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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention is comprised within the
field of ophthalmic correction of presbyopia and, in par-
ticular, inthe area of ophthalmicintraocularlenses, which
are implanted inside the eye for such correction.

BACKGROUND OF THE INVENTION

[0002] The young eye has the capability of focusing
far and near objects, a capacity known as accommoda-
tion. The human crystalline lens, the second of the lens-
es, behind the cornea, which forms the eye optical sys-
tem, responds to an accommodative stimulus by chang-
ing its shape in order to change its dioptric power. The
ciliary muscle transmits a primarily equatorial force
through its zonular fibers to the capsular bag (the outer
membrane of the crystalline lens). When the crystalline
lens is disaccommodated, the ciliary muscle relaxes,
stretching the zonular fibres which in turn stretch the cap-
sular bag, and flatten the surfaces of the crystalline lens.
When the crystalline lens is accommodated, the ciliary
muscle contracts relaxing the zonular fibers, thereby al-
lowing the capsular bag to adopt a more curved shape.
With aging the crystalline lens progressively loses elas-
ticity and thus a loss of the accommodating capacity (a
condition known as presbyopia). At a more advanced
stage of aging, the crystalline lens moreover loses trans-
parency (a condition known as cataract) making neces-
sary an exchange of the opacified crystalline lens by an
artificial intraocular lens by means of cataract surgery.
[0003] In current cataract surgery, a window is made
inthe capsular bag (capsulorrhexis) either by mechanical
means or, since more recently, with femtosecond laser.
The content of the crystalline lens (previously fractured
either by phacoemulsification or, since more recently, by
laser) is extracted through the capsulorrhexis, by aspi-
ration. The intraocular lens isimplanted, generally folded,
through a small corneal incision, into the capsular bag
where it unfolds. Generally the intraocular lens is stabi-
lized in the capsular bag by means of plates or curved
prolongations, called haptics, which tighten the equato-
rial region of the capsular bag.

[0004] Todaythe more frequentlyimplantedlensesare
monofocal. Pseudophakic patients and presbyopic pa-
tients (who are implanted with monofocal intraocular
lenses) only perceive one focus plane, which makes it
necessary to resort to the use of near vision, bifocal or
progressive spectacles (using an optical correction with
adifferent power for each eye), or multifocal contactlens-
es to provide near vision. None of these solutions offers
a satisfactory correction of presbyopia because the dy-
namic capacity of accommodation of the young eye is
not restored.

[0005] During the last years a great number efforts
have been invested in the replacement of the rigid or
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opacified crystalline lens by a filler material which may
be a flexible polymer or a gel, with or without membrane
coating, injected in the emptied capsular bag, as de-
scribed for example in  patent application
W02012/126053. This kind of approach to restore ac-
commodation depends onthe capsularintegrity, its trans-
parency as well as the stability of its mechanical proper-
ties. These attempts have been unsuccessful due to cap-
sular fibrosis which usually occurs in the monthsfollowing
cataract surgery due to proliferation and transdifferenti-
ation of the epithelial cells of the crystalline lens, and
which results in a dramatic change of the mechanical
properties of the capsular bag which loses both its elas-
ticity and transparency. In contrast to what happens with
conventional intraocular lenses where the capsule is not
necessary for correct functioning of the intraocular lens,
andtransparency canthus be returnedto the eye by mak-
ing an opening in the opacified posterior capsular bag,
which is usually done by laser (posterior laser capsulot-
omy), in the case of capsular bags provided with a filler
material, capsular fibrosis has become an insurmounta-
ble obstacle where mechanical integrity is indispensable,
this causing capsular refilling techniques, at least nowa-
days, to be clinically unviable.

[0006] Furthermore, in the last years numerous ac-
commodating intraocular lenses have been proposed,
which are provided with mechanisms that contrarily to
monofocal intraocular lenses, with one fix focus plane,
aim to dynamically alter the power of the eye. The ma-
jority of these designs have failed for not being based on
a correct understanding of the accommodating mecha-
nism, being dependent on the integrity of the capsular
bag after surgery, notusing the available accommodating
forces, or limitations in the design of the operation of the
intraocular accommaodating lens.

[0007] Thus, at present, the only accommodating lens
approved by the US Federal Drug Administration (CRYS-
TALENS, marketed by Bausch and Lomb, NY, USA) is
a single optic intraocular lens, with haptics provided with
a hinge (Cumming, US20040249456) which provide for
a possible axial movement of the optic area of the in-
traocular lens and thus a change in ocular refraction. Al-
though, nominally, the intraccular lens should move for-
ward in the accommodated state, it has been proved that
in many patients the optical lens actually moves back-
wards inresponse to an accommodative stimulus. More-
over, a relevant change in refraction would need a for-
ward movement of 1 mm of the intraocular lens in the
anterior segment of the eye, which is not achieved in any
patient. Another intraocular lens (TETRAFLEX Lenstec,
FL, USA) does not use hinges, but its principle is also
based on axial displacement. Further, there is at least
one accommodating intraocular lens in the market (SYN-
CHRONY, marketed by Advanced Medical Optics, CA,
USA), and other accommodating intraocular lenses pro-
posed in patents which are constituted by two joined lens-
es linked by some mechanism which transforms accom-
modating forces into a relative displacement of the two
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optics with respect to each other so as to provide a
change in optical power. The majority of these lenses
assume an axial displacement along the optical axis, al-
though some assume a lateral movement based on the
Alvarez principle (such as the AKKOLENS of Akkolens
International, Netherlands).

[0008] One frequent problem identified in many of the
proposals regarding accommodating lenses is the lack
of connection between the capsular bag and the intraoc-
ular lens system which allow adequately transferring the
movement of the ciliary muscle to the operating mecha-
nism of the intraocular lens, as described in Patent
US7150760B2. Some lenses try to achieve the fastening
means of the natural fibrosis occurring at the haptics dur-
ing the weeks following implantation of the intraocular
lens, as described in US2005/0119741A1. Several hap-
tics’ devices and designs have been proposed to favor
said fibrosis process, as for example ring shaped collars
as those proposed by Cummings (US2001/0005794A1);
the so called zonular capture haptic which favors fusion
of the capsular bag to the haptics using the natural fibro-
sis process (Beer, in US2011/0307058A1); a porous or
perforated plate as a retaining structure for an accom-
modating lens (Glasser and Coleman, in
Us2008/0221676), or contact plates along the equatorial
region (separating anterior and posterior capsule) with a
relatively large contact surface to promote cell and fiber
proliferation in the anchoring area of the intraocular lens
to the capsular bag (Lang, in US6660035B1). Depending
on the natural fibrosis in respect of the mechanism for
connecting the intraocular lens and the capsular bag has
several drawbacks, such as the duration of this process
(weeks), the relative uncertainty of the symmetry, and
the result of the final anchorage. Some authors have pro-
posed mechanical anchorages of the intraocular lens to
the edge of the capsulorrhexis using clasps, brackets or
pins (Peng US2003/0204254A1) or bicadhesives (Rei-
sin, US2011/0029074A1; Thomson
WO1996/035398A1).

[0009] The human crystalline lens changes its shape
while accommodating, so that an intraocular lens design
based on the surface shape change would mimic the
natural accommodating mechanism more closely in con-
trastto axially displacinglenses. Several patents propose
multi-mechanism designs which simultaneously displace
and deform (Paul, in US2004/0127984A1). Several pro-
posals propose global general concepts of an intraocular
lens, operating by one or two optics moving axially or by
means of changes in curvature (Cumming, en
US2008/0269887).

[0010] Several designs propose intraocular lenses
conceived to change curvature in response to an accom-
modating force. However, several of these designs fail
regarding the operation principle they are based on. For
example the "Nulens" of the company (Nulens Ltd., Isra-
el, consists of two plates separated by a viscoelastic ma-
terial, the anterior one of which has an aperture. The
mechanism of this intraocular lens assumes thatthe cap-
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sular bag (emptied from its crystalline content) exerts o
force upon the posterior plate, which should become a
piston approaching both plates in such a way that the
elastic polymer bulges through the anterior aperture thus
forming a more curved intraoccular lens. It has been
shown that, completely unlike the natural crystalline lens
the greatest curvature is achieved in the disaccommo-
dated condition. Other proposals consider hinge mech-
anisms comprising one or two deformable lenses, al-
though they consider that the mechanism by which the
intraocular lens increases its dioptric power, is based on
an increase of the pressure in the vitreous cavity. (Cum-
mings, in US2008/0269887A1). Other lenses (Woods, in
US6217612B1) define an intraocular lens constituted of
polymer material with a elastic memory, the concept of
which is interesting inasmuch they would have the shape
of maximum accommodation in the absence of zonular
tension (as it happens in the young human eye). How-
ever, this intraocular lens depends critically on the gen-
eral integrity of the capsular bag because the pressure
exerted by the walls of the capsular bag upon the intraoc-
ular lens.

[0011] Other accommodating intraocular lenses pro-
posing the modification of the dioptric power of the in-
traocular lens by a change of the curvature of its surfaces,
are those based on fluids, generally covered by a mem-
brane. In general, said lenses design have complex de-
signs, as they require, among other elements, the pres-
ence of reservoirs, valves, systems for evacuation and
circulation of the fluid. Besides, the principle of transmit-
ting the forces of the ciliary muscle to these lenses is not
always adequate. One of the first proposed fluidic lenses
(Schachar, in US4373218A) suggests the use of elec-
trodes and microprocessors to control the forces exerted
upon the lens. Another document (Chawdhary,
US2007/0129798A1) proposes a deformable fluidic de-
vice, generally in combination with arigid intraocular lens
implanted in the ciliary sulcus with the purpose of being
in response to the forces of the ciliary muscle. The direct
coupling of the lens to the ciliary muscle seems to be little
viable in practice due to the textures and consistency of
said tissue. One of the most advanced fluidic lenses is
the one developed by Powervision, CA, which has al-
ready been implanted in patients. This is an intraoccular
lens with microchannels for fluid circulation and reser-
voirs placed in the haptics. One of the limitations of this
intraocular lens is its dependency on the size of the cap-
sular bag and the integrity thereof, for its functioning.
[0012] Regarding several lenses of a deformable type,
the advantages of one fixed and one deformable have
been highlighted. The fixed component would provide
the correction of the refractive error of the patient while
the deformable component would provide the dioptric
change needed to accommodate at several distances.
Turley (US4892543B1) proposed anintraocular lens with
two components (of fixed and variable power respective-
ly) emphasizing that the first optical component would
still be working even if the second component failed or
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was destroyed providing a security feature to the intraoc-
ular lens. One limitation of this proposal is its implantation
in contact with the ciliary muscle. Thomson
(W0O1996/035398A1) proposed an intraocular lens with
a fixed component and another deformable one, with the
deformable part connected to an anchoring system of
the intraocular lens and to the capsular bag. However,
said anchoring is limited to a mechanical or glued con-
nection of only the border of the capsulorrhexis therefore
wasting the forces applied directly equatorially to the cap-
sular bag. Brady (US2007/0078515) proposed an ac-
commodating intraocular lens with two components, one
fixed and one deformable. In this case, the deformation
occurred due to pressure and contact between the two
components of the intraocular lens. In a later patent,
Brady (US7713299B2) presents a haptic system for an-
chorage of the intraocular lens and the capsular bag
adapted for accommodating intraocular lenses with two
components: one deformable and one fixed. Wein-
schenck (US6645246B1) proposed an intraocular lens
with two components, one fixed and one deformable; the
rigid part constitutes the core of the accommodating in-
traocular lens and the flexible part is linked to the capsule
by arigid force transmission assembly. A device accord-
ingtothe preamble of claim 1 is known from the document
US-A-2003/109926. However none of the proposed or
available accommodatingintraocular lenses provides the
eye with the accommodating capacity of the young crys-
talline lens in an effective manner.

DESCRIPTION OF THE INVENTION

[0013] It is the object of the present invention to over-
come the inconveniences of prior art by mean of an oph-
thalmic intraocular lens with accommaodation capacity,
comprising

an optical power system comprising a first optical mem-
ber with dynamic optical power which comprises two sur-
facesrespectively corresponding to a an anterior surface
and a posterior surface, at least one of which has a cur-
vature capable of becoming deformed elastically in re-
sponse to traction forces of the ciliary muscle of the eye,
an equatorial region about the surfaces, and at least one
deformable preformed material, as well as a second op-
tical member with a fixed optical power having a curved
anterior side and a posterior curved side, the second op-
tical member being associated to the first optical member
in such a manner that the first optical member and the
second optical member jointly have a joint optical power
determined by the fixed optical power of the second op-
tical member and the dynamic optical power of the first
optical member,

an anchoring system to anchor the first optical member
to at least a portion of the capsular bag of the crystalline
lens of the eye, to directly transmit traction forces gen-
erated by the ciliary muscle and transmitted to the cap-
sular bag through zonular fibers to the first optical mem-
ber, the capsular bag comprising, in its natural state, an
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anterior capsule, a posterior capsule and an equatorial
capsule, the anchoring system being selected from me-
chanicalfastening systems, biocompatible adhesive sys-
tems, microstructure systems fostering capsular fibrosis,
and combinations thereof,

wherein

the second optical member is joined to the first optical
member in such a manner, that atleastrespective central
portions of one of the curved sides of the second optical
member and at least one of the surfaces of the first optical
member are in contact with each other;

the joint optical power is variable between a condition of
minimum optical power corresponding to a condition of
disaccommodation where the intraocular lens is capable
of focusing the eye to afar visiondistance, and a condition
of accommodation where the intraocular lens is capable
of focusing the eye to a reading the first optical member
(1) is made of a preformed deformable material and has
a predetermined preform maximum curvature and max-
imum optical power in its accommadating position,

the first optical member and the anchoring system are
designed to change the curvature of at least one of the
surfaces of the first optical member progressively be-
tween the predetermined preform maximum curvature
corresponding to the condition of maximum accommo-
dation in response to a minimum effective traction force
of the ciliary muscle received by the anchoring system,
and a minimum curvature corresponding to the condition
of disaccommodation in response to a maximum effec-
tive traction force of the ciliary muscle received by the
anchoring system and the anchoring system is a discrete
set of more than three anchoring points to anchor the
first optical member to at least a portion of the capsular
bag of the crystalline lens.

[0014] The optical members are optical lens or lens-
type members or elements producing the effects of a
lens.

[0015] The term "effictive" as here employed means
that the increase or decrease of the traction forces of the
ciliary muscle only results in changes of the surface or
surfaces of the first optical member until disaccommo-
dation of the eye takes place resulting in a far vision dis-
tance when the ciliary muscle relaxes, or contrarily, until
accommodation of the eye takes place resulting in read-
ing vision distance when the ciliary muscle contracts.
Once these maximum or minimum traction forces have
been surpassed, no change of the curvature of the first
optical member takes place which mightresult in a great-
er disaccommodation or in a greater accommodation.
This may be achieved, for instance, by limiting the max-
imum and minimum curvatures of the preform of the first
optical member and/or by limiting the capacity of trans-
mission of the traction forces by the anchoring system to
a range of maximum and minimum forces.

[0016] The functioning of this intraocular lens allows
that, in its accommodated position when the traction forc-
es exerted on the anchoring points of the anchoring sys-
tem to the capsule of the crystalline lens decrease, the
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first optical member achieves its preform maximum cur-
vature and its maximum optical power. When combined
in this accommodated configuration with the second op-
tical member, the eye is enabled to focus nearby objects.
On the other hand, in the disaccommodated eye, when
the traction forces exerted on the anchoring system in-
crease and its anchoring points to the capsule of the crys-
talline lens adopt their most separated positions, the trac-
tion forces as exerted make the first optical member ac-
quire a position of minimum curvature and minimum pow-
er. The second optical member does not change but, in
combination with the first optical member in its disaccom-
modated condition, it is now focused on distant objects.
Therefore, the transition between the accommodated
configuration and the disaccommodated configuration
takes place in a progressive manner and there is thus a
continuous range of optical powers and vision distances.
[0017] The technical solution as proposed for the in-
traocular lens with accommodation capacity, which is the
object of this invention, is new with respect to existing
approaches and has important advantages, as unlike
other lenses, the proposed particular mechanism of ac-
tion is based directly on the physiologically-generated
forces in the human eye, emulating the performance of
a fully functional crystalline lens. This direct transmission
of forces is achieved by the anchoring system which di-
rectly anchorsthefirst opticalmembertoat least a portion
of the capsular bag, with no intermediate mechanisms
or elements; i.e., the anchoring system is a direct force
transmitter between the capsular bag and the first optical
member ofthe lens, irrespective of whether the anchoring
system is a mechanical fastening system, a biocompat-
ible adhesive system, a microstructure system fostering
capsular fibrosis, or a combination thereof. Unlike other
existing approaches which redistribute the forces gener-
ated by the ciliary muscle and/or change their orientation,
inthe present invention the forces existing in the capsular
bag are directly transmitted to the first optical member
by the anchoring point fixed to the capsular bag.

[0018] Divisionof optical power into two elements (sec-
ond optical member and first optical member) allows de-
coupling the personalized correction of the refractive er-
ror and the restoration of accommaodation.

[0019] Accordingtotheinvention,thefirstopticalmem-
ber may be positioned in front of the second optical mem-
ber such that at least a central portion of the anterior side
of the second optical member is in contact with at least
a central portion of the posterior surface of the first optical
member. Alternatively, the first optical member may be
positioned behind the second optical member such that
at least a central portion of the posterior side of the sec-
ond optical member is in contact with a central portion of
the anterior surface of the first optical member.

[0020] Accordingto ancther alternative, the first optical
member externally surrounds the curved sides of the sec-
ond optical member, and each of the two curved sides
of the second optical member is arranged adjacent to
one of the inner surfaces of the first optical member, and
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at least the central portions of the curved sides of the
second optical member are in contact with the central
portions of said inner surfaces.

[0021] On the other hand and according to another al-
ternative, the first optical member may be located be-
tween respective halves of the second optical member.
Each half comprises anouter convex portionandan inner
concave portion. According to this alternative, the convex
portion of one of said halves comprises the anterior
curved side of the second optical member, and the con-
vex portion of the other of said halves comprises said
posterior curved sided of the second optical member. In
this way, the surfaces of the first optical member are ar-
ranged adjacent to the inner concave portions of the
halves of the second optical member, whilst at least the
central portions of the first optical member are in contact
with at leastthe central portions ofthe respective concave
portions of the halves of the second optical member.
[0022] The mechanical fastening system may com-
prise retaining parts to capture and retain tissue of the
capsular bag of the crystalline lens, whilst the biocom-
patible adhesive system may comprise an adhesive sub-
stance applicable between the retaining parts and the
tissue of the capsular bag. Alternatively or complemen-
tarily, the biocompatible adhesive system may comprise
at least one adhesive substance selected from adhesive
substances which are directly applicable between pe-
ripheral material of the first optical member and the tissue
of the capsular bag, and adhesive substances which are
applicable between portions of the first optical member
available between two areas of the tissue of the capsular
bag. These adhesive substances may require, or not,
mechanical, chemical or luminous activation mecha-
nisms, or combinations of said activation mechanisms.
[0023] The anchoring systems may as well comprise
a microstructure system promoting capsular fibrosis
which comprises a biocompatible material with micro-
structures which promote capsular fibrosis. The anchor-
ing system may as well comprise a biologically absorb-
able coating, such as silk or collagen, to cover the micro-
structures during surgical implantation of the ophthalmic
intraocular lens.

[0024] Alternatively, the biocompatible adhesive sys-
tem may be based on the use of processes allowing direct
adhesion between the retaining parts and tissue of the
capsular bag by means of chemical reactions which may
require introduction of a reactant, as well as an activation
mechanism selected from mechanical, chemical, thermal
and luminous activation mechanisms, or combinations
of said activation mechanisms.

[0025] Preferably, the intraocular lens according to the
present invention comprises a tridimensional structure
having a shape designed to emulate the shape of the
equatorial capsule of the capsular bag of the crystalline
lens, to maintain the anterior capsule spaced from the
posterior capsule and to maintain the traction forces of
the zonular fibers substantially equal than in the natural
eye.
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[0026] The anchoring system between the first optical
member and the capsular bag fixes the intraocular lens
in such a manner that it allows both to move jointly. In
addition to capturing the forces proceeding from the ac-
commodative system, the anchoring system betweenthe
first optical member and the capsular bag of the eye acts
as positioning mechanism of the intraocular lens in the
inside ofthe eye, in the same manner as itwould be done
by the haptics of a conventional monofocal intraocular
lens.

[0027] There are different possibilities to put the an-
choring system between the first optical member and the
capsular bag of the crystalline lens of the eye into prac-
tice. The different possible embodiments ofthe anchoring
system aim at achieving a balance between providing
contact and connection between the capsule of the crys-
talline lens and the intraocular lens, but at the same time
allowing the direct transmission of forces of the capsular
bag to the intraocular lens as well as the stability of the
intraocular lens. This balance may be achieved by means
of uniformly distributing the anchoring points along the
equatorial region of the first optical member.

[0028] The anchoring system is a set of more than
three anchoring points which guarantees a uniform dis-
tribution of forces around the equatorial region. Itis also
desirable to have less than twelve anchoring points so
as to prevent unnecessarily complicating the surgery
without any benefits.

[0029] The anchoring system may be designed to be-
come fixed to at least one side of the capsular bag of the
crystalline lens, for example at its anterior side, its pos-
terior side or at both sides of the capsular bag of the
crystalline lens.

[0030] One of the possible anchoring systems is an
adhesive biocompatible system comprising direct bond-
ing between the capsules and bonding surfaces which
are part of the anchoring system. These bonding surfac-
es shall preferably have an extension being such that it
facilitates contact and connection between the capsule
of the crystalline lens and the anchoring system, but
which at the same time allows the transmission of forces
and mobility of the intraocular lens. This balance may be
achieved by means of the distribution of the bonding
points as adiscrete set of extensive areas, as forexample
between 3 and 12, about the equator of the intraocular
lens.

[0031] Bonding may be based on different mecha-
nisms, among which the use of an adhesive or promotion
of bioadherence stands out. The design of the contact
surfaces must be appropriate to the bonding mechanism.
In the case that a biocompatible adhesive is used, it may
preexist as a coating on the contact surfaces. In an al-
ternative or complementary manner, the bonding surfac-
es may contain a system for applying the adhesive as
precharged equatorial or peripheral deposits. Activation
or release of the adhesive may be associated to a tem-
perature change or to diffusion after a certain time, or to
a physical releasing mechanism which is activated by
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the deployment of the intraocular lens within the eye dur-
ing implantation thereof. Activation or release of the ad-
hesive may also depend from the surgeon’s action; ap-
plication of pressure causing the release, injection of the
adhesive from outside through channels existing in the
intraocular lens, operation of a valve or withdrawal of a
seal.

[0032] Another possibility for afixing mechanism ofthe
anchoring system that may be used as an alternative to
bonding albeit it may also be used in combination there-
with, is a clamp mechanism, this being understood as
two parts which one closes upon the other trapping the
capsule therebetween. This clamping may be performed
without piercing the capsule, by a clip or clasp type mech-
anism, or by piercing by a staple or rivet type mechanism.
Independently of the mechanism, the contact surfaces
may be punctiform or extensive, and in the case that they
are extensive, they may have a smooth or otherwise
shaped surface geometry to increase the grip such as
undulations or roughness, of reciprocal fitting or not. Hy-
brid clamping combinations are also possible, especially
microstructures providing a great density of contact
points and/or microperforations of the capsules which do
not tear the same.

[0033] The anchoring system between the first optical
member and the capsular bag may use various possibil-
ities among the described fastening mechanisms, as long
as the anchoring system directly anchors the first optical
member to at least a portion of the capsular bag, without
any intermediate mechanisms or elements; i.e., the an-
choring system is a direct force transmitter between the
capsular bag and the first optical member of the lens.
[0034] The accommodative intraocular lens being the
object of the invention depends on the correct transmis-
sion of forces at the equatorial region of the first optical
member but not on the central capsule of the crystalline
lens. Differently to the majority of conventional accom-
modative intraocular solutions, the intraocular lens ac-
cording to the present invention works equally with and
without the anterior or posterior central capsule and is
thus fully compatible with capsulotomy processes. As a
consequence, the intraccular lens is immune against fi-
brosis processes and capsular opacification which may
be easily treated. It is well known that the zonular fibers
do not setonly at the capsular equator butalso at aregion
surrounding the equator. If the implantation of the lens
islimited to fastening it tothe capsularequator asitoccurs
in the case of conventional haptics of monofocal lenses,
aredistribution of the forces among zonular fibers is pro-
duced as some fibers increase their tensions and other
losethem. This may reduce the effectiveness ofthe trans-
mission of forces, and overstrain some of the zonular
fibers.

[0035] In a preferred embodiment of the intraocular
lens which is the object of this invention, the fastening
system of the intraocular lens forms a tridimensional
structure which, at its equatorial region, copies the ana-
tomic shape of the surface of the natural crystalline lens.
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Thereby, tension becomes distributed among the
zonules of the equator and the zonules which are close
to the equator, the same as it occurs in the natural ac-
commodative system. As the shape of the equatorial ring
is preserved and the tensions of the zonules are being
maintained unalterated, a better use of the weak accom-
modation forces is achieved. Futhermore, tension in the
capsule increases and, as the separation between the
anterior and posterior capsules is maintained, opacifica-
tion of the posterior capsule is prevented. Finally, the
increase of the contact surfaces between the intraocular
lens and the capsules facilitates fastening and the trans-
mission of forces.

[0036] The main mechanism of action of the accom-
modative lens according to the present invention, is the
change of the curvature of at least one of the surfaces
of the first optical member. However, intentionally or not,
axial movements of the lens may occur along with the
accommodation. Ifthe volume of the lens moves towards
the posterior pole, the eye loses power and the posterior
capsules may restrain movement of the lens and its de-
formation, but medical complications are not anticipated.
However, if the volume of the lens moves towards the
anterior pole, although the eye increases its power, there
is the risk of the iris being contacted, which may cause
dispersion of the pigment, closure of the trabecular angle
and the possibility of acute glaucoma. Due to all this, in
the intraocular lens which is the object of the invention,
the haptics of the fastening system are designed in such
a manner (by combining the point of insertion of the hap-
tics in the first optical member and the inclination of the
haptics with respect to the equatorial plane) that only
slight axial movements take place, and favoring an ac-
commodated position which is an anterior one compared
to the disaccommodated position, but without reaching
to touch the iris.

[0037] The first optical member may be made of a sin-
gle deformable preformed material or, alternatively, com-
prise a plurality of layers of different deformable pre-
formed materials. Also, the first optical member may
comprise one or several layers of deformable preformed
material combined with a moldable filler material, or an
enveloping layer or membrane which coats a filler mate-
rial. The enveloping layer or membrane as well as the
filler material must be deformable or moldable, although
they may or not be preformed.

[0038] On the other hand, the first optical member may
comprise a composite material with a refraction index
gradient such that upon receiving the traction forces, it
produces a redistribution of the refraction indices that
generates a change in power additional to that produced
by the change of the curvature of at least one of its sur-
faces. The crystalline lens of the eye shows a radial and
axial index gradient distribution which, among other ad-
vantages, confers to it an increase of the effective power
with relatively low refraction indices in its core and its
periphery. Although in the crystalline lens of the eye the
redistribution of the index gradient turns into a larger rate

15

20

25

30

35

45

of change in power for the same change of the surface
curvature, itis possible to incorporate index gradient dis-
tributions into the first optical member, which produce a
change in power which is additional to that produced by
the change of the curvature of at least one of its surfaces.
[0039] The first optical member of the intraocular lens
is a deformable optical member which, in the absence of
external forces, tends to adopt a predetermined preform
that is stable, known, controllable, and provides the max-
imal power to the optical member. This tendency may be
considered as an internal accommaodating force which is
similar to that existing naturally in the fully operative crys-
talline lens before having been affected by presbyopia.
[0040] The predetermined preformis designed in such
a manner that, in combination with the second optical
member, it provides the eye with the near vision focusing
distance. As a consequence of the traction force or
stretching exerted by the ciliary muscle during the disac-
commodation process of the eye, the first optical member
has the capacity of responding by a progressiveflattening
(decrease of the curvature) of at least one of its surfaces,
and thus by a decrease of its power providing a clear
vision at intermediate distances and, finally, distances
corresponding to far vision. Contrarily, when the eye ac-
commodates, the external traction force applied to the
lens decreases, and the first optical member progres-
sively increases the curvature of at least one of its sur-
faces and thus its optical power, until it gets back, com-
pletely or partially, to its preform. Thus, the first optical
member is able to transform, within a certain range of
operation of traction forces as applied, the differentforces
applied to it into different optical powers which are used
by the intraocular lens which is the object of the invention,
in order to be able to focus on objects within the range
from far to near distances in combination with the second
optical member.

[0041] So as to make the mechanism viable, the inter-
nalaccommodation force of the first optical member must
necessarily be of a lower magnitude than the traction
forces applied by the ciliary muscle when disaccommo-
dating. On the other hand, the internal accommodation
force must be sufficiently strong to provide the return to
the accommodated position within a short time, ideally
in fractions of a second.

[0042] The materials used, be them the single deform-
able material, the enveloping layer or membrane or the
filler material, may be compressible or uncompressible.
In the case of uncompressible materials, the changes in
shape may entail a redistribution of volumes which is to
be taken into account during the design. The design of
the first optical member may be based on simulation by
means of finite element models in which the elastic prop-
erties of the materials are considered in order to enable
the prediction of the deformation of the surfaces in re-
sponse to the application of forces.

[0043] The shape of the intraocular lens when it rests
i.e. the predetermined preform in the complete or partial
absence of forces, imposes a limit to accommodation, a
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maximum curvature of the first optical member and thus
a stable near vision distance which is free of fluctuations
once the contraction o the muscle above a predetermined
level has been achieved.

[0044] The far vision focus which is considered one
end of the range of accommodation, will be given by an
accurate selection of the second optical member to make
into combine adequately with the first optic member in
the configuration of maximum power. The width of the
range of accommadation will be given by the variation of
the optical power (in diopters) that the first optical mem-
ber is able to generate. The other end of the range of
accommodation will be the near vision distance which
must be stable in order to provide visual comfort to the
patient. For this purpose, it must be made to correspond
with the natural reading distance of the patient, typically
between 20 and 50 cm.

[0045] The intraocular lens according to the present
invention may be provided with a limiting system which
imposes a physical limit to the decrease of the curvature
of the first optical member and establishes a minimum
of optical power for the intraocular lens, and thus a phys-
ical limitto the disaccommodation of the first optical mem-
ber. Such a limit may be established, for example, by
means of stops or retainers to establish a maximum to
flattening of the curvature(s) of the surfaces of the first
optical member, using a structure which is internal or an
external to the deformable surfaces and allows that the
traction forces produced by the ciliary muscle when re-
laxing do not take the first optical member beyond the
power corresponding to far vision, as that would cause
an excessive decrease of the power thereof which would
entail out-of-focus images on the retina. Moreover, in-
cluding this solution limiting the maximum disaccommo-
dation provides the additional advantage of providing far
vision without fluctuations and thus a more comfortable
one, similar to what occurs in a monofocal intraocular
lens.

[0046] Many of known accommodative ophthalmic in-
traocular lenses aim atthe largest possible power range,
with an accommodation that varies in a continuous and
proportional way to the force applied. Many of the ac-
commadative lenses proposed in patent documents and
scientific publications determine a potential range of 10
diopters or more, in the order of the magnitude of the
young crystalline lens. However, the inclusion of physical
limits to the range of accommodation, be it a limit to ac-
commodation given by the preform of the first optical
member corresponding to a close vision or reading dis-
tance, or a limit to disaccommodation of the first optical
member corresponding to a far vision, represents a nov-
elty that provides various advantages.

[0047] The mainone of these advantages is providing
a comfortable close and far vision and without fluctua-
tions. Thus is due to the fact that the limit positions of the
range of powers (far vision distance and reading dis-
tance) are the ones which are most frequently used and
which are used in a continuous manner. However, dis-
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tances beyond the infinity or closer to reading distance
arerarely used, but they are areas within which the visual
system may fall, and which it must get out of by making
anoverstrain to adjustforces and deformations. Although
natural accommodation is sufficiently precise and agile
to manage this situation without an appreciable effort,
this situation is very different in the case of an implanted
artificial lens. The natural accommodation mechanism is
difficult to emulate in a precise manner as it is based on
forces of a very small magnitude. The whole range of
natural optical powers is correlated with an expansion or
contraction of the equator of the crystalline lens over only
fractions of a millimeter. Already slight imbalances in the
control, application or transmission of forces may entail
enormous changes in power and serious difficulties in
focusing objects at a certain distance. In this scenario,
the presence of accommodative or disaccommodative
stops, especially if adjustable, secure that oscillations
occur within and especially between the limits of useful
vision, without unpleasant oscillations outside this range.
Furthermore, the presence of the limits of accommoda-
tion and disaccommodation makes it much easier to pre-
dict the refraction of the intraocular lens once it has been
implanted, and thus increases the rate of correctness in
the eye’s refraction. The high rate of correctness in the
refraction up to a point where the vast majority of patients
are deprived of the need of wearing spectacles for far
vision, is an achievement which has already been at-
tained with monofocal lenses in cataract surgery, and
which is difficult to be waived by surgeons and patients.
This intraocular lens additionally proposes eliminating
the need of near vision spectacles.

[0048] Although the physical limit of accommodation
is determined by the preform of the first optical member
in the absence of forces (or at residual forces), there are
different possibilities for putting the physical limit of dis-
accommodation into practice. It may be based on a struc-
ture that limits the maximum separations of arms forming
the fastening system which thereby limits the stretching
force. One possibility is that this structure is based on a
flexible ring or set of arches, which avoids deformation
of the intraocular lens beyond the deformation caused
by complete stretching of the ring. Based on the same
principle of operation, polygons or variations of polygons,
or sections thereof may be used. This system may actin
terms of the contact points of the intraocular lens with
the capsule or in terms of the connection points of the
first optical member, or in terms of any other fastening
system. Another possibility of putting into practice the
physical limit of disaccommodation, is the limitation of
the minimum curvature of the surfaces of the first optical
member through the limitation of the maximum equatorial
expansion. Thismay be achieved, forexample, by means
of one or various internal braces along the diameter, or
by means of an annular structure which avoids expansion
one it has reached a limit. Further to the equatorial inter-
vention, it is possible to achieve an axial physical stop
by simply setting a maximum thickness or a minimum
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curvature that may be supported by the design of the
second optical member such that it acts by itself as a
stop regarding deformation of the first optical member.
The best solution among the numerous possible solu-
tions will depend on the spatial arrangement relative to
the elements composing the intraocular lens.

[0049] The second optical member in turn is a passive
optical element which combines with the first optical
member, to provide the joint optical power demanded by
the patient’s eye to correct the refraction thereof. In com-
bination with the range of powers provided by the first
optical member, it provides the patient’s eye with a par-
ticular range of distances from far to near vision, to there-
by correct his/her presbyopia.

[0050] Essentially, the second optical member is sim-
ilar to the optical part of a monofocal intraccular lens,
having an optical power that combined with the minimum
power of the first optical member, it provides the patient
with an adequate refraction for far vision. This member
is connected to the rest of the intraocular lens, but forces
of the anchoring system to the capsular bag are not di-
rectly transmitted thereto. The second optical member
may be integrated in a continuous or progressive way
with respect to the rest of elements composing the in-
traocular lens, or may be bonded, fitted or suspended.
[0051] Inanembodimentofthe invention providing de-
sirable characteristics, the second optical member is ex-
changeable by surgical operation, which thus allows fine
adjustment of the far vision refraction and of the position
in diopters of the power range of the intraocular lens with
accommodative capacity which is the object of the inven-
tion.

[0052] The second optical member may be designed
to provide a physical support structure for the intraocular
lens, with respect to which the first optical member and
the anchoring system are positioned. Also, the first opti-
cal member may be designed to provide the intraocular
lens with a physical structure that supports the second
optical member and the anchoring system.

[0053] The intraocular lens according to the present
invention may comprise aretaining system selected from
temporary blocking systems which block the deformation
and diameter of the lens during implantation of the lens
during the surgical act, temporary blocking which block
the deformation of the lens during a particular period after
implantation of the intraocular lens to stabilize the an-
chorage between the intraocular lens and the capsular
bag of the crystalline lens, and combinations of said tem-
porary blocking systems. Thus, forexample, implantation
of the intraocular lens may be combined with a tension
ring to stretch the lens and thereby block its accommo-
dative internal tension during the surgical act, thereby
facilitating the anchoring process to the capsular bag of
the crystalline lens. The tension ring may be dismount-
able during the last steps of the surgical act, or may be
biodegradable and absorbable at a time after implanta-
tion. This latter option favors the actuation of bio-adher-
ence mechanisms during a certain period of operation.
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[0054] The second optical member and the first optical
member are coupled to each other by a mechanical con-
necting system. In this case, the first optical member and
the second optical member may be individual elements
which are separated from each other before their injec-
tion into the eye, in which case the mechanical connect-
ing system is designed to allow coupling the second op-
tical member to the first optical member after the first
optical member has been injected into the eye, and vice
versa.

[0055] The mechanical connecting system may be de-
signed to allow separation of the second optical member
from the first optical member after the intraocular lens
has been implanted by a surgical act, and to allow cou-
pling of a new second optical member after the second
optical member has been separated and extracted. Al-
ternatively, the second optical member may be unde-
tachably joined to the first optical member.

[0056] Inanembaodimentofthe invention, the mechan-
ical connecting system comprises a plurality of flanges
emerging from the first optical element adjacently to a
first of the curved sides of the second optical member,
and holding portions of a peripheral area of the second
of the curved sides of the second optical member which
is opposed to the first curved side. The flexible flanges
comprise respective bent free end portions which contact
the second curved side of the second optical member
and press the first curved side of the second optical mem-
ber against the first surface of the first optical member.
At the same time, the bent, free end portions slide on
said first curved side when the first optical element de-
forms in response to the traction forces received.
[0057] Regarding surgical implantation and differing
from other prior approaches described in prior art, for the
surgical implantation and the correct performance of the
intraocular lens with capacity of accommodation which
is the object of this invention, integrity of the capsule of
the crystalline lens is not necessary. In fact, according
to the invention the capsule of the crystalline lens only
acts as an element that transmits forces in the equatorial
region.

[0058] This entails very important advantages com-
pared to other ways of restoring accommodation. First,
as the integrity of the anterior capsule is no necessary,
the intraocular lens which is the object of the invention
may be implanted by means of capsulorrhexis, the same
as conventional intraocular lenses. Second, integrity of
the posterior capsule is not necessary either, which
makes posterior capsulotomy tolerable to remove cap-
sular opacifications which generally generate after sur-
gery. On the other hand, as it also has been mentioned,
capsular fibrosis (mainly equatorial) may be considered
an advantageous process for the anchoring system that
may reinforce and even constitute the fastening mecha-
nism.

[0059] The use of a laser during the surgical act may
also be considered to cut the capsule with a very precise
control of the shape of the rhexis. The resulting rhexis
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may have a circular shape as conventional capsulorrhex-
is although with an accurate diameter, or it may adopt
more sophisticated shapes thatallow flanges orbendings
that facilitate anchoring systems by clamping or adher-
ence, under a greater control of the tensions applied to
the lens.

[0060] In other embodiments of the lens, the lens im-
plantation process and particularly fastening the capsule
is guided by means of endoscopy to facilitate positioning
thereof in the area of interest.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] Hereafter, aspects and embodiments of the in-
vention will be described with an illustrative and non-lim-
iting nature on the grounds of schematic drawings,
wherein

figure 1A is a schematic lateral sectional view of a
first embodiment of the intraocular lens of the inven-
tion implanted in an eye with its first optical member
in a condition of accommodation;

figure 1B is a schematic view corresponding to the
first embodiment of intraocular lens according to fig-
ure 1A with the first optical element in a condition of
disaccommodation;

figure 2 is another schematic view corresponding to
the first embodiment of intraocular lens according to
figures 1A and 1B;

figure 3 is a schematic lateral sectional view of the
intraocular view according to a second embodiment;
figure 4 is a schematic lateral sectional view of the
intraocular view according to a third embodiment;
figure 5 is a schematic lateral sectional view of the
intraocular view according to a fourth embodiment;
figure 6A is a lateral sectional view of the intraocular
lens according to a fifth embodiment, with the first
optical member in an accommodated condition;
figure 6B is a lateral sectional view of the intraocular
lens according to the fifth embodiment, with the first
optical member in a disaccommodated condition;
figure 6C is a top plan view of the intraocular lens
according to the fifth embodiment;

figure 6D is a top perspective view of the intraocular
lens according to the fifth embodiment;

figure 7A is a lateral sectional view of the intraocular
lens according to a sixth embodiment, with the first
optical member in an accommodated condition;
figure 7B shows an optical simulation of the perform-
ance of the intraocular lens according to a sixth em-
bodiment, with the first optical member in an accom-
modated condition;

figure 7C is a lateral sectional view of the intraocular
lens according to the sixth embodiment, with the first
optical member in a disaccommodated condition;
figure 7D shows an optical simulation of the perform-
ance of the intraocular lens according to the sixth
embodiment, with the first optical member in a dis-
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accommodated condition;

figure 8A is a lateral sectional view of the intraocular
lens according to a seventh embodiment, with the
first optical member in an accommodated condition;
figure 8B is a lateral sectional view of the intraocular
lens according to the seventh embodiment, with the
first optical member in a disaccommodated condi-
tion;

figure 8C is a top plan view of the intraocular lens
according to the seventh embodiment;

figure 8D is a top perspective view of the intraocular
lens according to the seventh embodiment.

[0062] In these figures, there appear reference signs
which identify the following elements:
1 first optical member
1a,1a’ anterior surface

1b,1b’ posterior surface

1c equatorial region

1d inner surface

1e outer radial extensions
1f throughholes

2 second optical member
2a anterior curved surface
2b posterior curved surface
2c halves

2d convex portion

2e concave portion

3 anchoring system
3a,3a” anchoring points

3b haptics

3c flexible flanges

3d bent end portions

3e anchor ring

3f inner projection

39 bore

3h locking pin

3i head

3j slot

4 eyeball

4a cornea

4b retina

MODES TO CARRY OUT THE INVENTION

[0063] In all embodiments shown in the figures, the
intraocular lens with accommodation capacity comprises
an optical power system with a first optical member -1-
having a dynamic optical power and a second optical
member -2- having a fixed optical power, as well as an
anchoring system -3- to anchor the first optical member
-1- to at least a portion of the capsular bag (not shown
in the figures) of the eyeball -4-. The optical members
shown in the figures are not to real scale and some fea-
tures of the lens (such as the curvatures of the surfaces
thereof) have been exaggerated for a correct visualiza-
tion and illustration of behavior of the invention.
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[0064] The first optical member -1- comprises two sur-
faces -1a, 1b- respectively corresponding to an anterior
surface -1a- and a posterior surface -1b-, at least one of
which has a curvature that is capable of becoming de-
formed elastically in response to traction forces of the
ciliary muscle of the eye, an equatorial region -1¢- about
the surfaces -1a, 1b-, and at least a preformed deform-
able material with a variable optical power. The second
optical member -2- is joined to the first optical member
-1-in such a manner that at least respective central por-
tions of one of the curved sides -2a, 2b- of the second
optical member -2- and of at least one of the surfaces
-1a, 1b- of the first optical member -1- are in contact with
each other.

[0065] The second optical member -2- has a fixed op-
tical power and comprises an anterior curved surface -2a-
and a posterior curved surface -2b-. The second optical
member -2- is associated to the first optical member -1-
in such a manner, that the first optical member -1- and
the second optical member -2- jointly have a joint optical
power determined by the fixed optical power of the sec-
ond optical member -2- and the dynamic optical power
of the first optical member -1-. The joint optical power is
variable between a condition of disaccommodation
where the intraocular is variable between a condition of
minimum optical power corresponding to a condition of
disaccommodation where the intraocular lens is capable
offocusing the eye to afarvisiondistance, and a condition
of accommodation where the intraocular lens is capable
of focusing the eye to a reading distance.

[0066] The anchoring system -3- anchors the first op-
tical member -1- to at least a portion of the capsular bag
of the crystalline lens (not shown in the figures) and is
designed to transmit to the first optical member -1-, trac-
tion forces generated by the ciliary muscle and transmit-
ted to the capsular bag through zonular fibers. As known,
in its natural condition the capsular bag comprises an
anterior capsule, a posterior capsule and an equatorial
capsule. The anchoring system -3- may be selected, for
example, from mechanical fastening mechanisms, bio-
compatible adhesive systems and processes, micro-
structure systems fostering capsular fibrosis, and com-
binations thereof.

[0067] The first optical member -1- and the anchoring
system -3- are designed to change the curvature of at
least one of the surfaces -1a, 1b- of the first optical mem-
ber - 1 progressively between a maximum curvature cor-
responding to the condition of maximum accommodation
in response to a minimum effective traction force of the
ciliary muscle received by the anchoring system -3-, and
a minimum curvature corresponding to the condition of
disaccommodation in response to a maximum effective
traction force of the ciliary muscle received by the an-
choring system -3-.

[0068] In the embodiment illustrated in figures 1A, 1B
and 2, an embodiment is shown where the first optical
member -1-is positioned in an anterior positioni.e. closer
to the cornea -4a- and in front of the second optical mem-
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ber -2- which is positioned in a posterior position i.e. clos-
er to the retina -4b-

[0069] The anterior side -2a- of the second optical
member -2- is in contact with the posterior surface -1b-
of the first optical member -1-. In the accommodated con-
dition shown by continuous lines in figures 1A and 2, the
anterior surface -1- of the first optical member -1- has a
maximum curvature corresponding to a condition of max-
imum joint optical power of the joint optical powers of the
first optical member -1- and the second optical member
-2-, corresponding to a reading distance, whilst the dotted
lines appearing in figures 1A and 2 show the condition
of disaccommodation where the anterior surface -1a- of
the first optical member -1- has a minimum curvature
corresponding to a minimum joint optical power corre-
sponding to a far vision distance. Onits part, the posterior
surface -1b- of the first optical member -1- is always in
contact with the anterior curved side -2a- of the second
optical member -2-, so that the curvature of the posterior
side -1b- of the first optical member always maintains the
same curvature as determined by the curvature of the
anterior curved side -2a- of the second optical member
-2-,

[0070] The equatorial region -1¢c- of the first optical
member -1- is joined to an anchoring system 3 with an-
choring points -3a, 3a’- that are anchored to the capsular
bag of the crystalline lens (not shown in the drawings).
When the ciliary muscle (not shown in the drawings) is
contracted, the anchoring points are at a distance close
to the first optical member -1- which the adopts the max-
imum curvature of its anterior surface -1a- which can be
seen in figure 1A. When the ciliary muscle relaxes, the
anchoring points -3a- progressively move away from
each other until reaching their farthest positions -3a’-
shown in figures 1B and 2, due to the traction force ex-
erted by the ciliary muscle onto the capsular bag of the
crystalline lens where the anchoring points -3a, 3a'- of
the anchoring system -3- are anchored. The anchoring
system -3-thus transmits these traction forces to the first
optical member -1- until the anterior surface -1a- thereof
adopts the admitted minimum curvature identified by ref-
erence - 1a’- in figures 1B and 2.

[0071] Figure 3 shows a second embodiment of the
intraocular lens according to the presentinvention, where
the first optical member -1-is positioned behind the sec-
ond optical member -2-, such that the posterior side -2b-
of the second optical member -2-is in contact with the
anterior surface -1a- of the first optical member -1-, so
thatthe second optical member-2- is closer to the cornea
whilst the first optical member -1- is farther away from
the cornea.

[0072] Inthe accommodated condition shown by con-
tinuous lines in figure 3, the posterior surface -1b- of the
first optical member -1- has a maximum curvature cor-
responding to a joint condition of maximum refraction of
the refraction indices of the optical members -1, 2-, cor-
responding to a reading distance, whilst the dotted lines
show the condition of disaccommodation where the pos-
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terior surface -1b- of the first optical member -1- has a
minimum curvature corresponding to a joint condition of
minimum refraction, which corresponds to a far vision
distance. On its part, the anterior surface -1a- of the first
optical member -1- is always in contact with the curved
posterior side of the second optical member -2-, so that
the curvature of the anterior surface -1a- of thefirst optical
member -1- always maintains the same curvature deter-
mined by the curvature of the posterior curved side -2a-
of the second optical element -2-.

[0073] The same as in the first embodiment described
above, the equatorial region -1c-of the first optical mem-
ber -1- is joined to the anchoring system -3- which has
anchoring points -3a, 3a’- that are anchored to the cap-
sular bag of the crystalline lens (not shown in the figures).
When the ciliary muscle (not shown in the figures) is con-
tracted, the anchaoring points are located at a distance
close to the first optical member -1- that then adopts the
shape and maximum curvature of its posterior surface
-1b- that can be seen by the continuous lines in figure 3.
When the ciliary muscle relaxes, the anchoring points
-3a- move away from each other progressively until
reaching their farthest positions -3a’- shown by dotted
lines in figure 3, due to the traction force exerted by the
ciliary muscle onto the capsular bag of the crystalline
lens where the anchoring points -3a, 3a’- of the anchoring
system -3- are anchored. The anchoring system -3- thus
transmits these traction forces to the first optical member
- 1- until the posterior surface -1b- thereof adopts the
admitted minimum curvature identified by reference -1b’-
in figure 3.

[0074] In the third embodiment of the intraocular lens
according to the invention as illustrated o figure 4, the
first optical member -1- externally surrounds the curved
sides -2a, 2b- of the second optical member 2-, and the
two curved sides -2a, 2b- of the second optical member
-2- are arranged adjacent to respective inner surfaces
-1d- of the first optical member -1-, so that the curved
sides -2a, 2b- of the second optical member -2- are in
contact with the inner surfaces -1d- of the first optical
member -1-.

[0075] Inthe accommodated condition shown by con-
tinuous lines in figure 4, the anterior and posterior sur-
faces -1a, 1b- of the first optical member -1- have max-
imum curvatures corresponding to a condition of maxi-
mum joint optical power of the joint optical powers of the
optical members -1, 2-, which corresponds to a reading
distance, whilst the dotted lines show the condition of
disaccommodation where said surfaces - 1a, 1b- of the
first optical member -1- have minimum curvatures corre-
sponding to a condition of minimum joint optical power
of the joint optical powers of the optical members -1, 2-,
which corresponds to a far vision distance. On their part,
the inner surfaces -1d- of the first optical member -1- are
always in contact with the curved sides -2a, 2b- of the
second optical member -2-. Thereby, the curvatures of
the inner surfaces -1d- always maintain the same curva-
tures determined by the curvatures of the curved surfac-
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es -2a, 2b- of the second optical member -2-,

[0076] The same as in the above described embodi-
ments, the equatorial region -1c¢- of the first optical mem-
ber -1 is joined to the anchoring system -3- by anchoring
points - 3a, 3a’- which are anchored to the capsular bag
of the crystalline lens (not shown in the figures). When
the ciliary muscle is contracted, the anchoring points are
located at a distance close to the first optical member -1-
that then adopts the shape and maximum curvature of
its anterior and posterior surfaces -1a, 1b- that can be
seen by the continuous lines in figure 4 determined by
the preform of the first optical member -1-. When the
ciliary muscle relaxes, the anchoring points -3a- move
away from each other progressively until reaching their
farthest positions -3a’- shown by dotted lines in figure 4,
due to the traction force exerted by the ciliary muscle
onto the capsular bag of the crystalline lens where the
anchoring points -3a, 3a’- of the anchoring system -3-
are anchored. The anchoring system -3- thus transmits
these traction forces to the first optical member -1- until
the posterior surface -1b- thereof adopts the admitted
minimum curvature identified by reference -1b’- in figure
4.

[0077] Inthe fourth embodiment of the intraocular lens
according to the present invention as illustrated in figure
5, the first optical member -1- is located between respec-
tive halves -2¢- of the second optical member -2-, which
comprise respective outer convex portions -2d- and re-
spective inner concave portions -2e-. The convex portion
-2d- of one of said halves -2¢c- comprises said anterior
curved side -2a- and the convex portion -2d- of the other
of said halves -2¢c- comprises said posterior curved side
-2b-. The surfaces -1a, 1b- of the first optical member -1-
are arranged adjacent to the inner concave portions -2e-
of the second optical member -2-, so that the surfaces -
1a, 1b- of the first optical member -1- are in contact with
the concave portions -2e- of the halves -2¢- of the second
optical member -2-.

[0078] Inthe accommodated condition shown by con-
tinuous lines in figure 5, the anterior and posterior sur-
faces -1a, 1b- of the first optical member -1- have max-
imum curvatures corresponding to a condition of maxi-
mum joint optical power of the joint refraction indices of
the optical members -1, 2-, which corresponds to a read-
ing distance, whilst the dotted lines show the condition
of disaccommodation where said surfaces -1a, 1b- of the
first optical member -1- have minimum curvatures corre-
sponding to a condition of minimum joint optical power
which corresponds to a far vision distance. On their part,
at least the central portions of the anterior -1a, 1a’- and
the posterior -1b, 1b’- surface are always in contact with
the central portions of the concave portion -2e- of the
second optical member -2-, so that the curvatures of the
central portions of the anterior and posterior surfaces -1a,
1b- of the first optical member -1- always maintain the
same curvatures determined by the central portions of
the curvatures of the concave portions 2e- of the second
optical member -2-.
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[0079] Analogous to the above described embodi-
ments, the equatorial region -1c¢- of the first optical mem-
ber-1-is joined to the anchoring system -3- by anchoring
points - 3a, 3a’- which are anchored to the capsular bag
of the crystalline lens (not shown in the drawings). When
the ciliary muscle is contracted, the anchoring points are
at a distance close to the first optical member -1-, which
then adopts the shape and maximum curvature of its an-
terior and posterior surfaces -1a, 1b- which can be seen
by continuous lines in figure 5. When the ciliary muscle
relaxes, the anchoring points -3a-move away from each
other progressively until reaching their farthest positions
shown in figure 5 by dotted lines, so that a traction force
is produced by the ciliary muscle, acting on the capsular
bag of the crystalline lens to which the anchoring points
-3a, 3a’-of the anchoring system -3- are anchored. The
anchoring system -3- thus transmits these traction forces
to the first optical member -1- until its anterior and pos-
terior surfaces -1a, 1b- adopt the admitted minimum cur-
vatures as identified in figure 5 by references -12’, 1b’-.
[0080] In the fifth embodiment of the ophthalmic lens
shown in figures 6A-6D, the first optical member -1- is,
the same as inthe embodiment of figure 3, located behind
the second optical member -2-. The anchoring system
-3- comprises a mechanical fastening system which is
anchored in the tissue of the capsular bag.

[0081] The mechanical fastening system comprises a
plurality of retaining parts in the form of haptics -3b- that
are arranged radially and jointly connected to the first
optical member -1- atits equatorial region -1c- and which
have free ends in the shape of transverse plates that
constitute discrete sets of anchoring points -3a- which
are uniformly distributed along the equatorial region of
the first optical member in the tissue of the capsular bag
of the crystalline lens. Biocompatible systems or proc-
esses may be used in order to contribute to the strength
of the anchorage between the plates of the haptics and
the tissue of the capsular bag. As it can be seen, the
intraocular lens of figures 6A-6D has a tridimensional
structure with a shape designed to emulate the shape of
the equatorial capsule of the capsular bag of the crystal-
line lens, and to thereby maintain the anterior capsule
separated from the posterior capsule, and to maintain
the traction forces of the zonular fibers distributed sub-
stantially in the same way as in the natural eye.

[0082] The second optical member -2- is coupled to
the first optical member -1- by means of a mechanical
coupling system comprising a plurality of flexible flanges
-3c-emerging from the first optical member adjacentto a
first of the curved sides of the second optical member
-2-, specifically its posterior curved side -2b-, and they
hold portions of a peripheral region of a second one of
said curved sides i.e. the anterior curved side -2a- of the
second optical member -2- that is opposite to the poste-
rior curved side -2b-. The flexible flanges -3c- comprise
respective bent end portions that contact the anterior
curved surface -2a- of the second optical member -2-
and press the posterior curved side -2b- of the second
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optical member -2- against the anterior surface -1a- of
the first optical member -1-, so that the bent free end
portions -3d- slide on the anterior curved side -2a- when
the first optical member -1- deforms in response to the
traction forces received.

[0083] Inthe accommodated condition shown in figure
BA, the posterior surface -1b-of the first optical member
-1- has a maximum curvature corresponding to a condi-
tion of maximum joint optical power of the joint optical
powers of the optical members -1, 2- corresponding to a
reading distance, whilst in the condition of disaccommo-
dation illustrated in figure 6B the posterior surface -1b-
of the first optical member -1- has a minimum curvature
corresponding to a minimum joint optical power corre-
sponding to a far vision distance. On its part, the anterior
surface -1a- of the first optical member -1-is always in
contact with the curved posterior side -2b- of the second
optical member - 2-, so that the curvature of the anterior
surface -1a- of the first optical member -1-always main-
tains the same curvature determined by the curvature of
the posterior side -2b- of the second optical member-2-.
[0084] The same as in the above described first em-
bodiment, the equatorial region -1c-of the first optical
member -1- is joined to an anchoring system -3- consist-
ing of haptics -3b- the respective plates of which consti-
tute the anchoring points -3a, 3a’- which are anchored in
the capsular bag of the crystalline lens. When the ciliary
muscle is contracted, the anchoring points are at a dis-
tance close to the first optical member -1-which then
adopts the shape and maximum curvature of its posterior
surface which may be seen in figure 6A. When the ciliary
muscle relaxes, the anchoring points -3a-move away
from each other progressively untilreaching their farthest
positions -3a’- shown in figure 6B, so that a traction force
is produced by the ciliary muscle acting on the capsular
bag of the crystalline lens to which the haptics -3b- of the
anchoring system -3- are anchored. The anchoring sys-
tem -3- thus transmits these traction forces to the first
optical member -1- until the posterior surface thereof
adopts the admitted minimum curvature identified by ref-
erence -1b’- in figure 6B.

[0085] In the fifth embodiment of the invention shown
in figures 6A-6D, the first optical member -1- provides
the dimensional stability required by the lens, and serves
atthe sametime as asupport for the second optical mem-
ber -2-. The lenticular second optical member -2- stays
positioned or housed in front of the first optical member
-1-fastened only by the flexible flanges -3c-. Although
there is no set fixation between both optical members,
the flexible flanges -3c- cause that there is neither a free
movement of the second optical member -2- in respect
of the first optical member -1-. Thus, movement of the
anterior surface -1a- of the first optical member -1- is
limited by the shape of the posterior curved side -2b- of
the second optical member -2-. The anterior surface -1a-
of the first optical member -1- and the posterior curved
side -2b- of the second optical member -2- tend to form
an interface surface which is much more stable than the
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posterior surface -1b- of the first optical member -1- that
is capable of a more free deformation and, in particular,
of significant curvature changes. These curvature chang-
es may entail changes in thickness.

[0086] Inthis embodiment, the second optical member
-2- is similar to a common monofocal intraocular lens but
without haptics, and itis flexible and foldable. The flexible
flanges -3b- that retain the second optical member -2-
are designed, together with the first optical element -1-,
in such a manner that he second optical member can be
inserted and released. This possibility makes it possible
that both members may be separately implanted in the
eye, which potentially may reduce the size of the incision
which is necessary for the implantation. This capacity
alsomakes the second optical member-2- exchangeable
in a surgical act so as to change the joint optical power
of the intraocular lens, adjusting it to the patient’s de-
mand. The anterior position of the second optical mem-
ber -2- favors that the second optical element is ex-
changeable.

[0087] To facilitate handling of the assembling of both
optical members or of releasing the second optical mem-
ber -2-, the equator of the second optical member -2- is
accessible to the surgeon through the spaces between
the flexible flanges -3c- by means of a specific surgical
tool that may be used as a lever.

[0088] Infigures 6A-6D it may further be observed that
the haptics -3b- which constitute the anchoring system
according to this embodiment are fixedly linked to the
first optical member at its equatorial region -1c-.

[0089] The sixth embodiment of the intraocular lens
according tothe presentinvention as illustratedin figures
7A-7D differs from the above described fifth embodiment
with reference to figures 6A-6D in that the curved sides
-2a, 2b- of the second optical member -2- are flatter than
in said fifth embodiment.

[0090] In this sixth embodiment, the first optical mem-
ber -1- consists of a single material, particularly polyhy-
droxiethylmetacrilate (pHema) copolymerized with fur-
ther substance to increase hydrophily and flexibility
thereof maintaining its biocompatibility. On the other
hand, the second optical member is constituted of a dif-
ferent material. In this example of embodiment of the
invention, the mechanical properties of the material are
not as critical as its optical properties. It is recommend-
able using a material with a high refraction index, which
favors making high power lenses with relatively small
thicknesses. Specifically, in this example PMMA de-
scribed by means of a refraction index of 1.49, a Young’s
Modulus of 1100 MPa and a Poisson Coefficient of 0.42,
have been chosen.

[0091] Further the anchoring system -3- and its haptics
-3b- which are provided with transverse plates is prefer-
ably constituted of rigid materials to favor transmission
of forces with minimal losses, and therefore PMMA has
again been used. In this embodiment a mixed technique
has been chosen for capsular fixing to the capsular of
the crystalline lens which is based on the combined use
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of bioadhesives and in promoting bioadherence. The sur-
faces of the intraocular lens which will be in contact with
the capsule, specifically the transversal plates of the hap-
tics -3b- have a highly porous finishing that facilitates the
application of bioadhesive and bioadherence of the cap-
sular tissue. Furthermore, they incorporate a biocompat-
ible coating for promoting bioadherence. As an alterna-
tive to the use of bioadhesives, bonding to the capsule
may be favored even more by means of a filamentous
velcro-type structure.

[0092] In any case, to facilitate the surgical implanta-
tion act of the intraocular lens, this latter may have a
biodegradable and absorbable coating such as silk or
collagen, which retains the bioadhesive or conceals and
neutralizes the structure promoting bioadherences.
When disappearing a short time after implantation, local
application of the bioadhesive or of the process of bio-
adherence is triggered.

[0093] In order to illustrate the performance of the in-
traocular lens according to the sixth embodiment, first a
mechanical simulation in a finite element modelhas been
carried out. For this simulation of the mechanical prop-
erties of the intraocular lens shown in its accommodated
condition in figure 7A and it its disaccommodated condi-
tion in figure 7C, a Mooney-Rivlin Model of hyperelastic
material with three parameters; C01 = 0.142 MPa, C10
= 1500 Pa, C11 = 21.4 MPa with a Young’s Modulus
equivalent to 7 MPa, was used. The refraction index of
this material used for the optical simulation is about 1.52,
which may be modulated depending on the copolymers
used, at a temperature of 35 °C.

[0094] Application of a net force along the 6 haptics,
of 0.09 N, 0.015 at each haptic, consistent with the force
applied by the ciliary muscle to the capsular bag, causes
a diametrical expansion of 0.05 mm of the intraccular
lens at the level of the haptics -3b-, the same as that for
the first optical member -1-, as the haptics -3b- are con-
sidered to be rigid. This diametrical expansion is suffi-
cient to cause a substantial change in the curvature of
the posterior surface -1b- of the first optical member -1-
which, according to the computer simulation, passes
from 5 mm in the absence of traction forces, to 5.52 mm
at the total net force. Except for the central thickness of
the first optical member - 1- changing slightly from 1.12
mm to 1.145 mm, the remaining geometrical parameters
of the intraocular lens remain unaltered.

[0095] An optical simulation by means of a ray tracing
program through the optical surfaces according to the
previously calculated geometry for this example embod-
iment of the invention and in combination with a model
of the eye, determine an optical power of 24.75 D in the
position of accommodation (figure 7B) in the absence of
external forces, and of 22 D under the traction of forces
in the position of disaccommodation (figure 7D). Unlike
other approaches, the dioptric change, 2.75 diopters in
this embodiment of the invention, occurs in the same
direction as in natural accommodation, providing the eye
with more power -near vision- when the ciliary muscle is
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contracted due to an accommaodative effort.

[0096] Thanks to the geometry of the intraocular lens
and to the properties of the pHema material, the intraoc-
ular lens allows folding the anchoring system -2- and the
first optical member -1-, and it can be implanted through
an incision of 5 mm in two steps. In a first step, the first
optical member -1- and the anchoring system -3- which
is based on the haptics -3b- that are fixed to the capsule
of the crystalline lens by means of a bioadhesive at short
term and by bioadherence process at long term, are im-
planted. In a second step the second optical member -2-
is implanted.

[0097] In the seventh embodiment of the invention
shown in figures 8A-8D, the first optical member -1- is
located in an anterior position and the second optical
member -2-is positioned in a posterior position. The pos-
terior surface -1b- ofthefirst opticalmember-1-is bonded
to the anterior curved side -2a- of the second optical
member -2-. Thereby, the bonding surface acts as a re-
taining element for the deformation of the posterior sur-
face -1b- of the first optical member -1- and facilitates
the curvature change of the anterior surface -1a- of the
first optical member -1-. In this embodiment, the second
optical member is not exchangeable, and thus the far
vision power is not adjustable once the intraocular lens
has been implanted.

[0098] Inthe accommodated condition shown in figure
8A, the anterior surface of the first optical member -1-
has a maximum curvature corresponding to a condition
of maximum joint refraction of the joint refraction indices
of the optical members -1, 2-that corresponds to reading
distance, whilst figure 8B illustrates the condition of dis-
accommodation where the anterior surface -1a- of the
first optical member -1- has a minimum curvature corre-
sponding to a condition of minimum joint refraction that
corresponds to a far vision distance. On its part, the pos-
terior surface -1b- of the first optical member -1- is fixedly
joined to, and thus always in contact with the anterior
curved side -2a- of the second optical member -2- so that
the curvature of the posterior surface -1b- of the first op-
tical member -1- always maintains the same curvature
determined by the curvature of the anterior curved side
-2a- of the second optical member -2-.

[0099] In figures 8A-8D the first optical member 1-
joined to the anchoring system -3-by means of a fixing
system, is shown. The fixing system comprises a plurality
of outer radial extensions -1e- that emerge from the equa-
torial region -1c- of the first optical member -1-, and an
anchor ring -3e- with a plurality of inner projections -3f-
which protrude from the inner periphery of the anchor
ring -3e-. In this embodiment, the anchoring points -3a,
3a’- are circular segments in the anchor ring -3e- at the
level of each of the inner projections -3f-. The material
of the anchor ring -3e- is rigid in the angular regions cor-
responding to the a anchoring points -3a, 3a’-to facilitate
transmission of forces, but soft and elastic between two
consecutive anchoring points to facilitate the expansion
or compression of the anchor ring during operation of the
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lens.

[0100] The free ends of the inner projections -3f- com-
prise slots into which there fit free end portion of the radial
extensions. Each of the radial extension -1e- is provided
with a through-hole -1f- aligned with bores -3g- penetrat-
ing through lateral walls of the slot-3j-, in such a manner
that each interior projection -3f- may be immobilized in
the slot -3j- by a locking pin -3h- which extends through
the bore -3g- and the respective throughhole -1f- and
comprises respective thickened heads -3i- at its ends so
that the locking pin -3h- is firmly retained.

[0101] This fixing system allows assembling the first
optical member -1- and the anchoring system -3- before
surgery, and in this case the these elements are inserted
jointly into the eye. Alternatively, they may be inserted
during surgery, the anchoring system being implanted
prior to assembling the first optical member -1- and the
second optical member -2-.

[0102] Inthe embodiment shown in figures 8A-8D, the
equatorial region -1c- of the first optical member -1- is
joined through the fixing system to the anchor ring -3e-
which comprises the anchoring points -3a, 3a’- anchored
to the capsular bag of the crystalline lens (not shown in
the figures). When the ciliary muscle (not shown in the
figures) contracts is contracted, the anchaoring points -3a-
are at a closer distance to the first optical member -1-
which then adopts the shape and maximum curvature of
its anterior surface -1a- that can be seen in figure 8A.
When the ciliary muscle relaxes, the anchoring points
move away from each other progressively until reaching
their farthest positions -3a’- shown in figure 8B, due to
the traction force exerted by the ciliary muscle when re-
laxing, onto the capsular bag of the crystalline lens where
the anchoring points -3a, 3a’- of the anchoring system
are anchored. Through the above described fixing sys-
tem the anchoring system transmits these traction forces
to the first optical member -1- until the anterior surface
-1a- thereof adopts the minimum curvature identified by
reference 1a’- in figure 8B.

[0103] In optical and mechanical simulations of the in-
traocular lens according to the seventh embodiment, the
same materials and forces as in the preceding example
are used. And in the same way as in the case of the sixth
embodiment, the optical and mechanical simulations
show a change in power of 2.75 diopters as a response
to the traction forces existing in the eye, due to a change
in curvature of the anterior surface of the first optical
member -1-.

Claims

1. Intraocular lens with accommodation capacity com-
prising

an optical power system comprising a first opti-
cal member (1) with variable and dynamic opti-
cal power, and which comprises two surfaces
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(1a, 1b) respectively corresponding to an ante-
rior surface (1a) and a posterior surface (1b) at
least one of which having a curvature that is ca-
pable of becoming deformed elastically in re-
sponse to traction forces of the ciliary muscle of
the eye, an equatorial region (1¢) about said sur-
faces (1a, 1b), as well as a second optical mem-
ber (2) with a fixed optical power, with a curved
anterior side (2a) and a curved posterior side
(2b), the second optical member (2) being as-
sociated to the first optical member (1) in such
a manner that the first optical member (1) and
the second member (2) have a joint optical pow-
er determined by a combination of the fixed op-
tical power of the second optical member (2) and
the dynamic optical power of the first optical
member (1),

an anchoring system (3) to anchor the first op-
tical member (1) to at least a portion of the cap-
sular bag of the crystalline lens, to transmit to
the first optical member (1) traction forces gen-
erated by the ciliary muscle and transmitted to
the capsular bag by zonular fibers, the capsular
bag comprising, in its natural state, an anterior
capsule, a posterior capsule and an equatorial
capsule, the anchoring system (3) selected
among mechanical fastening systems, biocom-
patible adhesive systems, microstructure sys-
tems fostering capsular fibrosis, and combina-
tions thereof,

the second optical member (2) is joined to the
firstoptical member (1) such that at leastrespec-
tive central portions of one of the curved sides
(2a, 2b) of the second optical member (1) and
of at least one of the surfaces (1a, 1b) of the first
optical member (1) are in contact with each oth-
er; the joint optical power is variable between a
condition of minimum optical power correspond-
ing to a condition of disaccommodation where
the intraocular lens is capable of focusing the
eye to a far vision distance, and a condition of
accommodation where the intraocular lensiis ca-
pable of focusing the eye to a reading distance;

characterized in that:

- the first optical member (1) is made of a pre-
formed deformable material and has a predeter-
mined preform maximum curvature and maxi-
mum optical power in its accommodating posi-
tion;

the firstoptical member (1) and the anchoring system
(3) are designed to change the curvature of at least
oneofthe surfaces(1a,1b) ofthe first optical member
(1) progressively between the predetermined pre-
form of maximum curvature corresponding to the
condition of maximum accommodation in response
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to a minimum effective traction force of the ciliary
muscle received by the anchoring system (3), and a
minimum curvature corresponding to the condition
of disaccommodation in response to a maximum ef-
fective traction force of the ciliary muscle received
by the anchoring system (3);

and in that:

- the anchoring system is a discrete set of more
than three anchoring points to anchor the first
optical member (1) to at least a portion of the
capsular bag of the crystalline lens.

Intraocular lens, accordingto claim 1, characterized
in the first optical member (1) is placed in a position
selected among

an anterior position where it is placed in front of
the second optical member (2), and at least a
central portion of the anterior side (2a) of the
second optical member (2) is in contact with at
least a central portion of the posterior surface
(1b) of the first optical member (1);

a posterior position where it is placed behind the
second optical member (2), and atleast a central
portion of the posterior side (2b) of the second
optical member (2) is in contact with at least a
central portion of the anterior surface (1a) of the
first optical member (1).

Intraocular lens, according to claim 1 or 2, charac-
terized in that the mechanical fastening system
comprises retaining parts (7b) to capture and retain
tissue of the capsular bag of the crystalline lens.

Intraocular lens, according to any of claims 1 to 3,
characterized in that it comprises a microstructure
system fostering capsular fibrosis comprising a bio-
compatible material with microstructures that foster
capsular fibrosis.

Intraocular lens, according to any of claims 1 to 4,
characterized in that the anchoring system (3) is
designed to become fastened to at least a portion of
a side of the capsular bag of the crystalline lens.

Intraocular lens, according to any of claims 1 to 5,
characterized in that it comprises a tridimensional
structure having a shape which emulates the shape
of the equatorial capsule of the capsular bag of the
crystalline lens of the eye, and which maintains the
anterior capsule spaced from the posterior capsule
and the traction forces of the zonular fibers substan-
tially equal than in the natural eye.

Intraocular lens, according to any of claims 1 to 6,
characterized in that the anchoring system is se-
lected from anchoring systems comprising discrete
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anchoring points (3a, 3a’) which are uniformly dis-
tributed along the equatorial region (1c) of the first
optical member (1).

Intraocular lens, according to any of claims 1 to 7,
characterized in that the first optical member (1)
comprises a plurality of layers of different preformed
deformable materials.

Intraocular lens, according to any of claims 1 to 8,
characterized in that the first optical member (1)
comprises at least one layer of preformed deforma-
ble material combined with a moldable filler material.

Intraocular lens, according to any of the preceding
claims, characterized in that it comprises a retain-
ing system selected from temporary blocking sys-
tems which block the deformation and diameter of
the intraocular lens while the intraocular lens is being
implanted in a surgical operation, temporary block-
ing systems which block the deformation and diam-
eter of the intraocular lens during a predetermined
period after the intraoccular lens has been implanted
to stabilize anchorage between the intraocular lens
and the capsular bag, and combinations of said
blocking systems.

Intraocular lens, according to any of the preceding
claims, characterized in that it has a limiting system
imposing a physical limitto reduction of the curvature
of the first optical member (1) and establishes a min-
imum optical power for the intraocular lens.

Intraocular lens, according to any of the preceding
claims, characterized in that the second optical
member (2) and the first optical member (1) are cou-
pled to each other by a mechanical coupling system.

Intraocular lens, according to claim 12, character-
ized in that

the mechanical coupling system comprises a
plurality of flexible flanges (3c) emerging from
the first optical member (1) adjacent to a first
one (2b) of the curved sides (2a. 2b) of the sec-
ond optical member (2), and holding portions of
a peripheral region of a second one (2a) of the
curved sides(2a, 2b) of the second optical mem-
ber (2) which is opposed to the first curved side
(2b);

eachoftheflexible flanges (3c) comprises a bent
free end portion (3) contacting the second
curved surface (2a) of the second optical mem-
ber (2) and pressing the first side (2b) of the
second optical member (2) against the first sur-
face (1a) of the first optical member (1);

bent free end portions (3) slide on the anterior
curved side (2a) when the first optical member
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(1) deforms in response to the traction forces
received.

14. Intraocular lens, according to any of claims 1 to 12,

characterized in the second optical member is un-
detachably joined to the first optical member (1).

Patentanspriiche

Intraokularlinse mit Akkommodationsfahigkeit, um-
fassend:

ein Brechkraftsystem, das ein erstes optisches
Element (1) mit variabler und dynamischer
Brechkraft, das zwei Oberflachen (1a, 1 b), die
jeweils einer anterioren Oberflache (1a) und ei-
ner posterioren Oberflache (1 b) entsprechen,
von denen mindestens eine eine Krimmung
hat, die dazu fahig ist, in Reaktion auf Zugkrafte
des Ziliarmuskels des Auges elastisch verformt
zu werden, einen Aquatorialbereich (1c) um die
Oberflachen (1a, 1 b) herum umfasst, sowie ein
zweites optisches Element (2) mit einer festen
Brechkraft, mit einer gekriimmten anterioren
Seite (2a) und einer gekrimmten posterioren
Seite (2b) umfasst, wobei das zweite optische
Element (2) dem ersten optischen Element (1)
in einer solchen Weise zugeordnet ist, dass das
erste optische Element (1) und das zweite opti-
sche Element (2) eine kombinierte Brechkraft
haben, die durch eine Kombination der festen
Brechkraft des zweiten optischen Elements (2)
und der dynamischen Brechkraft des ersten op-
tischen Elements (1) bestimmt wird,

ein Verankerungssystem (3) zum Verankern
des ersten optischen Elements (1) an mindes-
tens einem Teil des Kapselbeutels der Augen-
linse, zum Ubertragen von dem Ziliarmuskel er-
zeugter und von Zonulafasern an den Kapsel-
beutel Ubertragener Zugkrafte an das erste op-
tische Element (1), wobei der Kapselbeutel in
seinem natlrlichen Zustand eine anteriore Kap-
sel, eine posteriore Kapsel und eine aquatoriale
Kapsel umfasst, wobei das Verankerungssys-
tem (3) aus mechanischen Befestigungssyste-
men, biokompatiblen adhdsiven Systemen, ei-
ne Kapselfibrose férdernden Mikrostruktursys-
temen und Kombinationen davon ausgewahit
ist,

das zweite optische Element (2) so mitdem ers-
ten optischen Element (1) zusammengeflgt ist,
dass mindestens entsprechende mittiere Teile
einer der gekrimmten Seiten (2a, 2b) des zwei-
ten optischen Elements (1) und mindestens ei-
ner der Oberflachen (1 a, 1 b) des ersten opti-
schen Elements (1) miteinander in Kontakt sind;
wobei die kombinierte Brechkraft zwischen ei-
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nem Zustand minimaler Brechkraft, die einem
Zustand der Desakkommodation entspricht, in
demdie Intraokularlinse dazu fahig ist, das Auge
auf eine Fernsichtentfernung zu fokussieren,
und einem Zustand der Akkommodation varia-
belist, in demdie Intraokularlinse dazu fahig ist,
das Auge auf eine Leseentfernung zu fokussie-
ren;

dadurch gekennzeichnet, dass:

- das erste optische Element (1) aus einem
vorgeformten verformbaren Werkstoff her-
gestellt ist und eine vorbestimmte vorge-
formte maximale Krimmung und maximale
Brechkraft in seiner Akkommodationsposi-
tion hat;

das erste optische Element (1) und das Veran-
kerungssystem (3) dazu konstruiert sind, die
Krilmmung mindestens einer der Oberflachen
(1a, 1b) des ersten optischen Elements (1) fort-
schreitend zwischen der vorbestimmten Vorfor-
mung der maximalen Krimmung, die dem Zu-
stand der maximalen Akkommodation ent-
spricht, in Reaktion auf eine minimal wirksame
Zugkraft des Ziliarmuskels, die von dem Veran-
kerungssystem (3) aufgenommen wird, und ei-
ner minimalen Krimmung, die dem Zustand der
Desakkommodation entspricht, in Reaktion auf
eine maximal wirksame Zugkraft des Ziliarmus-
kels, die von dem Verankerungssystem (3) auf-
genommen wird, zu verandern;

und dass:

- das Verankerungssystem ein diskreter
Satz von mehr als drei Verankerungspunk-
ten ist, um das erste optische Element (1)
an mindestens einem Teil des Kapselbeu-
tels der Augenlinse zu verankern.

Intraokularlinse gemaR Anspruch 1, dadurch ge-
kennzeichnet, dass das erste optische Element (1)
in einer Position angeordnet ist, die ausgewahlt ist
aus:

eineranterioren Position, inderes vordem zwei-
ten optischen Element (2) angeordnet ist und
mindestens ein mittlerer Teil der anterioren Sei-
te (2a) des zweiten optischen Elements (2) in
Kontakt mit mindestens einem mittleren Teil der
posterioren Oberflache (1 b) des ersten opti-
schen Elements (1) ist;

einer posterioren Position, in der es hinter dem
zweiten optischen Element (2) angeordnet ist
und mindestens ein mittlerer Teil der posterioren
Seite (2b) des zweiten optischen Elements (2)
in Kontakt mit mindestens einem mittleren Teil
des anterioren Oberflache (1a) des ersten opti-
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schen Elements (1) ist.

Intraokularlinse gemaf Anspruch 1 oder 2, dadurch
gekennzeichnet, dass das mechanische Befesti-
gungssystem Halteteile (7b) umfasst, um Gewebe
des Kapselbeutels der Augenlinse zu erfassen und
zu halten.

Intraokularlinse geman einem der Anspriiche 1 bis
3, dadurch gekennzeichnet, dass sie ein Kapsel-
fibrose forderndes Mikrostruktursystem umfasst,
das einen biokompatiblen Werkstoff mit Mikrostruk-
turen umfasst, die eine Kapselfibrose férdern.

Intraokularlinse geman einem der Anspriiche 1 bis
4, dadurch gekennzeichnet, dass das Veranke-
rungssystem (3) dazu konstruiert ist, an mindestens
einem Teil einer Seite des Kapselbeutels der Augen-
linse befestigt zu werden.

Intraokularlinse geman einem der Anspriiche 1 bis
5, dadurch gekennzeichnet, dass sie eine dreidi-
mensionale Struktur umfasst, die eine Form hat, die
die Form der Aquatorialkapsel des Kapselbeutels
der Augenlinse des Auges emuliert und die die an-
teriore Kapsel von der posterioren Kapsel beabstan-
det halt und die Zugkrafte der Zonulafasern im We-
sentlichen gleich wie im natlrlichen Auge halt.

Intraokularlinse geman einem der Anspriiche 1 bis
6, dadurch gekennzeichnet, dass das Veranke-
rungssystem aus Verankerungssystemen ausge-
wahlt ist, die diskrete Verankerungspunkte (3a, 3a’)
umfassen, die entlang dem Aquatorialbereich (1 c)
des ersten optischen Elements (1) gleichmaRig ver-
teilt sind.

Intraokularlinse geman einem der Anspriiche 1 bis
7, dadurch gekennzeichnet, dass das erste opti-
sche Element (1) mehrere Schichten unterschiedli-
cher vorgeformter verformbarer Werkstoffe umfasst.

Intraokularlinse geman einem der Anspriiche 1 bis
8, dadurch gekennzeichnet, dass das erste opti-
sche Element (1) mindestens eine Schicht vorge-
formten verformbaren Werkstoffs kombiniert mit ei-
nem formbaren Fllstoff umfasst.

Intraokularlinse gemank einem der vorhergehenden
Anspriche, dadurch gekennzeichnet, dass sie ein
Haltesystem umfasst, das aus temporaren Fixier-
systemen, welche die Verformung und den Durch-
messer der Intraokularlinse fixieren, wahrend die In-
traokularlinse in einem chirurgischen Eingriffimplan-
tiert wird, temporaren Fixiersystemen, welche die
Verformung und den Durchmesser der Intraokular-
linse wahrend eines vorbestimmten Zeitraums,
nachdem die Intrackularlinse implantiert wurde, fi-
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xieren, um eine Verankerung zwischen der Intrac-
kularlinse und dem Kapselbeutel zu stabilisieren,
und Kombinationen der Fixiersysteme ausgewahlt
ist.

Intraokularlinse geman einem der vorhergehenden
Anspriche, dadurch gekennzeichnet, dass sie ein
Begrenzungssystem hat, das einer Verringerung der
Kriimmung des ersten optischen Elements (1) eine
physische Grenze auferlegt und eine minimale
Brechkraft fur die Intraokularlinse herstellt.

Intraokularlinse geman einem der vorhergehenden
Anspriche, dadurch gekennzeichnet, dass das
zweite optische Element (2) und das erste optische
Element (1) Uber ein mechanisches Kopplungssys-
tem miteinander gekoppelt sind.

Intraokularlinse geman Anspruch 12, dadurch ge-
kennzeichnet, dass

das mechanische Kopplungssystem mehrere
flexible Flansche (3c¢), die anliegend aneine ers-
te (2b) der gekrimmten Seiten (2a, 2b) des
zweiten optischen Elements (2) von dem ersten
optischen Element (1) ausgehen, und Halteteile
eines Randbereichs einer zweiten (2a) der ge-
krimmten Seiten (2a, 2b)des zweiten optischen
Elements (2), das der ersten Seite (2b) gegen-
Uberliegt, umfasst;

jeder der flexiblen Flansche (3c) einen geboge-
nen freien Endteil (3) umfasst, der die zweite
gekrimmte Oberflache (2a) des zweiten opti-
schen Elements (2) kontaktiert und die erste Sei-
te (2b) des zweiten optischen Elements (2) ge-
gen die erste Oberflache (1a) des ersten opti-
schen Elements (1) driickt;

gebogene freie Endteile (3) auf der anterioren
gekrimmten Seite (2a) gleiten, wenn sich das
erste optische Element (1) in Reaktion auf die
aufgenommenen Zugkrafte verformt.

Intraokularlinse geman einem der Anspriiche 1 bis
12, dadurch gekennzeichnet, dass das zweite op-
tische Element mit dem ersten optischen Element
(1) untrennbar zusammengeflgt ist.

Revendications

1.

Lentille intraoculaire a capacité d’adaptation com-
prenant

un systéme de puissance optique comprenant
un premier élément optique (1) a puissance op-
tique variable et dynamique, et qui comprend
deux surfaces (1a, 1b) correspondant respecti-
vement a une surface antérieure (1a) et une sur-
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face postérieure (1b), au moins 'une d’elles pré-
sentant une courbure qui est capable de se dé-
former élastiquement en réponse a des forces
de traction du muscle ciliaire de 'oeil, une zone
équatoriale (1c) autour desdites surfaces (1a,
1b), ainsi gu’un second élément optique (2) a
puissance optique fixe, avec un cété antérieur
incurvé (2a) et un coté postérieur incurvé (2b),
le second élément optique (2) étant associé au
premierélémentoptique (1) de telle maniére que
le premier élément optigue (1) et le second élé-
ment optique (2) ont une puissance optique con-
jointe déterminée par une combinaison de la
puissance optigue fixe du second élément opti-
que (2) et de la puissance optique dynamique
du premier élément optique (1),

un systéme d’ancrage (3) destiné a ancrer le
premier élément optique (1) sur au moins une
partie du sac capsulaire du cristallin, afin de
transmettre au premier élément optique (1) des
forces de traction générées par le muscle ciliaire
et transmises au sac capsulaire par des fibres
zonulaires, le sac capsulaire comprenant, dans
son état naturel, une capsule antérieure, une
capsule postérieure et une capsule équatoriale,
le systéme d’ancrage (3) étant sélectionné par-
mi des systémes de fixation mécanique, des
systemes adhésifs biocompatibles, des systeé-
mes a microstructure favorisant la fibrose cap-
sulaire, et des combinaisons de ceux-ci,

le second élément optique (2) est joint au pre-
mier élément optique (1) de sorte qu’au moins
des parties centrales respectives de 'un des cé-
tés incurvés (2a, 2b) du second élément optique
(1) et d’au moins 'une des surfaces (1a, 1b) du
premier élément optique (1) soient en contact
les unes avec les autres ; la puissance optique
conjointe étant variable entre une condition de
puissance optique minimum correspondant a
une condition de désaccommodation dans la-
quelle la lentille intraoculaire est capable de fo-
caliser 'oeil sur une distance de vision de loin,
et une conditiond’accommodationdans laquelle
la lentille intraoculaire est capable de focaliser
I'oeil sur une distance de lecture ;

caractérisée en ce que :

le premier élément optique (1) est fait d’un ma-
tériau déformable préformé et a une courbure
maximale de préforme prédéterminée et une
puissance optique maximale dans sa position
d’accommodation ;

le premier élément optique (1) et le systéme
d’ancrage (3) sontcongus pour changer la cour-
bure d’au moins I'une des surfaces (1a, 1b) du
premier élément optique (1) progressivement
entre la préforme prédéterminée de courbure



37

maximale correspondant a la condition d’ac-
commodation maximale en réponse a une force
de traction effective minimale du muscle ciliaire
regue par le systéme d’ancrage (3), et une cour-
bure minimale correspondant a la condition de
désaccommodation en réponse a une force de
traction effective maximale du muscle ciliaire re-
cue par le systéme d’ancrage (3) ;

eten ce que :

le systéme d’ancrage est un ensemble discret
de plus de trois points d’ancrage destiné a an-
crer le premier élément optique (1) sur au moins
une partie du sac capsulaire du cristallin.

2. Lentilleintraoculaire selon larevendication 1, carac-

térisée en ce que le premier élément optique (1) est
placé dans une position sélectionnée parmi

une position antérieure dans laquelle il est placé
en face du second élément optique (2), et au
maoins une partie centrale du c6té antérieur (2a)
du second élément optique (2) est en contact
avec au moins une partie centrale de la surface
postérieure (1b) du premier élément optique
ON

une position postérieure dans laquelle il est pla-
cé derriére le second élément optique (2), et au
maoins une partie centrale du coté postérieur (2b)
du second élément optique (2) est en contact
avec au moins une partie centrale de la surface
antérieure (1a) du premier élément optique (1).

Lentille intraoculaire selon la revendication 1 ou 2,
caractérisée en ce que le systéme de fixation mé-
canique comprend des parties de retenue (7b) des-
tinées a capturer et a retenir du tissu du sac capsu-
laire du cristallin.

Lentille intraoculaire selon 'une quelconque des re-
vendications 1 a 3, caractérisée en ce qu’elle com-
prend un systéme a microstructure qui favorise la
fibrose capsulaire comprenant un matériau biocom-
patible a microstructures qui favorisent la fibrose
capsulaire.

Lentille intraoculaire selon 'une quelconque des re-
vendications 1 a 4, caractérisée en ce que le sys-
téme d’ancrage (3) est congu pour étre fixé sur au
mains une partie d’'un coté du sac capsulaire du cris-
tallin.

Lentille intraoculaire selon 'une quelconque des re-
vendications 1 a 5, caractérisée en ce qu’elle com-
prend une structure en tridimensionnelle ayant une
forme quiimite la forme de la capsule équatoriale du
sac capsulaire du cristallin de 'oeil, et qui maintient
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la capsule antérieure espacée de la capsule posté-
rieure, et les forces de traction des fibres zonulaires
sont substantiellement égales a celles présentes
dans l'oeil naturel.

Lentille intraoculaire selon 'une quelconque des re-
vendications 1 a 6, caractérisée en ce que le sys-
téme d’ancrage est sélectionné parmi des systémes
d’ancrage comprenantdes points d’ancrage discrets
(3a, 3a’) qui sont distribués de maniére uniforme le
long de la zone équatoriale (1¢) du premier élément
optique (1).

Lentille intraoculaire selon 'une quelconque des re-
vendications 1 & 7, caractérisée en ce que le pre-
mier élément optiqgue (1) comprend une pluralité de
couches de difféerents matériaux déformables pré-
formés.

Lentille intraoculaire selon 'une quelconque des re-
vendications 1 & 8, caractérisée en ce que le pre-
mier élément optique (1) comprend au moins une
couche de matériau déformable préformé combiné
avec un matériau de remplissage moulable.

Lentille intraoculaire selon 'une quelconque des re-
vendications précédentes, caractérisée en ce
gu’elle comprend un systéme de retenue sélection-
né parmi des systémes de blocage temporaires qui
bloguent la déformation et le diamétre de la lentille
intraoculaire pendant que la lentille intraoculaire est
en train d’étre implantée pendant une opération chi-
rurgicale, des systémes de blocage temporaires qui
bloquent la déformation et le diamétre de la lentille
intraoculaire pendant une durée prédéterminée
aprés que la lentille intraoculaire a été implantée afin
de stabiliser I'ancrage entre la lentille intraoculaire
et le sac capsulaire, et des combinaisons desdits
systémes de blocage.

Lentille intraoculaire selon 'une quelconque des re-
vendications précédentes, caractérisée en ce
gu’elle a un systeme de limitation imposant une li-
mite physique a une réduction de la courbure du pre-
mier élément optique (1) et établissant une puissan-
ce optique minimale pour la lentille intraoculaire.

Lentille intraoculaire selon 'une quelconque des re-
vendications précédentes, caractérisée en ce que
le second élément optique (2) et le premier élément
optique (1) sont couplés I'un a l'autre par un systéeme
de couplage mécanique.

Lentille intraoculaire selon la revendication 12, ca-
ractérisée en ce que

le systéeme d'accouplement mécanique com-
prend une pluralité de brides flexibles (3¢c) émer-
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geant du premier élément optique (1) adjacent
aun premier (2b) des cétés incurvés (2a, 2b) du
second élément optique (2), et des parties de
maintien d’une zone périphérique d’un second
(2a) des cotés incurves (2a, 2b) du second élé-
ment optique (2) qui est opposé au premier coté
incurveé (2b) ;

chacune des brides flexibles (3¢) comprend une
partie d’extrémité libre fléchie (3) touchant la se-
conde surface incurvée (2a) du second élément
optique (2) et appuyant le premier coté (2b) du
second élément optique (2) contre la premiére
surface (1a) du premier élément optique (1) ;
des parties d’extrémité libres fléchies (3) coulis-
sent sur le c6té incurvé antérieur (2a) lorsque le
premier élément optique (1) se déforme en ré-
ponse aux forces de traction regues.

14. Lentille intraoculaire selon 'une quelconque des re-
vendications 1 4 12, caractérisée en ce que le se-
cond élément optique est joint de maniére non amo-
vible au premier élément optique (1).
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Fig. 1A

Fig. 1B
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2b

Fig. 6B
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