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to methods o~ ~reatma presbyopia, hypercpia, prinary ope1mmwmwwmmmmmmcona
and ocul ar hypertensi on and nore nar tic,:I ar_:.- to net ting
these diseases w,- ~.ncreasir.c tr_e ==fectzve evorkng di st angRepf the
ciliarv T,usc 1 e. T ha =nver_t~c: ~ also relates to increasing the
anDI~tudEITLE accoSﬁGMEN%Eﬁ-SQ&£QHu33&NEtﬁ@HrﬁHEﬁEME@EtQE effective
wor ki ng range ~ Y BYEC!e & devices "cr achieving
such increased anp???% &b%Ixhcconﬁﬁﬁggggi ggqﬁéle ILli)escrlDtIon c= the
Prior Art: In order for the human. eve to have clear vision of objects at
different distances) the effective focal length of t..”. e eye nust be

adjusted to keep t:~e_inmage cf the cb~ect focused as sharply as r~ossible
on the retina. This 55%&5395—5#£ee#H@€E§§e§L5¥e$;a##L¥% known as

acccnmodati en and ~s acconpllshed in the eve by varylng the shape of t-:
crystallinennig er lr. the unacconnndat_h_a - nc nc
' Cn thaL e F5pi ¢ I@%@ SAQ0r vatur e®o. $O0 *W%ﬁs %ﬁ alsPﬁﬁF Cb? cts are

sharply topgedico- apphecaeucnaSermuth@o. O§/462 €4%,.Z11led"June 03, ' WO

99/17684193:, wnicn 1s a divisiona. cf U.S. appiliczticn Serial No.
pe/129,75¢, filed, Octoper 22, 1$93, now TU.5. Patent No.
5,489,299, whach 1s a dazvisional cf U.S. aprlicaticn Serial
No. 07/913,486, filed July 15, 1992, now U.S. Patent No.
5,354,331.

10 BACKGROUND CF THE INVENTION
1. Field o the Inventaion:

This invention relates te methods of treating

presbyopla, hypercpia, primary oper angis glauccma and
ocular hypertension anc more particualarit to methods of

H
n

treating these diseases CLy ncreasing thne eZlective working
distance of the ciliary muscle. The Znvenzicn also relates
to increasing the ampl:iztude cf accommodaticn ¢f the eve by
increasing the effective working range <f the ciliary
muscle and to prosthet:c devices £2r acnieving such
20 increased amplitude of accommodation.

2. Brief Description oFf the Prior Art:

In order for the human eve to have clear vision of

objeccs at different distances, the effeczive focal length

of the eye must be adjusted to keep tne image cf the cobject

PP
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focused as sharply as possible on the retina. This change
1n effective focal length :1s known as accommedaticn and 1s
accomg_.ished in the eve by varying the shape o¢i the
crystalline 1lens. Generally, irn the unaccommcdated

emmetropic eye the curvacure of tne lens 1s such that

J
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distan: objects are sharrly imaged c¢n the retina. 1In the
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© PCT/ US98/ 10431 unacconmodat ed eye, near objects are not focused s& Qly o]
the retina because their imges |lie behind the retinal su?fhd&?ﬂ 6h der t
visual i ze 3 anL object clearly, the curvature of the crystalline lens is
i ncreasStP YN&Ptby 5 increasing its refractive power and PSP i nag
of the near object to fall on the retina. The change in shape of the
crystalline lens is acconplished by the action of certain nuscles and
structures within the eyeball or gl obe of the eye. The 1C lens is | ocated
in the fcrward part of the eye, inmmediately behind the pupil. It has the
shape of a classical biconvex optical lens, i.e., it has a generally
circular cross section having two CORVex refracting surfaces, and is
| ocat ed genera%%y qp(;he optical axis of the eye, i.e., a 15 straight lin
drawn f PORCERETESARTST Y S h&SCor 702 5G5S RE SmReG| A°FHSERe Shézinda’ &1 t he

post er i bhepardt ma ofbedeisy obkeilkn iegewaaccempsat g HHEN 2y8 {he
curvatu he stery surface .of the lens, i,e., the surface adjacent
to the %ﬁf?éghé bgglfs#%gééﬁ% AR as o Q?ﬁﬁl??&ﬁchcEﬁérQ@'aﬁﬁﬁ?ior

sur f acecuTnetiges ¢§ thesetyysuzibindeddns aisedbrcarciisedapsukeciat servds

S an i g I; StLu Lo Lh ort.and actuation of the |ens. Theg

?ens anghie?gg%zi%gjl%%rgégﬁgggggéd%&%#?ﬁea%dptF%‘éﬁlﬁgi et RAEEhE foupi | by

a ci rcuFBE B&3&nsy estt e \Eardehyon athal tetthaected 25 el astic fibers, the

zonul es, mhi@hear@hghﬁgzhgq_aghg giroknn@ﬁeen?§¥ggaihgn%en§e%%psgge and at
a

their outer eﬂds to the ciljary body, a nuscu rrng of tissSue, Tocated
just wi BRFR™PAESHGCer RppbfEi ngCsitict i oferhaivyemudwles| erad The
ciliarysmuacteres nelw@iad thet kgedAlunaseognpedatsd eye and therglore

igssures s Lo gest diarm et fecotdingospe claceical theoy 8 o

datton, orrgrnating wt
t he cilpPahyndusbeepiipilhi sItohdstilon slaasesof 4 erisd 961 081 351 Ebavaanul es

whi ch i - p radi al ly out he 5 15 20 25 "J 1IR~TI Tt | TH
SHFFT I%%E%Q%f iLdléﬁsf’o id‘tgel ! ~920\8§£g Vo é&PFfé‘ﬁYPc‘ffﬁéb‘ Pf0431°28 | ens
capsul eSEeRtSnghahenequai@r icnwixameedract iMge bemsaces nceaadseisl i ghtly

and decreastad Lbeeaalaki Qi RO e5hof & £§508f0fthtahhee}}éa,nsi al thg optical
the’lens to assune a 5

1 xis. Thus, .the &ﬁnsi%ﬂ:on tEe | ens capsul e causes

| att en®dS1ERE WHECeiTFA e LEPVafhre 6P USTe @ht BRFoCOgISaceY BhE to sone

extent maeupasiertbe setinseatishd gxsSsidwior tpyewl dnberithihe;ghsence of
of the lens is relatively

Do, ondh ond Dl LGRS Rlgaet e peer of Lhe Lns S rel
posterior surface of the lens, i.e., the surface adjacent
to the vitreous body, is somewhat greater than that of the

20 anterior surface. The lens is closely surrounded by a

membranous capsule that serves as an intermediate structure

in the support and actuation of the lens. The lens and its
capsule are suspended on the optical axis behind the pupil
by a circular assembly of very many radially directed

25 elastic fibers, the zonules, which are attached at their

inner ends to the lens capsule and at their outer ends to

the ciliary body, a muscular ring of tissue, located Jjust

within the outer supporting structure of the eye, the

sclera. The ciliary rmuscle is related in the
30 unaccommodated eye and therefore assumes 1ts largest
diameter.

According to the classical theory of accommodation,
originating with Helmholtz, the relatively large diameter
of the ciliary muscle in this condition causes a tension on

35 the zonules which in turn pulls radially outward on the
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Wien the eye ts intended to be focused on a near object, tgi cII'E{
muscl-es contract. According to the class~cai theory, this ﬂt C Iéﬂo
cayses 't i]iary muscle to nove forward and i nward, thereh L axi.ng the
out war d &ﬁqﬂlljpﬁ{ he zonul es on the equator of the |lens 15 S’ﬁé‘ﬁﬁ%@m“? hi's
reduced zonul ar tension allows the elastic capsule of the lens to contract,
causing an increase in the antero-posterior dianeter of the lens (i..e., the
| ens becones nore spherical) resulting in an increase in the optical power
of the I ens. Because of topographical 20 differences in the thickness of
the Il ens capsule) the central anterior radius of curvature decreases nore
than the central bosterior radlus of Turvature. This is the acconmodat ed
condition of the eye wherei.n th e of near objects falls sharply on the
fotina. ¥ BrEEgEpEa LEUEHEANNF U2 GRE Shsd L FetiE Hfpl Thtdbeos

accomrmdtam omcthasei slightigl layidobsewa@m@ it ki \élrﬂ:l&hsoxm/[ﬁistﬂ@ryéﬁr s of

age. n _hav or i siy0 ropi c_eyes, the
abi | i ty cﬁm?lggﬁégor&ﬁegggogj ec Xs gl?%d&gltllfal S?XIgndmﬁ%‘ulsndl t$Qual
cones t c-eredoyl assdsd olenaslcsmseldr@ réaugeseahevilsinm, touassase eadi ng.
Ascor di ngh 4 0c Lhes cavend | ailzoiewekite apLbiude of-aceoumodatlon of the
agi ng eye I s decreased because e | oss of élastici y of 1%hs
capsul e %ﬁ%@esc‘?’é@o’éi’s‘sﬂnet RECPBAS thet Roager iconsaatfante y, isvieass hough

the radighat engi @Bua tHée z@nghesabgeh%le%a:d aye C@th%h' on 18{2 éﬁﬂg

SUBSTt TUTI ' -. SHEET %
991 17684 PEaF USBS/ ¥64 fCt&Vcﬁ |£?%‘v%-/r nﬁgcit(b@ ltWIbﬁeréé‘;frlN@tlYas]sQME a

great er aud waelrere Accdatiuigd € dihe 1eeny entd italo Vit dic ish Nt HOSSi bl e

y any treatnpnt to,restore the.a dative power to.the preshyopic eye.
he 1 oss of efasti %I oYt e 51Pg rmﬁd tc‘%lpgt‘?l eg\ggu%@n Us PrRAY si bl e,

and t he @risctsol ubeormtbla:i’ne puusbllem; present ed b;Aqﬂdfcascﬁ)ym@l ao sth® use
corrective, lenses ffeolose work | ens corrective lenses
are al so required fore dl}gt ant Vi SI or{li%re&tcal?l réllanlg%é%nd? or seg Fits have
been uséFIRLdchParmoMe stipgerydf gmnd akpwasd purihssesshy Rradexand/ orhsegnent s

of f|edell@wa'%Flﬂj/ pulel ast i enERtAIhAles abhaghfd QhuREERATEA LRSifdL DY
{) st eni nig e_Lends of St“B{S: of the materlal around the posterior portion

t he Dost GPFBr TEFUERE FAS AL BieR ?Pﬂéowﬁdéﬂ%/lﬂgisrtew na),
have beempsebb taf Thedipress tdmcseiera ddmsiﬁfg A PostdOrid agoOns.
Supportl n f netal,.adapted tq fi contour of the scl era have
been usét asrl%]'ggnps.(;r%ﬁfgsupdploarr?elotnegr stortucttbﬁ ari ng 1sBrgeryor .18 gl obe.
However peangee nf mphesesKmowcalkli cesufhadngeeim uaed me:Eresam@l cal dheat ment
of 20 PIAshyopi apRid nefte fias beefsadapialdig.d e SPeeidle esds. of

rosthetjc devicés used in treating pres %opl a. Ascler aaapt ed to
f ast et SFERHRS sdifer AN6f $hkckyessn athethegi bansf cawsel¢i arghdody ~n

order tgendgand éh@eﬁ@b@r Q'aldldshaéf regoncand hrnebysépcrgase s, 25
wor ki ng q?gtance O{L the cil ~ arg 1E{n,lscle is described in applicant's U S.
Pat ent & $543357 2 h@OSHG TP Ti SREOLEr © Tof CWRYRRUFE - i ncHRbor afed-terei n by

ref er enca’e:coﬂnmmm at orinch of dmaih@a}&;wtwnes:émﬂtﬁre@twuﬁa@b ast aesdngl e
unitary dev t S e su f.ace of the sclera and 30 fastened
t hereto, %gé&es Ml usrlf?élgﬁfg\l ?ﬂo gh the'Bind is effective, alternative
afesi gns are ﬁb@%&'@lmals perei ungveasefi fikexiebiki ty: ithe rstdlildude t he

scl eral diangcAGearl Nl Yon e NELd Bas. o0l | gHed. L XSt £a1 A5 eral

band for treating pres tyopl a and er ey
over 40 years of age. 1In the person hav1ng normal vision,
i.e., having emmetropic eyes, the ability to focus on near

objects is gradually lost, and the individual comes to need

glasses for tasks requiring near vision, such as reading.

(%]
[aw)

According to the conventional view the amplitude of
accommodation of the_aging eye 1s decreased because of the
loss of elasticity of the lens capsule and/or sclercsis of
the lens with age. Conseguently, even though the radial

~9 tension on the zonules is relaxed by contraction of the

SUBSTITUTE SHEET (RULE 26)
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- PCT/ US98/ 10431 di sorders that allows the surgeon the opportunlty of ot her
nmet hods_ of |nstaII|ng or inplanting the band. SUMWARY OF | ON Al
al't er nd¥PI¥ ' ®84i gn for a scleral band that can be 5 |npla¥5§8§g§ %geat
presbyopi a and other eye disorders is found in the band of this invention
wherein a scleral band conprises a plurality of segnents that can. be
assenbl ed on the eye to forma conplete scleral band. The invention also
conprises a nethod for installing such a segnmented ~0 band conprising the
steps of formng tunnels in the subsfance of the sclera in the region
overlying the ciliary body, |nsert|ng

Lhe {Unge] sy fnchnbiLDg tDRcendsagl Abec SeqnEnt s, Lguf oI i tary sl er

band. i S an obj ect the i nvention to ovi d
treatmﬂer@Mupeesb%@qud#ngLﬁ@heheobpatentsonalpwuewdex;tIS%mmﬁnt for

Presbyaplae by Lngipaskio {heaehbact lue WRLAG distancedindde. chiiary

nmuscl e 1 e presbyopic eye. ?0 A furt object Is to provide a treatne

for pr e@%‘y@pl 20 byhe r&lf%%@m@lt:h@weadu Bre dietarrcle deasweemt ty hef ega@t or of

ghe crysdgd! g | essand tihe geéharax—. bod¥evarkuptBer Hhj eehel SsohPyprovide
treatnent_ for resb opl a b% antin |n the sclera in the region 25
158 s

overlylﬁﬁl¥%b°E|FPa 9eb869 EX&S ity BHTE %ﬁnﬁ?kﬁ?s%?%ra is
expandetbiretbeveeQicsed tbe Gﬂ]ds&“ywcbﬁ]dy of fugtdesl obeeetesi,s 10 provid

a segnented scleral band th t n. he assendl the eye. Lo rovide a
general?%??ﬁ?ﬁv%ahdnses urdtﬁh br ec:terg) fe ‘% e % %% nted scler
band havi ng Gegnenhsrihgs safd/be sﬁsmenee have b@ane¢$e®r3@am@mﬂan t he

16UDSt anGe-g éi\w%e&cl@g@ a0d Fesqillad theneald elnd Ao pr gkiAR 2 Hegeral Iy

i gid band: her o ect ‘is'to provide treat ment yperopla
SllHSTlfl'l¢ﬂbeS%|EEIITd/R@JLI§12&f$t11- mavgy DB} 1788RacEed10r PIREZEIGH

PCT/ US98/ 1043} Adushihey ORk e88si S:tH PIOVisle ond mealdend) faQonE&Edi”Bry

the posterior portion of the globe, posterior to the pars
plana (over the underlying retina), have been used to

15 compress the sclera in certain posterior regions.
Supporting rings of metal, adapted to fit the contour of
the sclera have Dbeen used as temporary supporting
structures during surgery on the globe. However, none of
these known devices has been used for surgical treatment of

20 presbyopia, and none has been adapted to the special needs
of prosthetic devices used in treating presbyopia.

A scleral band adapted to be fastened to the sclera of
the eye in the region of the ciliary body in order to
expand the sclera in that region and thereby increase the

25 working distance of the ciliary muscle 1s described in
applicant's U.S. Patent 5,354,331, the entire disclosure of
which is incorporated herein by reference. The scleral
band of that patent 1s manufactured as a single unitary
device that is placed on the surface of the sclera and

30 fastened thereto, e.g., by suturing. Although the band is
effective, alternative designs are possible that permit
greater flexibility in installing the scleral band.

Accordingly, a need has continued to exist for .a
scleral band for treating presbyopia and other eye

SUBSTITUTE SHEET (RULE 26)
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o.pan angl e gllaucoma. A further object is to provide a ;@eﬁtﬁﬁ&t Qbﬁé ocul ar

.hypertension. 5 A further object is to provide a treat easi ng
t he a I|tude of accommodation of the eye. Further objec i nvention
wil | parent fromthe description of the inventi%ﬁT@ﬁg&ﬂﬁ?blloms.

L5

20

BRI EF DESCRI PTION OF THE DRAWNGS 10 Figure 1 illustrates a front

el evatl onal view of hunman eye with a scleral expansion band of ~he
invention inplanted therein. Figure 2 shows a cross-section of the eye
shown in Figure 1 along the line 2-2. 15 Figure 3 shows an enl arged vi ew of
the cross section of Figure 4 in the region indicated by the circle 3.
Figure 4 shoms a front el evati onal”*Vi ew of the segnmented scleral band of
the i ventl urgﬁé{shoms a side eievational view of t 29”d 20

Fi gur YL TRBWIFSERHR HRRIOPRPYGFELFYs Y *¥1 an vi ew of
a segmertthaz&s tdnﬁa hamtdallzngglrerslmpoaﬁtangenﬁevibemdcf a bard segnent as
indicated by line 8-8 i A g Flgy&gENTig ws an end five of a band
segnent as 25 indicated Dy e o9 Tn Frgure 7. Figure 10 shows a
cross-sect iZonalvéenaoiva daadgsedrent aSICtJﬁg:aJl nean@- tbaknclingdree 7. Figure
11 shq \ﬁ@d@arpﬁr@ésf;ée@r@@ %é&géasaed 48 na'eﬁe@n%ygar oaygope&&tsoqsof the

segnent eral band_al on I nes in Fi'gure 4.
PESCRIEPFIRGN aF THME 3 AVENFT mmmmwwa@anwewslﬁwasl hw@m onis

based Qi tde0ry wiupd EsOYopf asedhé £f 8Nt hhtoBrhheeChasehntaled Reory of
Hel mhol tz. Al t hou 35 the scqope of the |nvent|on i not to be bound or

i ni t &@%yeYRe tPnVeHDr & s CORE ﬁ}e ifCieraheP2RFent of "€ HERHHA the 5 10
15 20 a3 B0c8hpCl skbaallMddHod ST ittt 41 E 9§, buch a segmented

band comprising the steps of forming tunnels in the

substance of the sclera in the region overlying the ciliary
body, inserting segments of the segmented band into the
tunnels, and uniting the ends of the segments to form a
unitary scleral band.

Accordingly, it 1s an object of the invention to
provide a treatment for presbyopia.

A further object is to provide a treatment for
presbyopia by increasing the effective working distance of
the ciliary muscle in the presbyopic eye.

A further object 1is to provide a treatment for
presbyopia by increasing the radial distance between the
equator of the crystalline lens and the ciliary body.

A further object is to provide a treatment for
presbyopia by implanting in the sclera in the region
overlying the ciliary body a generally rigid band whereby
the sclera is expanded in the region of the ciliary body.

A further object is to provide a segmented scleral
band that can be assembled on the eye to provide a
generally rigid band.

A further object 1s to provide a segmented scleral
band having segments that can be inserted into tunnels
prepared in the substance of the sclera and assembled
thereafter to provide a generally rigid band.

A further object 1is to provide a treatment for

hyperopia.

SUBSTITUTF SHEET (RULE 26)
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01 AP R 2002 ' WD 99/17684 PCT/US98/10431 _ -7 _ pr ESbéO‘FiQ& | oss of
-accommodation is due to decreased working distance of tbhe Ple’irZO

scl e.
Thj s t‘neor%Hi s described in nore detail in Patent No. 5,354, 331 roegf-lerenc d

above aWY® 8?ﬁ4por ated herein by reference. 5 Consequentl ,CT/ér’éa%ﬂ%?hg to
the invention, presbyopia is treated by increasing the effective working
di stance of the ciliary nuscle. This is acconplished by increasing the

di stance between the ciliary nmuscle and the |l ens equator by increasing th
di anmeter of the sclera ~n the region of the ciliary body. According to th
~nventior_, the effective working distance of the cliiary nuscle is

I ncreased by inplanting in tunnels o6 pockets surgically fornmed within th
tissue of the sclera of the eye a plurality of scleral band 1~ segnents.
The segrrentsAaE‘érrtlFl%ﬁ ¢Bi Rel ¥% FORRQ ¥t dtee aldieiial £ & Ririsn@%Y band

i npl ant@seRtahgdst gpattoakl.y within the sclera of the eye. The conpleted
scleral exp s%ontrcbland Ls s%zed 0 be sli htI* Iarg_‘er than the sclera in
the region He-eFfi 8rycbbdy > ECBF&??’ﬁ&%y,a F&ASNSH It DD KpHSi on ban
exerts fyrpentewdsdohr acti on on the sclera, thereby expanding it slightly
enerally int o) cryst ine lens. The scleral expansion als

%xpands, i g‘%‘, hﬁ]%%%%esé?%ggai a%/r%t ZérA cﬁr?\ﬁleé%i 1% aryF BodiEWhi ¢t es

i mredi dttyeasbigetbe pERéAtHdAEhe fsalcerammid i andionegal |y attached
thereto. Thepd@lRuani,3oatemysotnkentufichon WAdSr skandlds ﬁgﬁ&%fat' on

the scleral expansion band of the invention and for |ocati e scleral
pocket 4RIy W SERFCHYPELPBr BhcEhEo IpVEHtee whigh digledl awshows an eye 10
JO provided with a siTeralpEqrErs! N kendrge coggdingsgo the invention. The
out er nost IaIyer of the eye 100 conprises the white, tough sclera 102 whic
enconpasses ‘Moatr of* t %%%%t%ﬁaat NG SIHH R Corhed” 104, "umath

const i taytees Witeh ard ersolesahneekpafistbe obhar cedt. -Tke GirvaHwlog unction

J5 of t. C clera is the linbus 106. Wthin the SUBSTI TUTE SHEEfF
( RULE igﬁlacrm?ei% gg‘?ﬁ%%a ~g_ 01 Ap ~ an~2 PCT/US98110d31 gl obe of the

eye, as il Stqued2i fhdws cd osyosectsient ion Fefutbe2,etakenoahonign | i ne 2-
in Figyrignlre thes hystahti nenkens,108 is enclosed in a thin menbranous
capsule and is located i medi ately posterior to the iris 112, suspended 5
1%entral ly pdStBHiorst8PPHE BUpISRIREASSh W opfi BRE GXPSSofsadid ®ye. The
lens 1Q% imquspended byezosglies 1hGiextending chet waenitde; | ens capsule a
t he equat or e l.ens 108 d the (ii liary rfl?ﬁ(/)%gy 116. The ciliary bod

10 of
116 lies dus%lq}h’geert he &N %r & 1%2‘0(1'}? e S GUFHT T Rar dIAEWF OfC (T sciera

102) amckgrertddichedetal t hendnnér thar favenafichhe sclera 102. As may be seg

In Figure 2,.1 idl ody L neral Ly ma plane 130.defined by
t he equat or Fl%l%gg% %h%ﬁ%!‘é’%sglaéagTEég% gﬁgnﬁo%gﬁ zﬁfgot e %%&%hded to
2Q ntersect tHEBsurera doowshenebyometirdrnyigwgedertale ypati circul ar
intersectiong4 d ed aboyt 2 BiLhi UBLEN S£PQSLEr tad [ 106.
Accordi ng to%t e inventjion a g%ner al l'y outwar %Iglm%gllltr g)c‘t (ka%‘étrac ion is
exerted on th&wd eBa FROVAe FRgieHT of 1eHe @f | ifarHanddyseanexpardd t he
scl er a il datddady reghensg - 20idhrsgaxpansi on of the sclera 102 produces a
cor r espondi expansi on of the attached ciliary body 116 and noves the
ciliary bod;}qﬁ%lpeou waP BPYSavdly £ t?h‘éee(ﬁrat Br “B?X‘flhes?@‘%“tloés gener al
25 n t he ipicamatklD f Yimeeduat don FiQuoe The | ens 108. The sclera 102 is
preferably ex d,25 Xi | r~ t.he ne .of the equator, of the
| ens 108. I—Io% er, éﬁ} gfggg%si%ﬁtc?f&ét_sheses‘% e?rggqoflﬁﬁ tﬁg r%g%’c‘?‘ﬁ’dof t he
ci i ar pasmanti pelong el inenlfheOr egi 6AgvFezdne of the sclera extending
somewhat antsidiife 011 PaSLe & dfobbespbangnolof NG, eapates 1Ll the len

108 Zs within the , .
and groove portion of the segmented scleral band along

30 lines 11-11 in Figure 4.

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS
This invention is based on a theory of presbyopia

different from the classical theory of Helmholtz. Although
35 the scope of the invention is not to be bound or limited by

the inventor's theory, it is the inventor's view that the
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30 scope of the ihnvention, provided that such expansion Oﬁ‘fg@ Zfl ra. 102
noves the ciliary body 116 away fromthe equator 110 of t R 5@3

Typi cal | xpansi on of the sclera will be acconplished, i gi on
or zone %¥%h§§@gﬁt 1.5 mllineters anterior to the plane 1%6h@#%?ﬁ%&§5
equator of the lens 108 to about 2.5 mllinmeters posterior 10 15 20 L5 30
SI I F3STI T11TF RNI=ET I RLILE 261 01 AP ~ 2002 WD 99/17684 PCT/ US98/ 10431
to that plane, i.e., fromabout 0.5 mllineters to about 4.5 mllineters
posterior to the linbus 106. Accordingly, the scleral pocket or tunnel 120

will be located in that region or zone of the sclera. 5 The scleral band
200 of the invention is assenbled from a pIurallty of segnents 202. The

assenbl e |n S Li;or rim
226, a pgs? g %qr|n1§f% aEE%Hksgaégu i§0 %%%ne% |n‘%gl Qggmo rims.
In or derwp@kapsl yd:t%t@lt@@q‘:r@d cnm/vacdlmaztmwcd@ | r Théssdlmarat ishe
region ofobhe ekl ary, bodyroat debash a it CypteRent i), postien gk,the band

i.e., either the anterlor rom2 posterior rim 228, or the connecting
web struEerEepsed | sbaEsi ged tiglaREROTA thhmbese iy tHRE &BeECEs

agsenbl edonsbh@lhly gr ea@:@bramag t&te éh@nﬁﬂrﬁfer&fl% t pecs®hRrA At ikhe
| ocati on where the band is . inp gnte course, .the_entire band may have a

si ze sI|5h??§e8r8¥tépcfﬁ3ﬁlpﬁé EIEﬁaec?ﬁgeoﬁPﬁéFagt%h%FBHCSnOFhEh§CIera i's
appl i ed tnltheyr egisorlof thenhid | iar uwdeemplasHdd usyr ahed‘elamzﬁ'lggutﬂé 2,

whi ch sh ms ca.¢cro of .t he £ 0 scleral ba of t he
i nventio P% %gt%%%%'?%eFFlﬁ mﬁﬁl@ﬁ gﬂ%mghg g%?%l?qB? ?ﬁeg0
Cross- secncmaehngh@f@yeimatmﬁ (Qift erd“eb)sctmada:sheme:lrregeoﬁ ofH Ehgure 2.
The scleegh §§2aggd%n band 200 is shown within the scleral tunnel 120,

e 12

whi ch has a an outer flap 128, an anterior margin 25 122 and a
posterior nar §FRCESANIThECs cF 2 al > THEEME 120D withki nef ReCt bifAel wo¥kpogket 120

exerts apigubweed Jorae ocfllibgr@%@éciéaasla%&feats@% 35} erbl PREkey 120
because the band t he

eneral ly lar in_dianmeter than the sclera a
zone whet8 FHQnﬁ&ﬁH‘%% a$ %feﬁug$HEaBﬁYe§°FW§6 Yo&ReF 5 t13R4fers the
out ward bfacthen sdledd smfonrnleet quna te theuresicyf dfhesstkera abahbie

nat eri or 122 d mar gi n. 124. Thereb the sclera_is
zxpanded I mghggne gﬁ%r@%%ﬁ%%f Pﬁ?%ﬂ |ar§“ﬁ%ﬁ§ 1 é@ﬁ?causé@ fe%at t ached
ciliary bgayral6ev<@a@§uqmt@asisdtmpiamambtasr lemnaelgartaccbldiwitihgny, the

scl eral 1206 wWhizgl ST JLEE SEEELOREE 20410001 A P -

~~~ WO 99 17684 PCT/U898 104 -10
band is sized to be slightly larger than the sclera in the

region of the ciliary body. Accordingly, the scleral
20 expansion band exerts an outward traction on the sclera,

thereby expanding 1t slightly generally in the plane of the

crystalline lens. The scleral expansion also expands,

i.e., 1increases the diameter, of the ciliary body which

lies immediately 1inside or beneath the sclera and is
25 anatomically attached thereto.

The relevant anatomy of the eye for understanding the
operation of the scleral expansion band of the invention
and for locating the scleral pockets may be seen by
reference to Figures 1-3. Figure 1 shows an eye 100

30 provided with a scleral expansion band according to the
invention. The outermost layer of the eye 100 comprises
the white, tough sclera 102 which encompasses most of the
globe and the transparent cornea 104, which constitutes the
anterior segment of the outer coat. The circular junction

of the ccrnea and sclera is the limbus 106. Within the
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resenbl e belt | oops through which the scleral expansion band is threaded,
-are located in the region of the ciliary body, and gener&l‘ll )MEDOQQ 0 a
pl ane define the equator of the crystalline lens. Thu ral
expansi gﬁég%ﬁap‘é is positioned with respect to the anter 0?532{?%@(%@13 axis @f
the gl obe of the eye, such that it wll exert a traction on the sclera th§t -
w Il produce a radial expansion of the ciliary body |ocated just beneath gr
within the sclera. The scleral band and its segnents are illustrated in 1
Fi gures 4-11 of the drawi ngs wherein the reference nunerals refer to the
sanme parts throughout. The sclerai band 200 is conprised of a plurality o
segnments 202. The band 200 is designéd to be applied to the sclera of the
eye by formn cleral pockets. tunnels in the sclera, then 15 passing
segment g@'@?et %%fzu%%eesg of% hleloj[%%?%einanf &S TSt HEC RS0k he
segnent §iguget Ber thaehordoagcdapkepe2bandridaeer di nghy, ceaghagegmnt 202,
as sho L RFigur ] nterlcr _edge 204, a posterior .edge 206, &n
20 out\gﬁriegl%r flaoé%g_ g%8?&§%°?%§e?%s%rf§£len ZTBE“gg H°HRo Se“f’]gef 8fils 212 and
214. A treagkdt hienie it e by eBossdiomentto ofhe he riegrier, shuapeadeant i nuous
web 230.ahcphani dostinest icdd chie anterioy gdoe,20 4h tgrior edges
206, the connecty: %g structure 230 ﬁegé not bggsggé épggggéntgfﬁ%z&?

struct uFBe ARYSstructif e,? %y, 108 Wi havPRENEsEr t beszoorled atltlisce

struct UeRren8isd tddweer oNe dednkhataghg L£Lonpeehibn@ RIJUst Ul eohas
suffici ?ﬁt treng#%to %egﬁ the.anterior edge 204 and the posterior edge
206 in tHE S8 at1%e*Pds i Fofe 1G58t RAMe The  ned®Ss#3L 357 dPEPY30 to t e
assenbl @d6bands20@stl mndes itheustalatred 1@modi rent ,joae {akerahvesd 212 of
ach se n i royipde i ngue_216, and the_other [ateral end},.
l514 is gg%v%aégg\?vi ?ﬁeé élc—)lgr g%g%%g?%ﬁgérg&%hﬁlé?nﬁﬂ S FRESS8GmeREs are | *°
i nsert edctBraug2t-he Astltetal be up@eh sint Regemds 2212end-2114a 8% apdyexposed

as sho knEi-Qur, Fach ngu i hen:k X 2L = ~
o oo 1T oo ety LANANBIEHE 0P 4 NEBE boell e MR e s TpR T Pisos/ 104 b1
i nsert ed1PnPbd FP8 ¢BRFesPBNndi Fge Pbdve 238 camnalshebeomyuesdeddtare then

fast enegnterpkace whehidsridies gneovesn2i8nio for mdhe canpheteragher al bant
1[%15 shown_in é f|gUées 1, .4 h @nd 5. A%% neans ,of1 fastening the segnents 2 %5
oget heF *F§U53E Ut PEBF ESCFAB seGHBAES FRYUbe? Dot GF € RS arCBBRESIPYe or
wel ded oo thseditmbget e6,. or a nechani cal fastener) such as a screw or
rivet can be .0 _fasten e e f the_segnents. 202 together. A
preferred ne{k‘#%ggg?%’lgas?éni %%Qt hlerq‘g%éﬁrlsﬁ?s 2057 8getheY | %gﬂaFﬁéYsegnent
are nudéifeenred FCaptébar iedepeaseticonatieei atlsuehinstpel =¢gebhybf +
metracryhate) ks o d 0 r e . t . opgue 216 {o
118,40 iRl & dss, %g% YET o SUrhR0 dﬁ%%g;ypgfhepg LR

Q’Qe bott om 222 of "t he groove trasoni c wel rasonic 0
2Qel di ngTBaR BEPEEEHHN iGhdd bys ebrt@nt P 8nRIOEEEIRS quesoTr FoPPeRaApBe, the 15
tongue 2ipafidhiohi oft diee poStiEnB8dciin ibhe HRAYe: 280anheibA suppart shoe
i's inse(r:t d und%tréjthe fgd 2%}4 of..t he saigngnt 02 and an ultrasonic weldin
tool is thFFXd % hbLP oRGTYaZEE Y AVaY t ERBTs G cEEHRLPE fF nFRSf used
wel ded deea 2024, (Begerelly) in the plane 130 of the equator 110 of
the lens 108. The sclera 102 is preferably expanded
25 approximately in the plane of the equator of the lens 108.

However, any expansion of the sclera 102 in the region of

Y=

N
w

the ciliary body 116, i.e., in the region or zone of the
sclera extending somewhat anterior or posterior to the

plane of the equator 110 of the lens 108 1s within the

30 scope of the invention, provided that such expansion of the 3
sclera 102 moves the ciliary body 116 away from the equator
110 of the 1lens 108. Typically, the expansion of the

sclera will be accomplished in the region or zone frem

about 1.5 millimeters anterior to the plane 130 of the

(ad
(2]

35 equator of the lens 108 to about 2.5 millimeters posterior
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20 The segnents 202 are typically dinensioned to fit snug y /IIBII; Ieral
tunnels. A typical segnent will have a width ef about 2 |

t hi cknes%w?pg/ ? t 0.25 millimeters. The length of a typi caI segnent ,

measur ed ong e circunzerence fromone end of the main %7 ”8‘1‘3’the
segnment 202 to the other will be about 13 mllinmeters. The tongue w Il be
about 3 millinmeters in length. The skilled practitioner will understand
that the dinensions will be adapted to the particular eye into which the
scleral bard Zs to be inplanted. In particular, an ~0 assortnent of |engths
is typically made available to the surgeon so t hat segnents can be sel ected
that, when assenbled on the gl obe of"the eye, the conpl eted scleral

expansi on, bgp% WI | be of the Ero er _size to exert the desired outward
traction on SPEH ahd el | BERRE 13- 3 HBLLLiRBREES26® AkOwade of a
mat er | a|4t$1am1hésmsonessuesfea.=we SHEERe( RikiB126)1 06 \/\D&%&%ﬁ%ﬂl A PR
n02 PCT/ $ - 3 5 f.l.exi.bil pendicul ar to the
sur f ace %Iﬁ%rlgg%gﬁh O%Iétl?llﬁ %Iq%ggesg it 4 Iﬂé Eﬁam%ﬁ’t £R3h be made
flat and‘-’%ﬁ#@fedo?ozﬁﬁ@cﬁft héecac\latrare of the gl obe of the eye when the
band is inpl aphedschbrhe hangd bgomase Q%e iR B d, paterd al

preferable to form an appropriate curve before |nse i ON. aﬁ%eynﬁ?lcq segment
of the pref®r? e ‘éﬁ‘BI:’PdFI?eﬂf- 889PFRESt FARed TRElI agsemba edadians! ¢four vat ure

of the anteséan thnFofuabsul, 843 Bi LhinBt ehss 8Rdaa+e0EeSRARiNg rad~. us
rim of. about 103mII|rreters he Tt'adii of

of curvatu e of _the S
the ri ma;El er%i%EoIgﬁ’IB g%éd 23 fheeBaFEFRGFHFedRRrENSPERECER & e i nt o
whi ch tI’FeWCbmdns s tlo @ederxﬂtmtawlyAltbhdughﬁemeoucmw atre¢ e dgrent

ows a g gL ov e r he se rrents 202_that formthe
§2| eral %%dygg%ga Eg gl?%l I%I%Ilérgc t oﬁe T Yuriestst adtl £RESCotther

desi gns CeF Wt GRRuec bl vvé?quJFQﬂc e%anphe abandrpl el butt jegigte:ef frert ed by

adhesi veirjwQiRid ©im W3 €] ngneogh g be; ysed aply Qint or a
tapered s arf oi nt can pe usg%% AgaI'n onlemebgbb BIhehgecﬁgrﬁ’IteCZ(ifgcan be

provi ded Frivi%ectibn thaesigned o héVree@e§19amEtI¢a1 ewheremdeof the

adj acentbas&:gn‘B@t asEhebaeds Csalmdl@cﬁﬁaé)ﬁgaﬁérh%\ﬁ%nccﬁﬁe ecg@%é{;_grsl&%pes that
fgttogther cha % |ec of aeI[rIgSW puzzle. In practicing the

et hod ofhet e Timvent | odeévﬁl 9 bEaCed st hBPRESEEd + e§ifon or
segnent cgruramne methatscberb@vtdo rhmye}x@aeded EIl)ZdYB@.Bi@h@Qvagg-leglﬂ:@I}Ce of

f I || t he I.i nb I |t I
pocket E‘Qé%éer?tﬁ O FSAmRd pr aTor ADISVBY « FETPAT oW hg Broctili e AR 2.5

millinetdrdig clmtév@ a’#@l@@umfeltebock\lmeeyf bodyeaehi bﬂubhea@&drr&ﬁ di ans of
the eyeFiand-e Mmieirers%&pétaerél%sé s48€; Lh Dps, ypaLtLal, ; sgl eral

hi ckness _radi.al, i nci Si ons . antero posterior 1nci ons aré made

whi ch ar&l85a Y hang &&° |Cb§1gt%c?f§e@9ﬁ@? oHEp beeped Usig anl Baglire bl ade
the scleravis ot steatedch Wdddil hef pedd | @bod bi skpessn| Hei shans argsd 10 15

2V 25 31nd1cated by the dashed circle 3 in Figure 2. The scleral
expansion band 200 is shown within the scleral tunnel 120,
which has a base 126, an outer flap 128, an anterior margin
25 122 and a posterior margin 124. The scleral band 200
within the tunnel or pocket 120 exerts an outward force on
the outer flap 128 of the scleral pocket 120 because the
band is generally larger in diameter than the sclera at the
zone where the band is implanted. The outer £lap 128 then
30 transfers the outward traction via its connection to the
rest of the sclera at the anterior margin 122 and posterior
margin 124. Thereby, the sclera is expanded in a zone
surrounding the ciliary body 116 and causes the attached

ciliary body 116 to be increased in diameter as well.

[PV )
1

v Accordingly, the scleral pockets or tunnels 120, which

SUBSTITUTE SHEET (RULE 26)



c: tee~Trrr rrr cuCCT la!l '1 G9F ,1 WD 99117684 -13 01 AP R ~n(l2
PCT/ US98/ 10431 connected so that four scleral pockets o&)iel gp are
made whi ch have an anterior length of 5 mllineters, en tend
generalﬂyoé%“aﬁﬁy of the eye of 2 millineters. Thus) each & bel t
l-oop is preferably S centered over the 45 neridian of the eye. anh t unnel
is directed generally circunferentially with respect to a circle defined
generally by the intersection of the sclera with the plane of the equator
of the crystalline Iens, ' although the tunnels need not be exactly in th
pl ane. A 10 segnent 202 of the scleral band 200 Zs then inserted in each
pocke~ so that the ends 212 and 214-bf-the segnents 202 nmeet =n the spaceg

bet ween the pockets, as shown In Figure 1. The ends 212 and 214 of the
segment sexgmidiee PRA [IA9RY. timousd iwhimh r Ahed swiRYA hesxoeRs ionds ar e

‘115 ] oipedh By fdHtdded heatONDYUEa LAl Pf PRE SegiBAt %Ogh'e”t:(iltl@‘:‘rygroove
220 of the adj acent se nt %1 nd fastening the tongue in the groové by ul

trasoni €W digRg G HHhda &Eﬁ@&@ed§§l&e§c@é’sé@ea88\‘ﬂét%e

corrpl et e s&ieeroaiyshaamu1ﬂien1@m@duc'p§u§yrrmérs@@érsml ekpbneiPansa@@ Whi ch
g 20 producethe esired result of creasi ng the effective wor
sta

ncé SoPIHE XG5 r"g/l%sc“?%pe%et?ltfﬂ‘st‘?lai:%ﬁ eRBBEFMERE 6f1théeS nvgntl dn >
i 11 ustrates gd chreefodt téa: @ylmodisment tofatt He wn\len'enxenrtual mgausaotmf ofour

scl eral r lénng%f?ﬁgd Jraur §1S|l§r ﬁlr@@ﬁ‘éj ggl ; no nggg\g@ r% tunnel s

may be used a € surgeon ol ce exc a slngle
tunnel codlidtye hedd WQEht@(ﬁne] gegneansadh phewbahd nbéiney SjQiler-rai t hr ough

appropriate ifgi sioNsraThsasal ehal Rand fnddiss 'é‘i’@“il@ﬂsh%a%ﬁe igf a 30
material that 1s sufficiently rigid to eXert a force on the sclera

Kuf fici EHTREDAodUcOtt ks Q&“ﬁa’llngﬁpaﬁﬁr@ﬁnr E8Gi FEJSHGRCKeHBERGd Sof the |10
inventi g faid ddathé Ssphysbak-egi @alﬂomgamapt abtiee fO£14080- bahal bRl ant at i gn
or contact with the oculangj}lss naterlaéarel\g\l/e Eomglnthe'~
sur gi cal SafP i S W JetYre? |§89f8%?5?n% 2" andBhr PAPF-FPL. ¢

ctt=C TicWdesigrnéd o 1bAP aﬁarﬂnﬂéﬁ WOcOHHe 68414 REH/ US@B/éL@éLSbysynt hetijc
resins. f%%{ﬂ-@e SHEE%ﬁ ' J:]Hé’@s e tLanium e gol 4., pL pless steel,

tantal u nMenory oys vari ous surgl ca %y accepatE abl'e al | oys,
1dnd t he plaisied.ngSuRt aﬁ@n%@fﬁarﬁoc?s ﬁhyougbl wecler pét athe ngwmk s t padus 5

mat eri aleg, SUGH A5 PRLCELRES, &éUBhEa,ség%nkér?@s $l4eteR LAERI U1 a

hi gh-strengt.h gl asses and the |ike abl e synthetic materials include
physi ol 6@"@&1%% i ‘materials such as pol y(nethyl nethacrylate),

pol yet hyl ene,Ad@Bx)tmz@w ﬁ@aclpoé&éﬁ@ht aﬁdmpr gst BMbﬁﬂe).n p@bm%@tebcgnat e,

sili cong resins and the lik f&ge aI SO 'r;rilade f{é osite
mat eri al'® i nddF p&f’at?ﬁﬁ@eﬁl%ynteﬁi& si fi (ﬁ %rt?félrmfrate 19 ?nfS1 ed with
20 bers ofutimghsstfaogt ROBat eri alnsechsasfgbtase1fti berrs] beoodatieleds or thg 20
1Ko Thins Lhe Sa0aeat (MBY 208 g@ Und! 2oL L DAL & CLABRERARLS SBnoXy

resin, car Sori i ber - r&i nf or y resin, car er~rel ntorced carbon
(car bont&er b&EPIMEIIC t FPWKe.a A @ﬁ@ﬁ@w@ds mavebi aR3Por ofhemg&gmamdtl 202 is

sur gi calecirade PR YRRt e dmidiacey bt o4 and the posterior edge

206, the connecting structure 230 need not be such a

j—
wn

25 continuous structure. Any structure, e.g., a web having 25
apertures, or a lattice structure, is suitable, provided
that the connecting structure has sufficient strength to
keep the anterior edge 204 and the posterior edge 206 in
their relative positions to provide the necessary rigidity

30 to the assembled band 200. In the illustrated embodiment, 20

one lateral end 212 of each segment 202 is provided with a

tongue 216, and the other lateral end 214 is provided with
a corresponding groove 218. After the segments are
inserted through the scleral tunnels, the ends 212 and 214

35 are exposed as shown in Figure 1. Each tongue 216 is then 33
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The segnent, of the scleral band of the ~nventlon may 20 Re ed by
f any conventional technlaue appropriate to the material u éhwﬁ@ﬁiaﬁﬁtf

+machi ni injection nol ding, heat nolding, conpression i t he
L 1ike. T&g)ﬂggkﬁ? the scleral band of the invention to exggkghgﬂgéggfera in
the region of the ciliary body and increase 25 the working distance of the
ciliary nuscle may al so be of benefit in treatnment of hyperopia in certain
patients. Sonme yout hful hyperopes can achieve relatively normal vision by
conpensating for their hyperopia through the natural accomobdative ability
of the eye. However) as this 30 abiljty declines with age, they find that
~t becomes more difficult to attain hormal vision by this process, and they
begin to experience headaches and ot her s tons, eve aF an age somewhat
less t hARSHERES AOEQ RESoRSEE SSPORRaTt, BFPAY eEvidenthy, LPRGFRASRRS ¢ he

anpl i t ude4ofar3b wvlcenniagdathed by tdieadethothofn thies Jrvwerdd onlswoubd be ct
teicriTe rle cosQUT B Loy oR) - V0 99/ 17884 15 b

PCT/ US98 18431 UseP TR regtlorl ngbtahe abi | P y " of thes paeﬁ ents’to
conpensané fBor Ahgi mehpperdpfastFhéngethedsefmehts RAlenbgenhelrsashas
tility_.l fre i en- I I g%m% i shows a 5
gorrelaﬁ?@ﬁ%&?t' qggﬂ?zé% r?£§%n?%%ig?dggﬁggdsggﬁgg eeﬁd¥%%%get gt, in
gener al veildecaogultascpr 659aE8er| OPF axhedhesigali AeEFePR&r e886hwREh
increaspyng;aa8, oA Mhsr Mn, bEN (s di st rHdatdON: 9¢ applsanst | eRePr essure
|. Statistical features and the_effect of age sgx, and famly hjstory of
1~ gl auEBABCTASC RiCPes O8F tOSRThaf nBF 85 T8I Me7BodnRf §3588nLg650F. Anpng
t he gengeahepepul 2di otiogst houndwaegr Az ofedmehykduales metz: devehop

.abnormal |y _high jintraocul ar pressures.as a_result of prinmary open,angle
lglauconﬁ,rgée i§§gse BT T Ts oRg “Gf *the nn%?c%revffbnt %ggég@eESYES

bl i ndnesethacttyd aws)l d.s Aczovell dgotoitibe theordywsr thisfacwehtBonf t he
linear iLperease,io | Lt h.age ir sulit. o d a in
distancgﬂgetmeé%ughggﬁeﬁ%5e&3%tdéégﬁagtﬁ%ﬁii§?i§¥%3n%gé geaﬁﬁéfh§9resulting
linear détregseiicn treldiiectiveThal | Lok rEFONEd | af8LFRE| ecaBi nbe the 20
ciliary,pudabd ilgheR] by ¥R 48 dlAbadi 1 JBSHWOT Ko t ERa M EECABReI N pUI
@nll decrease the size of the trabeculum and/or the drainage pores and
lpesul t FRUGUR Rddr G3icriedsE of° RTHoQIeH I dSurer et %8%: FReBhi s view,
t he pat kepuppohe devel ap phegBEgdopadeanghe ghdugomachayhbayegnbna

congeni redilection to.narr r_pores).protein deposjtion in the pores,
andror 202nBPRoP™y FAFRREP S CneeRaGrR Ce8 T h: ShRGAPhECabIF: PP 8PEt he
ciliaryz2mésdloe teo Eixer ts i Df terdrt] kneSoral merf uswsd agel &fd 48rea BRér eabout s,
t hey tqu-églggngqp excessively elevated OP. 30 The use of the scleral
band of thé invention to increase the effective wor ki ng di stance of the

20i li ary nuscl&e af@IPRBEEDY2 G hcrEgsel YRECRbEKe GHeaNSI0RAR &cer filhen it

Contracgﬁugﬁ?shﬁrﬁﬁetB@lé%&@'tQBnEQ%Qe mhiyﬁl&éleséé%éﬁﬁYwﬂy§Ch§véxertS on
t he trabec%;ﬂ&bnesh rk to a valye 35 characteristic of a npreeéouthful

eye. In2tH yCFt SPOUSUBSTRFLFETSHEEF ERILER 2611 CREESAP R 288910

99/17684 .25 millimeters. The length of a typical segment,
measured along the circumference from one end of the maain

25 body o©f the segment 202 to the other will be about 13
millimeters. The tongue will be apbout 3 millimeters in

length. The skilled practitioner will understand that the
dimensions will be adapted to the particular eye into which
the scleral band i1s to be implanted. In particular, an
30 assortment of lengths 1s typically made available to the
surgeon so that segments can be selected that, when
assembled on the globe of the eye, the completed scleral

expansion band will be of the proper size to exert the

desired outward traction on the sciera and ciliary body.

5 If the segments 202 are made of a material that has some
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" -16 PCT/ US98/10431 expected that the tendency of an eye that is disposed t
-devetl op primary open angle gl auconm as it ages woul d be onrbq&EFh@mUQhe
onset cf this disease would be prevented or at |east z~ostponed. 5 The

i nvent i orWB&%17$4now been ful Iy described, it should be undBFEUSHI%¥MHatr it
may be enbodied in other specific forns or variations wthout departing
fromits spirit or essential characteristics. Accordingly, the enbodi nents
descri bed above are to be considered in all 1(. respects as illustrative
and not restrictive, the scope of the invention being indicated by the
appended cl ai ns rather than the foregoing descr~pticn, and all changes

whi ch conme within the meani ng and range of equival ency of the clains are
intended to be enbraced therein. 15 110 | -: 5120 25 JOJ~i.t "~e.Trm ear
c Ua =T forxibibitg- Permersbiayesa ©pArhe surfgce RIguEOPCTE US98/ 20431 1.

A segmentedraetekakc@Xxpanakerihand adaptgflehes LERB! BAt AhKEN rkkhkRAGOT

fastening to a zone of the sclera of an eye |yinhg outside of and adj acent

to the cFPFYF§ 58dva5Fh54;%BQ%ﬁ¥a%%ﬁ%‘%%dﬂﬁ%t R *F aF PexpYRsIBR™ band

conpri si figeabphdr aki iypdhnaddacent sheuphadsegnmatis, ofaahmsegnengifiavi ng a

ﬁngEd anteriorledgﬁeand arggr¥eg go terpor edge and struc%%;al spaci ng
ans exPehaFngloet wedf <&F G- Ghter orc%dggrgn afHPpoSEeASr 845€ and

ri gi dly lspéoreg ifkssatiordges Aapayb)cedchssmygement dfavihg | mtefakrredds

provi dedgyhLhsHeans Jor, 1Alenl 4 SaL eh eRde.oh saldhadl deeat -seoqea! s

together to forma band, said anterior edges and sai d posterior edges
form ng, 015 wWhen aRserbPEd FHto Ffai @Hsarid, 8ad amtédiidetienn anénd pésteri or

rim reses%gggbm@lfg salfh hands andyagh e SBEMRMLS At ShZedifoskhat said
anterior rimof said banq will lie outside at |least a portion of an
i

ant eri or2BBEEi o of §dild G - zond*and2daitd PostERI oF 188 (AR WPRI lie
out si de gtcbrastat epordd ah®fparpostibat o8ipenkirensofcSaikk seber ahtzone, at

| east one of said anteri.or ri sai d. posterior rimand said spacing neans
havi ng a"Bf GHet&f &ﬁ&éeﬁstQ%JE%tﬁp%§§iﬁ?%r di aneter of said scleral zone

adj acent theraflahough the illustrated embodiment shows a tongue-
and-grove design for joining the segments 202 that form the
15 scleral band 200, the skilled practitioner will understand
that other designs can be used as well. For example a
simple butt joint effected by adhesive joining or welding
could be used. Similarly, a lap joint or a tapered scarf
joint can be used. Again one end of the segment 202 can be
20 provided with a projection that fits into a recess or hole
in end of the adjacent segment. The ends can be shaped to
have complementary shapes that fit together much as the

pieces of a jigsaw puzzle.
In practicing the method of the invention, the surgeon
25 first locates the proper region or segment or zone cof the
sclera to be expanded by measuring a distance of preferably
2.0 millimeters posterior of the limbus. The scleral
tunnels or pockets are then formed, preferably by the
following procedure. At 2.5 millimeters clockwise and
30 counterclockwise from each of the 45° meridians of the eye,

and 2 millimeters posterior to the limbus, partial scleral

|

thickness radial incisions, 1.e., antero-posterior
incisions, are made which are 2 millimeters long and 350
microns deep. Using a lamella blade the sclera 1is

35 dissected until the ©partial thickness 1incisions are
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© 25 2.' The scleral " expansion band of Claim1 wherein said fastening neans
conpri ses a tongue adapted to engage a recess on an adjac 3.
The scleral expansion. band of Caim2 wherein said recesgnkdﬁgggﬁggvg. JO
4. The sWPgwdrésdxpansi on band of C aim 1 wherein said bandPGRURSISAYS a
synthetic resin. 5. The scleral expansion band of Caim4 wherein said
synthetic resin is selected fromthe group consisting of poly(nethyl

met hacryl ate), pol yethyl ene, pol ypropyl ene, pol y(tetrafluoroethylene) anti
silicone resins. ~IIRCTiTI ITt= RLi1=FT IR )1 F 9fil WO 99117684 -18 o ~
a P R 2002 PCT/ US98/ 10431 6. The scl eral expansion band of Caim1l wherein
said band is made of a reinforced céAposite material. 7. The scleral

expansi on band of Cl aim 6 wherein said reinforced conEosite material is a
gl ass- ffPRRestpd| SPordW&; syRthesréerasi poakettheoEcPeLhl 1@OPMsF ¥R band of

G ai m Gryher ghicgahdveehif aneedieenpashie Bt e iall 1iisnet &y bagnd i er _
reinforced material. 9. The scl eral expansion band of C am 6 m@ereln 1 said
r ei nf or t®ASEBpBEFEBIAREer BERere Yy bEKIfideT i nfidttel¥&r foh. B. The

scl er almexpamnst epsbanthat, Ceaichy poshereor $aild Raub < macef azalel y

hysi ol ogi cally acceptable_netal . .11. The scl eral expansi.qon band. of Caim
go mher%'ﬂtigeéafgeﬁaﬁgeigsnaﬁgréglﬁﬁtSE §§Fe§?§ﬁ fﬁ% H%naF%Epl%onslst~ng

of titadinertelatgenmmyalby d,civnimdlamntstal hf essl gt eekspelkapetmenary

al | oys, hysi i e I LT r ansi on
band ofcifg}§1¥éagéggi%g§%¥§g§§ %gﬁgh%sﬁhﬁ e g%kéigéggﬁﬁﬁéiéé%gﬁ . 13. The
scl er alwikbardionrbang off Cthememmamesr epf $diad ervakpélineselented from

the groupe 6ON§hSEhBYrAhnRALC @ledidN nodl Wil R3actly Ga Hdd GO sar bigde, and
hlghstrengthﬁglasses. 25 14. A segment of a scleral expansion band adapted
190 - beSaSBeRbl ed% T oFhfa SCdisdedl R53angP8n FantleRard5§&§wéht *Ronpri si ng
a curvegsant pbic@le-edge @ngke acBar ¥adspogterdrd edgeodndhst rdeeindid s spaci ng

nmeans e ndi ng between sai d anterior 30 _edge and sai d_posterior_edge and
rigidly%égaEFﬁ st d-BdgEL3E5A t2 Eﬁﬁ%PsBéﬁeﬁ?%kﬁﬁ%@ ?gtg “Tent’s provi ded
wi t h neaibguter if.astBme ngndai & endsnd 02 adlj adenthesegagnestto 20 narea band. 5

10 then joined. In the illustrated embodiment the ends are

15 joined by fitting the tongue 216 of one segment 202 into

the groove 220 of the adjacent segment and fastening the

tongue in the groove by ultrasonic welding or other joining

technique as discussed above. The completed scleral band

then produces symmetrical scleral expansion which will

20 produce the desired result of increasing the effective
working distance of the ciliary muscle.

The illustrated embodiment of the invention
illustrates a preferred embodiment of the invention using
use of four scleral tunnels and four scleral band segments.

25 Fewer or more tunnels may be used at the surgeon's
choice. It is not excluded that a single tunnel could be
used with the segments of the band being joined through
appropriate incisions.

The scleral band of the invention 1s made of a

30 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
acceptable for long-term implantation or contact with the

ocular tissues. Such materials are well-known in the

(W]
w

surgical art and include suitable metals, ceramics, and
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of said | &@PH1768hds. 16. The segnent of C aim 14 wherein sai

15 20 25 30 e~ mTtr~ rr~ cueClT I T~ ~S ~ '~R1 p 1 APR Q002 V\&:ﬁglm4
-19 . PCT/ US98/ 10431 15. The segnent of O aim 14 wherein saiﬂﬂf n

means ‘conpri ses a tongue on one of said |lateral ends and a groove onanot her
FCTABB8#Bedge
hasa radi us of curvature of about 8.0 to about 8. 5mllineters.17. The
segnent of Claim 16 wherein said anterioredge hasa radi us of curvature of
about 8.3 mllineters.18. The segnent of C aim 14 wherein said '
posteriorl, edge hasa radius of curvature of about 10.0 to about
10.5m I lineters.19. The segnent of Calm 18 wherein said posterioredge hasa
radi us of curvature of about 10.3 nitléneters.20. The segment of Caim 14

wherein said segnent isl5made of asynthetic resin.21. The segment of Claim
20 wher eiSYHAIRE S PRt Per esPHI FRREE PE YL Fr SATLHECGFGFTEONSI Sy of

pol y(met hyldwethaer Ysehenleps! welekil enendealumwy opyhe8ememory alloys,
poly(tetra-fluoroethyl ene) an lsi | i cone é si ns ﬁ022. The dzeggent .C};%CI aim 14
wher ei n Y ¥B8YABHE i CHFL%r BFAFBFEEY ScotboRT Fe Mltkr FAR. 23 %he
segnent cfu@zshie 22armeneian saiyd ietbhhde cedoonpos] {eantaid akviitremus
glass-fiber_reinforced, synthet] i.n.2524.T egment, .of . C gj.m .22 wherein
salfd rei rﬁaoﬁ'ecrejb%iosrrposgﬁyzn%%ritpléjlgcl%glag Tcar %(:)Lr‘il- |nb%ér mr%%ln o‘_’\“r’ce?ln‘Elzczon

mat eri al .@EbHRE seduight- ofrefictiim g4agkesei andaitdhe like. Suitable

[ ei nf or cedgaImRas) 18 5 115 QAUROBHEABSN JBI 1N §6h LA R &26, o

segnment o al mél4 ééliei nS slai d seg%e tS 'sS(??rLade f aphysi ol c?%%caajlk%ey
accept ablsuqfet al 287, THROLEHRRREY bf CMEtRAZE YRS n saP@lyefhentensmde

of metal selweledf1ome | h%@l%ﬂ@e@ﬁ@§i§éi’89tﬁf1l ehani, UMpBl §ldaRwan0 d,

tantal um st'ainless steel, enenory al l oys, and physi al ogi cal |
accept ablseﬂallcf%.refs.mie‘?ﬁ‘fr%mfl?e eWEEF Fﬁﬂ”ﬂ‘tcwﬁyydaols%PeA"g% 2002 20

28. The segrestpoesikamatéruhéseimceaipdresegmenta i synadecot aecaran€
material. 29. The segment of im28 erein said ceram,c i s selected from
t he group ¢bisi 1% My bf rpeolrr%:fecf%ciaerén a ltfvrﬁnaf%bsel T & siitbn & I}%Itg}} and

hi gh- st r ewegtdr i lassesh 36, dsaed nfihersmnobaonurfd efra seghbet ddilsz! er al
expansi onpand 2ReCl AL NnelaldB gt 125101500 EhSaThldtde Qlg
accommodation of an e y a piocedure conprising formng at |east one

ci ¥ cunf ercafiial Fosdni etaedPAPunpePeF nr e heL PF§8te SO her SELBr a GFrkN eye in

a circunfenentiali2enecef thenss ef@rind-Otbshie bhe «id i af¥ebodyy of said
eye, inserting in_said tynnel_segnents of the scleral expansion bapd, and

j oi ni ng ﬁ#%@@%n?‘étFGlﬁgr hYhet 82| 8FEMeBkp&P<E or® bEHYS 1€3éh Hrakai d
segnent s gflsahdsk 19¢l emethexpabaten.band having a curved anterior edge and a

curved posterigr,edge and s yelural, SRACHIG, B3PS X1 ¢RYLA el weep sai d
20 be manufactured by any conventional technique appropriate
to the material used, such as machining, injection molding,
heat molding, compression molding and the like.
The use of the scleral band of the invention to expand
the sclera in the region of the ciliary body and increase
25 the working distance of the ciliary muscle may also be of
benefit in treatment of hyperopia in certain patients.
Some youthful hypercpes can achieve relatively normal
vision by compensating fcr their hyperopia through the
natural accommodative ability of the eye. However, as this
30 ability declines with age, they find that it becomes more
difficult to attain normal vision by this process, and they
begin to experience headaches and other symptoms, even at
an age somewhat less than wusual for the onset af
presbyopia. Evidently, increasing the amplitude of

35 accommodation by the method of this ainvention would be
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" anterior edge and said posterior edge and rigidly spacing %Ig e’ges apart,
each of said segnents of said scleral expansion band havi r@ tlelPaPn @Rds

provi ded with_neans for fastening said edges of said adja ts

t oget her WO a band, said anterior edges and said posfﬁ%?ﬁe ges

f-orm ng, when assenbled into said sclera expansion band, an anterior rim

and a posterior rim respectively, of said band, and sai d segnents of said

scl eral expansion band being sized so that said anterior rimof said band

will lie outside at |east a portion of an anterior portion of said scleral

zone and said posterior rimwll lie oQutside at |least a portion of a

posteri or porti on of said scleral zone, at |east one of said anterior rim

sai d poste rlman i sp ng, havd n a La@glfeater than

the ext &P gr di anet ergté?%é Pd glg%e : zo% ac)dé agé%tslgt hg%tettqgng.se S%AY9 AlL. A
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decrease 1n pull will decrease the size of the trabeculum

and/or the drainage pores and result in a linear 1ncrease
of intraocular pressure with age. In this view, the
patients who develop primary open angle glaucoma may have

25 a congenital predilection to narrower pores, 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,
they tend to develop excessively elevated IOP.

30 The use of the scleral band of the invention to
increase the effective working distance of the ciliary
muscle, and thereby increase the force that it can exert
when it contracts, restores the level of force which the
ciliary muscle exerts on the trabecular meshwork to a value

35 characteristic of a more youthful eye. In this way it is
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10908 (LaddalhEhPeWH 011 bSd SEBUEE {des dro 10 hsidered 1n all
1 respects as illustrative and not restrictive, the scope of
the i1nvention being indicated by the appended claims rather
than the foregoing descraipticn, and all changes which come
within the meaning and range of equivalency of the claims
are intended to be embraced therein.
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CLAIM:

1. A segmented scleral expansion band adapted for
implantation within or fastening to a zone of the sclera of
an eye lying outside of and adjacent to the ciliary body of

5 the eye, said segmented scleral expansion band comprising

a plurality of adjacent arcuate segments, each segment
having a curved anterior edge and a curved posterior edge
and structural spacing means extending between said
anterior edge and said posterior edge and rigidly spacing

10 said edges apart,
each segment having lateral ends provided with means
for fastening said ends of said adjacent segments together
to form a band,
said anterior edges and said posterior edges forming,
15 when assembled into said band, an anterior rim and =z
posterior rim, respectively, of said band, and
said segments being sized so that said anterior rim of
said band will 1lie outside at least a portion of an
anterior portion of said scleral zone and said posterior
20 rim will 1lie outside at least a portion of a posterior
portion of said scleral zone
at least one of said anterior rim, said posterior rim
and said spacing means having a diameter greater than the
exterior diameter of said scleral zone adjacent thereto.
25 2. The scleral expansion band of Claim 1 wherean
said fastening means comprises a tongue adapted to engage
a recess on an adjacent segment.

3. The scleral expansion band of Claim 2 wherein
said recess 1s a groove.

30 4. The scleral expansion band of Claim 1 wherein
said band is made of a synthetic resin.

5. The scleral expansion band of Claim 4 wherein
said synthetic resin is selected from the group consisting

of poly(methyl methacrylate), polyethylene, polypropylene,

Cat
ot

poly({tetrafluorcethylene) and silicone resins.
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steel, shape-memory alloys, and physiclogically acceptable

alloys.
12. The scleral expansion band of Claim 1 wherein
20 said band 1s made of a ceramic material.
13. The scleral expansion band of Claim 12 wherein

said ceramic 1s selected from the group consisting of
porcelain, alumina, silica, silicon carbide, and high-
strength glasses.

25 14. A segment of a scleral expansion band adapted to
be assembled to form a scleral expansion band, said segment
comprising

a curved anterior edge and a curved posterior edge and
structural spacing means extending between said anterior

30 edge and said pcsterior edge and rigidly spacing said edges
apart,

said segment having lateral ends provided with means

for fastening said ends to adjacent segments to form .a

=4

band.
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16. The segment of Claim 14 whereln said anteraior

5 edge has a radius of curvature of about 8.0 to about 8.5
millimeters.

17. The segment of Claim 16 wherein said anterior
edge has a radius of curvature of about 8.3 millimeters.

18. The segment of Claim 14 wherein said posterior
edge has a radius of curvature of about 10.0 to about 10.5
millimeters.

19. The segment of Claim 18 wherein said posterior
edge has a radius of curvature of about 10.3 millimeters.

20. The segment of Claim 14 wherein said segment is
15 made of a synthetic resin.

21. The segment of Claim 20 wherein said synthetic
resin is selected from the group consisting of poly(methyl
methacrylate), polyethylene, polypropylene, poly(tetra-
fluoroethylene) and silicone resins.

20 22. The segment of Claim 14 wherein said segment is
made of a reinforced composite material.

23. The segment of Claim 22 wherein said reinforced
composite material is a glass-fiber reinforced synthetic
resin.

25 24. The segment of Claim 22 wherein said reinforced
composite material is a carbon-fiber reinforced material.

25. The segment of Claim 24 wherein said reinforced
composite material is carbon-fiber reinforced carbon.

26. The segment of Claim 14 wherein said segment is

30 made of a physiologically acceptable metal.

27. The segment of Claim 26 wherein said segment is
made of metal selected Zrom the group consisting of
titanium, platinum, gold, tantalum, stainless steel, shape-

memory alloys, and physiologically acceptable alloys.
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and said posterior rim will lie outside at least a portion of a posterior portion of said
scleral zone,
at least one of said anterior rim, said posterior rim and said spacing means having

a diameter greater than the exterior diameter of said scleral zone adjacent thereto.



