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Description

Background of the Invention

[0001] The present invention relates to intraocular
lenses (IOLs). More particularly, the present invention
relates to IOLs that provide accommodating movement
in the eye.
[0002] The human visual system includes the eyes,
the extraocular muscles which control 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 pho-
toreceptors of the retina. The cornea is the primary re-
fracting 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.
[0003] 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 cornea 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.
[0004] The human eye is susceptible to numerous dis-
orders and diseases, a number of which attack the crys-
talline lens. For example, cataracts mar vision through
cloudy or opaque discoloration of the lens of the eye.
Cataracts often result in partial or complete blindness. If
this is the case, the crystalline lens can be removed and
replaced with an intraocular lens, or IOL.
[0005] 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 IOL, a patient may be pre-
scribed eyeglasses. Alternative attempts in the art to
overcome presbyopia focus on providing IOLs with ac-
commodation ability. Accommodation may be accom-
plished by either changing the shape of at least one optic
surface of the IOL, 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 ap-
plications: 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; 2005/0131535; and U.S.
patent application Serial No. 09/656,661, filed in Sep-

tember 7, 2000.
[0006] WO 03/059208 describes an intraocular lens
which includes an optic for focusing light, an outer ring
for supporting the optic in a capsular bag of an eye and
a plurality of radially spaced apart, elongated intermedi-
ate members connecting the optic to the outer ring. The
intermediate members are configured to convert radial
forces exerted by the capsular bag on the support ring
into axial movement of the optic.
[0007] EP 1 108 402 A2 describes an accommodating
IO-lens with centralizing spring haptics showing a z-sim-
ilar cross section.
[0008] US 2004/0236422 A1 describes a two-optic ac-
commodative lens system. The first lens has a negative
power and is located posteriorly within the capsular bag
and laying against the posterior capsule. The periphery
of the first lens contains a pair of T-shaped haptics ori-
ented along a vertical meridian of the capsular bag and
having a rectangular slot within the top portion of the "T".
The first lens further having a plurality of elongated hap-
tics oriented along a horizontal meridian of the capsular
bag. The second lens is located anteriorly to the first lens
outside of the capsular bag and is of a positive power.
The peripheral edge of the second lens contains a pair
of encircling haptics having a notched tab sized and
shaped to fit within the slots in the haptics on the first
lens to lock the second lens onto the first lens. Hinge
structures on the encircling haptics allow the second lens
to move relative to the first lens along the optical axis of
the lens system in reaction to movement of the ciliary
muscle.
[0009] Despite these various devices and method of
providing accommodation, there continues to be a need,
to provide new IOLs with enhanced accommodative ca-
pabilities.

Summary of the Invention

[0010] According to the invention, an intraocular lens
for insertion into the capsular bag of an eye comprises
an optic, an outer periphery, an outer support structure.
The optic has a periphery and centered about an optical
axis. The outer periphery is configured to engage an
equatorial region of the capsular bag of an eye and the
outer support structure is disposed along the outer pe-
riphery of the intraocular lens and is spaced from the
optic with voids therebetween. The intraocular lens fur-
ther comprises a first intermediate member operably cou-
pled to the optic and the outer support structure. The
intraocular lens also comprises first and second weak-
ened regions disposed along the outer periphery. Each
of the weakened regions may be disposed between the
outer support structure and the first intermediate mem-
ber. The weakened regions are configured to allow rel-
ative motion between the outer support structure and the
first intermediate member in response to the ciliary mus-
cle of the eye. In certain embodiments, the relative motion
is an angular motion between the first intermediate mem-
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ber and the outer support structure.
[0011] In certain embodiments, the outer support
structure surrounds or entirely surrounds the optic and/or
the intermediate members. In other embodiments, the
outer support structure is connected to distal ends of the
first and second intermediate members. In such embod-
iments, 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 ellip-
tical or some other shape that is suited for insertion into
the eye, for example, into the capsular bag.
[0012] Optionally, the intraocular lens further compris-
es a second, or even three or more, intermediate mem-
ber(s) extending between and operably coupling the optic
and the outer support structure. In such embodiments,
the intraocular 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 be-
tween the outer support structure and the intermediate
members in response to the ciliary muscle and/or cap-
sular bag. In some embodiments, the outer support struc-
ture further comprises at least one intermediate weak-
ened region circumferentially disposed between interme-
diate members. The intermediate weakened regions may
be circumferentially disposed equidistant between inter-
mediate members or otherwise disposed to provide a
predetermined performance of the outer support struc-
ture or intraocular lens when the outer support structure
is compressed or stretched.
[0013] The weakened regions may be configured or
formed in various way to provide the predetermined per-
formance of the outer support structure or intraocular
lens. For example, one or more of the weakened regions
may comprise a hinge. Also, one or more of the weak-
ened 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. Ad-
ditionally 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 struc-
ture 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.
[0014] Optionally, the outer support structure compris-
es a first arm and the second arm with a void therebe-
tween. In such embodiments, at least a portion of the first
arm may be slidably disposed to at least a portion of the
second arm.
[0015] An intraocular lens which is not part of the in-
vention for insertion into the capsular bag of an eye com-
prising an optic, an outer support structure having an
outer periphery, a first intermediate member, and a weak-

ened 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 be-
tween 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 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 con-
figured to allow relative motion between the outer support
structure and the first intermediate member in response
to the ciliary muscle of the eye.
[0016] Bach and every feature described herein, and
each and every combination of two or more of such fea-
tures, is included within the scope of the present invention
provided that the features included in such a combination
are not mutually inconsistent.

Brief Description of the Drawings

[0017] Additional aspects, features, and advantages
of the present invention are set forth in the following de-
scription and claims, particularly when considered in con-
junction 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 positioned within the
capsular bag;
FIG. 2 is a cross-section similar to FIG. 1 showing
forward or anterior movement of an optic of the in-
traocular lens;
FIG. 3 is a plan view of the exemplary intraocular
lens having an oval outer ring and a pair of nonlinear
intermediate members;
FIG. 4 is a plan view of an alternative intraocular lens
having two radially oriented intermediate members;
FIG. 5 is a plan view of an alternative intraocular lens
having three radially oriented intermediate mem-
bers;
FIG. 6 is a perspective view of an alternative intraoc-
ular lens 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 fur-
ther alternative intraocular lens of having three radi-
ally oriented plate-like intermediate members and an
optic that is bowed slightly out of the plane of a sur-
rounding capsular bag support ring;
FIG. 7B is a perspective anterior view of the intraoc-
ular lens of FIG. 7A;
FIGS. 7C and 7D are plan and side elevational views,
respectively, of the intraocular lens of FIG. 7A;
FIG. 7E is a sectional view taken through line 7E-7E
of FIG. 7B;
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FIG. 8A is a perspective view of a still further alter-
native intraocular lens having two radially oriented
plate-like intermediate members connecting a cen-
tral optic to an oval surrounding capsular bag support
ring;
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. tom
FIG. 9 is a plan view of another alternate IOL;
FIG. 10 is a plan view of still another alternate IOL;
FIG. 11 is a plan view of an outer ring according to
yet another IOL ;
FIG. 12 is a plan view of an outer ring according to
another IOL ; and
FIG. 13 is a plan view of a outer ring according to
still another IOL ;
FIG. 14 is a plan view of a outer ring according to
still another IOL ;
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 pos-
terior direction;
FIG. 17 is a view similar to FIG. 7B, showing an IOL
having an alternate hinge configuration;
FIG. 18A is an anterior plan view showing yet another
IOL ;
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. 18A; and
FIG. 19 is a fragmentary perspective anterior view
showing a support ring structured to bend both pos-
teriorly 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
IOL having weakened portions.
FIG. 22 is a plan view of an IOL having weakened
portions made of a different material than other por-
tion of the IOL.
FIG. 23 is a plan view of an IOL having weakened
portions and a void between arms of the IOL.
FIG. 24 is a plan view of another embodiment of an
IOL having weakened portions and a void between
arms of the IOL.
FIG. 25 is 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 ac-
cording to embodiments of the invention wherein the
optic is not compressed.
FIG. 27 is a side view of an optic from an IOL ac-
cording to embodiments of the invention wherein the
optic is compressed.

Detailed Description of the Drawings

[0018] Referring to the drawings in more detail, an in-
traocular lens (IOL) 20 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 onto a retina of an eye.
The movement assembly 26 of exemplary IOL 20 coop-
erates with the eye to effect accommodating movement
of the optic 24 and, in particular, converts radial move-
ment (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 IOL, the movement assembly 26
biases the optic 24 in a posterior direction (to the right)
against the posterior wall of the capsular bag 22.
[0019] With further reference to FIG. 3, which illus-
trates the exemplary IOL 20 in plan view, the optic 24
comprises a generally circular periphery or peripheral
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 differ-
ent shape as long as the optical correction character is
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.
[0020] The movement assembly 26 may further com-
prise a pair of intermediate members 50a, 50b 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 outer
ring 52. As used herein in this context, the term "connect-
ed" means firmly attached to, for example, by using an
adhesive or ultrasonic bond, by forming integrally, or by
forming as a cohesive single piece. In the latter case, the
lens is desirably molded. Each intermediate member
50a, 50b is desirably oriented in a plane that is in the
optic plane. Indeed, the intermediate members 50a, 50b
and outer ting 52 may have approximately the same thick-
ness and be located in the same plane.
[0021] 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 in direct contact with the jelly-like vitreous hu-
mor 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 crystal
line lens which transmits light passing through the orifice
of the iris 30 to the retina. The capsular bag 22 is con-
nected to an annular ciliary muscle 34 by suspensory
ligaments or zonules 36. The ciliary muscle 34 is the chief
agent in accommodation, i.e., in adjusting the eye to fo-
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cus 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.
[0022] In certain IOLs, the optic 24 is monofocal optic.
In such IOLs, the anterior and posterior 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. In other
IOLs, 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 amount
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 pre-
scription only when optic 24 has moved to the near dis-
tance (i.e., anteriormost) position. Examples of suitable
multifocal optics are disclosed in Lang et al. U.S. Pat.
No. 6,231,603 and Lang et al. PCT International Appli-
cation No. WO/01/82839 A1.
[0023] 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 epithe-
lial cell growth, onto the optic 24. This is accomplished
by configuring the periphery 42 of the optic 24 with me-
chanical barriers such as relatively sharp posterior and/or
anterior edge corners, for example, as disclosed in U.S.
Patent Numbers 6,162,249, 6,468,306, and 6,884,262.
The proliferation of unwanted epithelial cell growth may
also be inhibited through the use of material properties.
[0024] The intermediate members 50a, 50b of the IOL
20 are substantially longer than previous intermediate
members as they extend in a nonlinear fashion from the
outer ring 52 to the circular optic periphery 42. More par-
ticularly, the inner end 54 and outer end 56 are angularly
spaced about the optical axis OA by at least approxi-
mately 90 degrees. The midportion of each intermediate
member 50 extends in a serpentine fashion between its
inner and outer ends.
[0025] In certain IOLs, 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 perpen-
dicularly to the major axis 60 and to the optical axis OA.
Desirably, the outer ends 56 of the intermediate members
50 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 illustrated IOL, 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 54, 56 are angularly spaced apart by
about 90 degrees.
[0026] FIG. 4 illustrates an IOL 70 having an optic 72,
an oval outer ring 74, and a pair of intermediate members
76a, 76b extending radially therebetween. Again, the op-
tic 72, outer ring 74 and intermediate members 76a, 76b
are desirably formed as a single homogeneous (i.e., in-
tegral) piece. In certain IOLs, the oval outer ring 74 may

move the optic 72 axially with greater effectiveness than
a circular ring because of the orientation of the interme-
diate members 76a,b along the major axis.
[0027] The fixation members 76a,b are shown as plate-
like, and desirably are greater in width (the dimension
parallel to the minor axis) than axial thickness (the di-
mension 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 be-
tween about 0.8 mm and about 3.0 mm.
[0028] 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
86c. Because the intermediate members 86 are not sym-
metric 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 axial movement of the optic 82. The
radial thickness tr of the outer ring 84 is indicated, and is
desirably in the range of 0.2-0.6 mm. Moreover, the cor-
ners, or at least one corner, of the outer peripheral edge
of the outer ring 84 are desirably relatively sharp to re-
duce the instance of epithelial cell growth thereon.
[0029] FIGS. 6 and 6A illustrate a IOL 90 having an
optic 92, a plurality of intermediate members 94 extend-
ing radially outward therefrom, and an outer ring 96. The
edge surface 97 of the outer ring 96 may be contoured
to conform to the inner wall of the capsular bag. There-
fore, as seen in FIG. 6A, at least a portion 98 of the edge
surface 97 is 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).
[0030] Furthermore, FIG. 6 illustrates the greater axial
thickness tn 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 96 is
desirably between about 0.4 mm and about 1.0 mm. With-
out wishing to limit the invention to any particular theory
of operation, it is believed that a ring having an axial thick-
ness in this range will place both the posterior and the
anterior zonules of the eye under tension. Thus, both
sets of zonules work in unison to change the diameter of
the capsular bag in response to action of the ciliary mus-
cle, resulting in axial movement of the optic. In some
IOLs, a thinner ring would not interact as effectively with
both sets of zonules, and thus, in all likelihood, would
result in less axial movement.
[0031] In addition, an outer ring 96 having increased
axial thickness will increase the pressure on the sharp
corner 99 of the edge surface 97 to increase the barrier
effect of the ring against PCO.
[0032] FIGS. 7A-7E show another IOL 100 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
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a circular rim 105 to which the fixation intermediate mem-
bers 106 are directly attached. The rim 105 desirably has
a constant axial dimension and helps to reduce glare
while not increasing incision size.
[0033] Movement systems other than that shown may
be suitable, such as a more solid interface rather than
discrete intermediate members. However, separated in-
termediate members with voids therebetween and be-
tween 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 ad-
hesive or ultrasonic bonding, or preferably formed inte-
grally, i.e., molded or machined as one cohesive (homo-
geneous) piece of material. The IOL 100 is desirably liq-
uid injection molded from silicone or machined from a
hydrophilic material which fabrication process reduces
cost and increases quality and/or consistency of the prod-
uct.
[0034] FIG. 7A illustrates the IOL 100 from the poste-
rior side, while FIG. 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 inter-
mediate 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 ring 102.
[0035] As in the IOL 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.
[0036] With reference to FIGS. 7C and 7E, the inter-
mediate members 106 comprise a radially inner portion
108, a radially outer portion 110, and a hinge 112 there-
between. The inner and outer portions 108, 110 are gen-
erally 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 circumferential thickness
are reduced by about 50% with respect to the inner and
outer portions 108, 110. Alternatively, only one of the
axial 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 IOLs, the hinge 112 has the same
axial and the circumferential thickness as the remaining
portions of the intermediate member 106. In such IOLs,
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 IOLs, the intermediate member 106 has no distinct
hinge such as the hinge 112, for example, as illustrated
in FIGS. 4 and 5 for the IOLs 70 and 80, respectively. In
such IOLs, the entire intermediate member (e.g., inter-
mediate members 76a or 86a) may bend to allow the
optic of the IOL to translate anteriorly and posteriorly in
response to the ciliary muscle 34.
[0037] FIG. 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 mem-
bers 106. Specifically, the intermediate members 106 are
bowed slightly in the posterior direction such that the optic
104 will tend to lie against or closely adjacent to the pos-
terior 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 im-
parted thereto by the intermediate members 106. As a
result, the vitreous humor behind the capsular bag can
move the optic 106 so as to allow a subject to focus both
on distant and relatively near objects.
[0038] In one exemplary IOL, the support ring 102 has
a diameter of between about 9.0-10.5 mm, and an axial
thickness of about 0.7 mm. Furthermore, the support ring
102 has a curvature that mimics the curvature of the nat-
ural 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 IOLs, the support ring 102 may be sized to have
a diameter that provides a predetermined fit within the
capsular bag 22, for example when the eye is in an ac-
commodative state, a disaccommodative state, or a state
somewhere between the accommodative and disaccom-
modative states. IOLs 100 may be configured to have a
plurality of diameters to provide a predetermined fit within
different size capsular bags 22 for different eyes. Pref-
erably, the diameter of the support ring 102 is between
about 8 mm and at least about 13 mm, more preferably
between 8 mm and 12 mm, and even more preferably
between 9 mm and 11 mm.
[0039] Although three radial intermediate members
106 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 accommodation, of the optic 104 are the tripod orien-
tation 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 106
to the optic 104. Because the intermediate members 106
are oriented so that none is diametrically opposed to an-
other, there are no directly opposing forces and a larger
component therefore translates into axial movement of
the optic 104.
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[0040] The intermediate members 106 are plate-like
to increase stability of the lens in the eye. That is, the
forces imparted 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 cir-
cumferential thickness, or width, of the intermediate
members 106 may be between about 1.5-4.0 mm, and
the axial thickness is desirably between about 0.2-0.5
mm.
[0041] FIG. 17 shows an alternate IOL of an IOL 102’
substantially similar to the IOL of FIGS. 7A-7E, except
that the thickness of the hinge portion 112’ is reduced in
the axial direction only. That is, the circumferential thick-
ness, or width, of each plate-like intermediate member
106’ is uniform throughout its length. This hinge config-
uration has been found to be less susceptible to fibrosis
than a hinge configuration having reduced thickness in
the circumferential direction.
[0042] Another alternative IOL 120 is seen in FIGS.
8A-8D. As in an earlier IOL, there are only two interme-
diate members 122 extending between an oval shaped
outer capsular bag support ring 124 and an inner circular
optic 126. In the illustrated IOL, the outer ring 124 com-
prises a band having a generally rectangular cross-sec-
tion with a longer axial than radial dimension. Preferably,
at least one corner of the outer ring 124 is sharp to prevent
epithelial cell growth thereon. The support ring 124, inner
optic 126, and intermediate members 122 are firmly at-
tached to each other with adhesive or ultrasonic bonding,
or preferably formed integrally, i.e., molded or machined
as a cohesive single piece. The IOL 120 is desirably liquid
injection molded from silicone or machined from a hy-
drophilic material which, again, reduces cost and increas-
es quality and/or consistency of the product.
[0043] 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 IOL, the support ring 124 has a major diameter
of between about 115-135% of the minor diameter.
[0044] 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 joined to the inner surface of the outer
ring 124 at approximately the axial midpoint thereof.
Therefore, in contrast to the earlier IOL, the optic 126 is
not positioned or biased to favor movement in one direc-
tion or the other.
[0045] With 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 inter-
mediate 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 com-
pression force is required to axially translate the optic
126, while at the same time the ability of the lens to resist
twisting is not adversely affected. In the illustrated IOL,
these hinges 128 are formed by reduced axial thickness
portions along each intermediate member 122. For ex-
ample, curved troughs on both sides of intermediate
members 122 as shown may form the hinges. Alterna-
tively, or in addition, the circumferential dimension of
each intermediate member 122 may be reduced.
[0046] As with the earlier IOL, the optic 126, whether
it be biconvex or otherwise, is recessed from a circular
rim 130 to which the intermediate members 122 are di-
rectly attached. The rim 130 is slightly tapeted downward
toward the optic and helps reduce glare on the lens. De-
sirably, the maximum axial dimension of the rim 130 is
greater than the center thickness of the optic 126. Ad-
vantageously, a reduced center thickness permits a re-
duction in incision size.
[0047] FIGS. 18A-18C show an alternate IOL 120’ sim-
ilar to the IOL of FIGS. 8A-8D, except that the optic 126’
is multifocal, and oval support ring 124’ has a non-uniform
cross-sectional area. Alternatively, the optic 126’ may be
a monofocal optic, as discussed elsewhere herein. In the
illustrated IOL, the radial thickness of the support ring
124’ increases from a minimum value tr1, for instance
about 0.2 mm, at diametrically opposed locations 125a
and 125b along the minor axis 121’, to a maximum value
tr2, for instance about 0.6 mm, at diametrically opposed
locations along the major axis 123’, where the interme-
diate members 122’ are secured to the ring 124’. In ad-
dition, the axial thickness ta of the ring 124’ is constant
throughout the entire circumference of the ring 124’ and
has a value greater than the maximum radial thickness
tr2.
[0048] The circumferential thickness, or width, of each
intermediate member 122’ is also non-uniform through-
out its length, for instance decreasing in a non-linear fash-
ion from a maximum width where the intermediate mem-
ber 122’ joins the circular rim 130’ of the optic 126’ to a
minimum width at the hinge 128’, and remaining substan-
tially 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 "flopping", twisting,
or other unwanted movement, of the thinnest portions
125a and 125b of the outer ring 124’.
[0049] FIGS. 9-16 and 19-25 show alternate embodi-
ments wherein the support ring includes weakened por-
tions configured to allow the ring to allow consistent and
repeatable deformation during compression.
[0050] 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
136a and 136b are shown without hinges, similar to the
intermediate members 76a and 76b of FIG. 4, although
hinged intermediate members could also be used. The
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outer ring 134 is generally oval, with two generally arcu-
ate ends 138, 140 that merge with the distal ends of the
intermediate members 136a and 136b, 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
[0051] A weakened portion 146a, b is 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, b is 180 degrees away from the other weak-
ened portion 146a, b and equidistant from the arcuate
ends 138, 140 of the outer ring 134. Each weakened
portion 146a, b is in the form of a thinned area in one of
the legs 142, 144, the thinned area being created, in this
IOL, 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 IOLs,
the outer ring 134 comprises only one of indentations
148a, b. In yet other IOL, 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 to deform in a predetermined manner in response
to the ciliary muscle 34. In such IOLs, 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 the desired response
to the ciliary muscle 34.
[0052] 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 156a, 156b, and 156c, which may
be hingeless as shown, or hinged, for example, as in the
IOL 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 intermedi-
ate members 156a, 156b, and 156. Again, the weakened
areas 158a, b, and c, which are shown here as C-shaped
indentations on each side of the outer ring 154, are con-
figured 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 IOLs, there
may be two or more weaken areas 158a, b, and c be-
tween each of the intermediate members 156a, 156b,
and 156c in order to the outer ring 154 to deform in a
predetermined manner in response to the ciliary muscle
34.
[0053] FIG. 11 shows an outer ring 160 wherein the
weakened areas 162a and 162b are in the form of V-
shaped indentations or grooves in the outer circumfer-
ential 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 is subjected to com-
pressive forces.
[0054] FIG. 12 shows an outer ring 164 wherein the

weakened areas 166a and 166b are in the form of U-
shaped indentations or grooves formed in the inner cir-
cumferential 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.
[0055] As shown in FIG. 13, the outer ring 170 is pro-
vided with four symmetrically arranged weakened areas
172a, b, c, 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 forces.
[0056] In yet another IOL, shown in FIG. 14, a circular
outer ring 176 is provided with two thinned areas 178a
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 circum-
ferential surface 182 of the outer ring 176 and a second
indentation 180b in the inner circumferential surface 184
of the outer ring 176.
[0057] FIG. 15 is an enlarged fragmentary perspective
view showing a weakened portion 186. In this IOL, the
weakened portion 186 comprises a thinned area, notch,
indentation or groove formed in the posterior 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.
[0058] Alternatively, a weakened portion 192 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 ra-
dially compressive forces.
[0059] FIG. 19 shows yet another IOL wherein a weak-
ened portion 198 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 corner 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 in-
dentations, one extending entirely across the anterior
surface 202 and the other extending entirely across the
inner circumferential surface 204, or any other equivalent
configuration.
[0060] A weakened portion or portions could also be
formed on any other combination or intersection of sur-
faces, for instance at a corner between a posterior sur-
face and an outer circumferential surface to cause bend-
ing in anterior and radially inward directions, or at a corner
between an anterior surface and an outer circumferential
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surface to cause bending in posterior and radially inward
directions. Various other combinations of weakened por-
tions will be readily apparent to the skilled practitioner,
but for reasons of brevity will not be illustrated here.
[0061] FIG. 20 illustrates an embodiment of the inven-
tion wherein an IOL 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 inter-
mediate members 308a, 308b extending between and
operably coupling (and/or directly connected to) the optic
302 and the outer support structure 304. The outer sup-
port structure 304 is disposed along an outer periphery
305 of the IOL 300 and is configured to engage an equa-
torial region of the capsular bag 22. The outer 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.
[0062] The IOL 300 further comprises one or more
weakened regions, for example, the first and second
weakened regions 310a, b shown in FIG. 20, disposed
along the outer periphery 305 between the outer support
structure 304 and the first and second intermediate mem-
bers 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
support structure 304 and the first and second interme-
diate members 308a, b in response to the ciliary muscle
34.
[0063] The weakened regions 310a, b are generally
configured to allow angular motion between the first in-
termediate member 308a and the outer support structure
304 in response to the ciliary muscle 34. Depending upon
the structure of the weakened regions 310a, b and the
nature and direction of the forces applied to the IOL 300
by the ciliary muscle 34 and/or the capsular bag 22, the
weakened regions 310a, b may additionally or alterna-
tively allow relative linear motion between the between
the first intermediate member 308a and the outer support
structure 304 in response to the ciliary muscle 34.
[0064] With additional reference to FIG. 21, the outer
support structure 304 may further comprise one or more
intermediate weakened regions 312 that are circumfer-
entially disposed between first and/or second intermedi-
ate members 308a, b. The intermediate weakened re-
gions 312 may be disposed at locations on the outer sup-
port structure 304 that will allow the outer support struc-
ture 304 to bend, buckle, or otherwise deform in a pre-

determined and/or desirable manner when the IOL 300
is compress by the capsular bag 22 or is otherwise af-
fected by force produced in response to the ciliary muscle
34. The weakened regions 310a, b and 312 may also be
disposed so as to prevent or reduce unwanted deforma-
tion and/or twisting of either the optic 302 and/or the first
and second intermediate members 308a, b.
[0065] The weakened regions 310a, b and intermedi-
ate weakened regions 312 may comprise various struc-
tures 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 con-
figurations 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
radial 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 configu-
ration illustrated in FIG. 19. In the illustrated embodi-
ments of FIGS. 20 and 21, the weakened regions 310a,
b and 312 are disposed along an outer perimeter of the
outer support structure 304; however, some or all of the
weakened regions 310a, 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.
[0066] 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 tensile strength), while the sec-
ond 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 weak-
ened 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 dif-
ferent in the one or more of the weakened regions 310a,
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 indistin-
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guishable by visual inspection in an actual IOL. 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 transi-
tion from the first material to 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.
[0067] 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 OA by a relatively small circumferential dis-
tance, for example less than about 2 mm, preferably less
than 1 mm, and more preferably less than 0.5 mm. Al-
ternatively, 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 de-
form 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 5 mm or
even greater than 5 mm.
[0068] Referring again to FIG. 20, for example, the in-
termediate weakened regions 312 may be circumferen-
tially disposed equidistant or approximately equidistant
between first and the second intermediate members
308a, b. In some embodiments, the outer support struc-
ture 304 comprises a first arm 314 and a second arm 318
separate and distinct from the first arm, the 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 interme-
diate region 308b.
[0069] Referring to FIGS. 23 and 24, in certain embod-
iments, the first and second arms 314, 318 are separate
and distinct and the IOL 300 further comprises a void 320
between the first 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 exam-
ple, preferring to FIG. 23, the void 320 between the first
and second arms 314, 318 may be configured so that
the arms slide 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 interme-
diate 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 config-
uration within the eye.
[0070] 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. Alterna-
tively, the distal ends of the first and second arms 314,
318 may be kept in close contact with one another by
using clamp or other appropriate device (not shown) for
maintaining the distal end in contact with one another as
the outer support structure is compressed and/or ex-
panded 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.
[0071] Referring to FIG. 25, the IOL 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 mem-
ber may be configured to be circular, as illustrated in FIG.
25, rather that oval shaped, as illustrated in FIGS. 20-24.
In the illustrated 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 embodi-
ment illustrated in FIG. 25 may have any of the structures
or configurations discussed with regard to the embodi-
ments discussed for FIGS. 20-24, where appropriate.
[0072] Referring again to FIG. 20, the intraocular lens
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 embodiments, 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 310a disposed proximal the first
intermediate member 308a and a second weakened re-
gion 310b disposed proximal the first intermediate mem-
ber 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 ciliary muscle 34 of the
eye.
[0073] 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
illustrative 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 deforma-
tion desired.
[0074] 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 limited 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 polyme-
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thyl methacrylate (PMMA) or deformable materials such
as silicone polymeric materials, acrylic polymeric mate-
rials, hydrogel polymeric materials, and the like. In addi-
tion, the optic bodies may be either refractive or diffrac-
tive.
[0075] In the most preferred embodiments, the optic
body has a diameter in the range of about 3.5 to about
7 mm and, optimally, in the range of about 5 mm to about
6 mm. The overall diameter of the IOL, including the in-
termediate members and outer ring in unstressed con-
ditions, is preferably about 8 mm to about 13 mm. Addi-
tionally, the optic has a far-vision correction power for
infinity in an unaccommodated state.
[0076] A series of tests were run on a prototype IOL in
order to evaluate the performance of the IOL under com-
pression. The prototype IOL had the configuration of IOL
120’ shown in FIG. 18A and was formed entirely of a
unitary, reinforced cross-linked silicone polymeric mate-
rial of the type described in Christ U.S. Pat. Nos.
5,236,970, 5,376,694, 5,494,946, 5,661,195, 5,869,549,
and 6,277,147.
[0077] 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 quality in the
near zone (add power=2D), decreased slightly.
[0078] Referring to FIGS. 26 and 27, in certain embod-
iments, 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., f1 in
FIG. 26 and f2 in FIG. 27) produced as light 310 is re-
fracted by the surfaces 306, 308. It will also be recognized
by those of skill in the art that the diopter power D of the
equiconvex optic 304 is equal to 1/f, when f is in units of
meters. For isotropic compression (e.g., d1, d2 in FIGS.
26 and 27, respectively) or deformation (e.g., deforma-
tion of the surfaces 306, 308 illustrated in FIGS. 26 and
27) of the equiconvex optic 304, there exists a relation-
ship between the amount of diametric compression d (i.e.
decrease in refractive zone size; for example d1 - d2) and
the increase in diopter power (for example D2 - D1). With
an increase in diopter power (e.g., from D1 to D2), at least
some improvement in near vision can be expected. Re-
ferring again to FIG. 18A, by combining the increased
diopter power obtained through deformation of the optic
126’ with that obtained through axial movement, it is be-
lieved 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.
[0079] Although the aforementioned tests were per-
formed on an IOL 120’ formed of a reinforced cross-linked
silicone polymeric material, the principles of the invention
will apply equally well to accommodating IOLs 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. Par-
ticularly useful materials and combinations of materials
are disclosed in U.S. patent application Ser. No.
10/314,069, filed Dec. 5, 2002.
[0080] Furthermore, while each of the accommodation
assemblies illustrated herein comprises an outer ring sur-
rounding and spaced from the optic with voids therebe-
tween, and a plurality of intermediate members extending
between and connecting the optic and the outer ring,
these assemblies are merely exemplary. Other assembly
configurations capable of effecting both axial movement
and accommodating deformation of the optic are also
included within the scope of the invention. For instance,
accommodation and/or force transfer assemblies of the
type shown in the aforementioned co-pending, common-
ly assigned U.S. patent application Ser. Nos. 09/656,661,
09/657,251, and 09/657,325, may also be suitable.
[0081] While the present invention has been described
with respect to various specific examples and embodi-
ments, it is to be understood that the invention is not
limited thereto and that it can be variously practiced within
the scope of the following claims.

Claims

1. An intraocular lens (300) for insertion into the cap-
sular bag of an eye, comprising:

an optic (302) having a periphery (303) and an
optical correction character which is centered
about an optical axis;
an outer periphery (305) configured to engage
an equatorial region of the capsular bag of an
eye;
an outer support structure (304) disposed along
the outer periphery (305) of the intraocular lens
and spaced from the optic with voids therebe-
tween;
a first intermediate member (308a) operably
coupled to the optic (302) and the outer support
structure (304); characterized in that the in-
traocular lens further comprises
first (310a) and second (310b) weakened re-
gions disposed along the outer periphery (305),
each of the weakened regions (310a, 310b) dis-
posed between the outer support structure (304)
and the first intermediate member (308a), the
weakened regions (310a, 310b) configured to
allow relative motion between the outer support
structure (304) and the first intermediate mem-
ber (308a) in response to the ciliary muscle of
the eye.

2. The intraocular lens of claim 1, wherein the outer
periphery (305) is circular.
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3. The intraocular lens of claim 1, wherein the outer
periphery (305) is elliptical.

4. The intraocular lens of claim 1, further comprising a
second intermediate member (308b) extending be-
tween and operably coupling the optic (302) and the
outer support structure (304).

5. The intraocular lens of claim 4, further comprising a
third intermediate member (324) extending between
and connecting the optic (302) and the outer support
structure (304).

6. The intraocular lens of claim 1, further comprising a
second intermediate member (308b) and the outer
support structure (304) further comprises at least
one intermediate weakened region (312) circumfer-
entially disposed between the first intermediate
member (308a) and the second intermediate mem-
ber (308b).

7. The intraocular lens of claim 6, wherein the at least
one intermediate weakened region (312) is circum-
ferentially disposed equidistant between the first in-
termediate member (308a) and the second interme-
diate member (308b).

8. The intraocular lens of claim 1, wherein at least one
of the weakened regions (310a, 310b) comprises a
hinge.

9. The intraocular lens of claim 1, wherein at least one
of the weakened regions (310a, 310b) has a radial
thickness that is less than a radial thickness of the
outer support structure (304) in a region proximal the
at least one weakened region (310a, 310b).

10. The intraocular lens of claim 1, wherein at least one
of the weakened regions (310a, 310b) has a thick-
ness 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 at
least one weakened region (310a, 310b).

11. The intraocular lens of claim 1, wherein the outer
support structure (304) is made of a first material and
at least one of the weakened regions (310a, 310b)
is made of a second material that is more bendable
than the first material.

12. The intraocular lens of claim 1, wherein the outer
support structure (304) comprises a first arm (314)
and the second arm (318) with a void (320) therebe-
tween.

13. The intraocular lens of claim 12, wherein at least a
portion of the first arm (314) is slidably disposed to
at least a portion of the second arm (318).

14. The intraocular lens of claim 4, wherein the weak-
ened regions (310a, 310b) are configured to allow
angular motion between the outer support structure
(304) and the intermediate member (308a) in re-
sponse to the ciliary muscle of the eye.

15. The intraocular lens of claim 4, wherein the outer
support structure (304) completely surrounds or en-
circles the optic and the intermediate members
(308a, 308b) and the weakened regions (310a,
310b) are disposed proximal to the first intermediate
member (308a) along the outer periphery (305).

Patentansprüche

1. Intraokularlinse (300) zum Einfügen in einen Kap-
selsack eines Auges, die Folgendes umfasst:

eine Optik (302) mit einem Umfang (303) und
einer optischen Korrektureigenschaft, die um ei-
ne optische Achse zentriert ist;
einen äußeren Umfang (305), der konfiguriert
ist, mit einem Äquatorialbereich des Kapsel-
sacks eines Auges in Eingriff zu gelangen;
eine äußere Tragestruktur (304), die entlang
des äußeren Umfangs (305) der Intraokularlinse
angeordnet ist und von der Optik mit Lücken da-
zwischen beabstandet ist;
ein erstes Zwischenelement (308a), das be-
triebstechnisch an die Optik (302) und die äu-
ßere Tragestruktur (304) gekoppelt ist; dadurch
gekennzeichnet, dass die Intraokularlinse fer-
ner Folgendes umfasst:

einen ersten (310a) und einen zweiten
(310b) verdünnten Bereich, die entlang des
äußeren Umfangs (305) angeordnet sind,
wobei jeder der verdünnten Bereiche (310a,
310b) zwischen der äußeren Tragestruktur
(304) und dem ersten Zwischenelement
(308a) angeordnet ist, wobei die verdünn-
ten Bereiche (310a, 310b) konfiguriert sind,
eine relative Bewegung zwischen der äu-
ßeren Tragestruktur (304) und dem ersten
Zwischenelement (308a) als Reaktion auf
den Ciliarmuskel des Auges zu erlauben.

2. Intraokularlinse nach Anspruch 1, wobei der äußere
Umfang (305) kreisförmig ist.

3. Intraokularlinse nach Anspruch 1, wobei der äußere
Umfang (305) elliptisch ist.

4. Intraokularlinse nach Anspruch 1, die ferner ein
zweites Zwischenelement (308b) umfasst, das sich
zwischen der Optik (302) und der äußeren Trage-
struktur (304) erstreckt und diese betriebstechnisch
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koppelt.

5. Intraokularlinse nach Anspruch 4, die ferner ein drit-
tes Zwischenelement (324) umfasst, das sich zwi-
schen der Optik (302) und der äußeren Tragestruktur
(304) erstreckt und diese verbindet.

6. Intraokularlinse nach Anspruch 1, die ferner ein
zweites Zwischenelement (308b) umfasst und die
äußere Tragestruktur (304) ferner mindestens einen
verdünnten Zwischenbereich (312) umfasst, der in
Umfangsrichtung zwischen dem ersten Zwischene-
lement (308a) und dem zweiten Zwischenelement
(308b) angeordnet ist.

7. Intraokularlinse nach Anspruch 6, wobei der mindes-
tens eine verdünnte Zwischenbereich (312) in Um-
fangsrichtung äquidistant zwischen dem ersten Zwi-
schenelement (308a) und dem zweiten Zwischene-
lement (308b) angeordnet ist.

8. Intraokularlinse nach Anspruch 1, wobei mindestens
einer der verdünnten Bereiche (310a, 310b) ein Ge-
lenk umfasst.

9. Intraokularlinse nach Anspruch 1, wobei mindestens
einer der verdünnten Bereiche (310a, 310b) eine ra-
diale Dicke besitzt, die kleiner als eine radiale Dicke
der äußeren Tragestruktur (304) in einem Bereich in
der Nähe des mindestens einen verdünnten Be-
reichs (310a, 310b) ist.

10. Intraokularlinse nach Anspruch 1, wobei mindestens
einer der verdünnten Bereiche (310a, 310b) eine Di-
cke entlang der optischen Achse (OA) besitzt, die
kleiner als eine Dicke entlang der optischen Achse
(OA) der äußeren Tragestruktur (304) in einem Be-
reich in der Nähe des mindestens einen verdünnten
Bereichs (310a, 310b) ist.

11. Intraokularlinse nach Anspruch 1, wobei die äußere
Tragestruktur (304) aus einem ersten Material her-
gestellt ist und mindestens einer der verdünnten Be-
reiche (310a, 310b) aus einem zweiten Material her-
gestellt ist, das biegsamer als das erste Material ist.

12. Intraokularlinse nach Anspruch 1, wobei die äußere
Tragestruktur (304) einen ersten Arm (314) und den
zweiten Arm (318) mit einer Lücke (320) dazwischen
umfasst.

13. Intraokularlinse nach Anspruch 12, wobei mindes-
tens ein Abschnitt des ersten Arms (314) gleitfähig
in Bezug auf mindestens einen Abschnitt des zwei-
ten Arms (318) angeordnet ist.

14. Intraokularlinse nach Anspruch 4, wobei die ver-
dünnten Bereiche (310a, 310b) konfiguriert sind, ei-

ne Winkelbewegung zwischen der äußeren Trage-
struktur (304) und dem Zwischenelement (308a) als
Reaktion auf den Ciliarmuskel des Auges zu erlau-
ben.

15. Intraokularlinse nach Anspruch 4, wobei die äußere
Tragestruktur (304) die Optik und die Zwischenele-
mente (308a, 308b) vollständig umgibt und die ver-
dünnten Bereiche (310a, 310b) in der Nähe des ers-
ten Zwischenelements (308a) entlang des äußeren
Umfangs (305) angeordnet sind.

Revendications

1. Lentille intraoculaire (300) à insérer dans le sac cap-
sulaire d’un oeil, comprenant :

une optique (302) ayant une périphérie (303) et
un attribut de correction optique qui est centré
autour d’un axe optique ;
une périphérie extérieure (305) configurée pour
s’engager dans une région équatoriale du sac
capsulaire d’un oeil ;
une structure de support extérieure (304) dispo-
sée le long de la périphérie extérieure (305) de
la lentille intraoculaire et espacée de l’optique
avec des vides entre elles ;
un premier élément intermédiaire (308a) fonc-
tionnellement couplé à l’optique (302) et à la
structure de support extérieure (304) ;
caractérisée en ce que la lentille intraoculaire
comprend en outre
des première (310a) et deuxième (310b) régions
affaiblies disposées le long de la périphérie ex-
térieure (305), chacune des régions affaiblies
(310a, 310b) étant disposée entre la structure
de support extérieure (304) et le premier élé-
ment intermédiaire (308a), les régions affaiblies
(310a, 310b) étant configurées pour permettre
un mouvement relatif entre la structure de sup-
port extérieure (304) et le premier élément in-
termédiaire (308a) en réponse au muscle ciliaire
de l’oeil.

2. Lentille intraoculaire de la revendication 1, dans la-
quelle la périphérie extérieure (305) est circulaire.

3. Lentille intraoculaire de la revendication 1, dans la-
quelle la périphérie extérieure (305) est elliptique.

4. Lentille intraoculaire de la revendication 1, compre-
nant en outre un deuxième élément intermédiaire
(308b) s’étendant entre et couplant fonctionnelle-
ment l’optique (302) et la structure de support exté-
rieure (304).

5. Lentille intraoculaire de la revendication 4, compre-
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nant en outre un troisième élément intermédiaire
(324) s’étendant entre et reliant l’optique (302) et la
structure de support extérieure (304).

6. Lentille intraoculaire de la revendication 1, compre-
nant en outre un deuxième élément intermédiaire
(308b) et la structure de support extérieure (304)
comprend en outre au moins une région affaiblie in-
termédiaire (312) disposée circonférentiellement
entre le premier élément intermédiaire (308a) et le
deuxième élément intermédiaire (308b).

7. Lentille intraoculaire de la revendication 6, dans la-
quelle l’au moins une région affaiblie intermédiaire
(312) est disposée circonférentiellement à équidis-
tance entre le premier élément intermédiaire (308a)
et le deuxième élément intermédiaire (308b).

8. Lentille intraoculaire de la revendication 1, dans la-
quelle au moins une des régions affaiblies (310a,
310b) comprend une charnière.

9. Lentille intraoculaire de la revendication 1, dans la-
quelle au moins une des régions affaiblies (310a,
310b) a une épaisseur radiale qui est inférieure à
une épaisseur radiale de la structure de support ex-
térieure (304) dans une région proximale de l’au
moins une région affaiblie (310a, 310b).

10. Lentille intraoculaire de la revendication 1, dans la-
quelle au moins une des régions affaiblies (310a,
310b) a une épaisseur le long de l’axe optique (OA)
qui est inférieure à une épaisseur le long de l’axe
optique (OA) de la structure de support extérieure
(304) dans une région proximale de l’au moins une
région affaiblie (310a, 310b).

11. Lentille intraoculaire de la revendication 1, dans la-
quelle la structure de support extérieure (304) est
constituée d’un premier matériau et au moins une
des régions affaiblies (310a, 310b) est constituée
d’un deuxième matériau qui est plus pliable que le
premier matériau.

12. Lentille intraoculaire de la revendication 1, dans la-
quelle la structure de support extérieure (304) com-
prend un premier bras (314) et le deuxième bras
(318) avec un vide (320) entre eux.

13. Lentille intraoculaire de la revendication 12, dans la-
quelle au moins une partie du premier bras (314) est
disposée par coulissement sur au moins une partie
du deuxième bras (318).

14. Lentille intraoculaire de la revendication 4, dans la-
quelle les régions affaiblies (310a, 310b) sont con-
figurées pour permettre un mouvement angulaire
entre la structure de support extérieure (304) et l’élé-

ment intermédiaire (308a) en réponse au muscle ci-
liaire de l’oeil.

15. Lentille intraoculaire de la revendication 4, dans la-
quelle la structure de support extérieure (304) en-
toure ou encercle complètement l’optique et les élé-
ments intermédiaires (308a, 308b) et les régions af-
faiblies (310a, 310b) sont disposées de façon proxi-
male par rapport au premier élément intermédiaire
(308a) le long de la périphérie extérieure (305).
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