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(57) Abstract: An intraocular lens (300)

for insertion into the capsular bag of
an eye contains an optic (302), an outer
periphery, and an outer support structure
(304). The optic has a periphery and
centered about an optical axis. The outer
periphery is disposed about the optic
and configured to engage an equatorial
region of the capsular bag of an eye.
The outer support structure is disposed
along the periphery and spaced from the
optic with voids outer support structure
and the optic. @ The intraocular lens
further comprises a first intermediate
member ( 308) and a weakened region
(310) disposed along the outer periphery
between the outer support structure and
the first intermediate member. The first
intermediate member operably couples
the optic and the outer support structure.
The weakened region is attached to and
configured to provide relative motion
between, the outer support structure and
the first intermediate member in response
to the ciliary muscle of the eye.
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ACCOMMODATING INTRAOCULAR LENS WITH OUTER SUPPORT
STRUCTURE

Bac und of the Inventio

The present invention relates to intraocular lenses (IOLs). More particularly, the
present invention relates to IOLs that provide accommodating movement in the eye.

The human visual system inciudes the eyes, the extraocular muscles which contro}
eye position within the eye socket, the optic and other nerves that connect the eyes to the
brain, and particular areas of the brain that are in neural communication with the eyes. Each
eye forms an image upon a vast array of light sensitive photoreceptors of the retina. The
comea is the primary refracting surface which admits light through the anterior part of the
outer surface of the eye. The iris contains muscles which alter the size of the entrance port of
the eye, or pupil. The crystalline lens has a variable shape within the capsular bag, under the
indirect control of the ciliary muscle. Having a refractive index higher than the surrounding
media, the crystalline lens gives the eye a variable focal length, allowing accommodation to
objects at varying distances from the eye. '

Much of the remainder of the eye is filled with fluids and materials under pressure
which help the eye maintain its shape. For example, the aqueous humor fills the anterior
chamber between the comea and the iris, and the vitreous humor fills the majority of the
volume of the eye in the vitreous chamber behind the lens. The crystalline lens is contained
within a third chamber of the eye, the posterior chamber, which is positioned between the
anterior and vitreous chambers.

The human eye is susceptible to numerous disorders and diseases, a number of which
attack the crystalline lens. For example, cataracts mar vision through cloudy or opague
discoloration of the Jens of the eye. Cataracts often result in partial or complete blindness. If
this is the case, the crystalline lens can be removed and réplaced with an intraocular lens, or

IOL.
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While restoring vision, conventional IOLs have limited ability for accommodation

-~ (i.e., the focusing on near objects). This condition is known as presbyopia. To overcome

presbyopia of an 0L, a patient may be prescribed eyeglasses. Alternative atieropts in the art
to overcome presbyopia focus on providing IOLs with accommodation ability.
Accommodation may be accomplished by either changing the shape of at least one optic
surface of the TOL, by moving the IOL along its optical axis, or some combination of the two.
These and similar approaches for providing accommodation are disclosed, for example, in the
following U.S. patents and patent applications:

4,373,218 4,601,545 4,816,031; 4,892,543; 4,994,083; 5,066,301, 5,108,429,
5,171,266, 5,203,788; 6,176,878, 6,406,494, 6,443,985; 6,599,317, 6,616,692; 6,638,305;
6,645,246, 2003/0060881; 2003/0158599; 2004/0034415; 2004/0082993; and 2005/0131535.

Despite these various devices and method of providing accommodation, there

continues to be a need, to provide new IOLs with enhanced accommodative capabilities.
Su ventio

In one aspect of the invention, an intraocular lens for insertion into the capsular bag of
an eye comprises an optic, an outer periphety, an outer support structure. The optic has a
periphery and centered about an optical axis. The outer periphery is confi gured to engage an
equatorial region of the capsular bag of an eye and the outer support structure is disposed
along the outer periphery of the intraocular lens and is spaced from the optic with voids
therebetween. The intraocular lens further comprises a first intermediate member operably
coupled to the optic and the outer support structure. The intraocular lens also comprises first
and second weakened regions disposed along the outer periphery. Each of the weakened
regions may be disposed between the outer support structure and the first intermediaie
member. The weakened regions are configured to allow relative motion between the outer
support structure and the first intermediate member in response to the ciliary muscle of the
eye. In certain embodiments, the relative motion is an angular motion between the first
intermediate member and the outer support structure.

In certain embodiments, the outer support structure surrounds or entirely surrounds
the optic and/or the intermediate members. In other embodiments, the outer support struocture
is connected to distal ends of the first and second intermediate members. In such
embodiments. the weakened regions are disposed along the outer periphery to either side of
and/or proximal to the distal ends, The outer periphery may be circular or elliptical or some
other shape that is suited for insertion into the eye, for example, into the capsular bag.
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In another aspect of the invention, the intraccular lens further comprises a second, or
even three or more, intermediate member(s) extending between and operably coupling the
optic and the outer support structure. In such embodiments, the miraocular lens may
comprise first weakened regions disposed along the outer periphery between the outer
support structure and the intermediate members, as well as second weakened regions
disposed along the outer periphery between the outer support structure and the intermediate
members. The first and second weakened regions may be configured to allow angular motion
between the outer support structure and the intermediate members in response to the ciliary
muscle and/or capsular bag. In some embodiments, the outer support structure further
comprises at Jeast one intermediate weakened region circumf{erentially disposed between
intermediate members. The intermediate weakened regions may be circumferentially
disposed equidistant between intermediate members or otherwise disposed to provide a
predetermined performance of the outer support structure or intraccular lens when the outer
support structure is compressed or stretched.

The weakened regions may be configured or formed in various way to provide the
predetermined performance of the outer support structure or intraocular Iens. For example,
one or more of the weakened regions may comprise a hinge. Also, one or motre of the
weakened regions may have a radial thickness that is less than a radial thickness of the outer
support structure in a region proximal the at least one weakened region. Additionally or
alternatively, the weakened regions may have a thickness along the optical axis that is less
than a thickness along the optical axis of the outer support structure in a region proximal the
at least one weakened region. In some embodiments, the outer support structure is made of a
first material and at least one of the weakened regions is made of a second material that is
more bendable than the first material.

In yet another aspect of the invention, the outer support structure comprises a first arm
and the second arm with a void therebetween. In such embodiments, at least a portion of the
first arm may be slidably disposed to at least a portion of the second arm.

Another aspect of the invention involves an intraocular iens for insertion into the
capsular bag of an eye comprising an optic, an outer support structure having an outer
periphery, a first intermediate member, and a weakened region disposed proximal to the first
intermediate member and along the outer periphery of the intraocular lens. The optic has a
periphery and is centered about an optical axis. The first intermediate member extends
between and is operably coupled to the optic and the outer support structure. The outer

support structure entirely and continuously surrounds the optic and is spaced from the optic
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and there are one or more voids between the outer support structure and the optic. The outer

support structure is configured to engage an equatorial region of the capsular bag of an eye.
The weakened region is configured to allow relative motion between the outer support
structure and the first intermediate member in response to the ciliary muscle of the eye.

Each and every feature described herein, and each and every combination of two or
more of such features, is included within the scope ol the present invention provided that the
features included in such a combination are not mutually inconsistent.

Brief Description of the Drawings

Additional aspects, features, and advantages of the present invention are set forth in
the following description and claims, particularly when considered in conjunction with the
accompanying drawings in which like parts bear like reference numbers.

FIG. 1 is a vertical cross-section of an eye illustrating an exemplary intraocular lens
of the present invention positioned within the capsular bag;

FIG. 2 is a cross-section similar to FIG. ! showing forward or anterior movement of
an optic of the infraccular lens;

FIG. 3 is a plan view of the exemplary intraocular lens of the present invention having
an oval outer ring and a pair of nonlinear iniermediate members;

FIG. 4 is a plan view of an alternative intraocular lens of the present invention having

two radially oriented intermediate members,

FIG. 5 is a plan view of an alternative intraccular lens of the present invention having

three radially oriented intermediate members;

FIG. 6 is a perspective view of an alternative intraocular lens of the present invention

having three radially oriented intermediate members;

FIG. 6A is an elevational view of one edge of the intraocular lens of FIG. 6,

FIG. 7A is a perspective posterior view of a still further alternative intraccular lens of
the present invention having three radially oriented plate-like intermediate members and an
optic that is bowed slightly out of the plane of a surrounding capsular bag support ring;

F1G. 7B is a perspective anterior view of the imtraocular lens of FIG. 7A,

FIGS. 7C and 7D are plan and side elevational views, respectively, of the intraccular
lens of FIG. 74

FIG. 7E is a sectional view taken through line 7E-7E of FIG. 7B;

FIG. 8A is a perspective view of a still further aliernative intraocular lens of the

present invention having two radially oriented plate-like intermediate members connecting a

central optic to an oval surrounding capsular bag support ring;
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FIG. 8B is another perspective view of the intraocular lens of FIG. 8A; and

FIGS. 8C and 8D are side elevational and plan views, respectively, of the intraocular
lens of FIG. 8A.

FIG. 9 is a plan view of another alternate embodiment of the invention;

FIG. 10 is a plan view of still another alternate embodiment of the invention;

FIG. 11 is a plan view of an outer ring according to yet another embodiment of the
invention;

FIG. 12 is a plan view of an outer ring according to another embodiment of the
invention; and

FIG. 13 is a plan view of a outer ring according to still another embodiment of the
imvention,;

FIG. 14 is a plan view of a outer ring according to still another embodiment of the
invention;

FIG. 15 is a fragmentary perspective posterior view showing a portion of a support

ring structured to bend in an anterior direction;

FIG. 16 is a fragmentary perspective anterior view showing a support ring structured
to bend in a posterior direction;

FIG. 17 is a view similar to FIG. 7B, showing an embodiment of the invention having
an alternate hinge configuration;

FIG. 18A is an anterior plan view showing yet another embodiment of an intraocular
lens according to the present mvention;

FIG. 18B is a sectional view taken through line B-B of FIG. 18A;

FIG. 18C is a sectional view taken through line C-C of FIG. 184; and

FIG. 19 is a fragmentary perspective anterior view showing a support ring structured
to bend both posteriotly and radially outwardly.

FIG. 20 is a plan view of an IOL having weakened portions according to
embodiments of the present invention.

FIG. 21 is a plan view of another embodiment of an 0L having weakened portions.

FIG. 22 is a plan view of an TOL having weakened portions made of a different
material than other portion of the I0L..

FIG. 23 is a plan view of an IO1. having weakened portions and a void between arms
of the 10L..

FIG, 24 is a plan view of another embodiment of an IOL having weakened portions

and a void between arms of the FOL.
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FIG. 25 15 a plan view of an IOL having a circular outer support ring and weakened
pOrtions.

FIG. 26 is a side view of an optic from an IOL according to embodiments of the
invention wherein the optic is not compressed.

FI1G. 27 is a side view of an optic from an IOL according to embodiments of the
invention wherein the optic is compressed.

Detailed Description of the Drawings

Referring to the drawings in more detail, an intraocular lens (IOL) 20 according to an
exemplary embodiment of the present invention is illustrated in FIGS. 1 and 2 after
implantation in the capsular bag 22 of an eye. Exemplary IOL 20 includes an optic 24 and a
movement assembly 26 coupled thereto. The optic 24, which has an optical axis OA, is
adapted to focus light onfo a retina of an eye. The movement assembly 26 of exemplary IOL
20 cooperates with the eye to effect accommodating movement of the optic 24 and, in
particular, converts radial moverent {i.e., movement perpendicular to the optical axis OA) of
the capsular bag of an eye to axial movement (i.e., movement parallel to the optical axis OA)
of the optic 24. In the exemplary embodiment, the movement assembly 26 biases the optic
24 1n a posterior direction (to the right) against the posterior wall of the capsular bag 22.

With further reference to FIG. 3, which illustrates the exemplary IOL 20 in plan view,
the optic 24 comprises a generally circular periphery or petipheral edge 42 that defines the
radially outer extent of the optic 24 and separates a posterior face from an anterior face. The
optic 24 is typically circular, but may exhibit a different shape as long as the optical
correction character 1s centered about the optical axis OA. The optic 24 may be bi-convex, or
the anterior and posterior faces can take other shapes, such as planar or concave. In any
event, the posterior face and anterior face are spaced apart on opposite sides of an optic plane
(not shown) that extends perpendicular to the optical axis OA. In other words, the optic 24 is
centered on and oriented in the optic plane.

‘The movement assembly 20 may further comprise a pair of intermediate members
50a, S0b connected to and extending between the circular periphery 42 of the optic 24 and an
outer ring 52. Each intermediate member 50a, 50b has an inner end 54 connected to the
circular periphery 42, and an outer end 56 connected to the outerring 52. As used herein in
this context, the term “connected” means firmly attached to, for example, by using an |
adhesive or vltrasonic bond, by forming integrally, or by forming as a cohesive single piece.
In the latter case, the lens is desirably molded. IEach intermediate member 50a, 50b is

desirably oriented in a plane that is in the optic plane. Indeed, the intermediate members 50a,
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50b and outer ring 52 may have approximately the same thickness and be Jocated in the same
plane.

A brief description of the anatomy of the eye is appropriate in order to understand the
invention. The capsular bag 22 resides in the posterior chamber of the eye and is 1n direct
contact with the jelly-like vitreous humor 28 which fills the nearly spherical space between
the capsular bag and the retina (not shown). In a healthy person, the capsular bag 22 contains
the natural crystalline lens which transmits light passing through the orifice of the iris 30 to
the retina. The capsular bag 22 is connected to an annular ciliary muscle 34 by suspensory
ligaments or zonules 36, The ciliary muscle 34 is the chief agent in accommodation, 1.e., in
adjusting the eye to focus on near objects. The zonules 36 retain the lens in position and are
relaxed by the contraction of the ciliary muscle 34, thereby allowing a natural crystalline lens
to become more convex,

In certain embodiments, the optic 24 is monofocal optic. In such embodiments, the
anterior and postertor surfaces of the optic 24 may have spherical profiles. Alternatively, at
least one of the anterior and posterior surfaces of the optic 24 may have an aspheric profile,
for example, as discussed in U.S. Patent Number 6,609,793, which is herein incorporated by
reference. In other embodiments, the optic 24 is a multifocal optic having a plurality of zones
of varying optical powers, wherein the maximum add power of the near zones is reduced by
an armount equivalent to the diopter shift obtained through axial movement of the optic 24.
Thus, the net power correction in the near zones is equal to the patient's full add prescription
only when optic 24 has moved to the near distance (i.e., antertiormost) position. Examples of
suitable multafocal optics are disclosed in Lang et al. U.S. Pat. No. 6,231,603 and Lang et al.
PCT International Application No. W0O/01/82839 Al. The disclosures of both the U.S.
patent and the PCT mternational application are incorporated in their entireties herein by
reference.

Although controlled fibrosis (i.e., cellular growth) on the outer ring 52 may be
desirable, the IOLs 20 of the invention inhibit cell growth, particularly epithelial cell growth,
onio the optic 24. This is accomplished by configuring the penphery 42 of the optic 24 with
mechanical barriers such as relatively sharp posterior and/or anterior edge corners, for
example, as disclosed in U.S. Patent Numbers 6,162,249, 6,468,300, and 6,884,202, The
proliferation of unwanted epithelial cell growth may also be inhibited through the use of
material properties.

The intermediate members 50a, 50b of the JOL 20 are substantially longer than

previous intermediate members as they extend in a nonlinear fashion from the outer ring 52
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to the circular optic periphery 42, More particularly, the inner end 54 and outer end 56 are
angularly spaced about the optical axis QA by at least approximately 90 degrees. The mid-
portion of each intermediate member 50 extends in a serpentine fashion between its inner and
outer ends.

In certain embodiments, as seen in FIG. 3, the outer ring 52 is oval in shape and has a
major axis 60 perpendicular to the optical axis OA. A minor axis 62 extends perpendicularly
to the major axis 60 and to the optical axis OA. Desirably, the outer ends 56 of the
intermediate members 30 connect to the oval ring 52 along the major axis 60. In this way,
the length of the intermediate members 50 is maximized. In the ilustrated embodiment, the
inner ends 54 of the intermediate members 50 connect to the circular optic periphery 42 along
the minor axis 62. Therefore, the inner and outer ends 34, 56 are angularly spaced apart by
about 90 degrees.

FIG. 4 1llustrates an altermative IOL 70 of the present invention having an optic 72, an
oval outer ring 74, and a pair of intermediate members 764, 76b extending radially
therebetween. Agam, the optic 72, outer ring 74 and intermediate members 76a, 76b are
desirably formed as 2 single homogeneous (i.e., integral) piece. In certain embodiments, the
oval outer ring 74 may move the optic 72 axially with greater effectiveness than a circular
ring because of the orientation of the intermediate members 76a,b along the major axis.

The fixation members 706a,b are shown as plate-like, and desirably are greater in
width (the dimension paralle! to the minor axis) than axial thickness (the dimension parallel
to the optical axis). Preferably, the ratio of width to axial thickness is about four. In absolute
terms, the width of the fixation members 76a, 76b may be between about 0.8 mm and about
3.0 mm.

FIG. 5 illustrates a still further IOL 80 having an optic 82, an outer ring 84, and three
evenly arranged and radially oriented intermediate members 86a, 86b and B6¢. Because the
intermediate members 86 are not symmetric about any plane through the optical axis OA,
forces exerted by the surrounding capsular bag do not act in opposition to one another and
thus may be translated more effectively into axjal movement of the optic 82. The radial
thickness t, of the outer ring 84 is indicated, and is desirably in the range of 0.2-0.6 mm.
Moreover, the corners, or at least one corner, of the outer peripheral edge of the outer ring 84
are desirably relatively sharp to reduce the instance of epithelial cell growth thereon,

FIGS. 6 and 6A illustrate a still further IOL 90 of the present invention having an
optic 92, a plurality of intermediate members 94 extending radially outward therefrom, and

an outer ring 96. The edge surface 97 of the outer ring 96 may be contoured to conform to
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the inner wall of the capsular bag. Therefore, as seen in FIG. 0A, at least a portion 98 of the
edge surface Y7 ts convexly outwardly curved. At the same time, at least one corner, in this
case the posterior corner 99, is left sharp (i.e., unpolished) to form a barrier against posterior
capsular opacification (PCO).

Furthermore, FIG. 6 1llustrates the greater axial thickness t, of the outer ring 96 with
respect to the axial thickness of the intermediate members 94 and optic 92. Specifically, the
axial thickness ta Of the outer ring 90 is desirably between about 0.4 mm and about 1.0 mm.
Without wishing to limit the invention to any particular theory of operation, it is believed that
a ring having an axial thickness in this range will place both the posterior and the anterior
zonules of the eye under tension. Thus, both sets of zonules wotrk in unison to change the
diameter of the capsular bag n response to action of the ciliary muscle, resulting in axial
movement of the optic. In some embodnments, a thinner ring would not interact as
efiectively with both sets of zonules, and thus, in all likelihood, would result in less axial
movement,

In addition, an outer ring 96 having increased axial thickness will increase the
pressure on the sharp cormer 99 of the edge surface 97 to increase the barrier effect of the ring
agamnst PCO,

FIGS. 7TA-7E show another IOL 160 of the present invention having a circular outer
capsular bag support ring 102, an inner optic 104, and a movement system comprising a
plurality of radially-oriented plate-like intermediate members 106 extending therebetween.
Preferably, the optic 104, whether it be bi-convex or otherwise, is circumscribed by a circular
rim 1035 to which the fixation mtermediate members 106 are directly attached. The rim 105
desirably has a constant axial dimension and helps to reduce glare while not increasing
INcision size,

Movement systems otihier than that shown may be suitable, such as a more solid
interface rather than discrete intermediate members. However, separated intermediate
members with voids therebetween and between the optic 104 and support ring 102 are
preferred. The support ring 102, inner optic 104, and intermediate members 106 are firmly
attached to each other with adhesive or ultrasonic bonding, or preferably formed integrally,
i.€., molded or machined as one cohesive (homogeneous) piece of material. The IOL 100 is
desirably liquid injection molded from silicone or machined from a hydrophilic material

which fabrication process reduces cost and increases quality and/or consistency of the

product.
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FI1G. 7A illustrates the IOL 100 from the postertor side, while FI1G, 7B is an anterior
view. These two views show the axial position at which the intermediate members 106 attach

to the support ring 102. That is, the support ring 102 has an axial dimension and the

intermediate members 106 attach to a posterior edge thereof. When implanted, the
intermediate members 106 and connected optic 104 are therefore held in a posterior-most
position with respect to the support ning 102.

As in the embodiment of FIG. 6, the edge surface of the outer ring 102 is contoured to
facilitate implantation within the capsular bag of the patient. More particularly, the support
ring 102 has an outer surface that is convexly curved to better mate with the concave inner
wall portion of the capsular bag between the anterior and posterior zonules.

With reference to FIGS. 7C and 7E, the intermediate members 106 comprise a
radially inner portion 108, a radially outer portion 110, and a hinge } 12 therebetween. The
inner and outer portions 108, 110 are generally plate-like having larger circumferential
dimensions than axial dimensions. The hinge 112 may be formed in a number of ways, and

as illustrated comprises a region wherein both the axial and the circumicerential thickness are

- reduced by about 50% with respect to the inner and outer portions 108, 110. Alternatively,

only one of the axjal and the circumferential thicknesses are reduced as compared to the
remaining portions of the intermediate member 106. The reduced material at the hinge 112
means that it is weaker than the remaining portions of the intermediate member and thus will
more easily bend at that location. In other embodiments, the hinge 112 has the same axial
and the circumferential thickness as the remaining portions of the intermediate member 106.
In such embodiments, the hinge 112 may be made of a different material or from the same
material that is processed differently from the remaining portions of the intermediate member
106 (e.g., with a differing amount of polymerization). The location of each hinge 112 is
desirably the same for all of the fixation intermediate members 106, and preferably is closer
to the support ring 102 than to the optic 104. For example, each hinge 112 may be located
about 60% of the way from the optic 104 to the support ring 102. In some embodiments, the
imtermediate member 106 has no distinct hinge such as the hinge 112, for example, as
illustrated in FIGS. 4 and 5 for the 10OLs 70 and 80, respectively. In such embodiments, the
entire intermediate member (e.g., intermediate members 76a or 86a) may bend to allow the
optic of the IOL to translate anteriorly and posteriorly in response to the ciliary muscie 34.
FI1G. 7D illustrates the IOL. 100 in an elevational view wherein the support ring 102
lies substantially in a plane and the optic 104 projects in a posterior direction therefrom by

virtue of the shape of the intermediate members 106. Specifically, the intermediate members
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106 are bowed slightly in the posterior direction such that the optic 104 will tend to lie
against or closely adjacent to the posterior wall of the capsular bag. Relaxation of the ciliary
muscles 34 surrounding the capsular bag 22 either moves the optic 104 or changes the
posterior bias imparted thereto by the intermediate members 106. As a result, the vitreous
humeor behind the capsular bag can move the optic 106 so as to aliow a subject to focus both
on distant and relatively near objects.

In one exemplary embodiment, the support ring 102 has a diameter of between about
0.0-10.5 mm, and an axial thickness of about 0.7 mm. Furthermore, the support nng 102 has
a curvature that mimics the curvature of the natural capsular bag between the anterior and
posterior zonules, which curvature is between about 0.3-1.0 mm. As mentioned above, at
least one corner edge of the outer ring is left sharp to help prevent cell growth thereon. In
other embodiments, the support ring 102 may be sized to have a diameter that provides a
predetermined fit within the capsuiar bag 22, for example when the eye is in an
accommodative state, a disaccommodative state, or a state somewhere between the
accommodative and disaccommodative states. I0Ls 100 may be configured to have a
plurality of diameters to provide a predetermined f{it within different size capsular bags 22 for
different eyes. Preferably, the diameter of the support ring 102 is between about 8§ mm and at
least about 13 mm, more preferably between 8 mum and 12 mm, and even more preferably
between 9 mim and 11 mm.

Although three radial intermnediate members 1006 are illustrated 120 degrees apart, the

configuration of the intermediate members 106 may vary. However, two factors that are

believed to facilitate axial movement, or accommeodation, of the optic 104 are the tripod

orientation and presence of the hinges 112. More specifically, inward radial forces from the

surrounding ciliary muscle 34 and intermediary zonules 36 are transmitted from the support

ring 102 through the intermediate members 100 to the optic 104. Because the intermediate
members 100 are oriented so that none is diametrically opposed to another, there are no
directly opposing forces and a larger component therefore translates into axial movement of
the optic 104.

The intermediate members 100 are plate-like to increase stability of the lens in the
eye. 1hatis, the forces impatrted by the surrounding ciliary muscle 34 may not be entirely
uniform and may exert torsional forces on the lens, Plate-like intermediate members 106
help resist twisting of the lens and thus increase stability. The circumferential thickness, or

width, of the intermediate maembers 106 may be between about 1.5-4.0 mm, and the axal

thickness 1s desirably between about 0.2-0.5 mm.
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FIG. 17 shows an alternate embodiment of an 10L 102' substantially similar to the
embodiment of FIGS. 7A-7E, except that the thickness of the hinge portion 112'is reduced in
the axial direction only. That 18, the circumferential thickness, or width, of each plate-like
intermediate member 100’ is uniform throughout its length. This hinge configuration has
been found to be less susceptible to fibrosis than a hinge configuration having reduced
thickness in the circumferential direction.

Another alternative TJOL 120 of the present invention is seen in FIGS. 8A-8D. Asin
an earlier embodiment, there are only two intermediate members 122 extending between an
oval shaped outer capsular bag support ring 124 and an inner circular optic 126. In the
illustrated embodiment, the outer ring 124 comprises a band bhaving a generally rectangular
cross-section with a longer axial than radial dimension. Preferably, at least one corner of the
oufer ring 124 is sharp to prevent epithelial cell growth thereon. The support ring 124, inner
optic 120, and intermediate members 122 are firmly attached to each other with adhesive or
ulirasonic bonding, or preferably formed integrally, i.e., molded or machined as a cohesive
single ptece. The TOL 120 is desirably liquid injection molded from silicone or machined
from a hydrophilic material which, again, reduces cost and increases quality and/or
consistency of the product.

As seen best in FIG. 8D, the oval outer ring 124 has a major axis 121 and a minor axis
123, and the two intermediate members 122 are diametrically opposed across the optic 126

along the major axis 123. In one exemplary embodiment, the support ring 124 has a major

diameter of between about 115-135% of the minor diameter.

The intermediate members 122 are plate-like, each having a relatively larger
circumferential than axial dimension. In contrast to the IOL 100 of FIGS. 7A-7D, the
intermediate members 122 lie in a plane defined by the oval-shaped outer ring 124, and thus
the optic 126 is not bowed either way. Furthermore, the intermediate members 122 are
ioined to the inner surface of the outer ring 124 at approximately the axial midpoint thereof.
‘Therefore, in contrast to the earlier embodiment, the optic 126 is not positioned or biased to
favor movement in one direction or the other.

Witl: reference to FIG. 8A, each intermediate member 122 has a hinge 128 therein
located closer to the outer ring 124 than to the optic 126. The location of each hinge 128 is
desirably the same for all of the interinediate members 122, and preferably is located about
75% or more of the way from the optic 126 to the support ring 124. Empirical determination
of hinge 128 location optimizes the design such that less radial and axial compression force is

required to axially translate the optic 126, while at the same time the ability of the lens to
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resist twisting is not adversely affected. In the illustrated embodiment, these hinges 128 are
formed by reduced axial thickness portions along each intermediate member 122, For
example, curved troughs on both sides of intermediate members 122 as shown may form the
hinges. Alternatively, or in addition, the circumferential dimension of each intermediate
member 122 may be reduced.

As with the earlier emnbodiment, the optic 126, whether it be biconvex or otherwise, is
recessed from a circular rim 130 to which the intermediate members 122 are directly
attached. The rim 130 is slightly tapered downward toward the optic and helps reduce glare
on the lens. Desirably, the maximum axial dimension of the rim 130 is greater than the
center thickness of the optic 126. Advantageousl:y, a reduced center thickness permifs a
reduction in incision size.

FIGS. 18A-18C show an alternate embodiment of an IOL 120’ similar to the
embodiment of FIGS. 8A-8D, except that the optic 126’ 1s multifocal, and oval support ring
124" has a non~uniform cross-sectional area. Altematively, the optic 126" may be a
monofocal optic, as discussed elsewhere herein. In the 1Hustrated embodiment, the radial
thickness of the support ring 124’ increases from a mimimum value ty;, for instance about 0.2
mm, at diametrically opposed locations 125a and 125b along the mmor axis 121', to a
maximum value ty, for instance about 0.6 mm, at diametrically opposed locations aiong the
major axis 123', where the intermediate members 122" are secured to the ring 124°. In
addition, the axial thickness t, of the ning 124" is constant throughout the entire circumierence
of the ring 124" and has a value greater than the maximum radial thickness tp.

The circumferential thickness, or width, of each intermediate member 122" is also
non-uniform throughout its length, for instance decreasing in a non-linear fashion from a
maximum width where the intermediate member 122° joins the circular rim 130" of the optic
126 to a minimum width at the hinge 128', and remaining substantially constant between the
hinge 128" and the outer ring 124", This particular configuration of the oval outer ring 124
and intermediate members 122" has been found to be particularly stable, with minimal
"{topping”, twisting, or other unwanied movement, of the thinnest portions 125a and 125b of
the outer ring 124",

FIGS. 9-16 and 19-25 show alternate embodiments of the invention wherein the
support ring includes weakened portions configured to allow the ring to allow consistent and

repeatable deformation durning compression.

FIG. 9 shows an IOL 131 having an optic 132, an outer ring 134, and a pair of plate-

like intermediate members 136a and 136b. The intermediate members 1362 and 136b are
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shown without hinges, similar to the intermediate members 76a and 76b of FIG. 4, although

hinged intermediate members could also be used, The outer ring 134 is generally oval, with

two generally arcuate ends 138, 140 that merge with the distal ends of the mtermediate

members 136a and 1306b, respectively, and two elongated leg portions 142, 144 that extend

parallel to a major axis 146 of the outer ring 134 along opposite sides of the optic 132
A weakened portion 140a, b 1s formed in each leg portion 142, 144 at a location along
the minor axis 147 of the support ring 134, such that each weakened portion 146a, bis 180

degrees away from the other weakened portion 146a, b and equidistant from the arcuate ends

138, 140 of the outer ring 134. Each weakened portion 1464, b is in the form of a thinned
area in one of the legs 142, 144, the thinned area being created, in this embodiment, by
providing a generally C-shaped indentation 148a, b on each side of the leg. This
configuration ensures that any bending or buckling of the outer ring 134 as a result of
compressive forces on the distal ends 138, 140 of the outer ring 134 will occur at the |
weakened portions rather than elsewhere along the outer ring 134. In some embodiments, the
outer ring 134 comprises only one of indentations 143a, b. In yet other embodiments, the
outer ring 134 comprises two or more weakened portions 146a and two or more weakened
portions 146b in order cause the outer ring 134 10 deform in a predetermined manner in
response to the ciliary muscle 34, In such embodiments, the shape of each of at least some of
the weakened portions 146a, b may be different from the shape of others of the weakened
portions 146a, b in order to produce tne desired response to the ciliary muscie 34.

FIG. 10 shows an IOL 150, generally similar to IOL 80 of FIG. 5, comprising an optic
152, a circular outer ring 154 and three evenly arranged and radially oriented intermediate
members 1564, 156b, and 156c, which may be hingeless as shown, or hinged, for example, as
in the embodiment of FIGS. 7A-7D. The support ring 154 includes three weakened areas
158a, b, c provided 120 degrees from one another and radially equidistant from the
intermediate members 156a, 156b, and 156. Again, the weakened areas 158a, b, and ¢, which
are shown here as C-shaped indentations on each side of the outer in g 154, are configured to
ensure that any bending or buckling of the outer ring 154 occurs at the three weakened area
only, rather than at other locations along the ring. In some embodiments, there may be two or
more weaken areas 153a, b, and ¢ between each of the intermediate members 156a, 156b, and
156¢ in order to the outer nng 154 to deform in a predetermined manner in response 1o the
ciliary muscle 34,

FIG. 11 shows an outer ring 160 according to an alternate embodiment of the

invention wherein the weakened areas 162a and 162b are in the form of V-shaped
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indentations or grooves in the outer circumferential surface 163 of the outer ring [160. An
outer ring 160 having this configuration will tend to bend or buckle in a radially inward
direction at the two weakened areas 162a and 162b when the outer ring 170 1s subjected to
compresstve forces.

FI1G. 12 shows an outer ring 164 according to another embodiment of the invention
wherein the weakened areas 166a and 166b are in the form of U-shaped indentations or

grooves formed in the inner circumferential surface 168 of the outer ring 164, An outer ring

164 having this configuration will tend to bend or buckle in a radially outward direction at the
two weakened areas 166a and 166b when the outer ring 164 is subjected to radially
compressive forces.

In still another embodiment of the invention, shown in FIG. 13, the outer ring 170 is
provided with four symmetrically arranged weakened areas 172a, b, ¢, and d, each in the
form of a slit or notch in the outer circumferential surface 174 of the outer ring 170. An outer
ring 170 having this configuration will tend to bend or buckle in a radially inward direction at
the four weakened areas when the outer ring 170 is subjected to radially compressive {orces.

In yet another embodiment, shown in FIG. 14, a circular outer ring 1706 is provided
with two thinned areas i’? 8a and 178b on diametrically opposite locations on the ring. Each
thinned area is formed by providing a pair of U-shaped grooves or indentations in the ring
176, each pair consisting of a first indentation 180a in the outer circumferential surface 182
of the outer ring 176 and a second indentation 180b in the inner circumferential surface 184
of the outer ring 176.

FIG. 15 is an enlarged fragmentary perspective view showing a weakened portion 186
according to still another embodiment of the invention. In this embodiment, the weakened
portion 186 comprises a thinned area, notch, indentation or groove formed in the postenor
face 188 of the outer ring 190. An outer ring 190 having a plurality of weakened portions
186 configured in this way will tend to bend in an anterior direction {towards the cOrnea) at
each of the weakened portions when subjected to radially compressive forces.

Alternatively, a weakened portion 192 according to another embodiment of the
invention may comprise a thinned area, notch, indentation or groove formed in the anterior
face 194 of the outer ring 196, as shown in FIG. 16. An outer ring 196 having a plurality of
weakened portions 192 configured in this way will tend to bend in an posterior direction
(away from the cornea) at each of the weakened portions when subjected to radially

compressive forees.
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FIG. 19 shows yet another embodiment of the invention wherein a weakened portion
108 is configured to cause bending in both a posterior and a radially outward direction.
Although the weakened portion 198 is shown as a single notch formed at the cormer 200
between the anterior surface 202 and the inner circumferential surface 204, it could also be
formed as a pair of intersecting notches, grooves or indentations, one extending entirely
across the anterior surface 202 and the other extending entirely across the inner
circumferential surface 204, or any other equivalent configuraﬁcm.

A weakened portion or portions could also be formed on any other combination or
intersection of surfaces, for instance at a corner between a posterior surface and an outer
circumferential surface to cause bending in anterior and radially inward directions, or at a
comer between an anterior surface and an outer circumferential surface to cause bending m
posterior and radially inward directions. Various other combinations of weakened portions
will be readily apparent to the skilled practitioner, but for reasons of brevity will not be
illustrated here.

FIG. 20 illustrates still another embodiment of the invention wherein an I0L 300
comprises an optic 302 having a periphery 303 and centered about an optical axis OA, an
outer support structure 304 disposed about the optic 302 and spaced therefrom, and first and
second intermediate members 308a, 308b extending between and operably coupling (and/or
directly connected to) the optic 302 and the outer support structure 304. The outer support
structure 304 is disposed along an outer periphery 305 of the IOL 300 and is configured fo
engage an equatorial region of the capsular bag 22. The onter support structure 304 may
entirely and continuously surround the optic 302. That is, the outer support structure 304
may form a closed or unbroken ring or loop completely around the optic 302. In some
embodiments, the outer support structure 304 is coupled or attached to the first and/or second
intermediate members 308a, b. For example, the outer support structure 304 may be
connected to distal ends 311 of the first and second intermediate members 308a, b. In such
embodiments, the weakened regions 310a, b may be disposed along the outer periphery 305
to either side of and/or proximal to the distal ends 311.

The YOL 300 further comprises one or more weakened regions, for example, the first
and second weakened regions 3102, b shown in FIG. 20, disposed along the outer peripbery
305 between the outer support structure 304 and the first and second intermediate members
308a, b. The first and second weakened regions 310a, b are attached to the outer support
structure 304 and the first and second intermediate members 308a, b. The first and second

weakened regions 310a, b are also configured to provide relative motion between the outer
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support structure 304 and the first and second intermediate members 308a, b in response to

the ciliary muscle 34.

The weakened regions 310a, b are generally configured to allow angular motion

between the first intermediate member 3(03a and the outer support structure 304 in response
to the ciliary muscie 34. Depending upon the structure of the weakened regions 310a, b and
the nature and direction of the forces applied to the 101 300 by the ciliary muscle 34 and/or
the capsular bag 22, the weakened regions 310a, b may additionally or alternatively allow
relative linear motion between the between the first intermediate member 308a and the outer
support structure 304 in response to the cihary muscle 34,

With additional reference to FIG. 21, the outer support structure 304 may further
comprise one or more intermediate weakened regions 312 that are circumferentially disposed
between first and/or second intermediate members 308a, b. The intermediate weakened
regions 312 may be disposed at locations on the outer support structure 304 that will allow
the outer support structure 304 to bend, buckle, or otherwise deform in a predetermined
and/or desirable manner when the IOL 300 is compress by the capsular bag 22 or 18 otherwise
affected by force produced in response to the ciliary muscle 34. The weakened regilons 310a,
b and 312 may also be disposed so as to prevent or reduce unwanted deformation and/or
twisting of either the optic 302 and/or the first and second intermediate members 3()8a, b.

The weakened regions 310a, b and intermediate weakened regions 312 may comprise
various structures and/or material so as to provide a predetermined performance, bending,
compression, and/or motion of the outer support structure 304 and the intermediate members
308a, b in response to the ciliary muscle 34 and/or the capsular bag 22. For example, any of
the configurations or arrangements shown in FIGS. 9-16 may be used in conjunction with the
IOL 300. Referring to the embodiments illustrated in FIGS. 20 and 21, one or more of the
weakened regions 310a, b and 312 may have a radjal thickness that is less than a radial
thickness of the outer support structure in a region proximal the one or more weakened
regions 310a, b and 312. Additionally or alternatively, one or more of the weakened regions
310a, b and 312 are disposed on a top or bottom surface of the outer support structure 304
and have a thickness along the optical axis OA that is less than a thickness along the optical
axis OA of the outer support structure 304 in a region proximal the one or more weakened
regions 310a, b and 312. Also, one or more of the weakened regions 310a, b and 312 may be
disposed along a corner edge of the outer support structure 304 similar to the configuration
illustrated in FIG. 19. In the illustrated embodiments of FIGS. 20 and 21, the weakened

regions 310a, b and 312 are disposed along an outer perimeter of the outer support structure
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304; however, some or all of the weakened regions 3102, b and 312 may be disposed along
an inner perimeter, a top or bottom surface, or along a corner edge of the outer support
structure 304.

Referring to FIG. 22, in certain embodiments, the outer support structure 304 is made
of a first material and one or more of the weakened regions 310a, b and 312 are made of a
second material that is more bendable than the first material. For example, the first material
may be relatively stiff or hard (e.g., having a relatively high modulus of elasticity or tensiie
strength), while the second material is a relatively pliable or soft (e.g., having a relatively low
modulus of elasticity or tensile strength). In certain embodiments, outer support structure
304 and one or more of the weakened regions 310a, b and 312 are made of the same material
or substantially the same material, but the material in the one or more of the weakened
regions 310a, b and 312 is processed in a different way from the material in the outer support
structure 304. For example, the degree of polymerization may be different in the one or more
of the weakened regions 3190a, b and 312 than in the outer support structure 304, It will be
understood that while the weakened regions 310a, b and 312 are shown as distinct regions in
FIG. 22, these regions may be indistinguishable or essentially indistinguishable by visual
inspection in an actual JOL. Also, the boundary between the weakened regions 310a, b and
312 and the outer support structure may be extended, gradual, or non-existent. For example,
the boundary may be defined, in certain embodiments, by a gradual transition from the first
material io the second material or by a gradual change in the degree of polymerization
between the weakened regions 310a, b and 312 than in the outer support structure 304,

Any or all of the weakened regions 310a, b and 312 may be configured to form a
hinge or to perform the function of a hinge, for example by extending about the optical axis
QA by a relatively small circumferential distance, for example less than about 2 mm,
preferably less than | min, and more preferably less than 0.5 mm. Alternatively, any or all of
the weakened regions 310a, b and 312 may be configured to form an elongated region in
which the weakened regions 310a, b and/or 312 deform by varying amount along the region
in response to the ciliary muscle 34 and/or the capsular bag 22. Such an elongate regions is
preferably greater than about 2 mm and may be, for example, between about 2 mm to about 3
mm or between about 3 mm to about 53 mm or even greaier than 5 mm.

Referring again to FIG. 20, for exumple, the intenmediate weakened regbns 312 may
be circumferentially disposed equidistant or approximately equidistant between first and the
second intermediate members 308a, b. In some embodiments, the outer support structure 304

comprises a first arm 314 and a second arm 318 separate and distinct from the first arm, the

18



10

20

23

30

CA 02635716 2008-06-27
WO 2007/0793135 PCT/US2006/061671

first arm 314 being connected or coupled to the first weakened region 308a located near the
first intermediate region 308a and second arm 318 being connected or coupled to the first
weakened region 308a located near the second intermediate region 308b.

Referring to FIGS. 23 and 24, in certain embodiments, the first and second arms 314,
318 are separate and distinct and the IOL 300 further comprises a void 320 between the {irst
arm 314 and the second arm 318. Such separation between the first and second arms 314,
318 may be useful in providing a predetermined performance of the outer support structure
304 and/or the first and second intermediate members 308a, b in response the ciliary muscle
34 and/or the capsular bag 22. For example, referring to FIG. 23, the void 320 between the
first and second arms 314, 318 may be configured so that the arms shide toward one another,
but do not twist or buckle, as the outer support structure 304 is compressed in response to
contraction of the ciliary muscle 34. In such embodiments the first and second arms 314, 318
may also rotate relative to the first and second intermediate members 308a, b. Preferably, the
void is sufficiently large that the distal ends of the first and second arms 314, 318 adjacent the
voids 320 do not touch when the outer support structure is in its most compressed
configuration within the eye.

Referring to FIG. 24, at least a portion of the first arm 314 may be slidably disposed
to at least a portion of the second arm 318. For example, the first and second arms 314, 318
may be configured to press against one another at their distal end and to slide as the capsular
bag 22 changes shape during accommodation. Alternatively, the distal ends of the first and
second arms 314, 318 may beekept in close contact with one another by using clamp or other
appropriate device (not shown) fér maintaining the distal end in contact with one another as
the outer support structure is compressed and/or expanded during accommodation. In some
embodiments, the first and second arms 314, 318 is configured so that the distal ends are in
close proximity to one another, but are not necessarily or always in contact with one another
as the outer support structure 304 is compress and/or eXpanded.

Referring to FIG. 25, the TJOL. 300 may comprise a third intermediate member 324
extending between and connecting the optic 302 and the outer support structure 304.
Additionally or alternatively, the outer support member may be configured to be circular, as
illustrated in FIG. 25, rather that oval shaped, as illustrated in FIGS. 20-24. In the iliustrated
embodiment shown in FIG. 25, the IOL 300 may further comprise the intermediate weakened
regions 310 shown in FIGS. 20-22 (not shown). Also, the weakened regions 310a, b and/or

312 for the embodiment illustrated m FIG. 25 may have any of the structures or
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configurations discussed with regard to the embodiments discussed for FIGS. 20-24, where
appropriate,

Referring again to FIG. 20, the intraocular iens 300 may comprise the optic 302 and
the outer support structure 304, wherein the outer support structure 304 completely surrounds
or encircles the optic 302 and the intermediate members 308. In such embodirents, the
intermediate members 308 extend between and couple or connect the optic 302 and the outer
support structure 304. Also, the outer support structure 304 comprises a first weakened
region 3 10a disposed proximal the first intermediate member 308a and a second weakened
region 310b disposed proximal the first intermediate member 308a. The first and second
weakened regions 310a, b are configured to allow angular motion between the first
intermediate member 308a and the outer support structure 304 in response to the cihary
muscle 34 of the eye.

The configuration, number and location of the weakened areas or portions Or of the
hinges in each of the illustrated embodiments are intended merely to be illusirative and, in
practice, will depend on various factors such as the number and configuration of the
intermediate members, the materials used, and the mode of deformation desired.

Furthermore, the outer support structures and outer rings and intermediate members in
the IOLs of the embodiments in each of the FIGS. 1-25 are not intended to be Hmited to use
with optics of any particular structure or type of material. For instance, the optics may be
formed of rigid biocompatible materials such as polymethyl methacrylate (PMIMA) or
deformable materials such as silicone polymeric materials, acrylic polymeric materials,
hydrogel polymeric materials, and the like. In addition, the optic bodies may be either
refractive or diffractive.

In the most preferred embodiments, the optic body has a diameter in the range of
about 3.5 to about 7 mm and, optirnally, in the range of about 3 mum to about 6 mm. The
overall diameter of the IOL, including the intermediate members and outer ring in unstressed
conditions, is preferably about 8 mm to about 13 mm. Additionally, the optic has a far-vision
correction power for infinity in an unaccommodated state.

A series of tests were run on a prototype IOL in order to evaluate the performance of
the FOL under compression. The prototype 1IOL had the configuration of IOL 120" shown in
FIG. 18A and was formed entirely of a unitary, reinforced cross-linked silicone polymeric
material of the type described in Christ U.S. Pat. Nos. 5,236,970, 5,376,694, 5,494,940,
5,661,195, 5,869,549, and 6,277,147. The disclosures of each of these U.S. patents are

incorporated in their entirety herein by reference.
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During the tests, it was observed that, when the IOL 120' was compressed an amount
in the range of about 0.3 mm to about 1 mm, the image quality in the far zone 132 improved
slightly, while the image qguality in the near zone (add power=2D), decreased slightly.

Referring to FIGS. 26 and 27, in certain embodiments, an equiconvex optic 304
comprises surfaces 306, 308. Those of skill in the art will recognize that the optic 304 may
be characterized by a focal length f (e.g., fi in FIG, 26 and f, in FIG. 27) produced as light
310 is refracted by the surfaces 306, 308. It will also be recognijzed by those of skill in the art
that the diopter power D of fhe equiconvex optic 304 is equal to 1/f, when fis in units of
meters. For isotropic compression (&.8., di, d2 in FIGS. 26 and 27, respectively) or
deformation (e.g., deformation of the surfaces 306, 308 illustrated in FIGS. 26 and 27) of the
equiconvex optic 304, there exists a relationship between the amount of diametric
compression d (i.e. decrease in refractive zone size; for example d, - dz) and the increase in
diopter power (for example D2 - D). With an increase in diopter power (e.g., from D to
D,), at least some improvement in near vision can be expected. Referring again to FIG. 18A,
by combining the increased diopter power obtained through deformation of the optic 12¢’°
with that obtained through axial movement, it is believed that enhanced accommodation can
be achieved. In other words, a patient’s presbyopia can be effectively reduced. Still better
accommodation, or further reduction of presbyopia, can be obtained from the add power in
the near zone 134 of a multifocal optic 126", or from the maximum add power of an aspheric
optic.

Although the aforementioned tests were performed on an IOL. 120' formed of a
reinforced cross-linked silicone polymeric material, the principles of the invention will apply
equally well to accommodating I0Ls formed of any ophthalmically acceptable, deformable
material or combination of materials. For instance, one or more of the optic 126/,

intermediate members 122, and outer ring 124" may be formed of an acrylic polymeric

material.

Furthermore, while each of the accommodation assemblies illustrated herein
comprises an outer ring surrounding and spaced from the optic with voids therebetween, and
a plurality of intermediate members extending between and connecting the optic and the
outer ring, these assemblies are merely exemplary. Other assembly configurations capabie of
effecting both axial movement and accommodating deformation of the optic are also inciuded

within the scope of the invention.

21



CA 02635716 2013-11-04

WO 2007/0793185 PCT/US2006/061671

While the present invention has been described with respect to various specific
examples and embodiments, it is to be understood that the invention is not limited thereto and
S that it can be variously practiced within the scope of the following claims.
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What 1s claimed i1s :

1.

4.

An intraocular lens for insertion into the capsular bag of an eye, comprising:
an optic disposed about an optical axis;
a support structure comprising:

an outer periphery defined by an intersection of an outer radial extent of the

support structure and a plane perpendicular to the optical axis;

an outer structure comprising first and second arcuate arms, each arm being

continuously disposed along the outer periphery, the outer structure being;
a first intermediate member operably coupled to the optic and the outer structure;
and

first and second weakened regions disposed along the outer periphery, the first
weakened region circumferentially disposed between the first arcuate arm and the
intermediate member, the second weakened region circumferentially disposed between

the second arcuate arm and the intermediate member.
The intraocular lens of claim 1, wherein the outer periphery 1s circular.

The intraocular lens of claim 1, wherein the outer periphery 1s elliptical.

The intraocular lens of claam 1, further comprising a second intermediate member

extending between and operably coupling the optic and the outer structure.

.

The intraocular lens of claim 4, further comprising a third intermediate member

extending between and connecting the optic and the outer structure,

6.

The 1ntraocular lens of claim 4, wherein the outer structure further comprises at least one

intermediate weakened region circumierentially disposed between first intermediate member and

the second intermediate member.
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7. The intraocular lens of claim 6, wherein the at least one intermediate weakened region 1s
circumferentially disposed equidistant between first intermediate member and the second

intermediate member.

8. The intraocular lens of claim 1, wherein at least one of the weakened regions comprises a
hinge.
9. The intraocular lens of claim 1, wherein at least one of the weakened regions has a radial

thickness that is less than a radial thickness of the outer structure in a region proximal the at least

one weakened region.

10.  The intraocular lens of claim 1, wherein at least one of the weakened regions has a
thickness along the optical axis that 1s less than a thickness along the optical axis of the outer

structure 1n a region proximal the at least one weakened region.

11. The intraocular lens of claim 1, wherein the outer structure is made of a first material and

at least one of the weakened regions 1s made of a second material that is more bendable than the

first material.

12. The intraocular lens of claim 1, wherein the outer structure comprises a first arm and the

second arm with a void therebetween.

13.  The intraocular lens of claim 12, wherein at least a portion of the first arm is slidably

disposed to at least a portion of the second mm.
14.  Anintraocular lens for insertion into the capsular bag of an eye, comprising:

an optic centered about an optical axis;

an outer periphery defined by an intersection of a maximum outer radial extent of

the support structure and a plane perpendicular to the optical axis;
an outer structure continuously disposed along the;and

a first intermediate member radially disposed about a line intersecting the optical

axis and extending between and operably coupled to the optic and the outer structure:
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wherein the outer structure includes first and second weakened regions disposed on

opposite sides of the line.

15.  The intraocular lens of claim 14, wherein the outer structure 1s elliptical.

16.  The intraocular lens of claim 14, further comprising third and fourth weakened regions
disposed along the outer periphery proximal the first intermediate member and circumferentially

disposed on opposite sides of the first intermediate member.

17.  The intraocular lens of claim 16, wherein the outer structure further comprises at least

one intermediate weakened region circumferentially disposed between first intermediate member

and the second intermediate member.

18.  The intraocular lens of claim 17, wherein the at least one intermediate weakened region is
circumferentially disposed equidistant between first intermediate member and the second

intermediate member.

19.  The intraocular lens of claim 16, wherein at least one of the weakened regions comprises
a hinge.
20.  The intraocular lens of claim 16, wherein at least one of the weakened regions has a

radial thickness that 1s less than a radial thickness of the outer structure in a region proximal the

at least one weakened region.

21. The intraocular lens of claim 16, wherein the outer structure 1s made of a first material

and at least one of the weakened regions 1s made of a second material that is more bendable than

the first matenal.
22.  Anntraocular lens for insertion into the capsular bag of an eye, comprising:

an optic disposed about an optical axis;
a support structure disposed about the optic, comprising:

an outer periphery defined by an intersection of a maximum outer radial extent of

the support structure and a plane perpendicular to the optical axis;
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an outer structure comprising a first elongate element having a first weakened
region and a second elongate element having a second weakened region, each elongate
element being continuously disposed along the outer periphery; and an intermediate
member operably coupled to the optic and the outer structure; wherein the first and
second weakened regions are disposed along the outer periphery and on opposites sides

of the intermediate member.
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