodiments described above are to be considered in all
respects as illustrative and not restrictive, the scope of
the invention being indicated by the appended claims rather
than the foregoing description, and all changes which come
within the meaning and range of equivalency of the claims

20 are intended to be embraced therein.
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ri dge 210 of the prosthesis causes the anterior portion of the pocket to be
expanded sonmewhat nor or 15 portion. This places the
scd er-a at the anterio WSIHEEETOHASWEN cket under a radial tension and-
causes it yw@osigeend s nemhﬂzpf_p\nmlts ormal diameter at thEETHSSPA058%.
Thi's scleral expansio e underlying ciliary body 116 and
causes the ciliary body to be drawn away fromthe Zo\equaLof 110 of
the Il ens 108. Accordingly, the expansion of the ci I| 16 operal oper at es
to increase the working distance of the ciliary rruscl Igmw HML
| east in part, the ability of the eye tel&scomovpdate f*r cC g on
objects at different distances. Figure 5 shows 25 an enl arged portion
of one of the @gjmmal pockets 120 with adjacent anatomi cal structures. It
shows the rel atio? %_n P%%llg&.al %hg%q_t diedie aeFriying structures
[ust pos

and its location e€rior tot uat or of the lens .10

overlying the ciliary bodpselaemder having anhglRpgREE%P lq!%eon? WERRi on

whi ch incregseg,ithe Hmindiste, ofa aqgtﬂafoda&meﬁsmyx al an binnérbemajdr in
treat ment of hype?

opia iI.n certaln atlents out s h p n
achi efe rel surfacg ABANAT AW c\é g?j’d %ﬁg%? apg?opla

through the g p#deal bddng eﬁéﬁ@]mpdasmwetlabland adfapttml efie. cPpheGE!,
as this ability SUBSTl TUTE S RUL B9l ¢ a thin
PCT/ US98/ 1058FWleE. HoEPPRed Ifﬁﬁ?h‘gage%‘?ﬁﬂéﬁtf |§6§?%%a11 e

It becones nore
difficult to sailteadal norsmie afsiam eyet MBAprocess, and they begin to
experience headaches and g} Wone\égadatnﬁ{bﬁgmagamevmatfdmsothan
usual for .the onset of pres o i a. %I dent L'y,l (i{eé‘slsﬁﬂsEQﬁtlal
anpl ilttude of secichnveert MERLBY - tﬁ@tendmg along at’ .eas

fraction of said major dimension of said base.

2. The prosthesis of Claim 1 wherein said anterior
rim is anteriorly concave and said posterior rim is

15 posteriorly convex.

3. The prosthesis of Claim 1 wherein said outer

major surface of said base is planar.

20 4. The prosthesis of Claim 1 wherein said outer
major surface of said base is outwardly convex along said

major dimension.

5. The prosthesis of Claim 1 wherein said planform
25 is generakly rectangular.
6. The prosthesis of Claim 1 wherein said planform

has semicircular ends.

36 7. The prosthesis of Claim 1 wherein said planform

is elliptical.

8. The prosthesis of Claim 1 wherein said ridge

extends along substantially the entire major dimension of

35 said base.
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met hod of this invention would be useful in restoring the ability of these
patients to conpensate for their, hyperopia. The nethod of this inventi on,'
also has utitity inthe 10 . - treatment:of primry open-angle glaucons,
whi ch showg,Aof95 €l ation with age'in certaj.n individuals. IRCTmaS8hess
found that, i'n general, intraoceHs §€ dure (10OP)_exhibits a linear—

I ncrease wWith increasi F-, On the distributi
appl anation pressure |. féatureﬁlwwmw(imalllof age,
sex, and family history{ of—glautom, Archives of Cph# ' v 73,
pp. 11-18 (1965)). Anmpobng the general popwgtion is found a group of

I ndi vi dual s who devel op abnormal Iy high intraocul ar pressures as a result
of primary open angle ghpaiCpBetaedls of dikeiaselwwhérestnomaist rhdgeost

reval ent causes of blindness in the world, C ' X .t his
anent i on, t RX4STHRr 3L ABFe A PITF IR Wit r?aaldg?é ‘ﬁéﬁib?gd&%e‘h@%&me&fy alid

a direct result of t he
decrease i n disdanaemibet ween the | ens equator and the ciliary nuscle and
the resulting Iinear decrease in 25 the effective pull of the ciliary
nmuscl e. Since the ciliary nuscle inserts_into_the trabecular shwor Kk,
the degrease in puld.w Thedprestbesifeofi Gdasm ?-h%‘hf—'FEBQcﬁP‘&ﬁu Egg/g(?\r,\?\aﬁe
drainage pores and. gy 'hé'igh% | LBedL | 5iQasadd iltidetedll Antpreecdesen t h
age. In this view, the 3 . patients who. v%s%%ﬁrgma@é)pen angl e
gl aucoma rmy beveeanceayEnrRRETHPEIPAEE: PRT £ LR ST por 65,2 pr ot ei n
deposition in the pores, and/or a snaller trabecular meshwork, so that when

the ability of the_cili nuscle tqQ . e t e, feghbpesn aktier ddiemge of
40 or thereabouts, 135 The Pﬁ'&?t gﬁg'st )(?%(Vje(\:/ie otg excessi V{}Is;g/@el %%%%d I.Cf.
WO 99447691 height of said ridge is located less thanh i sai

anterior edge to said posterior edge.

12. The prosthesis of Claim 1 wherein said maximum
height of said ridge is located about 12% of the distance
15 from said anterior edge to said posterior edge.

13. The prosthesis of Claim 1 wherein said maximum
height of said ridge is located at said anterior edge.

20 14. The prosthésis of Claim 1 wherein said majoxr

dimension is about S millimeters..

15. The prosthesis of Claim 1 wherein said minor
dimension is about 2 millimeters.
25 ' " |
16. The prosthesis of Claim 1 wherein said prosthesis

is made of a physiologically acceptable metal.

17. The prosthesis of Claim 1 wherein said prosthesis
30 is made of metal selected from the group consisting of
titanium, platinum, gold, tantalum, stainless steel, and

physiologically acceptable alloys.

18. The prosthesis of Claim 1 wherein said prosthesis

35 is made of a ceramic material. '
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-18- The nmet hod of the invention which increases the effective working

di stance of the ciliary nmuscle, and theretfteiyicreases the force that-it can
exert when it contracts, restoLes— gt of \f orce whi clpctriussiiossary 5
muscle exerts on the trab§eg\Qr TEsKIT 0 a value characteristic of a
nmore youwbf9an7&@ye. In this way it Ws-ex

that is disposed to devel op pkiETY open angl e gl auco Nl | d be
overcone and the onset of this disease woul-d be prevemmm I“Iﬂmmm

| east post poned. The invention having now been fully déscfibed," it should
be understood that it may be enbodi ed +21other specific forns or variations
W t hout departing fromits spirit or essenLiagﬁfhgﬁéfégﬁigh&dsceramlc
Accordingly, the 15 enbediesnst oidédct et above are to he gnengidered.
in all respects 28-il 08t PAtive and ég&u esbbhﬁﬁﬁ&é%ﬁihéﬁscgbe of thre

i nvention bggngsgmdbcadedf59mth§ Spp nded_ cl.ai 4 ragharthight&ﬁ??%ﬁg%oing
description; and all Qggpg@§,whsi&l§6ﬁb vﬁ?ﬁﬁ’n the meaning and range of

equi val ency a3M™R& c| ai s 20 are intended to be enbraced therein.

19 CLAIMS lglasses.ocul ar scleral prosthesis adapted for insertion into the
sclera of an eye in the region of the ciliary bo %ggpgggﬁngrasbh§élﬁbnber
havi rig an el ongat ed pIaﬁfﬁég&g{ﬁgsgsnmicﬂlaﬁWh%nﬁ ,_a mnor dinension, an

i nner naj or surf ag@- and™§ outer,na%%%i§grfaoe, said outer major surface
bei ng general Ly sgBobl andyag®stef 6 contact ocular tissue within a pocket
surgically formed within scleral tissue of the eye, and a_rig4ugEneeicon
sai d base nenber that applies%g*é%{&@ﬁﬁCﬂﬁﬁ562ﬂowﬁﬁ€eb8bﬁet tf RhSEﬁQX

el evate the sclerai.n tThe B4 of the c}é&graoggggting of poly{m

resin is selected from the g polypropylene.
methacrylate),

p01ye-thY1ene' T and silicone
=)
1 (tetrafluoroethylene), polyoarbona
poly
resins.

10

i is
laim 1 wherein said prosthes

The prosthesis of C

. d composi

15
is |
wherein said

' laim 22
o e r—reinforced

sthesis |
it ial is a glass—fibe

23. The

i texr
reinforced composite ma

synthetic resin.

) wherein said

claim 22
> ber-reinforced

sthesis .
o carbon—fl

The .
- rial is &

i te
reinforced composite ma

material.
-
= 25 The prosthesis of "
' i ig ca
forced composite material 18
n i .

Cclaim 22 wherein said

n-fiber—reinforced

rei

carbon. |
i sis
f Claim 1 wherein said.prosthe

provided with an

26 The prosthesis o A
. _ ‘ .
> ;s made of flexible material a.d ey
%sternal cavity filled with 2 fluli
in |
i i id is
s of Claim 26 wherell said flul

osthesi '
T golution.

27.

water or & physiological saline
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2. The prosthesis of Caim1l1 further conprising an anterior edge that is-

anteriorly concave and a posterior edge that j:5.posteriorly convex. 3. g
The- prosthesis of Caim1 wherein said outer.nmpjor-$urface of said base is

planar. 4. wo odfifsop’ OSt hesi's of ' whler ei n sai d outer mMyc]IuSHYhase of .
said base is outwardly c T -

Sﬁt@h@,‘}%&‘?“d'vrrhj or di rreén”s:_IO_n.IS.,,_J:;,
prosthesis of daim1l wh AEY ga@g.-\'fhﬁianf_,o;-rh I's genérally rectangul ar. 6.
The prosthesis of Claim Wpl anf or m has I8l m‘\ﬁmﬁﬂm 7.
The prosthesis of Caiml1 wherein said planformis eﬂmm "8l The
prosthesis of Claim1 wherein said ridge-gstends al ong stubstarftidlly the
entire maj or di nension of said base nenber. 9. The prosthesis of Caim1l
wherein said ridgexgxt ends pte8ehaspsr bicorlafims 2isd whapreindisaiasigul dfs sai d.
base menber. ,_20 10. The gr ost hes'ﬁ of Claiml ftél‘it her conprising an
anterior edgeShhirenf CaFaTIRlgeChaS LIRSS uRTh &SI Hhove sai d base
menber | ocated internedi ate between said anterior edge and said posterior
edge. 11. The progt hegj L 10 fu a4 treniid jafge
wher ei n sai d nmaxi rrg%he?iélﬁt 816?%2%%&% Sffeqls%gfnoggpg?e?eeggl %ﬁg(r?ﬁhal fway from
sai d anterioracph¥sieloaidapdyt aFrept - ©fid. The prosthesis or daim1l
further conprising an anterior edge and. a posterior edge wherein said
maxi mum hei ght of said rjdge is |ocated _abqut, 12% of the distance fr aid
anterior edge to sidPd pg‘g‘f’ePFSF’tg‘Gﬁéfs o5 %%&Fﬂb%ﬁr(‘f Sy s(ﬁl%%%éirgé
further conprihsgngyiadnanbeli.or edge wherein sai d maxi mum hei ght of said
ridge is |ocated at said anterior edge. 14. The prosthesis of daim1l
wherein said major dinension is about 5 mllineters. 15. The prosthesis
of C 20m 1 wher ei n33ai d Thienprogthesisoni Slabwut wherein wad Praghesife
prosthesis of ;6 gk Ber @l Sakd INRR Ne8eShbl ey ofhd pH¥skElOGTad |y
accept abl e net alt'ure

su .

32. A method for treating presbyopia comprising

15 forming a plurality of elongated pockets, each
having a lengthwise dimension, in a sclera of said eye,
said lengthwise dimension being oriented generally
transversely to a meridian of said eye,

said eye having a sclera forming a generally

20 globular outer layer of said eye, a transparent cornea
forming an anterior surface of said eye, a limbus

formed by the junction of said cornea with said

sclera, a generally circular ciliary body locqted

inwardly of said sclera posterior to said limbus, and

25 a cpystalline lens 1located centrally within said

ciliary body and having an equator, said equator of
_said lens defining a plane intersecting said sclera in
a generally circular intersection posterior to said
limbus,

30 said pockets having an anterior margin and a posterior
margin, said anterior margin being located a distance of
from about 0.5 millimeters to about 4.5 millimeters
posterior to said limbus; and

positioning in each of said pockets a prosthesis
35 according to Claim 1, with said anterior edge of said
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17. The prosthesis of Claiml V\/ne

i d
sel ected fromthe group R d prosthesis is made of netal

RE¥t ani u
stainless steel, and phylSTHi (R anium platinum gold, tantalum

AN accept abl e al |l oys. 18. Th -
prost hesi sw@‘ggﬁbcmm 1 wherein -s‘é_l_h p‘;—tﬁf‘ﬁgy sis rradg of a c@ﬁﬂgﬁi’/l%&
materi al . 21 19. The——p'rost hesis of-C ai m 18 wherei A—said-ceramc is

sel ected fromthe group consisting of porcelain, alumn '
carbide, and high-strength glasses 20 The prosthesis Mﬂﬂl l Hlﬂ "
im

Zgi \c,improst hesiz is made of a synthetic resin. 21. ' The
erein said synthetic resin is select23fromthe group consi st
pol y(nmet hyl nethacryl ate), polyethylene, polypropyl eng p | ng of

p;)lo Z%L gt raf ;pfmmémmlqmmm &heymntsmicr povtdamet said eyge
p esis o s@%""ﬁﬁﬁ%e R S PIRHARS Swishmesiei @f rEidgd nbeteated

conposi te matt hesis of Claim22 wherein said
rei nforced conpm@b}frmterl al is a glassfiber-reinforced synthetic resin.
24. The prosthesis of Caim22 vvherei n said reinforced conposite materi al

is a carbonfiber-reinforced eri al
wher ei sal d reinfdced® c@ﬁﬁgaét £°?‘?BFEF glln?s%g’g%g%%&gber- I‘Eﬂ{ nsglorfgk:(rand22
car bon. The prost Iﬁe.%mSngf aCIp)lumralll\h:ﬁrelfn Sengaiekt RESKetes RERN of

erX|bIe rrat |al andl nt | foEl

t
of a fluid an deﬁ)é%e pr ost Qgg&ghof eirp:%mgg:%év\%erd’f ngge;:ddd Syene
i nt er nal cawsalds fllen@thwis%d wimengienor RELBE aRFieRH§ gl olgc?d}?aqlly

sal i ne solutl
cavity i gel ? P%@grsel B @Stdaesias aef o2 @dﬂ&@y«dlerel n said internal

one qf
gel ati9. 29 sald gyseI 'a%?HS malef LAl e SRk AgeN gdra11y

globular outer layer of said eye, a transparent cornea
forming an anterior surface of said eye, a limbus
formed by the junction of said cornea with said
sclera, a generally circular ciliary body located
15 inwardly of said sclera posterior to said limbus, and
a crystalline lens located centrally within said
ciliary body and having an equator, said equator of
said lens defining a plane intersecting said sclera in
a generally circular intersection posterior to said
20 limbus,
said pockets having an anterlor margin and a ‘posterior
margin, said anterior margin being located a distance of
from about 0.5 millimeters to about 4.5 millimeters
posterior to said limbus; and
25 apositioning in each of said pockets a prosthesis
according to Claim 1, with said anterior edge of said
prosthesis oriented toward the anterior portion of said eye
and said inner major surface with said ridge oriented
inwardly.
30 _
34. A method for treating primary open angle glaucoma
comprising
forming a plurality of elongated pockets, each

having a lengthwise dimension, in a sclera of said eye,

Sheet Has Been Re; laced

il lIIII\ l\\l \lH

SUBSTITUTE SHEET (RULE 26)



29. The prosthesis of Claim26 wherein said internal cavity is fluid
filled with a physiologically acceptable oil. 30. The prosthesis of Claim
29. wherein said internal cavity is fluid filled with a silicone oil. 31.

The prostResbeRby G @aim1 wherein said pr ost hesis i s provi dedTmisbdrioss: | east
one hole for the passage ure. 32~ A method fertreati ng at Ieast
one eye disorder sel ected W‘ﬁn&‘ﬂ&lﬁ' LY o 'presbyopi a, h ero
open angl e gl aucoma, and focul aRghy, gn conpri si ng m"! ML t"'lll ty
of el ongated pockets, eac b se dlnen3|o

eye in the region of the ciliary body, sapd | engthw se d| mensi on bei ng
oriented generally transversely to a nmeridian of said eye, said pockets

having an anferjor jugy s ad@&éh@&b‘ﬂr MBEGh, SAIIbrENddr i geneEdily
belnglocate adlsta from ahout 5mII|rretersto about 4.5

mllinmeters P@éﬂ%??éﬁeﬂ-ki Fﬁ‘eal T“ﬁﬁih 1R ?§| §24% €Y81d positioning in each of
said pockets a scleral prosthgdl syadta@vﬁﬂgfmrsmnaa(ﬁom:mg teh geneireld Yof

e 2L B I AP B et e

first end and a s8 S for expan nt act e lﬁ@lera to
i ncregse the effeﬁbrm&ngoram ngntestienceswtface off i {Aney&-e Bf

33. A scl eral si s,,f s r&at i0F0 sghgali @ogﬁgadlxﬁmldersald
conprising a body %%E/nlggg gyf %%éfj gdé{bt?ﬁﬁg second e d_and ad(g teldocfaoé
associ ati on with skdegel,era Eenarahiy "g-éd-’y f‘ﬁ@ya RA ge T A5 bed
to exert a force WhlA/AIPE shdd B@l@y:%. i stearieas e d feaidridmysl Anfce

of the ciliary muscle of 't | e h set gﬁahln
cl ai m 33 wherein #ai Gr%'&&?'hlgéﬁérl %8’55 b3 (g%ténénb%?ﬁ%gé??l eé%rg?or

di nengi on, a m nokcidiirenysibody aandnhevimg &N seERAERr an§2dR AHERT MR of

surface, said outer 1@11%@135B.%ffﬁﬁ.ecf%dQpbﬁgnéolﬁeéi'éébtQﬁg' 8aidi §<S]Jera in23
35. The scl eral prost esl s set Claim3 ere#n sai d

further conprisesaa 9¢@g§ah%ﬁbéﬁr§%@éﬁd|%%ﬁ?ﬁ®t’aﬁnl88§ X PFacttlon 0
sai d maj or di nensijgpRfs sai d base nenber. 36. Use in the manufacture of a

scleral prosthesjs for treati an_eye di sorder ted kr -a,
hyper opi a, praade ypgﬁgﬁténg} %uéﬁmf"grh ST 28LEG! elhd " UM PHEELY 9Bk

-15 margin, said anterior margin being located a distance of
from about 0.5 millimeters to. about 4. 5 millimeters

posterior to said limbus; and
positioning in each of said pockets a prosthesis
according to Claim 1, with said anterior edge of said
20 prosthesis oriented toward the anterior portion of said eye

and said inner major surface with said ridge oriented

inwardly.

35. A method for treating ocular hypertension

25 comprising:

forming a plurality of elongated pockets, each
having a lengthwise dimension, in a sclera of said eye,
said lengthwise dimension being oriented generally
transversely to a meridian of said eye,

30 said eye having a sclera forming a generally
globular outer layer of said eye, a transparent cornea
forming an anterior surface of said eye, a limbus
formed by the junction of said cornea with said
sclera, a generally circular ciliary body located

35 inwardly of said sclera posterior to said limbus, ~and
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ocul ar hypertension by a procedure conprising positioning said prosthesis
in each of a plurality of el ongated pockets, each having a | engt hw se

di mension, formed in a sclera of an eye in the region of the ciliary body,
sai d | engt W ss#17d91mensi on bei ng oriented_gener r ansver sBET/USIS/HS32

meridi an of the eye, said pockets ["BYSSHED i85 GEENN nargin and a posterior

margin, said anterior margin being l'ocagep E‘IU st a,n._ anf Mnﬂmmuwllmmmn
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said p'ockets having an anterior margin and a posterior
margin, said anterior margin being located a distance of
from about 0.5 millimeters to about 4.5 millimeters
posteribr to said limbus; and

10 positioning in each of said pockets a prosthesis
according to Claim 1, with said anterior edge of said
prosthesis oriented toward the anterior portion of said eye
and said inner major surface with said ridge oriented
inwardly.
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