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The present invention relates to devices for deform ng and ejecting a
defornabk,,g)julmﬂ;lr aocul ar lens for insertion into a small iﬂﬁilﬁoﬂ‘ﬂ?ﬁ' an
eye, the device conprising a) a housing,, b) a lens transporting duct in a
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also in the anterior chanber in front of the iris. The eye i1ncision size
necessardgvices.det er mi ned by the lens size and the first generation 30 of

hard | enses, typically made from PMY bred a cut corresponding to the
| ens diameter. Soft |enses have been—cg'éf@gﬁ%ped for the purpose of limting
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2 an instrument is inserted and used to disintegrate and remove the opaque eye lens. Next an

artificial lens is inserted through the incision to replace the natural lens and is kept in place,
normally in the posterior chamber, by haptics in the form of either flexible wings (one piece
lens) or flexible spiraling legs (two or more piece lenses) later developed for better stabiliza-
25 tion in the eye. Healon (R) or a similar agent is introduced during both steps in order both
provide bulk and protect sensitive tissue during the operation. The procedure is about the
same for phakic corrective lenses although the natural lens is normally not removed and the
thinner lenses can be located also in the anterior chamber in front of the iris.
The eye incision size necessary is determined by the lens size and the first generation
30 of hard lenses, typically made from PMMA, required a cut corresponding to the lens diameter.
Soft lenses have been developed for the purpose of limiting the incision needed to insert the
lens in the eye, thereby reducing the risks for eye ball distortions and infections and improv-
ing post-operative healing. The soft lens, e.g. made from silicone, can be folded or rolled to a

fraction of its initial diameter and then regains its original shape within the eye. Yet, manual
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25 such a channel is that it should be smooth not to impose shear, friction, grinding, cutting or

pinch to the lens optic or haptic and this applies both to any transition in monolithic channel
parts and to joints in multiple part channels, the latter to be avoided as far as possible as
grades and misalignments are almost inevitable unless instead the parts are fused, polished
and finally cleaned to avoid any trace of debris. Yet multiple parts may be unavoidable, e.g.
30 when providing for doors or closures to allow lens insertion or when using cartridge type in-
serts for lenses deformed by separate or external means. In general the lens transport through
the channel comprises at least two distinct phases. In a first phase the lens is transported, pos-
sibly under complete or partial deformation, to a stand-by position, ready for release, close to

the end of an elongated tip designed for insertion through the incision into the eye, although



this phase is commonly perforned before the tip has been inserted into the
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25 parts tending to introduce the potentially harmful imperfections described. Moreover, such
devices rely on operator skill, rather than assistance by convenient device safety features, for
correct lens insertion and manual deformation, easily resulting in arbitrary and inconsistent
folding and release behavior. As a typical example the US speciﬁcatibns 5494484 and
5800442 relate to a device for lens deformation between two hinged half tube, wherein skill is

30 required not to invoke random results or pinching of optic or haptic. Although the already
deformed lens should allow for a simple plunger advancement mechanism a screw arrange-
ment is used, requiring an impractical two hand operation in the critical moment of lens re-
lease. Numerous proposals have also been made for devices with convergent channels in

which the lens is folded and deformed during forward transport in the channel before final
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25 isto offer a device convenient to use and with operation characteristics adapted to each im-
plantation phase. Still another object is to provide a device preventing Improper use or opera-
tion steps. Yet another object is to provide a device preventing implantation of damaged
lenses. A further object is to offer a device with reduced risks for damage of the lens and with
reduced lens stress. Another object is to avoid lens damage due to device imperfections and

30 tolerances. Still another object is to avoid damage in connection with lens deformation based
on transport in convergent channels. Yet another object is to secure proper lens folding, trans-
port and release with respect to both lens optic and haptic parts. A further object is to prevent
lens dislocations and lens rotations relative to the desired movement pattern. Another object is

to provide a device useful for either a lens with single or multiple part haptics. A further ob-
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the transition between the phases is compulsory e.g. with a definite stop for the screw-

25 threaded rotation movement at the precise spot for lens release at the tip and rotation preven-
tion for the plunger actuator during the last plunger displacement. In connection with ar-
rangements for lens deformation by transportation in a convergent channel with along the
channel varying width to height ratio in the cross-section, as known per se, several advantages
are obtained if a plunger front is used which can be reshaped to adapt to the changing ratio. A

30 larger contact area between plunger tip and lens can be utilized than with a plunger tip of con-
stant shape, giving less surface pressure and correspondingly less risk for lens damage. Fur-
thermore, the difference is largest where needed, namely in the early deformation phases
when high and varying forces are present. The force is applied more optimal with pressure

also along channel periphery and not only centrally, improving transport and reducing lens
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herein, %Qlﬁq%l%ﬁrel OWrrectional statenments for device, such as "axial",
30 "front" and "rear" and "forwar ghetR8 des@tivar d*, shall be understood
with reference to the Ilens delivery direction. The device "axial"
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a reduced dianeter, suited for insertion in a small eye inci-_
ence of further elements as well and shall be understood to cover any element in integral, sub-

divided or aggregate forms. Similarly, expressions like "connected”, "attached", "arranged",
25 "applied", "between" and similar terminology shall not be understood to cover exclusively

direct contact between the recited elements but shall be understood to allow for the presence

of one or several intervening elements or structures. The same applies for similar expressions

when used for description of forces and actions.

Also as used herein, positional and directional statements for device, such as "axial",

30 "front" and "rear" and "forward" and "rearward", shall be understood with reference to the

lens delivery direction. The device "axial" direction shall be understood as a line centered in

the lens duct, although such an axis need not always be entirely straight but can be curved,

e.g. in convergent type ducts where the duct may have a varying cross-section shape.
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expansi on or ‘el ongation etc. and in real#ty any nmethod used normally 5 will
i nvol ve several pure size reduction principles. As used herein, expressions.
| i ke "fol di ng'A soft leasdiaydie, giVeated mdncaigtiaméennmpited firigsertiorbin £&6INgye iQEicC.
are used . nt_erchangeattzl y..to indicate any kind of size reductjon nethod for
i npl ant atiPBril BuiseEE o1 HETSH ATy SHEOVAEP et S 1188 toospal farmysingle arandiple
parti cul ' : bl g cat ed. iGgitly de
Seri bed. HEe opt PrR D SHeR MR UPRARICHG B bILPEhR, SRl B

t he | enssttetchedgmider atial ekPamsiogonebngitiapetd. and hereeliy aydnghed asablombhe | ens

is elastically defornmed so . as to autaomatjcally return to its original
shape St B esevaakaue sisRdsducte Pn@ﬂﬁl?é-r/é%}l%d hemgn.rRgPERssivas hish dioiding”,
def or mat & i S»NOY Sy e gl At > i cal l he

i nci sion l'%%ﬁdft € glﬁ?g@}dlles{g a %qr}rfgljiegltg éﬁsftl%&gt% ag'l %%8%%%8{5? \g/\%gﬁg%’?%nodl ngf"ca

pr ef er abdny Kird vesine Zedantortmethodvibr miplastatibrapw@pasdsyundishahast benirdeRtdvdrtd be
rounded hol e and the ,‘Iélﬁns ) a&e ilftel’ def or mat{_on shoul d be 15 adapted for
i nt r oduckPBed AR SHRTMEHROT RIS SHhervisp seeqifisally pdicated or expliqit)y de-
cylindri f il L t i .

11 pt1 carorS by S B SepBRARics Kol b ity Rep 20 Sfiok Thieh WolBhin i o,
exi st 1(hooripfa shaid ia the tyeaandografeaably éresless iaslastipalyf deforatddysodes6 mutoarhticallyt he
introduction, either for cataract or f8r C r.recgj{o\f/le ?ﬁurposes.. The | enses
gener al | K TUER b gréglaﬁl Pg Bn%érnfm?iﬁassﬁ SRS, Verfee> YptPeIopRFTIGEFEt 20
vides t hg g afatiRatié MEmRIBRILIVakht edwd&ﬁm%efmﬁe Y. BRREABARO MdiGoR[ORE (e&é[/ !
such as strongly posi- five refraction Tor replacenent "of the natural”Tens
or posi tis estraighheyarithve langth etweemn! eed dmymderetegatdye begveen Grandcet inwe whikhpiss es .
The optic rt is generally len ed.but, can have other initial forns,
oo, *hadieBiyigingFRE Fiofs 1G5 RcT PR AT MEIEROhapE HfipCAbtmaitin b f or
for rig sidapieddor iGtroicda-thionlh 8@chvr IAERionNE/pesally Withd BerttedI0) &R dlisN R th
menory for_ recovery of the 25 nenorized formin the eye. The optical part
edge carfupace passiblyistighily Battenedantopyaoregiiinticabtorm. serves the purpose of
contacting t I ol - t stabilkze fhe
optical part hlle}}l ﬁé@%ﬁeﬁi&ﬁ%ﬁdg{é%%?%%égf S%G%E%Fglg E{ ?xg%lgl\ﬁ &neg%msg;l(’feelﬁ%?'ng

f r om t hecolat ietiads aspapeiciadliyniesaibied is tlapiatotdwdios, either fmsdatRa&ioe feddoyrectivo or
nore flexible | j spi ral |£® around the ogti cal part. An'él?l ens type can be
Used vi PATROES- JRELENES BERFD CRB gn.aPte PoT e e BPBBIG Hi ORCHRE Memse of
havi g ks tdkriOploButics BRA bAT hdvRRy Ot SHIRRRSHARS shdh dUEoRYGnolil®

% S
smal | er di nensions being suitable insertion through a snall si on

in the dive refrintioddor wplacementgifdhepatoral ek or ndNGVSof tegative edraatiaotodingglet 0

the present.invention can sai.d to.include basical a housing, a.lens
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housi ng shall be understood in broad sense and nay take a variety of forns.
The or cross-linking within the eye or pre-deformed lenses with memory for recovery of the

25 memorized form in the eye. The optical part edge can be sharp, blunt or flat. The haptic part
serves the purpose of contacting the eye inner circumference so as to center and stabilize the
optical part in the eye. The haptic may be formed as flat wings extending from the optical
parts, similarly shaped loops or, most preferably, two or more flexible legs spiraling around
the optical part. Any lens type can be used with the present device as long as it is deformable

30 inthe sense of having the ability to have smaller than final dimensions in the eye, the smaller
dimensions being suitable for insertion through a small incision in the eye.

The device for folding or deforming soft lenses according to the present invention can
be said to include basically a housing, a lens transportation duct for the lens and a plunger

arrangement for displacement of the lens in the duct.
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T o o o S TR, L lece OO oot
axi al 353l fefr8d RV astthé PREUpRbE thEReGick Ak 1dHger than the axial extension of the deformed lens
optical part to allow insertion and some manipulation of the lens at the proper depth in the
eye, e.g. at least 1.5 and preferably 2 times this length. Among others to keep this tip part of
the duct as simple as possible it is preferred to allow for a certain transport duct part for the
lens to the rear of the release area. The transport duct and the release area can now take the
30 form of a simple tube with minimum external dimensions adai)ted to the size of the deformed
lens. The tube overall cross-section can be slightly divergent, substantially constant or pref-
erably slightly convergent. The cross-section is preferably round but can have other forms,
e.g. slightly elliptical or flattened to conform to an expanded slit incision. The front apex of

the tip can be designed to facilitate insertion or to support a gradual rather than abrupt release
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25 dling, manufacture or space considerations.

For many purposes the lastmentioned deformation method, involving transport in a
duct of varying shape, is to be preferred. This method will be referred to as converging chan-
nel method since the duct necessarily has to shrink in at least one dimension lateral to the duct
axis, normally along the largest dimension of the un-deformed lens, in order to reshape the

30 lens into a form suitable for implantation, independent of the size of total cross-section area,
which may be constant or also shrinking. For purposes of description of the convergent chan-
nel said dimension of the channel perpendicular to the duct axis and corresponding to the lens
extension from edge to edge shall be referred to as channel “width” or “lateral” dimension

whereas the dimension perpendicular to the duct axis and corresponding to the lens thickness
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connection W th comon, convergi ng channel designs are avoided by adapting
t he ductlensy bBeaddedispase is fere gipated abtherwersirasitiasf paspibles prvelydit thy cshiennb|

| engt h, ' - : ' | ens..optic
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substanty ghdh¥with a soft cylinder type plunger front, able to fill out both an initial large channel and

a later narrower channel. However, the lens folding initiation is here entirely uncontrolled, as
at least the rear channel part is not at all adapted to the size or shape of the lens. Furthermore,
the plunger fills out and press against the channel walls, giving no space for the haptic or
catching trailing haptic between plunger and wall.

30 According to one aspect of the present invention the above problems in connection
with common converging channel designs are avoided by adapting the duct cross-section, at
least over a part of the converging channel length, to the size and shape of the cross-section of
the lens optic during folding. When the cross-section through the lens is referred to it shall be

understood to be taken at the point of largest area, normally at the center of the optic through
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front | SattIe?lI i%evI/hiI:Q ztilII: lens edges meet head on in the later part of the duct to be pressed against
each other, suitable for thick lenses, or unsymmetrical, e.g. in the form of a “6” for a folding
pattern in which the edges meet in an overlapping manner in the later part of the duct to initi-
ate a spiral folding of the lens, suitable for thin lenses. Since the duct cross-section need not
30 have additional area for a plunger the cross-section area can be substantially constant along a
major part the convergent duct and most preferably adapted to the major cross-section area of
the deformed lens, disregarding here any small convergence dictated by convenient insertion

or lens diameter reduction resulting from axial elongation due to radial deformation. The lens

may be pushed in the described duct by means of any single or multiple plunger that can be
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25 front to attack the optic of the lens. For looped wings the plunger front alternatively can be

designed as a hook or head and neck with the hook or head passing through the loop. Spiral-
ling haptics behave more randomly but most proposals take advantage or their tendency to
localize close to the wall by providing some clearance between plunger and wall, e.g. by
making the plunger smaller than the duct, by eccentric orientation in the duct, by cut-outs on
30 the plunger front, possibly assisted by a narrower neck behind the front head part, allowing a
more free orientation of the haptic here with maintained surface of the head. Alternatively the
duct can be broadened to provide space for the haptic or slits can be provided along the duct

to allow the haptics to extend out from the duct into the surroundings.
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pressure against the duct walls en applyi ntg axi al pushing forces on the
pl unger of the pushing type, i.e. providing a front contact surface with the lens running substantially
25 transversal to the duct axis, e.g. having a substantial surface component corresponding to a
cross-section through the duct.
The plunger may be given re-shapeable properties by being made in an elastic mate-
rial. Among others in order to minimize the pressures exerted on the duct walls, e.g. to avoid
haptic capture, it is then preferred that the shape of the plunger in un-stressed condition is
30 elongated in the above sense of having an elongation degree larger than 1 and preferably the
elongation degrees mentioned above for the first form. Preferably the form roughly corre-

sponds to the duct rear end, in turn roughly corresponding to the unstressed lens, resulting in a

folding pattern for the lens similar to that for the lens.
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fingers which are joined to its single neighbor. The number of finger can vary. An abundance

of fingers can be used to form a brush type plunger. They can be separate, joined at a rear
location allowing the front parts fairly free rearrangement capabilities or in the front, in which
case, however, the individual fingers should be joined in layers to maintain the rearrangement
30 freedom, i.e. each finger preferably being joined to two others in layer form. Among others
for best control of the folding pattern and haptic accommodation it is often preferred to use a
single layer of fingers and preferably as few as possible to fill out the duct in its most flat part,
generally at the entrance side at the rear end of the duct. Preferably the number of fingers is

no more than 10, preferably no more than five and most preferably three. The number should



preferred to make themdifferent. It is for exanple beneficial to adapt the
finger front surfaces 5 to the height of the duct to nake themas |arge as
possi bl eweidiB9T0espect to the duct, which nost often is hPGESENN/RBTY he
center, although sone clearance is prefesred. The finger front shapes can
have any form e.g. a shap? like a |ine, angl e, square, n of

| i |
regual r Rsrat lgast g and prefsrably at l&ﬁfité}ﬁr,eeﬂﬁ@ H?rﬁéﬁr”{?ﬂd‘ﬂlaﬁ a1 ?@%@W@%%é%?fsal o)

be adapt . ) (o] Lnto e st
compact S ReisCRE Syhdftoal Blot 265 s RSO LR AT AR LB IRE
cut st r firgats arfaaped xmupd chendenkrall Abe dagenecanbglsiasildran sizbare shapedeit &,is 8fen
degree angles for_ four fipgers etc., either to meet wthout separation to
maxi mi zePrefsEred tmake theny difierent Jf 13 f9r gxanple bsnefiial 4o Adand fhe finges (romp atrfacedn
e.g. t olggif%g j I Coed . [ : he
front ssoctgglﬁebe %tg%}\egctm@tt gtg P%Qﬁﬁﬁgg#%f%éh#r@g%giﬁ?@hn eé%écgwgltrc}éjl\ﬁ?! %ﬁhﬁ‘% es or
Wi th cuhesivfisn shiglest at the avetet) atthmeghesbnor demaseds prefiertde The Heigeekontt he

fingers and between finpger 15 and g&gt wal |, ,fo[ exanpl e to al | ow passage
of spi r ANAPEISER BAVHNEORRY §&i 3 shape hikerdinced triangte, sHHare, polipgarofremiir does
not full. I . i I 59

prefer a_ﬁ’rg%x%/llu]a%o%;ﬁggfsa? 3&8@0?%11;13?&2&%?121%&1'[]%%8\9/ g{rag cii ‘f‘%}’t%%ﬁag %gﬁ?hﬁ ﬁgg"#a?{%?}gé‘??“ of
t he ar egpesfoamhrntelyehehifblded intophemestadunypaat fdreageénctdlbp atndromstctpnedfahather, at

| east. 70% The above cansi derations to the front of _the plunger or
the. HaieA Ul Slgqsﬁg‘é?%?l&?‘e?‘trﬁéﬁ@are \aﬁﬁg% dgerar fegled g trRe fingsrs. “ddagrsrd t he
front the RLWAIEHr Shiodri BESEIHBMo RSl R3IHNELpaMBbE td MESinYire R ﬂﬂsﬂing%ﬁx‘féd%g

t he purpo%e of transmtting the axial pushing force through the uct

al t houghr thesatepaettginshdulile séfamtioneag. tangememodasé a wheg fipedepsc in batwekmt el y
behind the front.pl.unger or finger be rrower, formng a neck,.e.qg.
to suppd%lfer%at’fvl’sg'ethﬁgﬁfl ccaBg’gima‘{jegboﬁi%%gP é‘rﬁjmla{% mfgirf\%lgtfahh ﬁ-&é‘PP@&F&‘&S Pe Egse.
't may Ret-aety 39 hagEesse irRoPERY icffs SPRERT arbas! iwekn thé BASerk AndBKEveeR Hna6l
with the channel walls in order to inprove stability. Preferably the body

of tHé phddyerwalhdorexample ot adlovopassagsafpiralhaptic.dugnegall it isopretavsd thatsheni t h
a hol | ow, keyi i ol i i i revent

ot ati omtui Bl e REL A ] Gl S LA 1 B lF P B Rte
propert ply 4t leasnheXtdfale aveh kncoveosivatipaph tlehagioebarobf the ascreshiould ep@lldd, i t
has the ability to bend al ong such duct. 30 The plunger can be driven by
any knowreiersilysat last g%ﬁﬁgé‘?%FEregga@ﬁﬁt%a%?%- directly on the plunger

part desi gnegl]'hteodbeaééoﬁsme?é{wﬁs Belydy Ghe fremv&ﬁtgé%agg& or thd RIARIGH hhg?rgo

design the unger as a single prece part. | cases It Is préferred
t 0 have theredphineat] e affedtingribe kens.abefend therfrord theapligegerion fingel may he desagriedt o

ffect th t i t design f d.control .. T | d
he dr i VROTG TEFY i s neithe eSO el B enfianshde fercf Aobin Bitger
sys WO Qi{398detPGELSHAY sBdldAllohbrehfBhgenkdit of @@ FRRSsOHhmbARLt]Y BoindENENt

is essentially a two step process wherein the lens in a first step is
noved ugronpplanges|asdsgersaniyt boraredwyelarging e nepky P getotyupponifaifeds hapépposi-
general Ly | 2y for j C ' tep. the |ens
TS rele éégl&% a\ﬁﬁ?{é t@%{%‘g’%@‘g?% }eﬁ?/a%xelt %@e atd’var"f}géjeo'ugI tc?‘px%%?&%ns%aéer eRteh

25 sions to make contact with the channel walls in order to improve stability. Preferably the body

of the plunger has a non-rotational symmetry allowing it to cooperate with a hollow keying
member of similar configuration to guide and prevent rotation. A roughly flat plunger design
may automatically have this property in connection with a convergent channel of crescent
type if it has the ability to bend along such a duct.

30 The plunger can be driven by any known means. It is possible to apply force directly
on the plunger part designed to pass through the duct in which case it is possible to design the
plunger as a single piece part. In most cases it is preferred to have a separate driving arrange-
ment arranged including a shaft to affect the duct part, for best design freedom and control.

The plunger and the driving arrangement will collectively be referred to as the “plunger sys-
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in which advancement in the first step takes place by a rotational movement applied to an

actuator, transformed into a longitudinal movement via a screw and nut arrangement, serving
to give a slow, cautious and controlled initial advancement of the lens, also allowing suffi-
cient force to be applied in case of simultaneous deformation, e.g. in a convergent channel
30 duct type. Further that final advancement in the second step takes place by a substantially
axial movement of the actuator, without need for substantial rotation and preferably that rota-
tion during this step is prevented, serving to allow a very simple release movement for the
lens preventing rocking or tearing movements in the sensitive eye incision and being consis-

tent with a single hand grip. The latter movement can be implemented by letting the screw
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novedy 9Nl a plunger system part in the form of tubes, preferably with round section, which tube
parts overlap in a telescoping manner and to arrange the track and follower between the tele-
scoping surfaces, for best protection most preferably so that the track is arranged on the inner
side of one of the tubes and the follower or followers on the outer surface of the other tube.
For best accessibility it is preferred to make the plunger system tube part the outermost tube

30 part. Certainly various combinations of the above-described principles can be used.
Various other features can be included in the plunger system and housing to obtain

secondary advantages. The housing can have a finger-grip as a counter-support for especially
the forward movement of an actuating part of the plunger system. Windows or holes may be

arranged on the housing to allow monitoring of the plunger movement. The device of the pre-
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and arranged to counter rotation | ITections a
25 tween members, e.g. bars or rails continuing into the duct proper, between which members the

lens is inserted. Preferably then the lens is initially slightly bent along a fold axis parallel to
the duct axis since any rotation then a lens rotation will be counteracted by the necessary
change in deformation resulting from the change in fold line. For better control and leverage
against rotation it is preferred to stabilize the lens haptics. This can be done by placing pres-
30 sure transversal to the lens plane in a similar manner as described for the lens optic but it is
preferred to arrange delimiting structures running in the transversal direction so as to stop lens
rotation through abutment between haptic and the structure which can be used for all haptic
types. Preferably at least two structures are used and most preferably arranged to prevent ro-

tation on opposite directions, e.g. by holding one haptic on its both sides or by holding one



haptic. For best stability the structures are preferably present close to
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The lens receiving chamber can have any other feature improving its functional and
convenient properties. Preferably the seat for the lens is roughly shaped corresponding to the
lens shape although it may have cutouts to accommodate the arms of forceps when pl'acing the

30 lens in the chamber. The chamber is preferably designed to allow opening and closing, e.g. by
being made of two parts that can be releasable connected, preferably including a hinge for
convenient operation, e.g. around a transversal axis but preferably for easiest access around an

axis substantially parallel to the duct axis. A lock can be provided, either releasable or perma-

nent to avoid reuse of disposable devices. Generally a convergent channel type duct cannot
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Al ternativel be char e.device in connection with
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enunerated in order to avoid gradual pernmanent deformation. The [ens may
be i nt r eddlycmadified dazesuce &igtionmgamsighe dans, el dycesa piligoneo pohittwdenrectydet t e

and leng for, different { [ s or for permttin 01/39701
et sty ERp bR pdPte B Akuelt b s BRla b hnl e,
conpr i searfdlyo Bétidedn thaldns ob @i heeakuct, bg. Healog @.ecei vi ng chanber and the tip.
The lens may_al so be introduced in naked form e.g. when_ the device
conpri ses t h&loyetogissaks dsvierasdeen described above in connection with each feature. Be-
25 fore the surgical situation the device can be prepared in various ways. The lens can be pre-
loaded into the device and sterilized at a manufacturing site for storage and stored and trans-
ported within the device, which may be of particular interest in connection with disposable
devices. A door over the loading chamber can be only partially closed during transport and
storage and the lens held in place by the structures described after which the door is fully
30 closed to displace the structures and free the lens. Alternatively the lens may be charged into
the device in connection with use which may be of interest for reusable devices and if the lens
is charged into the device in deformed condition by any of such methods enumerated in order

to avoid gradual permanent deformation. The lens may be introduced in cassette form, e.g. to

allow adaptation between cassette and lens for different types and diopters or for permitting



Summary of drawings 5 Figures A to 1E show a prior art type of converging
channel inplantation duct, wherein Figures A to 1D are cross-sections at
four di fwerognbdreaxi al positions along the duct and Fi gurepgiysghpydran axi al
section through the duct parallel with phe roof and floor. Figures 2A to 2E
schematically illustrate a convergi ng channel type inplantation duct

havi ng &y extemal foodsy 5 determatieip d hs ceshetie mpytcompise ﬁW/Bm anarts'ﬂismszergthees

Fi qur es IR R SnftbvertRa e e B0 e 25 B BRBhke Sl M, o otemes

cl ose t thetde@icelc@aiprides glBldefitaRti6R¢hedhs. a2 convergi ng channel type

inplantation duct to be bent into an overall crescent shape according to
the invention. Figure 4A and 4B $umm&waﬁd:rawmﬁsnat| caI I y i n perspective
view a pl unget |aII erial, able to be
re- shgped be? V%g&d ?{) ?%éé‘ﬁ jpgh"?agt tgﬁg Sﬁﬁng ﬁeanﬁ 191k 1 ound

conf i guwhérenFigarssoww 11D afd @‘Ufﬁse@ﬁonﬂt%lﬁﬁhﬁ@reﬁﬂ&@%dsiﬂdﬁ blddeShe duct
schematically in perspective view a plunger made from filanments arranged

in brustdrigehe Hpsowornrxipleeatinpidmushithe dictarallst wih thid wof and Binoms shown

in Figure 5A sshvvnln 20F|gre6A
and 6B illust @?esazs%ﬁ(g@n’gtsl eﬁ*ggﬁﬁ ﬂugﬂas‘%ec %rg%}}ge%}aa&geg|t¥}?$gléfﬂplﬁ%ta%oml’fl

sheet rmtvﬁtgaiowf'dihldiettscdmtahd;ﬂalcwdﬁ‘gﬂﬁelie ﬁhﬂéntﬁiﬂ &hé Fl%ﬂ@esr zﬁ*e%%@-%gctﬁﬁg‘éﬁen a
flat copfiguration —as shown in Figure 6A and a rounded configuration as

showt? i fverdifigreat gisial posiiipns a?%&‘@eﬁlibc‘i | lustrate schemati cal ly in per spectl ve
i | |
view a p ung?ig%l?%% {d’ &‘feﬁlatﬁ@?}t ﬁlufsfré}%‘f)an éﬁg g)gg geJU% é)éo %ﬁ FF

flat configur n as shown I n Figure roun on as

shown |rﬁaﬂ-‘orgmmtnam?@end:migmcewerkﬁlgﬁmmalaypahhpiaﬁtaﬁﬁiadlmdo B@beﬁ'tdﬂtb' a@ﬁove?&l
shown in Figure 7D. gure%SA to 8C depict a preferred plunger
const r HE¥5°6 WP?‘@‘FCIOH‘E} g L0 P5ANYUWHOBs hav- ing spiral haptics. Fi gure 8Ais

a pers peCt i VF]g\ﬂ‘eem aﬁa @Br1ﬁuﬁﬁt@&h%maﬁﬁﬂﬁﬁln:ﬁe%&twe%@ qué%go rrgjl% e pi 1?'[ S a

enlarged flat "view of the plunger front "part. 30 Figure
pr ef Br rand espasdallynelasticahatanali alpe acnbere sepod Hetmgen o ﬂlaha)nfrguraxmmtasahowharyl ng a
cresce esl ned eration with the plunger of Fig-

d
ure 8. r}tlf%%rﬁr @‘}SP?EO“&%8P§%‘§8 PR 88 Woé’Wl %W‘fg“ | anter. Figure 9B is an

axi al secti ofighter nIghd SB 1h@$1&|td1g:h9ﬁ‘lﬂhhcalﬁi i€l pefspativie /i a%r@er SRAL Hdh
through a handl e part. gure 9D is a flat view of a push rod. Figure 9E

is an dHumerfsarapggd Wlkﬁwhofpnflh@lﬁ%@? wQsmp%betvae@ma flatfonfignration asehewn e WO
01/ 397?1}&&\% g&%%&ﬁd cgl%-egq_‘g%ﬁ% ?E@gﬁe 5ﬁonver gent channel. Figure

OF is osur - vice tip and floor part of
recéilvi ng cheiginer6/annd 6Brillestgendchematicedly. in Pegpecive Gidve a plddeat maieWondf t he

glegts :Jg%gggéfngatér?a fol%teél ?IP a c]:,llosv(\? (lzlgalngu:!:]rsar;[dra%rl1 %resr%lshgpoedtb%?wgergxaanﬂgtl co?l)fgllgﬁratlg\gl eh
as shown in Figure 6A and a rounded configuration as shown in Figure 6B.

Figure 7A to 7D illustrate schematically in perspective view a plunger made from dis-
crete fingers able to rearrange between a flat configuration as shown in Figure 7A and a

25 rounded configuration as shown in Figure 7B. Figures 7C show variations adapted for haptics
as shown in Figure 7D.

Figures 8A to 8C depict a preferred plunger construction with fingers for lenses hav-
ing spiral haptics. Figure 8A is a perspective view, Figure 8B an enlarged front view and Fig-
ure 8C an enlarged flat view of the plunger front part.

30 Figure 9A to 9] depicts a preferred embodiment of an implanter according to the in-
vention, having a crescent shaped duct and designed for cooperation with the plunger of Fig-
ure 8. Figure 9A is a perspective view of the implanter. Figure 9B is an axial section through

a housing part. Figure 9C us an axial section through a handle part. Figure 9D is a flat view of

a push rod. Figure 9E is an enlarged flat view of the housing front with roof part of lens re-



shown i Figure 9H Figure 91 is a flat view of the housing with indication
of various sections 5 transversal to the channel axis, which sections are
shown i @767 Description of drawi ngs Figures 1A to Ife5di@dess7pri or
art type o conver gi ng channel inplantatj,on duct, wherein Figures 1A to 1D
are cross-sections at four different axi al p05|t| ons along the duct and

Fi gure LEiveiosimniber and abnveegdnit oltarinbl. Gugire OFds fluctiepaif alcl@urapdriwith ehg dof
and floor. In the 10 Fiqures the duct, generally designated 10, conprises a
f1 oor 1nicedin wsttlagr naiPIaesdving shamher angrcgakergentehapysl. HawsHihia flamieor a

pl unger 4. “f% L‘%Q@,lﬁiHﬁ& RESH b s’écﬁ VYPads{?eA{s:éthﬁrt}?e chafind1Ngis q}éf’cth sjet?tlélrl %56{ and

no bending o ens has ta ace e section 1h Figure

duct hashbé®nt Figiak 9HgFiguee 91 ie @rﬂas Ivleghbf the hongay evidriddicawon &Cesivas sébﬁoﬁs”ld
15" in the roof are for to receive the deflected | ens edges. In Figure
| C t Re t5aAITH tQ thephprpn P@ﬁoﬂh&? geginns@eshosm iggeeddes 15 and 15' in the

roof has broadened up to the cerﬁersgl:u%t%}l@ﬁgﬁgg 13, formng the
characteristic roof pattern wt 13, 15 and 15' separated by
two ridges lFigmés 1AGo.1H shoti gpuier at&ypb@ftm@.ferghguhanmbsnmamﬁ@immﬂ, to form

a generally eI |l iptical ct 10 that urt nary g downstream for
full compreeadsFigures 1 ‘?‘I‘]‘é?ﬁé‘ﬁ% Croﬁfée"él)??‘éﬁté’ @&%ﬁer‘i‘ﬁé P‘P%UOIFSI angethe duetor e
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duct 20 is clear that t Mensi one out t
| ast 10i Figuaed thd duct, gtﬂmalb&u«tetsigriatedl ]S) cbﬂmpns&sraaﬂmrdabh eodfhﬁtantlfaeceaaall ener

parts of the d t necessar ar.e an the corre ondi y
o, GHBHRET ot arampnanation of 8 Plytiedr 14 GKUne ahBeeOfarshongtinghe e 1 Adhd
lateral gdiiepnt éﬁimbémtnga&fstﬁe léﬁ@ hfaﬁ&len 9rae§ SABE®E %é&i@)néiﬁ @?%&é 1BNRe gigt
cannot be constant but has to dimnish downstreamthe since the

final dheg bem,asskmgdm doprstightly oencavpamditva recedsoul 5 airk 1 ¥ enthextoop Bre formed

enl ar genent e see n Figur e C,_whereas th 0 area
o theCRERerie el RERH 1R ek 1 FRUTE T Cing b Biide SOt B REni A hE e

|11 ugr aésaes Bs &I In BidRbe Haybroliddndi sipdu te denpal enldgembit 1I3¢mmﬁ #asi |y
expands, as illustrated at 19 and 19 into the unavoi dabl e et ween

the pl ushpsectamsictrel paifors with thieg regeasesgar 5 and { Hesepyrated hYér«r@ sh@ anthat

the | 3" 982ty ERLEETDUEPARELERLAR: difed SR ocRa) URGREAMIEM S e fens 1o

squeezed i'n e narrowes part o the ni | ens
parts 1%urehed ndRowigubemstabarh for fdlcempredsianodfi thmlenwm“}mraxuai sédtion shbwqum res

hi gher lung forc corres ondi n r def S 0 | ens
and so SIS R angie Glsay| P@%&aﬁaﬂﬂ% Z%}ﬁl%fg?n%rﬁeﬁﬁe&d cp gerﬁé‘p%%&flﬁagv may
be dagaggd; %rclé?if%t%g pllaxgertlbauﬁ&ﬁwnw wﬁﬁ%a{hehsgt\e@gﬁnpﬂmgﬁé Y@' .

The process Is randomand nay be asymetri 01/ 39 PCT/ SEQQO 02372 23
cal , e. thencmawdidaple Het mqmgleqr parisl Oﬂﬂ@tducbn@@smﬂmablwum widenibau thel qorny
case reproducibl.e re:

chenat PRTEY Pfadiontd b 208 oo Gt P2 R AN Erabaetih B 26 iferdipipen-

havi ng 8Rno¥&rAd the HABCQDEs-FoanE aka ©PEKY Ot mm‘ohse totsenmt behas Th@inkih@H" €S
are O?I(S)wrslse':u?etalrnotrlllg d%;[:t since the final duct cross-section area corresponds to about the central
25 enlargement 13, as best seen in Figures 1A to 1C, whereas the total area in the earlier parts of
the duct is much larger. In Figure 1E is also illustrated a common problem with this duct type.
A soft lens 18 easily expands, as illustrated at 19 and 19°, into the unavoidable gaps between
the plunger and the walls in the wide part of the duct, remembering that the largest forces are
exerted on the lens by the plunger when the lens is squeezed into the narrowest part of the
30 duct. At least the nipped lens parts 19 and 19° causes an increase in friction, which in turn
requires higher plunger forces with corresponding higher deformations on the lens and so on.

The nipped lens parts, which may include lens haptic parts, may be damaged or even cut by

the resulting shear between plunger and wall. The process is random and may be asymmetri-



5 five different axial positions along the duct. In the Figures the duct,
general ly designated 20, conprises a floor 21 and a roof 22. There is no
central swoerzpgeent for accommodati on of a plunger as in ROESEHOBIR nent of
Figure 1. Illustrated is, however, an opti28nal guiding groove 23 for a

conpl enmentary shaped structure a unger (nEt sh ) to be further

expl ai ned cakgiZoGAUSHS ralunger anckded? HEL% ﬂgwﬂ-&ré?%ﬂlﬁﬁwlmmy wordurdlerenpst
flat and ! i 10 of the lens has taken place. At the section
in Figur e%g%yvﬁleﬁ%bce?@dg%g&gent, maki ng the floor 21 concave and the roof
22 convex. As iRigtiee 2dnbQdi sthematidallyiijusteatd a thieverg@ing chdnnektype iraplaafatibhduct
duct 25 and 25', V\/nelie t he concave and convex surfa.ﬁgiﬁ.rreet in a rounded
and snoot Kayiagin avgrall cescentahapgiagegrqipg i ths IR YROTgRT 18HCP @ffsCcrepgiestionspt
Figure 2C : i 1S o3 J

xtr emes SHe QS B3l rpRRnCaBhE In T I e ERCSIAY Rk HrbbRLy Belbiad 29,
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tube 2Q_.fo As sai in th nbodi. ment_.of Figure 1.t is unavoidahl e that
the dudP OF Bedetiliei thpniacs. ShE oI iR 22T B dvelias sl FEne i fope2!
enbodi nentoRhvELSYHIR rBof 2 SRR At Botht RenRtRReRbf FliRre PRid 19811 cQHEHALNSE the
structure 23, it is fully possible that the duct cross-section area Is
const ant dudt28uwgd @St , whese thecqongane dndrcoaxempiréacasimgetad atroudediand|sewotufastoy

t he cross:secti{on ochthe de- fcf%h
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secondar ypaghi¢antlagdasure QU he dsterdn eaidrad O aral B2 ofithd iRt BiK Brofndfic€ Mhileehd a-
cilitate lens insertion, slightly enl araged areas at the lateral extremes 25
and 2515 eonyexgepipkddas nagemect dateidly sathah apty e @inorcBrrEcHD CROBiES Bxmainy In
rear war ds j AL F0)an] i S

1 st r at B 2 et SRR krekhid) ohathioth b Al o Bucl St B FE B BB e
front, e. genetaly eibiptidahdect 2001he escamn dodt shiyge, vathsa amveordodkine, 2d Batdgeo bé
the fact that the 30Q_| ens nor | y expands in the axial direction under

f ol di ng oPresendinpll @ ﬁ’&“é?s%n‘éb'f?wﬂ’gﬁg mqsbgggﬂ@cleﬁén geres andeC dRdirgrre n
Fi gure 2E)pesde Qo RfveX Afdflafd hh @rsadm tas tHeRicBhAauingd 8 difore | Hnith tta;iaé
area in Figure 1D may dimnish slightly nore towards the apex of the duct,
e.g. f20 farmalAssaidpincthsicobpodimari aﬁgmmﬁ 1 éfde rpaviojdablathatithe dastecrodsesection area

potenti al destrucgtive situati sho {-n _Fi e 1 i |1 npt gccur. SO
Cehonmt | o g o agid BerGip SO Bodieh R iGirg . Branef Bho G656z of the

PCT/ SEQQ §gtivhdl guddingharubmte?l, al isifollyvbossiblé tiat tiecluct Goésodedign hith @s EoMtaRAI t S,
al l owi ng exposure and closure of the duct interior, for insertion of

t he | ens. threngheutthe dupt and fpy gjiample adapied todefalledayt b tlseé‘ig}é$5d$?6ti0@§f hedeosure

t 26 24 o AX] ! -] ol nt
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t he nep§hti@idh fabbedining8ecrndaneattvantages, such as an enlarged area at the entrance end to fa-

cilitate lens insertion, slightly enlarged areas at the lateral extremes 25 and 25°, e.g. to make
room for spiral haptics extending forwards and rearwards or to avoid contact with joining
surfaces of duct pieces as illustrated at 29 and 29°, or a reduction of the cross-section towards
the front, e.g. for continued compression of the lens or to take advantage of the fact that the
30 lens normally expands in the axial direction under folding or radial compression. For such
reasons the duct area as shown in Figure 2E need not be exactly the same as the area in Figure
1A and the area in Figure 1D may diminish slightly more towards the apex of the duct, e.g.
for final compression or change of geometry. In any case the potentially destructive situation

shown in Figure 1E will not occur. Also schematically illustrated in Figure 2 is the division of



5 lateral extrenes 25 and 25'. As best seen in Figure 2D the joint lines 29
and 29' nerge at a certain internediate axial point to conplete the

peri pherwoofi/3efme separate cl osure piece 26, preferably alPeOVSBANE2382t he
duct transforns fromcrescent to round shgpe to | eave the tip in undivided
monolithic formin font of the section shown in Figure 2E. The guiding

groove 23he mlprisEiwehitheheddiak ipiormpesd mtotws parn, lallawing expdswre ahé clodgretdfehe
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ent r ance temddiafe axidqusiogi prgferabidedving/he tipmartadithe dum vdthout the dseovselhe i nt o

an overall <crescent shape according t he | ion,. | eneral. it is
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si nce jkepaesice aiFptédtotabhiititie gfoofv@ RBRerhlifatibnovheth plunganfrymy iy at its de-
accordingly. As illustrated in Figure 3A the duct, designated 30, has a

hei ght dismeshfrortimast Basitier lashgulit be peted Hhag ihg crefsrspiionareaof thegreqvends) neverd

in Figures 3B 3 i - i i h for
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W th subgigntially constant dross-section area over the duct axial
extension. Figure 3 Billus- trates a profile with sharp | ateral extrenes,
e.g. adapted fiagures 3Ar BHsFRes#igeEy ilystraterpassilegrpss-section profiles close to the

25 rear or entrance end of a converging channel type implantation duct to be bent into an overall
crescent shape according to the invention. In general it is desirable to adapt the duct entrance
shape to the lens to be deformed and since lenses come in a variety of forms the duct shape
can vary accordingly. As illustrated in Figure 3A the duct, designated 30, has a height dimen-
sion 31 and a width or lateral dimension 32. As exemplified in Figures 3B to 3F the height

30 may vary over the cross-section width for most profiles and certainly both height and width
will vary along the duct. In Figure 3A a plain rectangular cross-section shape is shown, which
may be useful to receive different kinds of lens shapes. It will then necessarily be oversized at
least somewhere over its width and with preference the total cross-section area of such a

channel shrinks in the forward direction. The shapes shown in Figures 3B to 3F may also



5 ple with wwng type haptics. Figure 3Cillustrates a profile with | arger
hei ght at the lateral ex- trenmes for exanple in order to accommodate
simlarlwehaeead | enses or to make roomfor spi- ral haptipggysdgogssre 3D
illustrates an asymetrical shape with dig erent curvature for roof and
floor. Figure 3E shows a profile with an Thitial bending into a crescent
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pl unger 50 nmade from anents 51 arranged in brush form
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confi gur ggel o, 2s ggg\/\n&é 1lfli(‘%ure 5B, glr;?q cont o r of the con- f%‘gur afions
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mate- rial, SEpuraArag 43 AhaghieGehemiddall9hin gbdpctive Bic 8 8lunklr RedaHt St O
take up axial forces. Although the filaments nay be free it is preferred
that t hepndfwesiglychstc meteaiabablite hsasshared hatryesn aflaiFonfigusgon wlewBazo1
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and a ro ndqd coabihgur i on ‘%i shoiﬁgr in Figure 6B. The plunger 60
conpr i seS*RTREGAY "ERE LPATSVIEL 2 BRPWEANARPRICCR 4 doaxgpimy Wit 3} and maximum
i nt er changerbld WhérPedlifHand Nastic material, the shape of the plunger in non-stressed condition

can be either the final rounded form, e.g. to exert minimum wall pressure in the final part of

25 the duct, or the initial flat form, e.g. to make the plunger deform in about the same manner as
the lens, or any condition therebetween, e.g. to minimize the deformation needed from begin-
ning to end.

Figure 5A and 3B illustrate schematically in perspective view a plunger 50 made from
filaments 51 arranged in brush form, able to be re-shaped between a flat configuration as

30 shown in Figure 5A and a round configuration as shown in Figure 5B, the contour of the con-
figurations being indicated by dotted line 52. The filaments 51 should be made of rigid mate-
rial, such as rigid plastic, metal or glass, in order to be able to take up axial forces. Although
the filaments may be free it is preferred that they are attached to a common base as illustrated

at 53.



5 opposite directions to create the overall bellow character. As seen in
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general ly oval shape as indicated by dott line 63. In Figure 6B the
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arrangenment. Behind
g25 cross-sections can have other than round shape. In Figure 7C is schematically illustrated use

of one shorter finger 75 or a cut-out 76 to facilitate passage of a spiral type haptic 77 of a lens
78 having an optical part 79 with an haptica anchoring point 80, all illustrated in Figure 7D.
Figures 8A to 8C depict a preferred plunger construction with fingers for lenses hav-
ing spiral haptics. Figure 8A is a perspective view, Figure 8B an enlarged front view and Fig-
30 ure 8C an enlarged flat view of the plunger front part. The plunger, generally designated 800,
comprises a front plunger head 810 designed for contact with the lens, a flexible part 820 de-
signed to allow rearrangement of the fingers, a generally rigid part 830 designed mainly to
transmit axial forces and a rear end 840 designed for connection to a driving arrangement of

the plunger system. As best seen in Figure 8B the plunger comprises three fingers of generally



5 the plunger head 810 the fingers described continues in the flexible part
820, where the cen- tral finger 811 continues in a central rod 821 and the
smal | er Wiogspw1812 and 812' continues in peripheral rod®PCEBEIHNITB22" .
The rods are separated by axially extendyng front holes 824 and 824" and
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cavity anged to receive a push rod, being part of the drive

ar r angenedéd toTgiee plestyroflredm fpt agegemagiatiobgeimingsmeohandoietrase phthemmilipigece i n
a plastic material .suc s a polyqlefine. Figure 9A to.9J depicts.a

pr ef er r SHPERBLAFREH: aB{}cg 5 ?@Fé%ﬁ&pgccg%sr%s egl_utfegw??eﬁl?e lwgﬁtﬁggﬁl}e gt ng a
cr escant wahaReshiiea theatda Beisih@ BRblivier GeAPSTA Spacindichbbs §79 2t Yrogdedab Fi 9-
ure 8. Figure 9A is a perspective view of the |gPI anter. Figure 9B is an

axi al sewnirohtheidissanss bppveen/thodect walls angthyy 19ds pbthe phungen and foray oshyod. upFi gur e
oe . Y : o : f
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flat view of a closure part with the de-.vice thp and floor p

. rt of
( ecei vi AR AMAR Sdd” BOHoE Hiedpds FETARRAUNGER 3 sHill TaQseiaassivE patt 897 ellong the
25 rigid part 830 and partially along the flexible part 820 runs a guiding ridge 833 designed to

cooperate with a guiding groove similar to the guiding groove 23 described in Figure 2. The
rear end 840 of the plunger is designed to connect to a driving mechanism of the plunger sys-
tem. Flexible arms 841 radiate outwards and extend rearwards and are design to conform to
the inner surface of a housing part for centering of the plunger. The arms also form a rear

30 cavity 842 arranged to receive a push rod, being part of the driver arrangement. The described
plunger can be injection molded in one piece in a plastic material such as a polyolefine.

Figure 9A to 9J depicts a preferred embodiment of an implanter according to the in-

vention, having a crescent shaped duct and designed for cooperation with the plunger of Fig-

ure 8. Figure 9A is a perspective view of the implanter. Figure 9B is an axial section through



5 of the closure with indication of sections transversal to the channel
axis, which sections are shown i Figure 9H Figure 91 is a flat view of

t he housivag oykdrgy | Nndi cati on of various sections transver sgtrggooioRsr2channel
axi's, which sections are shown i Figure 94g As shown in Figure 9A the

i npl anter 900 can be said to conprise a housing piece 901, conprising a
rear driviRgusifE parti KBuRKL ansh axihr wotion thicughecliandie 930 Figure bDdk adlat o@fy of
parts of |ens receiving chanber and con 10 vergent channel duct, a rear
handl e 958 pfig rodmFigaire gErlﬁ apenlgrzed flat plenridhe bonsing o svitherap? part 051896 r&i ng
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screwt hreaded novenent is adapted to nove the |lens fromthe |lens receiving
posi ti on flexible armis 84 of togilungen senvede cerdendnd stabilingdhe plupgoist making genteetnal

strai QBE V%K?hnee&%e i9?1 ?rﬂggéres%rftage.flgg best seen in Figure 9C the handle is a generally tube
structure with a friction modification 951 at the rear. On the interior surface of the handle tube
is a track system 952 for cooperation with the track followers 912 and 912°. The track system
comprises two parallel tracks 953 and 953 in the form of grooves on the interior surface of
the handle, each gfoove cooperating with one of the track followers 912 and 912°. Each track

30 has a screw-threaded front part 954, to the rear terminating in a knee 955 and further to the

rear continuing in a straight part 956. After assembly of the handle 950 with the housing
driving section 910 in such a manner that each track follower 912 and 912’ enters into its re-
spective track 953 and 953’ forward movement of the handle with respect to the housing can

only take place by a rotating screw movement of the handle. When the track followers reach



5 rel ease, and possible manipulation, of the lens in the eye. The forward
novenment of the han- dle 950 is transmtted to the plunger via the push rod
960 showy, Qﬁfhgure 9D. It has a rear enlarged head 961 g@aN®e0i®;:be
recelved and locked in a connection 957 gf, the rear end of the handle 950.
The front end 962 of push rod 960 is poirft’ed and adapted to be received in
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pins are |ocated. The tongues are attached at the rear, but are flexible
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moved osed position, hereby noving pi ns down and out
engagenemkl inifidnt tﬁteedfeﬁhe caroaspbndiag dlebi path gye prdvidad hyrthecldsare 970U be de-
attack. As alsgﬂeviden for e the in
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932 and t e anchoring point for the trailin tic 933 behind the line
938 i n owogte pard ard/bapficdodicatsonsP3Benddea’ f(héheh%i ing endileeiling haplieH rng)ecBmlyt he

h I
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trailingshigiMé ositgortfor pasHing theedh hs cbameg Theaafiedd 3l md®3WOak idd¢&ilclose
PCT/ SE00/ 02372 30 the axial line 939. Also it |s preferred that the
di st ancedo thedapis archerng §omb Pervyase haptinand onfiesand ouies pinsH35iand Rapetithe 933
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enough to allow deflection in directions normal to the drawing plane. The tongues are ar-
ranged to be deflected downwards by the closure 970 when moved to closed position, hereby
moving the pins down and out of engagement with the lens, now in a defined position prior to
plunger attack. As also evident form the Figure the initial lens position is selected so as to
30 place the anchoring point for the leading haptic 933’ in front of a transversal diameter line
938 through the lens optic part 932 and the anchoring point for the trailing haptic 933 behind
the line 938 in order to avoid collision between the haptics during folding. But the anchoring

points are not located so far away from said transversal line 938 as to risk direct attack of the

plunger on the anchoring point for the trailing haptic, e.g. as far back as being located along



5 they strive nore towards one side of the optic than the other side and
for such lenses it is pre- ferred to place the lens with the side towards
whi ch t havanew9rass strive up in the Figure, i.e. towards tHEI/SHO®BI37Zi de, to
avoid contact with the plunger. Immediatedy in front of the | ens seat 931
the roof surface channel section 940 is designed for folding of the |ens,
neani ng tthatxiat Ene 83htAlad itgaprefgred thaldberdistanges &g selaefed thproze dhorlengenniste

t he sides, 6 942..and 942’ [ r OwWs, i:n cean it .def | ect ed
| ens edged® tfi*mngq‘&PB‘é@ég z%(?;ro af:]ﬁﬁlgg&g’n%} @3&%5}’%’1'%1@#) %%(ra?? 98%@8\?%@%6%&0&% >t he
channel bggesmEsiRYA fRliNdieanst 933ucetatitic histiCheeshee ppatiéndddh thAlfiser Shown
are a rear hinge 944 and a front hinge 945 of a _hinge axis 946 for the

cl osur e ahe pbmgehOftspbe hepticsgrefeitashedagynpagtric gvith regpect fethe (opeal @art sp that
Figure 9F.the closure 97Q is r oviqdi . r. of
th " 16 | GROTFE BT iy easpioftannteRER iy bBE: FRERPIRTAER ool RF8,

channel secti on. sure

rear hi nggrB@td pladdttanenswith f@niddongedspaliith $ehaptiongrige bip Mg thedigsre 3 and
a lock part 974. These parts are arranged to cooperate wth the

cor r esportdivariisphg flognsidé do pyeidconiapiswik the Riunggsdmspedigtelyiafeang gt giedens sog1
t hat t he hi t | : ted
20l WOk R DBE DU, SR GYBCHER NG SIASHEE faRhSuget

whi ch t hesehhiBsHr094 1i BecdBRe SfdrésthginthoOcanven okld tiposidés P12 Al B2t aarsoss @i N
the forces and pressures created under deformtion of the |ens. The | ock

parts Bh7acaerd veiinthedovnavardlyi defleeted &ns 58858 A BIRPTRIFH EUMHNES uptilea) he from okl |

re-use ofyl chofféﬁy '€ chahll l}ega%g BhuirBly doAriElAYY e BIAOUR i 0] AR APRhaRe

975, becom ng i'n* Creasing re concave when’'noving fromrear to front

under narg @w figg©H44 hed wiidhhhinge 945 of & hingk nxisrodatfoptik rtos8&Gandaar the sppusite ng
to the roof end point_ 943, the |lateral opening in the 25 closure ends and
the duct % loskiaail 847 Eryhs OPWE. ¢l osure, first with a short further part

977 of thi Cka]:%ﬁ?i fleF ABLIdsiRY70Ns @h&d@ﬁ,rm@\ﬁdﬁignh@@drhplegégfaeyAlsﬁrme£ b @8

into the eye ermnating in an obllqﬂgly cut apex 979. so shown is a
gui di nip demxareeciOR@ sectidrhanddhe chdrngbsectipnt Fhe dosysehas a repohinize gar 941 peda

continuatjion_of the idin I oQVve. of _th Ip@ﬂ@ channel 916, i ndi -
cated, t y@%e%%aq?@aﬂﬁnggwlg%é%fl& 1%%‘"8%& gr'llter(}lle r%atr%saﬁ%%ingg %%s to
defl ect tQpgaar Widf th%Qoﬁ@%pcﬂfﬁ?ﬁg panoiEiedEortieR seRionIPotdfehe hasitigpibe d01e

cl osed position. Figure 9G shows the closure 970 with_various sections

i ndi cat ecso thativdrengbe hinge pars Baveshpsmsonpectsdghe elosye ogp br sefatedswoundsthe ggm-

right in the, Fi guresyi t . . : i

hae1 oa bBS piEP 46 4 RER kel St dobiofl e hhlchIRE inscHor iBRONLGE oB

i n- crEps lBeked pRiavdlddestaieths foetoambpresnresBetarsbumdee defoomstiGr & thad 7- 7
the closure cl oses WO 01/ 39%%;} PCT/ SEOCQO 02372 31 around the duct to forma
tube for lewfe Thedack pagts Q44 @nd /4 can b aespgicrd 1pHPFRIBY cngagemant, grayegingall

the tip gank. F8efdbickMPRE inkGbrich bR ABKIENR W NEe MR surfcE NS SsechidgThh
al t hough the cross- section area of the duct is essentially constant. Al so
appar ent dreasingdy mogricasavs whive mpyingi fngm regrdo yronp@@ier npgowagr ofithegadthahta
971, the Jegtglrr]ltfrohgt rp])%lent @5}%} co%%pgnn 1ngt geth!e 25t B8 rp%in? 5&3, the lateral opening in the
25 closure ends and the duct continues solely in the closure, first with a short further part 977 of
thick material and then in a thinner tip part 978 for insertion into the eye and terminating in an
obliquely cut apex 979. Also shown is a guiding groove 980 in the duct floor of the closure,
forming a direct continuation of the guiding groove 917 of the plunger channel 916. As indi-
cated, the rear part of the closure should be designed (not shown) so as to deflect tongues 937
30 and 937’ downwards when moving the closure to the closed position.
Figure 9G shows the closure 970 with various sections indicated, which sections are
shown in Figure 9H. Moving from left to right in the Figures it can be seen that the duct floor
975 provided by the closure is initially concave in conformity with the lens and becomes in-

creasingly concave under lens deformation. Between sections 6-6 and 7-7 the closure closes



5 Figure 91 shows the housing piece 901 with various sections indicated
through the en- circled front lens section 930, earlier described in
connectiwﬁo\%%ﬁlﬁ gure 9E. The various sections are showpcirRebi/adse 9J.
Again noving fromleft to right in the Fi gures it can be seen that at
section 2-2 through the |l ens seat 931 thé surface of the cavity 932 for the
| ens opt 'gbeBﬁrtﬁe dhé& 16 Forahh tobeGBPERRICE A SRS ERIHRI k& wall lIBRnE0 Ve [atelREe.
Furt her downstream the concave 10 surface becones the increasingly convex
roof sur fimthe tiparoP78 foe inketioraintesthereyt theswell thackngssdis thindltbovglr ds croise 1 oor

d roof parts of duct , i ded by the cl 7Q..and | -t
930 of 1 AE ST BF 68 5B eRBE bR TS Byt S uRNEs 1S b y
the duct g%@@SO%E'rEﬁThiQ%’esﬁri ded tﬁ@fr@ﬂr}ﬁgg&ﬂa@mm drld the Wkepar 974, SO

apparent “in Figure 9J is the slits 936 and 936' creating the flexible
t ongue$ 937 ariig@8PI shewethedmusingmigeeShA vatuvarioas seasions idigpsedthBoghrthd 8ot he

| th ite side the Lock rail 947 f.or.th . Th

ev oo partried drant oS Shetn Roo et dheariPin' Bhmectih o/ Bl BTl sip e

ment i onedecMht Bradhe{aria Fegurt b8, ﬁg&lﬁ inﬁtgzif%frbm 16R o BEhiTRdRe Fipudes'it Eintheeast i C
er eas

mat eri al such as pol ycarbonate e other parts can be nmade in a
pol yol ef ithat at Setion Bviethrough the lanstseti 33il ttheisurtrce R therdswidy ABA{er the ok iopéelpamd

illustrated. but can b 20 varied within the f the patent clains. WO
01/ 35701 SFgRaEepn 8 o accsatibpditha o tolver rREE RS Rar dFnitR e Saftal ng
a def qQpmahirseei HakhROE tHeahicrb@iSell @bnVaSROE sdfack OUO of thesiiRt hs 406 s befioh B-4AN
eye, the device conprising a) a housing a lens transporting duct in ab

, b) a |
front parnd ofiweids. FeuBoorgndapetnaits of theiductaxpeided Ry thadesusa 97 handlens ssrt end
wWth a cr.ossssect.d an { . i . j
S e A R S
with a cegsisr §ectibehinadaptaibnl with Fignure 2nalsb apparewtdh Gigred 93 isthe slits@36lagd s

defornmed state, than at the front eq;l]g, \r% t{u I arg,er Xi {p@df] mensi ons
lateral P36tqeatingiie faxibe onaresa371and B/ orhe EABIERAE “2h NhineriFRmires 945 for
convengeh &8&]&%% bn %t/c%fﬁ)gﬁéi 88e {HeQBLk AND4TGof BRICIARAS THE }a@vi@e AtYLdbe

cross-section shape, ha creasi ng nmaxi mum di nensi ons |ater to the
duct axi snjphran moldedin 4 sudtableplasticanfitedal asimertioped With pnefersncathel homsieg part

operative to dig-.place the. lens.in the duct at least in,the forward

A oot | ofan B Fade i Rg pIgte Titgril yof S Stiber Pl FROEHE M SarraPr PR | na
over at hL&ast; 2pBRblefdk. the duct axial length the duct cross-section has
the overall shape’of a crescent. 15 2. The device of claim1, characterized
i n that the dhesuemtiohasnet lipitedie the embodimeatsaieseriftsdtandiilagtiajeddsticambous

cur vabg(r)ﬁé%%em]{?ﬁ&g?e\sl‘%(ﬁ)% ngt ecéaz%rmc}aipghar acterized i n that the crescent

has a ne o stantially continuous curvature. 4. The
device of claim1, characterized i n that the crescent has a concave



20 floor line of substantially continuous curvature except for a guiding
groove. 5. The device of claim4, char acteri zedi nthat the

guidi ng gopvHe@s a lat- eral extension less than 1.5 mMmpgangiegnaddby | ess
than 1 nm 6. The device of claim4, c hgr acter i zedi nthat the

guiding groove termnates to the rear of"“the front end of the duct. 25 7.
The device of claim6, char acteri zedi nthat the guiding
groove termnates to the rear of a duct tip part dinmensioned for insertion
into the incision. 8 The device of cldilmmds c har acteri zedin

that the crescent .is subs nti.allX mrror s mTebtlrngal @ro ndfa.hei ht. line
centered t hr oubH fiREcgiRTde r.lgé.dﬁjﬁém?fe?/fl%fénﬂ? B IUTARFIgar (E0R IQf pseLiiqn tgy
iz edi . t il : i ; 1S thansn or, a

i rror i et ks P b Qe baRpANhy P a hOAR I RIMhs ansporigant R 3

i n that fidie panesdertousmgslefinirg dadtlayis, therduot hayinganront endl with agrags-acdtieng ht
| ine centered throuygh the_duct axis.,l1l1l. The .devic¢e of. claim 10,

char act erddgeied fo thed s in R Eoraeghlt PitbsriallBauam fensigl Rrgvepal ta i duetor

a mrror &é{(%g?eatr fﬂgfs%{:ei\éﬂtg%ﬁiﬁﬁp&cﬁgéwaggﬁzc?for?tﬁe k3s inlfe d8RYES safe,

claim1, ar ac e di n that the crescent has dim nishing
hei ght betriessdefdrmed stat thamcdt thvhEontand; wethflargen Warsimuax disnensibok datenahitol the

outwards., 13. .The devic f claim1, charagcterized,i t hat .t he crescent
cdges. at duRetintion gf He Eoreafatd Fb e ERai f EnIshEe: tpd reflHen A RE BB,
pref ergpl Y. ' QHOIRH. 2 wardithg cIOR-sd8¥orehapé, ol RigMedseadind nfaxima@mCdifneBsibnd laters d
i n that the duct is forrmed in at |least two pieces of material joined

al ong surtb deeduct exisiwignioneying &g jeat 9 fientlin thesduchande adplargeroperative fndisg
| i bei ng | pcated at th t t th
v s e RERE B PGP 79058 ol b PIL LATER LB 1

t he j oi NifigydnidiesompAMas IBat dver hiRastragirt dfithedidt arial kilgththe Thet dessi seeti@f
claim 15, characterized i n that the joining |ines neet about where the
crescent hapthe averali sapesf a ¢rescetfie device of claiml, char acter i z

e di nthat Fiﬁ“{x‘éﬁ%@ﬁ:@@fcﬁﬂlclu@fhea{lea{‘g?erfi9'&'@5iﬁ‘ {RA1OE Erek i hasd B conVaS roof
deviceof claiml, char act ér 1 zedi nthat the total cross-section
area of [k dofsebstargiatierbntihrousksrvahee novi ng forwards in the duct over said

St o T o b Thederiesor e dop TR bE8T Sk B SRS B R FedteaR 1o
subst ant ifi’dﬁh’i ggpg@%ﬁwwgom%ﬁgcﬁﬁﬁw_ds in the duct over said at |east
part of the duct axial length.
4. The device of claim 1,characterized in thatthe crescent has a concave
20 floor line of substantially continuous curvature except for a guiding groove.
5. The device of claim4,characterized in thatthe guiding groove has a lat-
eral extension less than 1.5 mm, preferably less than 1 mm.
6. The device of claim 4,characterized in that the guiding groove terminates
to the rear of the front end of the duct.
25 7. The device of claim 6,characterized in that the guiding groove terminates
to the rear of a duct tip part dimensioned for insertion into the incision.
8. The device of claim 1,characterized in thatthe crescent is substantially
mirror symmetrical around a height line centered through the duct axis.
9. The device of claim 8, characterized in thatthe symmetrical crescent is
30 roughly “C” — shaped or a mirror image thereof.
10. The device of claim 1,characterized in thatthe crescent is substantially
mirror asymmetrical around a height line centered through the duct axis.

11. The device of claim 10,characterized in that the asymmetrical crescent is

roughly “6”-shaped or a mirror image thereof.



20 20. The device of claim19, char acteri zedi nthat the total
cross-section area is substantially constant when continuing noving in the

duct up %@1/},925115 ejecting end of the duct, adapted for imsSE§tdorsshhrough
the incision. 21. The device of claim17 g? 20, characterized i n that the
a

total cross-section area of the duct sub ntially corresponds to the.

maxi mum cr 0ss- §6CthOfeRELSt Qhint he: h 8RS cundarz e @5 &L Bk RNt KA-didhshing
device of claim?21, char act er i z e di n that the duct cross-section

area andhephipeteadsileortandirbgf when mopmgdsom duettrxivansdstesallyt owwamisea and
shape of the |epgs.under. de: .f.ormat,jon. 23. .The device .,of claimi1l,

charact eri zed ﬁgnﬂ?eh ?Vl?eh%f%?lﬂhggcrhﬁéé szat G gdr fha?gt? Wﬁcﬁma‘?filgﬁ? ahe latyer
than the Lar gasimds ol iR d&hapn atdidars o1enaAC PraReRlehunled e crescent

by being laterally enlarged with respect to such a circular shape. 24. The
devi ce Bf cl ai i#-The deviceafiadainy b h a nachatr itzeed pinuthgé thel dnchisrform tdimed dast
between a first f(%rm a t.o hei %ht ext ensi oggr ati

i.t.h high, | | d
second f o't CEH 9 é’é%t\é\gléd@#e&éltopg%g{%eéf?%% B EOHHP S bagsin tgﬁg‘g‘gz t%‘T*he

devi ce of jofdiA) Mhds b&ARIREHA 2t ARCréscBniigeS RANARL LI Sitfefnes Fonk Helduct Ait he
following clarms. 26. A device for deform ng and ejecting a defornable

i ntraocul ar | eh8. Tlor dévigseaftdlaim 14, sthor ha shairil ziertk i 81 gt the Jeininglinestcheveaigyinc e

conprisin hoysing, b) a lens transporting duct 5 in a front part of
t he housi%@?%?él?fiﬁii%{j’na duct axis, the duct having a front end with a cross

sect i opp adapt eqgThd dideasTeldim Belaraedcstaieew i h Gabiht jFRIHI B TR ASIONS
transversal to the duct axis, a rear lens-receiving end with a

cr oss- secvhers thelenssesat fosm teHBINAERs in un- defornmed state, or |ess deforned
state, than at f t - W T r I my i i | ral to
tl?.hﬁue e % e o%ﬁjalmt\’\f, é:n dig% g%e T Y Iagﬁlgsclr%'agnt 011%5§1f&d8%cte

t he duct axis an a e fron an interne convergen
part bet weems 2Qldsbélihe.ont and rear ends with a varying cross-section shape,

havi ng decreasi ng_maxi pum di - nmensions lateral to the duct_ axis when noving
fromrear to fi%%]fheidf?vt%é’fﬂ%ﬁn afid &) & LA AGet ! no%é?%‘ﬁtﬂ}tél trosuPsHPaaEache
| ens i tihe ANCE 3hrihiRAThed Robidg fHRFA B 1HE HEG Ve saif aflehst paft o?tl?]e& f atia? ©
di n the rnprovenent conprising, that over at |east a parlID of the guct

axi al | enghgtht he duct cross-section area is substantially constant when

nmovi ng forwards,iQ the. duct,over said at 15 |geast t of the duct axial

length. 27, Thid-dd eicger el s34 ga R ri 2g €TF wRfthe G irgS-Seifion Beahe
total crogscR86dd: NisubkRatiallcondhat Mkh AovihgCoRSArs in MBRRCCON isfidiah a4 g
in the duct up to a lens ejecting end of the duct, adapted for insertion

t hrough téfehé destexihlength. The device of claim26 to 27, char act er i
z ed 30" that 4 hg LRk of el 13%Eh A h cterized in that the total cross-section area

is substantially constant when continuing moving in the duct up to a lens ejecting end of the
duct, adapted for insertion through the incision.

21. The device of claim 17 to 20,characterized in that the total cross-section
area of the duct substantially corresponds to the maximum cross-section area of the lens under

25 deformation.

22. The device of claim 21, characterized in thatthe duct cross-section area
and shape substantially corresponds to the cross-section area and shape of the lens under de-
formation.

23. The device of claim 1,characterized in that the plunger has a front part

30 with an area larger than the largest circular shape that can be accommodated in the crescent
by being laterally enlarged with respect to such a circular shape.

24. The device of claim -1,characterized in thatthe plunger is a re-shapeable
between a first form with high lateral to height extension ratio and a second form with less

such ratio.



20 area of the duct substantially corresponds to the maxi mum cross-section
area of the lens under deformation. 29. The device of claim28, ¢c har a
ct er wagoggpi n that the duct cross-section area and POIEA§ED0/02372
substantially corresponds to the cross-segti on area and shape of the |ens
under de- formation. 25 30. The device of claim?26, c har acteri ze
d i n any char2icfleeidsvice of etaithds £l d1ma c ayi sk i aiany charagteeBtipseti farth wthe
fol |l ow n% clajms. .31. A device for deform ng and ejecting a defornmable

i nt r aocufAHOWBELIFBIS i nsertion into a small incision in an eye, the device

conprising a) - hoys}ifGsor Ak fRmifind &eRRRA ddfegnabisintrabuldr ehOFr iRREdorOf
t he housing defining a duct axis, thé duct havi ng a front end wwth a cross

30 secti emoaxmmlbnhctsmrt inen| eymsthi devit opmptisisg a) @ hosing, dyallpnsieatispenting duct
di nensi ons transver duct axis a ens-recei vina..end with a
cross- §eéf‘?<§‘??néﬂ%ﬁ5f)ga‘ef S’Lnﬁéje F‘EH’@%‘iCt ﬁklsa’[g? g}’?}e}&v%at’gom el Vglé 4 §&P5r ned
state, thal;als, g dfts%leﬁm defbrinkbd 4t it BRI I gk i BEh&¥fons | tRnS¥eadal td

t he duct axis than at the front end and an internedi ate convergent duct

part bet weeductaRis, & romiensmdcaivag codagthy emassasegtipy pdapted 5 shesleas itowp-shape,

e haren el ke Bt Biapad e o Ry Vit (e R RBRE SRensigns,

a pushi ngatel% %@rdu@pﬁﬁéfﬂaﬁ%.t tHe fRis Bnd Bed he Bferniedidiecsiietgent dh@asit Hetivdehe
forward direction, har acter i zedi nthe inprovenent

conpr ildi nigg frommndtrha qrida gy a varying-gppsaiteshape) haying dasrqasiggmaimungdt ween

f t f af th
an ol on Soesaios K gl Cae ARG TR HEPREF A A 1 ol R BpBTER At

bei ng t hgpkatiot & df[sﬁlab@tlﬁhénsﬁm -thé énsiaoleastdhitioe fodRardidiectien, clea oh caleai m 31,
characterl zed | at the el ongat.ion degj ee in the f] rséj forq’“ﬁ%} r:}llt | east
1.5. 33. iTied davthedmprovamantranprising, thatOver gt least apart of the duqt axiaf enethithe

el ongati on de

east 2. Guobfaisitelifl bt is dibslantifly Ll Sith e Brfialls i oAl FROVerBbid a
el ongatsi Qéhsdpa}f efthenluthaxialdewgihd formis | ess than 2, preferably less than
1.5 or about 1. 35. The d?v ceggv\%gl aim 31

i i hat ..t h
change in el or‘?ﬂatlhéﬁie‘”(ﬂ%@ ﬁrtahcet(fflré? ract rhégg%% CE%S%E?%%P%DO%R%

expr esseqg gl ﬁaﬂ%%ﬁs@ﬂﬁ wieh WBSthdiRe o g 1$5h@hmg@ttb QNerdQgéRiRg entl 9f de
| east 1.5, preferably at |east 2 and nost preferably at least 2.5. 36. The

devi ce ofduct, adaptéklforclhmrtmfémugédhwnﬁlsﬂmt the plunger conprises two or
nore individu rts arr oy by
nut ual rear- %Sﬁﬁéﬁi’w% %ﬁ%g?’ndb 3ua54%2$ d'i ?M%I% Béei\r}lr%ggé‘ﬁ%n
cl ai m23)6:aré-‘arlﬁftﬁ@H@ét'sﬁﬁﬁaﬂtlaﬂlytd@ﬁ*espdmdt hﬁthetrimanmluungess @otien area of the lens under

deformation.

29. The device of claim 28, characterized in that the duct cross-section area
and shape substantially corresponds to the cross-section area and shape of the lens under de-
formation.

25 30. The device of claim 26,characterized in any characteristic set forth in
any of claims 1 to 25 or in the following claims.

31. A device for deforming and ejecting a deformable intraocular lens for insertion
into a small incision in an eye, the device comprising a) a housing, b) a lens transporting duct
in a front part of the housing defining a duct axis, the duct having a front end with a cross-

30 section adapted to the lens in deformed state with small maximum dimensions transversal to
the duct axis, a rear lens-receiving end with a cross-section adapted for the lens in un-
deformed state, or less deformed state, than at the front end, with larger maximum dimensions
lateral to the duct axis than at the front end and an intermediate convergent duct part between

the front and rear ends with a varying cross-section shape, having decreasing maximum di-



20 prises sections joined along axially extending fold Iines in a bell ows
| i ke manner. 38. The device of claim36, c har acteri zedi nthat

the i ndiwb@yadboparts are elongated finger structures exteagisigo02372
substantially in the axial direction. 3955The device of claim 31,

characterized i n that the plunger conprises a nmultitude of fingers
form ng mehsioahlaterpietoake ghat ragﬁsmheZﬁndﬁngTi‘m ﬁ&ytcﬁﬁomfln(ﬂhﬁdlﬁﬁt 3fd c) a pushin
characterjzed i n that tQ’\‘/\F ngers . are joined at a point to the rear o

the pl unBRIEFT QAT 1QPRefhedans Bibe et leastin din fopyandihirctipmic h 412 cTisg

device o | & i

fingers gr g da% mtrﬁ}%??plﬁg %n@nr eo?neﬁr g”f% that t}nvglﬁngerﬁ?n%aho%s@g%ﬂggﬁ%bf gf"ﬂﬁ
most f oubetwé2n a Thet fdewindth sz elom@tm%graehatgamqaﬁ i1 284 aisetoriddtmtwier i AIGEr S
are joined. with 30 hjnges_h a hi nge aXIS essentially in the axial

di r ect ? 0B QA7 STt Hba wa@%gst.'}ﬁ% thee n&?‘%@ doeass heargyiieelnierab e height ex43,
The deV'féﬁstlr&t!icfi'm‘lz characteri zedi nthat the hinges are
living hinges 1n athin material. WO 01/ 39701 PCT/ SEQQ/ 02372 36 44. The
devi ce of cl aBth B davide af dlaim Xl,tictearaictzrézcb d im tHaathetdehgatiog @6gras & the
arranged_ close to the gront of the fingers. 45. The device of claim42, c
h ar a frsfigmispt %eaétld n that hinges are present to the rear of the

pl unger front 33 %ﬁ@devT&%f@@a{mcaez Qth £1 8kMe43z e B h%t @e%léng%t E}n hqg{eeel dpl, N

t hat the hinges connects the fin- gers into a SI ng evice
of cl B nfi6forohiamabse? ambplrefernblwmaieasmel nger fronts are of dif- ferent
shapes or siz ofca|m47 zedi n

Th
t hat at Ieast% ﬁ’ef‘?eﬁ(b%r L fé’arﬁ?ﬁéferf?% lar éttthﬁéifm&?tl‘i’%éﬁr

ot her f'é’é@@ﬂidfcﬂﬁns_fé&@t}%\’z SPefBfabf) BidMhdn 8.5 &hdbu@.C t e r i z ed i n that
at |least one fi S’I?h has non- uni formcross-section over its axial |ength.

50. The devi cé5.ofhedeyionofglaim H,ghrapaeterézed in thaghp Chattgwan elmgitich t he
front tNEoldd\8heer the HIRIAD b 1Rl seb GRPForNG HLABAS! 0 Ll A2 LK M £

mcreasecfgspace e en frnger an

31, chey adlbmratioadejress, tlmtleztdne P prufgablyf 4t ddist 2 bRbmiost prgféﬁiﬁl?ﬁt lehan 4. he duct
cross-section area. 52 he device of claim50, c har acteri zed:

n that the di?#¢ &@rﬂ%lq@ﬁf £leémed laf 8 T amlc 8LEE dat Bahatshe ghipeetcdnaprises two
accommadth R iRliyRubl Al Pnk LS SRR BT o HIEHAPULGEe B e Rar®! &1 @
rangement between the individual parts.
37. The device of claim 36, characterized in thatin that the plunger com-
20 prises sections joined along axially extending fold lines in a bellows like manner.
38. The device of claim 36,characterized in that the individual parts are
elongated finger structures extending substantially in the axial direction.
~ 39.Thedeviceof claim3l,characterized in that the plunger comprises a
multitude of fingers forming a brush type of plunger.
25 40. The device of claim 39, characterized in that the fingers are joined at a
point to the rear of the plunger front to allow rearrangement in front of the joint.
41. The device of claim 38, characterized in that the number of fingers are at
most ten, preferably at most six and most preferably at most four.
42. The device of claim41,characterized in that the fingers are joined with
30 hinges having a hinge axis essentially in the axial direction, guiding the fingers into a folding
rearrangement pattern.

43. The device of claim42,characterized in that the hinges are living hinges

in a thin material.



material is substantially rigid and able to sustain axial pushing forces

w t hout substantial axial shrinking and |ateral swelling. 54. The device
of any oWwoaligpres 31 to 52, characterized i n that the pl uRGESENMBEr i al is
elastic with an elongation degree of at hgast 1.5 in un-stressed condition.
25 55. The device of claim 31, characterized i n any characteristic set
forth in cl ai4tsThe tevi@Dohelainm42,eh & oklcowi Mg @ d dinvghat 86 hingatene ewadged
deform ng and ejectin afdeformable intraocular lens for insertion into a
smal | i n@i%?%&e%"&ﬁog%, NEFE- devi ce conprising a) a housing, b) a lens

transporting The HEvide bf QBtm BRA'dh 8% atche NMoUsd NG, @8k hiHoRPaR HiGht Ahs. the

duct having a front end with a cross 30 section adapted to the lens in

def or ned reir af ¢hevplttges fimint. nmaxi mum di mensi ons transversal to the duct axis,
a rear |l ens-recelyi .end.with r oss- sect.i on,adapt f.or the |lens_in. un-
def orm8d st at &°- &he %\gge %&Whﬁ% Cr& af & C oA f ltrhgja?ﬂ’t?ﬁim%%cﬁonﬁf‘itﬁthe jer
maxi mum dLaepsi0fg.le |/kLral to the duct axis than at the front end and an

i nt ernedifat e convergent duct part between the front and rear ends with a
varyi ng cross-49eth¢ devishefpdainhé®,iotya decrteasizgd rrax ihat thedingaOf100fs397 0 dif-
PCT/ SEOCQ 0237 37 nensions |ateral to the duct axis when noving fromrear
to front SRYREPFGS%nd ¢) a plunger operative to displace the lens in
the duct at | e@sthd BevibEof Qinel7 H 5 6LItQN 2 i id thaRaClehst®né fingér st | N
t he i nprovenment conprising, a |lens receiving chanber at the rear end of the
duct 1BaVdrgey feord exsta thayy attleast pegsthenfingerdef or med or slightly deformed state

[ iti d d. . 5.ab - I d
it ure structar L Srpenedeinbi Skl ey IREd 5, i boteaf o %Rbes @0hay; ..

of cl ai MyGBern€ clds@sdction ©vér ies 4xial lenghd i n that the fixture structures com
prises a seat shaggd into a bent lens cavity, adapted to a slightly bent
| ens optic padO. Tesdevipreofdaime48, ¢rh &F acrhey2 z ed f nathat hehing the fyont the Gngprj n

s, 501 S B hch Pnd e BLAI0 orkDa Relky iy M uslR L Bl bl

e device o ar acter.|i ent
| ens ¢avidtet. has the overall shape of a crescent as defined. 60. The device
of claim59, c h ar ac .-sec%qioon area of

er.j e di n.that .the cros
the crescent 5ilsT}%‘h‘{5‘§’?%Frﬁé%§lfW3it’ﬁé’ Ehrk t&s“tzl?e&dlno tihg T Hent &2 Huct

from rea%m?l#“&tﬁéhﬁn@‘aﬂ& &bk secthdn Brka. The device of claim56, characterized i
n that the fixture structures comprises at |east one delimter, arranged

with respect 8. Thedstee ofrrdeim 3G cd posicttiean zteod ha that thgidederehse in fhapaia
Daai not EHEdwE R pgated 85 o e Rl A Grbfily IRSEAR S, 1o S e ¢ i
e d iop that thergeddvidd Sranklslahs Beast2, Raparcttley ize @ iROEHRheplusEdri ON
wWith respect to the seat corresponding to the lens optic plane.
material is substantially rigid and able to sustain axial pushing forces without substantial axial
shrinking and lateral swelling.
54. The device of any of claims 31 to 52,characterized in that the plunger
material is elastic with an elongation degree of at least 1.5 in un-stressed condition.
25 55. The device of claim 31,characterized in any characteristic set forth in
claims 1 to 30 or in the following claims.
56. A device for deforming and ejecting a deformable intraocular lens for insertion
into a small incision in an eye, the device comprising a) a housing, b) a lens transporting duct
in a front part of the housing defining a duct axis, the duct having a front end with a cross-
30 section adapted to the lens in deformed state with small maximum dimensions transversal to
the duct axis, a rear lens-receiving end with a cross-section adapted for the lens in un-
deformed state, or less deformed state, than at the front end, with larger maximum dimensions

lateral to the duct axis than at the front end and an intermediate convergent duct part between

the front and rear ends with a varying cross-section shape, having decreasing maximum di-



63. The device of claim6l, char act er i zedi nat |least two
delimters arranged for prevention of lens rotation in opposite

di recti ogsy offfhr01The device of claim63, ¢ har act er dcsiofinzn that
the two delimters are ar- ranged next tosppposite sides of one haptic seat
position. 25 65. The device of claim64, c har acter i zedi nthat
each | ensmbagibnclateoaitd itlnducs axig rvdxdndn«ﬂvimg filomateal @afsonttintheddict and ex splufiger
The device of claim®6l, characterized i. n that the limter is located to
provi de aCRSGHHECP dfym?%ﬂe t fonS e Héﬁt atdeat BL° ferVar dFRHSY PR ok hE T of
haptic to; pp Gele! Confsiy, 21éRsGeeiinf cBarh

t hat the ?mic?etgglmpyas%at areﬁ?gb@arraﬁgedelrrg gbl eb%naqu(iaelrg?llr%dﬁi (%%Reeg%

ot her, al ]hamnglg seit Semthe damyen un-oefdrined e sl ghttyedefoindd stzﬁe i1s ppotitibw addpeed to be
haptlc eV|c of  cl haracteri zed i at the delimter is
fixed it %@ﬁegaflg Bhsited tpihe HE%F%@““ IRBIre SCES Rt OWPTENCHMEEIERT IO t he
housi ng. X3 01/39701 PCT/ SE00/ 02372 38 69. The device of claim68, ¢ h ar
acteri1l zedinthat the seat is novable with at |east a conmponent
in a normal di fécFheodevicel cftdlaim She hopt & c tprame dosi thavihe fid@ure Firactdegicom- of
claim69, ¢ ct.er i e di nthat the.seat. is also . novable wth
2t | enst R IEHREbeintd st ISRt P SR ERDP RGBS BELT1. The
device of claigg e &hv%a&tc%nzseid clhdir 4 E'at», rihe @?at thafthbl1&REal Ay I3 Ledeﬁf 418Ag
to the housing and the delimter is novable with respect to the housi ng.

72. ThE) defold exispacllal with the durhasist erl zed i nthat the deliniter is

arranged to b sepga deflection devi ce . of
claim72, ¢ h gg dh%? C?a%c% qr‘:?ﬁ\{mzﬁm 41 ?‘lcfﬁéf Zteﬁj[ ae@p}ﬁtagpnﬁgnseg&vgy%? fhy
10 access(wghgl §}ﬁbegaguagscaﬁ§§aag@gﬂrrent 74. The device of claim72, ¢c h ar
acterize i nthat the delimter is arranged to be dlsengaged by

forward novenefl- Bfec’cems:emf@}?g@r59 vharmhetgevzed bR Batthmerss-sectipngrea st the t
i d t
5 6 osur e lap Uty 45 e S int B RE CARBR R P idP RAOBAEE gy, "

56 cCisar a6liTe devlcebfelaﬁtnlswcarayrafeaé di 2 eslef nfthadthe lﬁrimﬁl:annﬁﬂiurks cé@- 55
or inthe following clains. 77. An device for at |east ejecting
def or mabl REisehllgett Qpafieli"éﬁgr pEANgedswh FESREGt AR theseatgiext fo 3 ﬂ%’iﬂs%w herpcam@@/e

the devi £8 USII%Sﬂgt les BRYSS Bt a Pdtadod 6B 1dRABAR hd ngtfitagsmlsﬂh@gef ront

part of the Ining a duct axis, the duct having a front en
a cross-deaniteron 20 adapted to the lens in deforned state wth small maxi me

U MENGEE E TER T LR E S T

20 partly in a normal direction with respect to the seat corresponding to the lens optic plane.

63. The device of claim 6]1,characterized in atleasttwo delimiters arranged
for prevention of lens rotation in opposite directions.
64. The device of claim 63, characterized in thatthe two delimiters are ar-
ranged next to opposite sides of one haptic seat position.
25 65. The device of claim 64,characterized in that each lens haptic position is
provided with at least two delimiters.
66. The device of claim 61, characterized in thatthe delimiter is located to
provide a contact point with the haptic close to the anchoring point of haptic to optic.
67. The device of claim 61, characterized in thatthe delimiter and seat are
30 arranged movable in relation to each other, allowing disengagement of the delimiter with re-
spect to the haptic.
68. The device of claim 67,char a‘ cterized in that the delimiter is fixed in re-

lation to the housing, the seat is movable with respect to the housing.



part between the front and rear ends and c) a plunger system conprising a
pl unger, operative to displace the lens in the duct at least in the
forward o @cran, and a driver for the plunger, ¢ h a r 2PGI/SEW/0R3R z e d
i n the inprovenment conprising at |east o3 track and at | east one fol- 25
| ower, one of sard track ;ﬁ@llower bei ng.arranged, directly or

i ndi rectly on erf%?ﬁr&erpg 68 i B MEf eof Z&44 §nt thakibe sral 1§ Bovable withetng

arranged, | ggygxsnart ih A%oRRE! diYectiBR r&idifh HE OKEL plahBBosilibfiCK and fol | over

bei ng arrange cooperate to give a progra bet ween t he
driver and houg0.rfhe dehizepifetpiani®; edud ra ngeaizetdat hothal thewye ieaso afovable
driver for advancing the plunger front in a.rear part of the duct and

al | owi ng ‘alt%e%@%ﬁtqoamoyewp&p AR dHrestongn OF%O%EF tver for advancing the

pl ungers front *71”' lf}hfcfegf&%o?%[aﬁmofo r:hrealdyerer@e Thg tﬂstvehggﬁqflsﬁkéi rzréuon

char act err zed the programrequires a su stanti y axi al novene
of the drtb\tleerhciuzrngahdahedalgnitbﬂsphwm@mrwu}nrapéomanthenmutsmgf t he duct. 79.
The device of claim 78, c t . the track for

the substan- tr%rwdsxrcarofﬁm@r@nf%t e?irfgéézadsu%stbaﬁilrgrlrlyltsrtrs&rr@medptart
paral | el ﬁeodlﬁéﬁg g@ﬂal?yremvg%r?‘c%ﬁ%ng)m/ SE00/ 02372 39 80. The device of

claim77, zedi nthat the program provides a stop
for the rot atithdhereverefclaief7d; e htawea stbst anti ah | thatake délimitercisertermzilyt he

driver. 81. Th Fevr ce Eﬁ% claim 80, characterized i n that the track for
the stidp a&B‘i‘ﬁS‘bger of gaanyal HSNePEFMERf- section. 5 82. The device of claim 77, c

har act eqj4iThgRvlkelof @lairﬁaﬁ2 Eh% Itdf ackrige dthg tﬁé’cttﬁé banat terl Qﬁ@atto
conprises a screwthreaded part . The device of claim82, aract

e r i z eedisengagdidy ma@dnewmmt@éd@dplpagqr has substanti aIIy uni form

pitch. 84. Th o ar ac i,z.e.d. i .n that the
Screwt hreade§7ﬂ§¥l rﬁ%ﬁlce i’g %HPfér Fnhﬁllrt %tef)r%f:grlarbltg}atc}g%flglggit?fds BirErgrdio
give fOrQﬂcﬁiimgh%dd(b?}t¢1@ﬂn§ﬂ@ﬁfsufd&;§dﬁﬁd§ﬂh€%t@red€ﬁﬂﬁg fantthee. pl unger. 85. The
device of claim characteri ze n that the track conprises a_ groove

and t H& f ol | owkr Thedsyics e& claim §ione higrdt ¢ tiaT bae dgin anpideatungisebfosth i claims 77,

c har hat over at |east part of the 15 track a
par al | el aﬁ?(rggc?ﬁﬁll{shepﬂr)lgc\)/‘rgglg(fl,lﬁgltgoperat| ng with at | east one additional

fol l ower. 87. Theurddswicedonht lehsdtiepacting acclefbrmableamcadcumr llens fér #settion intb Aat
t he housing_and the driver ﬁi n&/r ses. alF’P‘ili g parts arranged at
| east parstialiIPgision iR &R Y, theard e e g hpusing, B) @ waﬂ@vcmﬁq@rc H#hel
that the ffJn%g&t %Mefrfaluka\g@reﬁﬁﬁl% g%rc@aﬁﬁdthauuéﬁ%ng%&ﬁ@clnhxmﬁ% xr%gérséc'a%n

over | appi ng surfaces. . The device of claim characterized |
t he t r26cladapedta taded io rdefdnmedrsmtfewntbrsn@unnmuor diwesiohs trivesveshleto ple ‘ﬂL‘KJt and

the fol | %xwlesr sulpabi ht%r 1e1{(s% 1on(%f1roug{1 t ecl%cggont 1rr]1%heoéy%?£ rear end and an intermediate duct
part between the front and rear ends and c) a plunger system comprising a plunger, operative
to displace the lens in the duct at least in the forward direction, and a driver for the plunger,
characterized in the improvement comprising at least one track and at least one fol-
25 lower, one of said track and follower being arranged, directly or indirectly, on the housing and
the other of said track and follower being arranged, directly or indirectly, on said driver, the
track and follower being arranged to cooperate to give a programmed movement between the
driver and housing, the program requiring a rotational movement of the driver for advancing
the plunger front in a rear part of the duct and allowing a substantially axial movement of the
30 driver for advancing the plunger front in a front part of the duct.
78. The device of claim 77, characterized in thatthe program requires a sub-
stantially axial movement of the driver for advancing the plunger in a front part of the duct.
79. The device of claim 78, characterized in that the track for the substan-

tially axial movement comprises a substantially straight part parallel to the axis.



tube part. 89. The device of claim83, char acteri zedi nthat
the driver conprises the outer of the overlapping tube parts. 25 90. The

devi ce ofyo@hBbfn 77, characterized i n that the driver is acrRRIGEHIFOT
manual actuation and conprises a part accgssible outside the housing. 91.

The device of claim 77, characterized i n that the front part of the duct
in- cludes a pg0.tThefdevive oflulim &4t ehadimge f¢ otz a dr eh ebsteh@ pighardprodi@sLstbP
the front end of .the duct, nﬁg said front end, 30 92. The device of claim
o1, ¢ h dorihg relafiogalmqvegieat fetore e Rupstiialy i moyeefofrthe dver i n-

cl udes a di stagc . S. fj,eCt d . J .m77,
o har et RRaYeRe of BRuhBOS Ratalc 00y PEE N, PR nlE: RN AR ML SGo ST I
| east a paisés Dkndehforniad sedtehween the rear | ens-receiving end and a rel ease

position, <close.to the lens ejectjng end of the duct. WO 01/39701
PCT) SEGD] 0237252, AbedavicrRECRi Tdec b 1 G 9 &e gch‘érﬂé%ttﬂé‘? fraeaior the fofationghe

rear par#n&lfen{eﬂ?g(gﬂﬁfiséﬁ'&'scfelvx'r'-ﬁﬁéacf%dlp%ﬂ,s deform ng part of the duct. 95. The
,- C r [

device of clam aractertr zedi nthat the |l ens deformng
part of the d3cThedapice sfelaim @dnwkngent t chenadl i e titisirewShRadedTet has
device of claim?95, characterized i n that the rear part of the duct in-
cl udes a SEbSSHEIYY CBHIPBR PYGRt part up to the rel ease position. 97. The

devi ce of cl ai : t Fe ol c e B L Std
forth in cl aisirlrﬂr'sqhg1¢3 td gw?%a{)érsla?%@%’n%/ﬁgfr atchtée ll?loilj? gv&rhngmcflt%%gagggeb%dn}gatsﬁgh_
f or ddDomnifogn aitcls froefiesbleddantasagaquichrto Igaresforas dmpificatiorc ubdee forward nevve- i n
10 that the hod conprises the steps of displacing the lens in a duct as
set fortﬂ’qnﬁggﬁx?p?nge&l aims 1 to 30. 99. A nethod for deformng a

def or mabl e i ntysagauliaVicd 6NSlaint 7, Ph b ra Ctdri€z & dii i et thd trdbk doddriskhg net hod
conprises the step of displacing the lens in a duct and by a plunger as set

forth i ngmoyeahd theafollowan caropBE®s a®im@Uotrysioret hod for stabilizing a

def ormabl e i ntraocul.ar. | e agak n rotatio -h r ac.,t roi e di
n that the mtgﬁogﬁ%g%?? %Q@aﬁ?’sﬁsé%rgf qleorclar% ?‘gilﬁlg?}faﬁgv?reaﬁéee\ﬂe?w ?%téf)ect to
fixings shelWsphfabsl @sckseprdvaddd) cooperaiingolitic htaess ohSadditidital fdlldwerA met hod
for deformng a deformable intraocular |lens, characterized | n that the

met hod conpri $dsThndedeepiclaim §7.<ph aEpRd M § @rd Bt thegrausinggnd theedriver
movenent cglgpﬁ?etstg%ﬁg'rafl? r[ulﬁllﬂrda\‘t@ harARgeRed 1deRf f)eﬂ‘tihl'fs' @&%eﬁ’t&ic%ﬁ'o@@rlz&)iﬁgo in% -

telescoping manner and that the track and follower are arranged at least partially between the
overlapping surfaces.

20 88. The device of claim 87, characterized in thatthe track is arranged on the
interior surface of one of the tube parts and the follower on the exterior surface of the other
tube part.

89. The device of claim 88, characterized in that the driver comprises the
outer of the overlapping tube parts.

25 90. The device of claim 77,characterized in that the driver is arranged for
manual actuation and comprises a part accessible outside the housing.

91. The device of claim 77,characterized in that the front part of the duct in-
cludes a part of the duct extending from a release position, close to the front end of the duct,
and said front end.

30 92. The device of claim 91,characterized in that the front part of the duct in-
cludes a distance beyond the lens ejecting end.

93. The device of claim 77,characterized in that the rear part of the duct in-
cludes at least a part of the duct between the rear lens-receiving end and a release position,

close to the lens ejecting end of the duct.
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94. The device of claim 93,characterized in that the rear part of the duct in-
cludes a lens deforming part of the duct.

95. The device of claim 94,characterized in that the lens deforming part of
the duct comprises a convergent channel type duct.

96. The device of claim 95, characterized in thatthe rear part of the duct in-
cludes a transportation duct part up to the release position.

97. The device of claim 77,characterized in any characteristic set forth in
claims 1 to 76 or in any of the following claims.

98. A method for deforming a deformable intraocular lens, characterized in

that the method comprises the steps of displacing the lens in a duct as set forth in any of

claims 1 to 30.

99. A method for deforming a deformable intraocular lens, characterized in
that the method comprises the step of displacing the lens in a duct and by a plunger as set

forth in any of claims 31 to 55.

100. A method for stabilizing a deformable intraocular lens against rotation,charac
terized in that the method comprises the step of localizing the lens with respect to fixing

structures as set forth in any of claims 56 to 76.

101. A method for deforming a deformable intraocular lens,characterized in
that the method comprises the steps of displacing the lens by a preprogrammed movement

pattern for a driver as set forth in any of claims 77 to 97.



