
UNITARY ACCOMMODATING INTRAOCULAR LENSES (AIOLs) AND
DISCRETE BASE MEMBERS FOR USE THEREWITH Field of the
Invention The invention pertains to accommodating
intraocular lens (AIOL) assemblies. Background of the
Invention Commonly owned PCT International Application
No. PCT/IL02/00693 entitled Accommodating Lens
Assembly and published on 27 February 2003 under PCT
International Publication No. WO 03/015669 illustrates
and describes accommodating intraocular lens (AIOL)
assemblies, the contents of which are incorporated
herein by reference. The AIOL assemblies each include
a haptics system adapted to be securely fixed in a
human eye's annular ciliary sulcus at at least two
spaced apart stationary anchor points so that it may
act as a reference plane for an AIOL of continuously
variable Diopter strength affected by a human eye's
capsular diaphragm under control of its sphincter-like
ciliary body and acting thereagainst from a posterior
direction. The haptics systems include a rigid planar
haptics plate with a telescoping haptics member for
sliding extension. The haptics plate and the haptics
member are preferably selfanchoring as illustrated and
described in commonly owned PCT International
Application No. PCT/IL02/00128 entitled Intraocular
Lens and published on 29 August 2002 under PCT
International Publication No. WO 02/065951, the
contents of which are incorporated herein by
reference. Commonly owned PCT International
Application No. PCT/IL2005/000456 entitled
Accommodating Intraocular Lens Assemblies and
Accommodation Measurement Implant and published on 10
November 2005 under PCT International Publication No.
WO 2005/104994 illustrates and describes AIOL
assemblies enabling post implantation in situ manual
selective 



displacement of an AIOL along a human eye's visual
axis relative to at least twospaced apart stationary
anchor points to a desired position to ensure that an
AIOL assumes a non-compressed state in a human eye's
constricted ciliary body state, the contents of which
are incorporated herein by reference. Such in situ
manual selective displacement can be effected post
implantation to correct for capsular contraction which
is a natural reaction which typically develops over a
few months following extraction of the contents of a
human eye's natural crystalline lens, and also a
subject's changing eyesight overtime with minimal
clinical intervention. Such in situ manual selective
displacement can be achieved as follows: First, a
discrete haptics system for retaining a discrete AIOL
which is manually displaceable relative thereto. And
second, a haptics system with at least two haptics
having radiation sensitive regions capable of
undergoing plastic deformation for in situ manual
displacement of an integrally formed AIOL. Commonly
owned PCT International Application No.
PCT/IL2005/001069 entitled Accommodating Intraocular
Lens (AIOL), and Assemblies Including Same published
on 20 April 2006 under PCT International Publication
No. WO 2006/040759 illustrates and describes an AIOL
having a biasing mechanism for elastically deforming
an elastically deformable shape memory disc-like
optical element for affording a natural positive
Diopter strength for near vision, the contents of
which are incorporated herein by reference. The AIOL
is intended to be implanted in a human eye such that
relaxation of its ciliary body causes its capsular
diaphragm to apply an accommodation force for
overcoming the biasing mechanism to reduce the AIOL's
natural positive Diopter strength for distance vision.
Commonly owned PCT International Application No.
PCT/IL2006/000406 entitled Accommodating Intraocular
Lens (AIOL) Assemblies, and Discrete Components
Therefor published on 05 October 2006 under PCT
International Publication No. WO 2006/103674
illustrates and 



describes AIOL assemblies enabling post implantation
in situ manual selective displacement of an AIOL along
a human eye's visual axis relative to at least two
spaced apart stationary anchor points to a desired
position to ensure that an AIOLassumes a
non-compressed state in a human eye's constricted
ciliary body state, the contents of which are
incorporated herein by reference. Additionally, WO
2006/103674 illustrates and describes preferred
attachment plates for selfanchoring implantation in a
human eye's annular ciliary sulcus. Commonly owned PCT
International Application No. PCT/IL2007/001056
entitled Intraocular Lens Implantation Kit published
on 28 February 2008 under PCT International
Publication No. WO 2008/023379 illustrates and
describes an IOL implantation kit for assisting in
implanting an AIOL assembly in a human eye, the
contents of which are incorporated herein by
reference. The IOL implantation kit includes a
forceps-like insertor tool for clamping an AIOL
heightwise between its leading and trailing surfaces
for assisting in anchoring its leading haptics in a
distal segment of a human eye's ciliary sulcus. The
implantation kit includes a crook-like insertor tool
for assisting in fixating an AIOL assembly's trailing
haptics in a human eye's ciliary sulcus generally
diametrically opposite its leading haptics. Deployment
of AIOLs in a human eye involves capsulorhexis for
preparing an aperture in the eye's anterior capsule
for enabling removal of its natural crystalline lens
content. Capsulorhexis typically involves preparing a
circular aperture having a between about 4 to 5mm
diameter, thereby leaving an annular anterior capsule
flange against which the aforesaid AIOLS are urged
from an anterior direction. Such deployment may or may
not lead to a human eye's annular anterior capsule
flange overlie its still intact posterior capsule
depending on the natural thickness of the human eye's
natural crystalline lens content. Separation between a
human eye's annular anterior capsule flange and its
intact posterior capsule enables growth of epithelial
cells which naturally 



migrate towards the center of the posterior capsule's
anterior surface which induces a secondary cataract
causing the posterior capsule to become opaque. Such
secondary cataracts are necessarily removed by YAG
laser to restore vision. Moreover, such separation
also diminishes the forces available for acting
uponthe aforesaid AIOLs to mitigate their
accommodative capability compared to their theoretical
accommodative power. Summary of the Invention The
present invention is directed towards unitary
accommodating intraocular lenses (AIOLs) including a
haptics system with a pair of diametrically opposite
elongated generally C-shaped haptics for
self-anchoring in a human eye's ciliary sulcus
integrally formed with a general disc-like resiliently
elastically compressible shape memory optical element
having a continuously variable Diopter strength
between a first preferably zero Diopter strength in a
non-compressed state and a second Diopter strength
different than its first Diopter strength in a
compressed state. The unitary AIOLs include an optical
element with an exposed trailing surface and are
intended to be used in conjunction with a discrete
base member for applying an axial compression force
from a posterior direction for compressing their
optical elements from a non-compressed state to a
compressed state on relaxation of a human eye's
ciliary body from a contracted ciliary body state to a
relaxed ciliary body state whereupon an optical
element reverts to its non-compressed state on
contraction of the human eye's ciliary body. The
unitary AIOLS are preferably designed to be used with
either a purpose designed base member implanted
immediately prior to an AIOL typically during the same
surgical procedure or a previously implanted standard
in-the-bag IOL acting as a base member. Alternatively,
the unitary AIOLs can be designed to be solely used
with purpose designed base members. The unitary AIOLs
include a haptics main body designed to undergo
elastic deformation on being squeezed by a pincer-like
compression force to an 



elliptic shape to reduce their width for lengthwise
insertion into a small corneal incision in the range
of about 3mm to about 4mm to assist implantation. The
unitary AIOLs preferably include a tubular haptics
ring and a tubular interposer deployed between a
haptics ring and an optical element. Interposers
include a leading inwardly directed annular flange
defining an aperture through which anoptical element
anteriorly bulges therethrough on application of an
axial compression force from a posterior direction.
Interposers are formed from pliable material such that
their leading inwardly directed annular flanges give
on application of an axial compression force to avoid
a sharp transition of an anteriorly bulging optical
element at an annular flange's rim to reduce optical
aberrations. Interposers also preferably include a
trailing outwardly directed annular flange for
abutting against a haptics ring's trailing end face to
ensure their secure deployment in the unitary AIOLs.
The unitary AIOLs preferably include a so-called
Vertical Adjustment Mechanism (VAM) for enabling in
situ longitudinal displacement of their optical
elements relative to their stationary anchoring
points. The VAMs are implemented by each haptics
having a heat deformable region adjacent its haptics
main body. The heat deformable regions are intended to
undergo localized heating by an external energy source
for enabling plastic deformation of the haptics at a
so-called glass transition temperature. Localized
heating can be achieved by inter alia irradiation by a
laser source, induced heating by a RF source, a heat
probe, and the like, to a temperature higher than a
human eye's normal 360C temperature but sufficiently
low so as not to damage a human eye's delicate
internal structures. The optical elements preferably
include a peripheral surface designed to minimize
resistance to an axial compression force for
anteriorly bulging same. Such resistance can be
reduced by the provision of a peripheral surface with
a bellows-like trailing section, a beveled trailing
edge, and the like. The optical 



elements may include a trailing bulge control element
for further facilitating anterior bulging during
compression to a desired curved shape to improve
acuity of vision. The bulge control elements may be in
the form of an embedded rounded core or a rounded
recess for snug insertion of a complementary rounded
projection on a purpose built base member. Purpose
designed base members for use in conjunction with the
unitary AIOLs preferably have an elongated
substantially planar main body with oppositeleading
and trailing ends. The base members have a central
piston member and lateral wings with a tapering
thickness such that they are readily flexible to
conform to the natural curvature of a human eye's
capsular diaphragm on implantation. The base members
have a leading end which is initially manipulated into
a desired location in a human eye's ciliary sulcus
during implantation and a trailing end which is
subsequently manipulated at a general diametrically
opposite location to the leading end by the aforesaid
commonly owned WO 2008/023379's crook-like insertor
tool. The trailing ends are preferably formed with
throughgoing manipulation bores for facilitating in
situ manipulation. The piston members have a leading
working surface for acting against a unitary AIOL' s
optical element's trailing surface and a trailing
working surface for being urged in an anterior
direction by a human eye's capsular diaphragm. The
leading working surfaces are preferably formed with an
alignment element for axially aligning a unitary AIOL
with a base member on implantation in a human eye. The
alignment elements can be in the form of either a
circular depression for use with unitary AIOLs having
a protruding optical element or a leading disc-like
step for use with unitary AIOLs having a flush or a
recessed optical element. Additionally, the leading
working surfaces can be formed with a rounded bulge
control core for both alignment purposes and also
assisting in the controlled anterior bulging of an
AIOL having an optical element with a posterior 



surface having a complementary rounded recess. The
posterior surfaces can be fashioned to meet different
clinical conditions and/or optionally provide
additional positive dioptric power if so required. For
example, trailing working surfaces can be formed with
a trailing disc-like step for protruding through a
human eye's post capsulorhexis anterior capsule for
ensuring that a base member simultaneously contacts a
human eye's anterior capsule and its posterior capsule
which are not directly overlying. The posterior
surfaces in general and the trailing working surfaces
in particular can be flat with no dioptric value or
convex with positive dioptric value. Moreover,
thetrailing disc-like steps act as a mechanical
barrier for stopping the natural migration of
epithelial cells towards a human eye's visual axis
thereby precluding the natural formation of secondary
cataracts in the case of a human eye's annular
anterior capsule flange not overlying its intact
posterior capsule subsequent to capsulorhexis and
subsequent to lens content removal. Brief Description
of the Drawings In order to understand the invention
and to see how it can be carried out in practice,
preferred embodiments will now be described, by way of
non-limiting examples only, with reference to the
accompanying drawings in which similar parts are
likewise numbered, and in which: Fig. 1 is a cross
section view of an anterior part of a human eye in its
contracted ciliary body state for natural near vision
in an axial plane of the human body; Fig. 2 is a cross
section view of an anterior part of a human eye in its
relaxed ciliary body state for natural distance vision
in an axial plane of the human body; Fig. 3 is a
perspective view of a unitary AIOL including a haptics
system having a haptics main body with a trailing end
face and a Vertical Adjustment Mechanism (VAM), a
tubular interposer, and a compressible disc-like shape



memory optical element with an exposed trailing
surface protruding with respect to the haptics main
body's trailing end face; Fig. 4 is an exploded view
of Figure 3's unitary AIOL; Fig. 5 is a longitudinal
cross section of Figure 3's unitary AIOL in a
noncompressed state along line A-A in Figure 3; Fig. 6
is a longitudinal cross section of Figure 3's unitary
AIOL in a compressed state along line A-A in Figure 3;
Fig. 7 is a perspective view of Figure 3's unitary
AIOL on application of a pincer-like compression force
on its haptics main body for squeezing same intoan
elliptic shape for reducing its width for insertion of
the unitary AIOL through a corneal incision for
implantation purposes; Fig. 8 is a side view of Figure
3's unitary AIOL; Figs. 9A and 9B are side views of
Figure 3's unitary AIOL in a first axial position and
a second axial position in front of the first axial
position, respectively; Figs. 1OA and 1OB are side
views of a unitary AIOL with an alternative VAM in a
first axial position and a second axial position in
front of the first axial position, respectively; Fig.
11 is a perspective view of a unitary AIOL with
another alternative VAM; Fig. 12 is a side view of
Figure 11' s unitary AIOL; Fig. 13 is a perspective
view of a haptics ring with a split ring arrangement
including a pair of interlocking ring elements; Fig.
14 is a perspective view of Figure 13' s haptics ring
on application of a pincer-like compression force for
squeezing it into an elliptic shape; Fig. 15 is a
perspective view of a haptics ring with a split ring
arrangement including a pair of hinged ring elements;
Fig. 16 is a perspective view of Figure 15's haptics
ring on application of 



a pincer-like compression force for squeezing it into
an elliptic shape; Fig. 17 is an exploded view of a
unitary AIOL including a haptics main body having a
tubular interposer with a modified cross section with
respect to Figure 3's tubular interposer; Fig. 18 is a
longitudinal cross section of Figure 17' s haptics
main body; Fig. 19 is an exploded view of a unitary
AIOL including a haptics main body having a haptics
ring with an integrally formed leading inwardly
directed annular flange; Fig. 20 is a longitudinal
cross section of Figure 19's haptics main body; Fig.
21 is a longitudinal cross section of a haptics main
body with an optical element with a chamfered trailing
edge;Fig. 22 is a longitudinal cross section of a
haptics main body with an optical element with a
fillet shaped trailing edge; Fig. 23 is a longitudinal
cross section of a haptics main body with a trailing
end face and an optical element with a trailing
surface flush therewith; Fig. 24 is a longitudinal
cross section of a haptics main body with a trailing
end face and an optical element with a trailing
surface recessed with respect thereto; Fig. 25 is a
longitudinal cross section of a haptics main body
including an optical element with a rounded bulge
control element in the form of an embedded spherical
core for controlling anterior bulging; Fig. 26 is a
longitudinal cross section of a haptics main body
including an optical element with a rounded bulge
control element in the form of an embedded flattened
bell shaped core for controlling anterior bulging;
Fig. 27 is a longitudinal cross section of a haptics
main body including an optical element with a rounded
bulge control element in the form of a trailing
rounded recess; Fig. 28 is a plan view of an isosceles
triangle shaped base member 



perpendicular to its longitudinal axis, the base
member having a circular depression for use in
conjunction with Figure 3's unitary AIOL; Fig. 29 is a
longitudinal cross section of Figure 28's base member
having a posterior surface with a zero dioptric value;
Fig. 30 is a plan view of an AIOL assembly including
Figure 3's unitary AIOL mounted on Figure 28's base
member; Fig. 31 is a front view of a human eye with
Figure 30's AIOL assembly implanted therein; Fig. 32
is a longitudinal cross section of Figure 30's AIOL
assembly; Fig. 33 is a longitudinal cross section of
an anterior part of a human eye showing deployment of
Figure 30's AIOL assembly in an axial plane of the
human body in the eye's contracted ciliary body state;
Fig. 34 is a longitudinal cross section of an anterior
part of a human eye showing deployment of Figure 30' s
AIOL assembly in an axial plane of the human body in
the eye's relaxed ciliary body state; Fig. 35 is a
plan view of an elliptic shaped base member
perpendicular to its longitudinal axis, the base
member having a circular depression for use in
conjunction with Figure 3's unitary AIOL; Fig. 36 is a
front view of a human eye with Figure 3's unitary AIOL
mounted on Figure 35's base member; Fig. 37 is a
longitudinal cross section of Figure 30' s AIOL
assembly including a base member having a trailing
working surface with a central disclike step; Fig. 38
is a longitudinal cross section of an anterior part of
a human eye showing deployment of Figure 37' s AIOL
assembly in an axial plane of the human body in its
non-compressed state; Fig. 39 is a longitudinal cross
section of Figure 30' s AIOL assembly including a base
member having a posterior surface with a positive
dioptric 



value; Fig. 40 is a longitudinal cross section of an
anterior part of a human eye showing deployment of
Figure 39' s AIOL assembly in an axial plane of the
human body in its non-compressed state; Fig. 41 is a
longitudinal cross section of a Figure 30' s AIOL
assembly including a base member having a flat
anterior surface and a posterior surface with a
positive dioptric value; Fig. 42 is a longitudinal
cross section of a Figure 30' s AIOL assembly
including a base member having a leading working
surface with an alignment element in the form of a
rounded shape and a posterior surface with a positive
dioptric value; Fig. 43 is a longitudinal cross
section of a unitary AIOL with Figure 23' s main body
mounted on a base member with a leading working
surface having analignment element with a disc-like
shape and a posterior surface with a positive dioptric
value; Fig. 44 is a longitudinal cross section showing
Figures 30's AIOL assembly including an unitary AIOL
and a base member with complementary bulge control
elements; and Fig. 45 is a longitudinal cross section
showing Figure 43' s AIOL assembly including a unitary
AIOL and a base member with complementary bulge
control elements. Detailed Description of Preferred
Embodiments of the Present Invention Figures 1 and 2
are cross section views of an anterior part of a human
eye 10 having a visual axis VA in its natural near and
distance vision conditions, respectively, in an axial
plane of the human body. The human eye 10 has a cornea
11 peripherally connected to a spherical exterior body
made of tough connective tissue known as the sclera 12
at an annular sclero-corneal juncture 13. An iris 14
inwardly extends into the human eye 10 from its root
16 at the sclerocorneal 



juncture 13 to divide the human eye's anterior part
into an anterior chamber 17 and a posterior chamber
18. A sphincter-like peripheral structure known as the
ciliary body 19 includes ciliary processes housing
ciliary muscles 21 fired by parasympathetic nerves.
The ciliary muscles 21 are connected to zonular fibers
22 which in turn are peripherally connected to the
equatorial edge of a membrane known as the capsular
bag 23 with an anterior capsule 24 and a posterior
capsule 26 enrobing a natural crystalline lens 27. The
iris's root 16 and the ciliary body 19 delimit a
portion of the interior surface of the sclera 12 at
the sclero-corneal juncture 13 known as the ciliary
sulcus 28. Remnants of the anterior capsule 24 which
may remain after extraction of the natural crystalline
lens 27 and the intact posterior capsule 26 are
referred to hereinafter as the capsular diaphragm 29.
Contraction of the ciliary body 19 allows the lens 27
to thicken to its natural thickness Tl along the
visual axis VA for greater positive optical power for
near vision (see Figure 1). Relaxation of the ciliary
body 19tensions the zonular fibers 22 which draws the
capsular bag 23 radially outward as shown by arrows A
for compressing the lens 27 to shorten its thickness
along the visual axis VA to T2<T1 for lower positive
optical power for distance vision (see Figure 2).
Unitary Accommodating Intraocular Lenses (AIOLs)
Figures 3 to 20 show unitary AIOLs 100 for use in
conjunction with a discrete base member implemented as
either a purpose designed base member or a previously
implanted in the bag IOL. The unitary AIOLs 100 have a
longitudinal axis 101 intended to be co-directional
with a human eye's visual axis VA on implantation in a
human eye 10. The unitary AIOLs 100 include a haptics
system 102 for self-anchoring in a human eye's ciliary
sulcus 28 and house a resiliently elastically
compressible disc-like shape memory optical element
103. The haptics systems 102 are made from suitable
rigid bio-compatible transparent polymer material such
as PMMA, and the like. The optical elements 103 are 



made from suitable bio-compatible transparent material
such as silicon based gels and the like having a
hardness typically rated in the region of 30±10 on the
Shore Range 00. The optical elements 103 have a
continuously variable Diopter strength between a first
preferably zero Diopter strength in a non-compressed
state (see Figure 5) and a second Diopter strength
different than its first Diopter strength in a
compressed state on application of an axial
compression force as indicated by arrows C in Figure
6. The unitary AIOLs 100 are pre-assembled using
conventional assembly techniques, for example, gluing,
soldering, and the like. The haptics systems 102 have
a haptics length L and include a haptics main body 104
with a leading inwardly directed annular flange 106
defining a preferably circular aperture 107 through
which the optical element 103 bulges therethrough on
application of an axial compression force from a
posterior direction, and an opposite trailing end face
108. The haptics main bodies 104 have an optics
diameter Dl and the apertures 107 have a diameter
D2determining the active optical element surface of an
optical element 103 in terms of its anterior bulging
on application of an axial compression force. The
haptics main bodies 104 are designed to be squeezable
on application of a pincer-like compression force such
that they temporarily and reversibly assume an
elliptic shape to reduce their width for lengthwise
insertion into a small corneal incision to assist
implantation (see Figure 7). Unitary AIOLs 100 have
exemplary dimensions as follows: Haptics Length L:
13-15 mm Optical Element Diameter Dl: 5-7 mm Active
Optical Element Surface Diameter D2: 3.5-6 mm The
haptics main bodies 104 include a pair of
diametrically opposite elongated generally C-shaped
haptics 109 extending in opposite directions in a 



plane perpendicular to the longitudinal axis 101. The
haptics main bodies 104 include a tubular single
continuous haptics ring 111 having opposite leading
and trailing end faces 112 and 113 and an annular
interposer 114 disposed between the haptics ring 111
and the optical element 103. The interposers 114 have
a leading inwardly directed annular flange 116
constituting the annular flange 106 and a trailing
outwardly directed annular flange 117 for abutting
against a haptics rings trailing end face 113 to
ensure their secure deployment in the unitary AIOLs
100. In this case, the annular flanges 117 constitute
a haptics main body's trailing end face 108. The
interposers 114 are preferably formed from pliable
material such that their annular flanges 116 give on
application of an axial compression force C to prevent
formation of a sharp angle on bulging through the
aperture 107 (see Figure 6). The haptics 109 have a
thin profile in the plane perpendicular to the
longitudinal axis 101 such that they are sufficiently
flexible under reasonable forces as can be applied
using conventional ophthalmic surgical tools for
encircling around the haptics main body 104 shown by
arrow B for facilitating insertion of the unitary
AIOLs 100 into a human eye through a relatively
smallincision. Figure 3 shows a haptics 109 in dashed
lines for showing its encircling around the haptics
main body 104. The haptics 109 have a wide profile
along the longitudinal axis 101 such that they are
rigid against a compression force therealong. The
haptics' wide profile preferably tapers from its
proximal end 109A adjacent the haptics main body 104
to its distal end 109B remote therefrom and
terminating at a bifurcated attachment plate 118. The
attachment plates 118 include a pair of spaced apart
puncturing members 119 having tips 121 with a minimum
tip separation of at least lmm and preferably between
about 2mm and 3mm and a minimum tip height of at least
0.5mm such that they can penetrate slightly more than
half of a sclera's thickness of about lmm thereby
providing a unitary AIOL 100's anchoring points. 



The optical elements 103 have a leading surface 122
and an opposite exposed trailing surface 123, and a
peripheral surface 124 with a trailing edge 126. The
optical elements 103 are preferably dimensioned such
that their exposed trailing surfaces 123 protrude with
respect to a haptics main body's trailing end face
108. The peripheral surfaces 124 are designed to
facilitate compression of an optical element 103 by an
axial compression force. This can be achieved by a
peripheral surface 124 being formed with a
bellows-like trailing section 127 extending beyond a
haptics main body's trailing end face 108.
Alternatively, trailing edges 126 can be beveled to
reduce the resistance to an axial compression force.
Beveling can be in the form a chamfered trailing edge
128 (see Figure 21), a fillet shaped edge 129 (see
Figure 22), and the like. Alternatively, the optical
elements 103 can be dimensioned such that their
exposed trailing surfaces 123 are respectively flush
with and recessed with respect to a haptics main
body's trailing end face 108 (see Figures 23 and 24).
The haptics systems 102 preferably include a Vertical
Adjustment Mechanism (VAM) 131 for enabling in situ
longitudinal displacement of a haptics main body 104
relative to a unitary AIOL 100's anchoring points
along a visual axis VA thereby controlling the
position of the haptics main body 104 relative to an
eye's capsular diaphragm 29. The VAMs 131 enable in
situcorrection of the placement of a unitary AIOL 100
in case it is placed too posterior or alternatively in
case of excessive pressure being developed by an eye's
capsular diaphragm. The VAMs 131 include the provision
of each haptics 109 with a heat deformable region 132
adjacent a haptics main body 104 and intended to
undergo local heating by an external energy source.
Figures 4 and 8 show a VAM 13IA including tack-like
radiation sensitive members 133 for insertion into
blind bores 134 in outwardly rounded holders 136
adjacent a haptics main body 104 and having a
longitudinal axis 134A codirectional with the
longitudinal axis 101. The radiation sensitive members
133 



are preferably formed from a low specific heat metal,
for example, titanium, and the like, and are
preferably pigment coated. The radiation sensitive
members 133 are intended to be irradiated with
suitable laser light, for example, for retinal
photocoagulation, laser trabeculopasty, and the like,
for enabling localized heating of their respective
heat deformable regions 132 to a temperature higher
than a human eye's normal 360C temperature but
sufficiently low so as not to damage a human eye's
delicate internal structures. Suitable laser systems
include inter alia the Oculight SL 810 nm Infrared
Photocoagulator commercially available from IRIDEX
Corporation, California, USA www.iridex.com. Figures
9A and 9B show the unitary AIOL 100 in two different
axial positions along the longitudinal axis 101 as
determined by the angles qi and q2 where q2 < 1 such
that unitary AIOL 100's position in Figure 9B is more
anterior than in Figure 9A. Figures 1OA and 1OB show a
unitary AIOL 100 with a VAM 131B including heat
deformable regions 132 impregnated with radiation
sensitive bio¬ compatible chemicals 137, for example,
Infra Red (IR) sensitive indocyanine green (ICG), and
the like. Figures 11 and 12 show a unitary AIOL 100
with a VAM 131C including metal elements 138 inserted
in bores 139 having a longitudinal axis 139A inclined
with respect to the longitudinal axis 101 at an
included angle a~45° wherein the metal elements 138
are intended to be heated by an external heat
probe.Figures 13 to 16 show the haptics systems 102
can include haptics rings 141 and 142 with split ring
arrangements instead of a single continuous tubular
haptics ring 111 for facilitating their squeezing into
an elliptic shape on application of a pincer-like
compression force thereby reducing their width for
insertion through smaller corneal incisions. The
haptics ring 141 includes a pair of interlocking ring
elements 143 and the haptics ring 142 includes a pair
of hinged ring elements 144 and a pair of hinge pins
146. The haptics rings 141 and 



142 can each include two or more pairs of ring
elements. The haptics rings 141 and 142 preferably
undergo overmolding to ensure their structural
integrity and a smooth outer finish. Figures 17 and 18
show a unitary AIOL 100 with a haptics main body 104
including the haptics ring 111 and an annular
interposer 147 including the leading inwardly directed
annular flange 116 and a leading outwardly directed
annular flange 148. The interposer 147 can be
conveniently mounted onto the haptics ring 111 from an
anterior direction. Figures 19 and 20 show a unitary
AIOL 100 with a haptics main body 104 including a
haptics ring 149 integrally formed with a leading
inwardly directed annular flange 151 constituting the
leading inwardly directed flange 116. The optical
elements 103 can be optionally additionally formed
with a trailing bulge control element 152 for
centering anterior bulging with respect to the
longitudinal axis 101. The bulge control elements 152
typically have a height between about 0.4mm to about
0.6mm relative to an optical element's trailing
surface 123. The bulge control elements 152 can be
implemented as follows: First, the optical elements
103 can be provided with a biocompatible transparent
silicon material core 153 having a hardness of
typically several orders of magnitude greater than the
major part of the optical member 103. Such cores 153
preferably have the same refractive index as the major
part of the optical members 103 for avoiding
aberrations at their interface. The cores 153 can have
a spherical shape (see Figure 25), a flattened bell
shape (see Figure 26), and the like. And second, a
bulge control element 152 can be implemented as a
roundedrecess 154 for use with a base member having a
complementary shaped core for snug insertion thereinto
(see Figure 27). Purpose Designed Discrete Base
Members Figures 28 to 45 show discrete base members
200A-200I for use in conjunction with unitary AIOLs
100. The base members 200 have a longitudinal 



axis 201 intended to be co-axial with a unitary AIOL'
s longitudinal axis 101 and co-directional with a
human eye's visual axis VA on implantation in a human
eye 10. The base members 200 have an elongated
substantially planar main body 202 with opposite major
anterior and posterior surfaces 203 and 204. The base
members 200 are preferably made from pliable
biocompatible transparent material for enabling
folding for insertion through a small incision into a
human eye. Suitable materials include inter alia
HydroxyEthylMethaAcrylate (HEMA), and the like. The
main bodies 202 have opposite leading and trailing
ends 206 and 207 which define an imaginary circle 208
having an about 13 to 15mm diameter which is
sufficient to conform to the natural curvature of a
human eye's capsular diaphragm and extend into
substantially opposite sections of the human eye's
ciliary sulcus 28. The trailing ends 207 are provided
with preferably throughgoing manipulation bores 209
for enabling in situ manipulation, for example, by
means of the aforesaid commonly owned WO 2008/023379's
crooklike insertor tool (see WO 2008/023379's Figures
12 to 16). The main bodies 202 have a central piston
member 211 with opposite leading and trailing working
surfaces 212 and 213. The main bodies 202 have at
least two lateral wings 214 extending radially from
their central piston members 211 for forming the
leading and trailing ends 206 and 207. The base
members 200 preferably have an isosceles triangle
shape in a plan view perpendicular to the longitudinal
axis 201 in which case a single lateral wing 214 forms
the leading end 206 and a pair of spaced apart lateral
wings 214 form the trailing end 207 (see Figures 28 to
34). Alternatively, the base members 200 can have an
elliptic shape in a plan viewperpendicular to the
longitudinal axis 201 such that a single lateral wing
214 forms each of their identical leading and trailing
ends 206 and 207 (see Figures 35 and 36). The base
members 200 are generally planar in the absence of
external 



forces thereon and their at least two lateral wings
214 define a horizontal plane 216 perpendicular to the
longitudinal axis 201. The lateral wings 214 have a
tapering thickness from a piston member 209 towards
their extremities 214A on the imaginary circle 208
such that they are readily flexible on implantation in
a human eye such that their extremities 214A are
anterior of the horizontal plane 216 as they conform
to the natural curvature of the human eye's capsular
diaphragm 29. The base members 200 typically have
leading working surfaces 212 formed with alignment
elements 217 for co-axial alignment of a unitary AIOL
100 with a base member 200 but can have a flat
anterior surface 203 (see Figure 41). The alignment
elements 217 have a complementary structure to a
unitary AIOL's optical element's trailing surface 123.
The base members 200A to 200D and 200H each have a
leading working surface 212 formed with a circular
depression 218 centered on their longitudinal axis 201
for use with unitary AIOLs 100 having an optical
element 103 with a protruding trailing surface 123
with respect to its main body's trailing end face 108.
The base members 200F, 200G and 2001 each have a
leading working surface 212 formed with a leading
protrusion 219 centered on their longitudinal axis 201
for use with unitary AIOLs 100 having an optical
element 103 with a trailing surface 123 flush with or
recessed with respect to its main body's trailing end
face 108. The leading protrusions 219 can be in the
form of either a rounded shape 221 (see Figure 42) or
a disc-like step 222 (see Figure 43). The alignment
elements 218 and 219 can be formed with a bulge
control core 223 for centering anterior bulging of
optical elements 103 formed with bulge control
elements 152 in the form of recesses 154 (see Figures
43 and 44).The posterior surfaces 204 can be fashioned
to meet different clinical conditions and/or
optionally provide additional positive dioptric power
if so required. The trailing working surfaces 213 can
be formed with a trailing disclike 



step 224 for protruding through a human eye's anterior
capsule for ensuring that a posterior surface 204
simultaneously contacts a human eye's anterior capsule
and its posterior capsule which are not directly
overlying (see Figures 37 and 38). The base members
200A and 200C have posterior surfaces 204 with
substantially zero dioptric power (see Figures 32 and
37). The base members 200D to 2001 have posterior
surfaces 204 with positive dioptric power (see Figures
39 to 45). Figures 33 and 34 show implantation of an
AIOL assembly 300 including Figure 3's unitary AIOL
100 mounted on the base member 200A in a human eye 10
with the latter pre-tensioning against the eye's
capsular diaphragm 29. Figure 33 shows the AIOL
assembly 300 in its non-compressed state in the eye's
contracted ciliary body state for rendering a first
preferably zero Diopter strength. Figure 34 shows the
AIOL 300 in its compressed state in the eye's relaxed
ciliary body state for rendering a second Diopter
strength different from the first Diopter strength.
While the invention has been described with respect to
a limited number of embodiments, it will be
appreciated that many variations, modifications, and
other applications of the invention can be made within
the scope of the appended claims.Claims: 1. A unitary
accommodating intraocular lens (AIOL) for
self-anchoring implantation in a human eye having a
visual axis, a sclera of tough connective tissue, an
annular ciliary sulcus, and a sphincter-like ciliary
body for tensioning a capsular diaphragm in an
anterior direction along the visual axis on its
relaxation from a contracted ciliary body state to a
relaxed ciliary body state, the unitary AIOL having a
longitudinal axis intended to be co-directional with
the human eye's visual axis on implantation therein,
the unitary AIOL comprising: 



(a) a generally disc-like resiliently elastically
compressible shape memory optical element having a
leading surface, an exposed trailing surface opposite
said leading surface, and a peripheral surface with a
trailing edge, said optical element having a
continuously variable Diopter strength ranging between
a first Diopter strength in a non-compressed state and
a second Diopter strength different than said first
Diopter strength in a compressed state on application
of an axial compression force against said trailing
surface by a discrete base member from a posterior
direction along the unitary AIOL's longitudinal axis;
and (b) a haptics system including a tubular haptics
main body housing said optical element and including a
leading inwardly directed angular flange and a
trailing end face, said optical element's leading
surface bulging through said annular flange on
application of said axial compression force, said
haptics main body having at least two elongated
generally C-shaped haptics extending therefrom in
opposite directions in a plane perpendicular to the
unitary AIOL's longitudinal axis, each said haptics
having at least one pointed puncturing member for
penetrating the tough connective tissue of the human
eye's sclera for self-anchoring implantation of the
unitary AIOL in the human eye's annular ciliary sulcus
at at least two spaced apart stationary anchor points
for retaining the unitary AIOL in the human eye,said
haptics each including a heat deformable region
adjacent said haptics main body deformable on
localized heating by an external energy source for
enabling post implantation in situ selective axial
displacement of said optical element along the human
eye's visual axis relative to said at least two spaced
apart stationary anchor points. 2. The AIOL according
to Claim 1 wherein said haptics main body includes a
tubular haptics ring with leading and trailing end
faces and a tubular interposer disposed between said
haptics ring and said optical element and wherein said



interposer has a leading inwardly directed annular
flange constituting said haptics main body's leading
inwardly directed annular flange. 3. The AIOL
according to Claim 2 wherein said interposer has a
trailing outwardly directed annular flange abutting
against said haptics ring's trailing end face. 4. The
AIOL according to either Claim 2 or 3 wherein said
haptics ring is constituted by a single continuous
tubular ring element. 5. The AIOL according to either
Claim 2 or 3 wherein said haptics ring is constituted
by a split ring arrangement including at least two
ring elements. 6. The AIOL according to Claim 5
wherein said split ring arrangement includes at least
two interlocking ring elements. 7. The AIOL according
to Claim 5 wherein said split ring arrangement
includes at least two hinged ring elements. 8. The
AIOL according to Claim 1 wherein said haptics main
body includes a tubular haptics ring integrally formed
with a leading inwardly directed annularflange
constituting said haptics main body's leading inwardly
directed flange, and a trailing end face. 9. The AIOL
according to any one of Claims 1 to 8 wherein said
heat deformable regions each include an element
inserted into a bore. 10. The AIOL according to Claim
9 wherein each said bore has a longitudinal axis
substantially co-directional with the unitary AIOL's
longitudinal axis. 11. The AIOL according to Claim 9
wherein each said bore has a longitudinal axis
subtending an included angle a~45° with respect to the
unitary AIOL's longitudinal axis. 12. The AIOL
according to any one of Claims 1 to 8 wherein said
heat deformable regions are impregnated with a
radiation sensitive bio-compatible chemical. 13. The
AIOL according to any one of Claims 1 to 12 wherein
said optical 



element's exposed trailing surface protrudes with
respect to said haptics main body's trailing end face.
14. The AIOL according to any one of Claims 1 to 12
wherein said optical element's exposed trailing
surface is substantially flush with said haptics main
body's trailing end face. 15. The AIOL according to
any one of Claims 1 to 12 wherein said optical
element's exposed trailing surface is recessed with
respect to said haptics main body's trailing end face.
16. The AIOL according to any one of Claims 1 to 15
wherein said trailing edge is beveled.17. The AIOL
according to Claim 13 wherein said peripheral surface
has a bellows-like trailing section protruding with
respect to said haptics main body's trailing end face.
18. The AIOL according to any one of Claims 1 to 17
wherein said optical element includes a trailing bulge
control element for centering said anterior bulging
with respect to the unitary AIOL' s longitudinal axis.
19. The AIOL according to Claim 18 wherein said bulge
control element is constituted by an embedded rounded
core. 20. The AIOL according to Claim 19 wherein said
core has substantially the same refractive index as
said optical element. 21. The AIOL according to Claim
18 wherein said bulge control element is constituted
by a recess. 22. A discrete base member for use with a
unitary AIOL according to any one of Claims 1 to 21
and having a longitudinal axis and including a general
disc-like resiliently elastically compressible shape
memory optical element having a leading surface and an
exposed trailing surface in a human eye having a
visual axis, a sclera of tough connective tissue, an
annular ciliary sulcus, and a sphincter-like ciliary
body for tensioning a capsular diaphragm in an
anterior 



direction along the visual axis on its relaxation from
a contracted ciliary body state to a relaxed ciliary
body state, the base member having a longitudinal axis
for co-axial alignment with the AIOL' s longitudinal
axis on implantation in a human eye and comprising an
elongated substantially planar main body having
opposite major anterior and posterior surfaces, and
opposite leading and trailing ends for manipulation
into substantially opposite locations in the human
eye's ciliary sulcus with at least saidtrailing end
having at least one manipulation aperture for enabling
in situ manipulation of same, said main body having a
central piston member with leading and trailing
working surfaces and at least two lateral wings
extending radially therefrom and having extremities
wherein at least one said lateral wing forms said
leading end and at least one said lateral wing forms
said trailing end, said lateral wings having a
tapering thickness from said piston member towards
their said extremities whereby said lateral wings are
readily flexible to conform to the natural curvature
of a human eye's capsular diaphragm on implantation in
a human eye, said leading working surface being urged
against the optical element's exposed trailing surface
on tensioning of the human eye's capsular diaphragm
for applying an axial compression force from a
posterior direction. 23. The member according to Claim
22 wherein said leading working surface is formed with
an alignment element for co-axial alignment of the
unitary AIOL with the base member on implantation in
the human eye. 24. The member according to Claim 23
wherein said alignment element is constituted by a
circular depression centered on the base member's
longitudinal axis. 25. The member according to Claim
23 wherein said leading working surface is formed with
a leading protrusion centered on the base member's
longitudinal 



axis. 26. The member according to Claim 25 wherein
said leading protrusion is constituted by a disc-like
step.27. The member according to Claim 25 wherein said
leading protrusion has a rounded shape. 28. The member
according to any one of Claims 22 to 27 wherein said
alignment element is formed with a rounded bulge
control core for snug insertion into a complementary
rounded recess formed in the optical element's
trailing surface. 29. The member according to Claim 22
wherein said anterior surface is flat. 30. The member
according to any one of Claims 22 to 29 wherein said
trailing working surface is formed a trailing
disc-like step for protruding into the capsule
diaphragm. 31. The member according to any one of
Claims 22 to 30 wherein said posterior surface has a
substantially zero dioptric value. 32. The member
according to any one of Claims 22 to 30 wherein said
posterior surface has a positive dioptric value. 33.
The member according to any one of Claims 22 to 32
wherein said main body has a general isosceles
triangle shape in a plan view perpendicular to the
base member's longitudinal axis. 34. The member
according to any one of Claim 22 to 32 wherein said
main body has an elliptic shape in a plan view
perpendicular to the base member's longitudinal axis. 


