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(54) Title: METHOD FOR MAKING AN INTRAOCULAR IMPLANT WITH A SOFT LENS

(54) Titre: PROCEDE DE REALISATION D’UN IMPLANT INTRAOCULAIRE A OPTIQUE SOUPLE

{87) Abstract

A method for making an intraocular
implant with a soft lens, by means of a mould
having two portions {14, 16) arranged on either
side of a plate (20), made for example from
PMMA, comprising a central aperture. The
material (32) for forming the lens portion,
e.g. an acrylic, is placed in the central mould
cavity. After opening the mould, the plate
(20) and optionally the lens portion (32) are
machined to provide the haptic and the lens
respectively.

(57) Abrégé

L'invention conceme un procédé
de réalisation d’un implant intraoculaire 2
optique souple. Le procédé consiste 2 partir

d’un moule dont ies deux parties (14 et 16) sont disposées de part et d’autre d’une plaque (20), par exemple en PMMA, qui comporte un
orifice central. On dispose dans la cavité centrale du moule le matérian (32) destiné 2 constituer la partie optigue. Il s’agit par exemple

d’un acrylique. Apres démoulage, on usine la plagque (20) pour réaliser 'haptique et éventuellement la partie (32) pour réaliser I’optique.
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METHOD FOR MAKING AN INTRAQCULAR IMPLANT
WITH A SOFT LENS

The preseht invention relates to a method of making
an intraocular implant including a lens that is flexible,
i.e. a lens that can be folded.

Intraocular implants are becoming widespread. They
constitute a system for correcting human eyesight which
can, 1in some cases, replace contact lenses or:external
correcting eyeglasses. An intraoccular implant is
eggentially constituted by an optical portion that is
generally circularly or slightly oval in shape
constituting the correcting lens system proper, and by a
haptic portion which serves for installing, fixing, and
holding the lens portion in the correct position inside
the eve.

The most recent intraocular implants are of a
monolithic PMMA structure, i.e. the lens and the haptic
portion are cut out from a single block of that material.
The haptic portion usually comprises two curved and
flexible loop-like portions extending from opposite sides
of the lens portion and being connected thereto at two
points of its periphery that are substantially
diametrically opposite.

To provide suitable optical correction, the lens
portion must have a diameter of about 5 mm to 6 mm.
Given that the material used is rigid, at least in the

portion thereof constituting the lens, it is necessary to

make an incision in the patient's cornea that is at least
6 mm long, and in practice longer still because of the
presence of the haptic portions.

It should also be emphasized that very many implants
of that type have been developed, in particular those
described in French patent applications Nos. 2 676 358
and 2 676 357, with the implants differing essentially in
the shape and the dimensional characteristics of the
loops forming the haptic portion, which characteristics

are adapted, in particular, to the requirements of
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practitioners who install such implants in the eves of
patients. In other words, the manufacturers of
intraocular implants have now thoroughly mastered
defining in particular the loops of such ilmplants, theilr
mechanical properties, in particular concerning bending,
and the stability over time of those mechanical
characteristics. The operation of removing the natural
iens, which operation is usually performed immediately
before installing an implant, &t least a posterior
chamber implant, used to require an incision of large
size to be made in the cornea, so monolithic PMMA
implants were very well adapted insofar as the incision
necessarily made for the cataract operation was quite
large enough.

Nowadays, a cataract operation is usually performed
by the "phaco-emulsification" operating technique. That
technique enables the opaque natural lens to be removed
by inserting into the eye an ultrasound probe that is
fitted with an irrigation and suction system. The
combined action of ultrasound and a flow of BSS serves to
remove the natural lens by emulsification.

Compared with prior techniques, that operating
technique has the advantage that the instruments used for
removal purposes can be inserted into the eye via an
incision of small size only made in the cornea, using a
knife that i1s precalibrated to 3.2 mm. It will thus be
understood that it would be advantageous to have implants
capable of being inserted into the eye via the incision
made for the phaco-emulsification operation, i.e. through
an incision having a length of about 3 mm or 4 mm.

It will also be understood that monolithic PMMA
implants are rigid and unsuitable for that purpose. That
is why development has begun on "flexible" intraocular
implants which are made, at least in the lens portion
thereof, out of a flexible material, thus enabling the
lens portion to be folded prior to insertion into the eve
through the incision, with the lens portion returning to
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1ts initial shape after being put into place in the eve.
AT present, two broad types of substance are used for
making flexible lenses. These substances are usually
referred to generically firstly as "flexible acrylics"

5 and secondly as "polysiloxane gel". These substances
have the optical properties required for making a lens
gystem and they are also bilocompatible.

When making intraocular implants having a flexible
lens, one of the crucial points is making the haptic

10 portion and in particular securing the haptic portion to
| the lens.

Solutions that have already been used for solving
that problem include firstly a solution in which orifices
are formed in the flexible lens portion when it is made,

15 serving subsequently to receive one end of each haptic
portion element and to secure it to the lens portion.
Another solution consists in making the lens portion by
molding after placing the elements of the haptic portion
in the mold so that the ends of the haptic portions

20 constitute the equivalent of inserts in the mold cavity.

Those various techniques suffer from the major
drawback of not enabling haptic portions to be made like
those to be found on monolithic PMMA implants. Usable
haptic portions are made of filaments, and usually

25 polypropylene filaments which offer a limited range of
possible shapes. In addition, those haptic portions
behave mechanically in ways that have been experimented
with for a long time without great success. In other
words, the long experience acquired in manufacturing

30 monolithic implants having a PMMA haptic portion is no
longer applicable. 1In addition, in the first type of
method, additional manufacturing operations are required,
thereby naturally increasing the cost of the implant.

To solve that problem, proposals have very recently

35 been made to make an implant as follows. Initially a
Cylinder is made of diameter equal to that of the lens
portion and the cylinder is made out of a first material



wl

e

10

15

20

25

30

35

that is flexible. Thereafter, the cylinder is placed in
a mold whose cavity defines an annular space around the
cylinder. An annular laver of a second material is
molded onto the cylinder, which second material is
preferably PMMA. The first material is selected in such
a manner that, during the molding operation, the networks
of the first and second materials interpenetrate, which
is supposed to achieve a physico-chemical bond that is
strong enough mechanically to ensure bonding between the
lens portion which is subsequently machined from the
cylinder and the haptic portion which is subsequently
machined from the layer of PMMA surrounding the cylinder.
Nevertheless, that technique suffers from the drawback of
being relatively complex and of being capable of being
implemented with certain types of flexible material only,
typically the materials known as "hydrogels".

An object of the present invention is to provide a
method of making an intraocular implant having a flexible
lens which is simple to implement while making it
possible to obtain a haptic portion made of PMMA or
similar material that can take any desired shape, thus
making 1t possible to benefit from past experience of
monolithic intraocular implants made of PMMA or similar
material.

To achieve this object, the method of making an
intraocular implant comprising a lens portion defined by
two surface potions and by a periphery bounded by two
closed contours, each closed contour bounding one of said
surfaces and made of a first material that is flexible,
and a haptic portion made of a second material that is
rigid compared with said first material, is characterized
in that it comprises the following steps:

a mold is provided having first and second mold
parts each having an inside face defining a surface that
is bounded by a closed contour:

a plate made of a second material is provided that
has a central recess whose periphery is of dimensions not
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less than those of the periphery of the intended lens
portion;

said plate is disposed between said first and second
mold parts in such a manner that the closed contours of
said mold parts face saild plate, saild surfaces of the
mold parts being defined in such a manner that the volume
bounded by said surfaces and said recess of the plate
contains at least the shape of the intended lens portion;

said mold parts are applied with pressure against
sald plate, with said mold parts defining in said
position a volume whose shape is at least equal to that
of the lens portion to be made, and a volume of said
first material in liquid form is disposed in the volume
bounded at least by said recess and the surface of the
bottom part of the mold:

treatment i1s applied to said first material so that
it takes on its solid state;

the plece obtained in this way is unmolded:; and

at least said plate is machined so as to obtain the
desired shape of haptic.

In a first implementation, in which said material
shrinks in volume between the liquid state and the solid
state, said first material is machined to give it the
desired lens shape.

It will be understood that if the method is
implemented with a material that can suffer significant
volume reduction during the transformation operation
causing it to take up its final shape, then the
definitive shape of the lens portion must be obtained by
subsequent machining. For a material that shrinks, the
mold cavity as defined in particular by the two mold
parts is such that, even after shrinking, the mass of
material that is going to constitute the lens portion is
an envelope encompassing the final shape of the lens
portion.

It will also be understood that the plate of second
material which is preferably made of PMMA can be machined
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by the techniques used in the past for making monolithic
intraocular implants made entirely out of a PMMA type
material. In other words, the manufacturer can benefit
from long experience in defining the shapes and
dimensions of the haptic portions, and in particular
haptic loops as made in the past.

Depending on the natures of the two materials used,
the mechanical bonding may be obtained in a first case by
providing extensions into the central recess of the
plate, which extensions form inserts that are thus
embedded in the optical portion.

In a variant embodiment, it is possible to use two
materials that are selected so as to achieve
interpenetration of the networks of the two materials
during transformation of the first material in the mold,
which interpenetration should not alter the stiffness of
the first material.

There are two different ways in which the lens
portion can be made by molding. In a first case, the two
mold parts are applied with pressure against the plate
and the material is injected in liquid form into the mold
cavity. In a second case, prior to putting the top part
of the mold into place, excess material is placed in the
recess formed by the bottom part of the mold and the
orifice in the plate of material that is to form the
haptic portion, and then the top part of the mold is put
into place and the two parts of the mold are pressed
against the plate. |

Which method is selected is a function of whether
the material is initially in the liquid state or is
relatively viscous.

It will also be understood, that when the first
material shrinks little and is injected, then this first
implementation of the method makes it possible to
restrict machining operations for obtaining the final
shape of the implant to eliminating traces of injection
from the lens portion and to machining the plate of the
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second material which is preferably made of PMMA, which
technique is thoroughly mastered by the manufacturers of
intraocular implants.

In a second implementation, the method is
characterized in that it comprises the following steps:

a bottom mold part is provided having a top surface
with a central portion corresponding to said first
portion of surface bounded by said first closed contour
and whose peripheral portion is set back relative to said
first contour;

a plate is provided that is made of said second
material and that has a central recess whose periphery is
bounded by said first and second closed contours:

said plate is disposed facing said bottom part of
the mold in such a manner that said closed contour of
salid first portion faces the first closed contour of said
plate;

a second mold part is disposed above sald plate,
said second mold portion having a bottom surface whose
central portion corresponds to said second surface
portion bounded by said second closed contour and whose
preripheral portion is set back from said second closed
contour, in such a manner that the second closed contours
of sald plate and of the bottom surface of said second
mold part face each other;

a volume of the first material in liquid form is
inserted intc the space defined by at least one of said
surfaces and by sald recess, said volume being not less
than the volume of said lens portion;

the said mold parts are applied with pressure
against said plate in such a manner that said first and
second closed contours come respectively into mutual
contact whereby said first material fills all of the
volume bounded by said recess and said surface portions,
any excess of said first material being expelled from

saild volume:
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sald first material is subjected to treatment to
cause 1t to set and to bring it to its final state:

the pilece obtained in this way is unmolded; and

gald plate 1s machined to achieve the desired shape
for the haptic portion.

It will be understood that this second
implementation of the method takes place with a material
that does not reduce significantly in volume during the
transformation operation taking it from its
transformation shape to its final shape.

It would also be understood that the final shape of
the lens portion is directly defined by the shape of the
two mold parts. It will alsc be understood that the
plate of the second material which could preferably be
PMMA can be machined using the techniques used in the
past for making monolithic intraocular implants out of a
PMMA type material. In other words, the manufacturer can
benefit from long experience in defining the shapes and
sizes of haptic portions, and in particular haptic loops,
as made In the past.

Depending on the natures of the two materials used,
mechanical bonding may be obtained in a first case by
providing extensions into the central recess of the
plate, which extensions form inserts that are thus
embedded in the lens portion.

In a varliant embodiment, it is possible to use two
materials that are selected so as to achieve a bonding of
interpenetration of the networks of these two materials
during transformation of the first material in the mold,
which interpenetration should not alter the stiffness of
the first material.

In another variant implementation, the periphery of
the central recess of the plate can be prepared to
achleve adhesion between the first and second materials
during the molding operation. These three
implementations can be associated in pairs, or all three

used together.
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It will also be understood that this second
implementation of the method makes it possible to limit
machining operations for obtaining the final shape of the
implant to machining the plate of second material which

5 is preferably PMMA, which technique'is thoroughly
mastered by the manufacturers of intraocular implants.

Other characteristics and advantages of the present
invention appear better on reading the following
description of various implementations of the invention

10 given as non-limiting examples. The description refers

| to the accompanying figures, in which:

 Figure 1 is a vertical section view through a mold
in its first position while making an implant in
application of a first implementation:

15  Figure 2 is a similar view showing the
installation of the second mold part:;

° Figure 3 shows the mold in its closed position:

° Figure 4 shows the product obtained at the end of
the molding step and shows part of the operation of

20 machining the haptic portion; and

* Figures 5 and 6 are a vertical section through a
variant embodiment of the mold for implementing the
method in a variant of the first implementation and in a
second implementation.

25 Before describing in detail preferred
implementations of the method of the invention for
manufacturing an intraocular implant, the principle
thereof is described.

In a first implementation of the invention, the

30 principle of the method consists in providing a plate of
a second material that is to constitute the haptic
portion, and which material is PMMA, for example. The
plate includes a central recess whose periphery is at
least of the dimensions of the periphery of the lens

35 pocrtion. In other words, the periphery of the lens
portion to be made must be contained in the central

recess of the plate, for reasons that are explained
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below. The dimensions of the plate are sufficient to
enable the entire haptic portion to be machined therefrom
using techniques that are themselves known. The plate is
disposed between the two parts of a mold which define, in
particular, envelope surfaces of the two surfaces
bounding the lens portion. A first material in ligquid
form is inserted into the cavity constituted by the
recess in the plate and the two mold parts, which
material has the necessary optical properties and is
capable of being transformed to reach a solid final
state. The material may exhibit a phenomenon of
shrinking during this transformation. After performing
the transformation on the material and unmolding the
resulting product, it suffices to machine the plate so
that all that remains thereof is the desgired haptic
portion and to machine the material that is to constitute
the lens portion so as to give it the desired shape.
Typlically, in the case considered most particularly,
there are two identical loops, and both loops can be
machined in exactly the same manner as is used for making
monolithic intraocular implants out of PMMA.

With reference now to Figures 1 to 4, details of a
first implementation of the method of the invention for
manufacturing an intraocular implant are described.

As already mentioned, the intraocular implant is
egsentially made by a molding operation. The mold is
esgentially constituted by a cylindrical annular ring 12,
by a bottom part 14, and by a top part 16. The bottom
part 14 has a central portion whose top face is bounded
by a surface portion S1 which is an envelope of one of
the optical faces of the implant to be made. Surface
portion S1 is bounded by a closed contour Cl. Beyond the
closed contour Cl, the bottom part 14 of the mold
includes a peripheral portion whose top face is defined,
for example, by a portion of a cone or a frustoconical
gsurface S'l which may be set back relative to the contour

Cl or may be plane. As shown in the figure, the outer
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periphery 18 of mold part 14 has the same diameter as the
inside face of the cylindrical ring 12.

According to the invention, to make an implant, a
plate 20 is placed inside the ring 12 between the bottom
part 14 and the top part 16, which plate is made of a
material that is suitable for forming the haptic portion
of the implant. Typically, for the reasons given above,
the material is preferably PMMA. Nevertheless, other
types of material could be used. The outer contour of
the plate 20 has the same diameter as the inside diameter
of the ring 12. The plate 20 has a central orifice 22
whose diameter D is not less than the diameter of the

lens portion to be made. The orifice 22 is thus
surrounded by a periphery 24, said periphery being itself
bounded by a lower, first closed contour C'l and by an
upper, second closed contour C'2. 1In the particular case
shown in the figure, these contours are circular, of
diameter not less than D, and they are disposed in
parallel planes. To make other types of lens, different
dispositions could be used. Also, it should be observed
that the lower contour C'l of the plate 20 preferably
coincides exactly with the closed contour Cl of the
bottom part of the mold 14. The periphery 24 of the
orifice 22 is of thickness e which is not less than the
thickness of the contour of the lens portion to be made.
The main portion of the plate 20, given reference 26, has
a thickness e' significantly greater than the thickness e

— —

of the wall 24. This thickness e' is sufficient to
enable the haptic portions to be cut out therefrom
subsequently. It is usual for the haptic portions or
haptic loops to be at a certain angle relative to the
plane of the lens of the implant. It is also preferable
for the periphery 24 of the orifice 22 to be connected to
the main portion 26 of the plate via two surfaces 28 and
30 which may be plane.

In the following step, shown in Figure 2, the second

part 16 of the mold is placed inside the cylindrical ring
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12. This part 16 has a bottom face with a central
portion that defines a surface S2 bounded by a closed
contour C2. The surface S2 is an envelope of the second
face of the lens portion to be made and the contour C2
preferably coincides with the upper, second contour C'2
cf the plate. The portion 16 of the mold also includes a
peripheral zone which is preferably bounded by a conical
or frustoconical surface S'2. In addition, the top part
16 includes at least one injection orifice 50 and at
least one vent 52. The injection orifice(s) and the
vent(s) could equally well be disposed in the bottom part
of the mold or in the plate.

The top part of the mold 16 is then lowered so that
its closed contour C2 comes face to face with the contour
C'2 of the plate, and pressure is applied to the mold
parts 14 and 16 so that the internal cavity 49 bounded by
the surfaces S1 and S2 and by the periphery 24 of the
orifice 22 in the plate 20 is sealed. To further improve
sealing, 1t is possible to interpose two annular sealing
rings between the plate 20 and the mold parts 14 and 16.
This is shown at 53 and 55 in Figure 3.

The material 32 for constituting the lens portion is
then injected into the cavity 49 through the orifice 50.
This material is in liquid form. In a preferred example,
the material is a hydrogel which, in this stage, is in
the form of a liquid solution of monomers. It is kKnown
that such a material is subiject to non-negligible
shrinkage during transformation or "setting" on passing
from the liquid state to the solid state. The material
is subjected to appropriate treatment to cause it to
8olidify. It will be understood that the ring 12 serves
solely for relative positioning and guidance of the two
mold parts so that the closed contours Ci, C2, C'1l, and
C'2 do indeed come face to face. The ring performs no
sealing function. Sealing of the mold cavity is achieved
by contact with pressure between the closed contours. As

already mentiocned, sealing may be improved by sealing
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rings. Depending on the nature of the material used, the
treatment may consist in heat treatment or bombardment by
means of photons or particles such as electrons. For the
material under consideration in this example, this gives
rise to shrinkage. This is shown at 35 in Figure 3.

When this treatment has been finished, it suffices
to unmold the resulting part. This is shown in Figure 4.
The resulting part thus comprises the plate 22 and the
lens zone 36 which is constituted by the material 32.

To ensure mechanical bonding between the periphery
of the lens 36 and the periphery of the orifice 22 in the
plate 20, i.e. between the haptic portion and the lens
portion, various techniques can be envisaged depending on
the natures of the materials used. It is possible to
select materials which, during transformation of the
first materiel that is to constitute the lens. are such
as Lo present a phenomenon of bonding of interpenetration
between the fwo materials. If the plate 20 is made of
PMMA, then the first material may be pHEMA. Such
interpenetration is usually accompanied by stiffening of
the periphery of the lens portion 36.

Another solution or a complementary solution
consists in providing two extensions of the plate such as
42 and 44 extending inside the orifice 22 in the plate
20, which extensions act as inserts while the lens
portion is being made by molding. To finish off the
piece, it is necessary to machine both the plate 20 and
the block of material that is to constitute the lens
portion. The machining consists firstly in giving the
lens portion 36 the required shape by machining its two
surfaces S1 and S2. It also consists in machining the
plate 20 so as to define loops 38 and 40 in the
particular example described. When the networks of the
two materials interpenetrate, the machine also includes a
step of cutting out the periphery of the lens portion 36
along a line 45 so0 as to remove the interpenetration zone

which may be stiff. This cut is performed at a diameter
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D' equal to the diameter of the lens to be made. That is
why the diameter D of the central recess 22 in the plate
1s greater than the diameter of the lens portion.

A third solution or complementary solution consists
in preparing the surface of the orifice 22 or of the
extensions 42 and 44 so as to obtain adhesion between the
two materials.

It should be added that even if the first material
presents negligible shrinkage, and if there is no
reaction between the two materials, it can still be
advantageous to machine the material constituting the
lens, e.g. to eliminate traces of injection.

In any event, an intraocular implant is obtained
comprising:

firstly, loops cut out from the portion 20, which is
typically made of PMMA; and

secondly, a lens machined in the material 32 that is
injected into the mold.

The lens is flexible either because the selected
material is hydrophilic, in which case hydration thereof
acts as a plasticizer; or else because the selected
material has a glass-transition temperature that is lower
than ambient temperature, in which case it must be
machined below said temperature.

Figures 5 and 6 show a variant mold for making an
intraocular implant, this variant concerning the way in
which the material is disposed in the mold cavity, with
insertion no longer being performed by injection.

In this variant of the first implementation, the
bottom part 14 of the mold and the annular ring 12 are
identical to those shown in Figure 1. There is therefore
no need to describe them again.

In the following step, as shown in Figure 5, a
volume 32 of material that is to constitute the lens has
just been deposited in the cavity constituted by the
surface S1 of the bottom part 14 of the mold and by the
orifice 22 in the plate 20. In a preferred example, this
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material may typically be an acrylic which, at this
stage, 1s in the form of a liquid solution of monomers.
The solution may have been pre-polymerized in order to
obtain a syrup having viscosity compatible with
depositing a drop 32 of the substance. This material is
known to present non-negligible shrinkage on
transformation or "setting" when it passes from the
liquid state to the solid state. The deposited volume 32
is significantly greater than the volume of the lens to
be made. The second part 16 of the mold is then placed
inside the cylindrical ring 12. This part 16 has a
bottom face which includes a central portion defining a
surface 82 bounded by a closed contour C2. The surface
S2 is an envelope of the second face of the lens portion
To be made and the contour C2 preferably coincides with
the upper, second contour C'2 of the plate. The mold
part 16 also includes a peripheral zone which is
preferably bounded by a conical or frustoconical surface
S'2.

The top part 16 of the mold is then lowered so that
its closed contour C2 comes up against the contour C'2 of
the plate. During this operation, excess material 32 is
expelled into the residual annular volume extending
between the plate and the conical surface S'2 of the top
part 16 of the mold. Lowering is performed in such a
manner as to avoid leaving any air bubbles in the
material. To facilitate exit of excess material 32, the
angle at the apex a of the frustoconical portion 28 of

the plate is greater than the angle at the apex b of the
frustoconical surface S'2 of the top part 16 of the mold.
Optionally, provision may be made in the cylindrical ring
12, and more precisely in its inside face, for vertical
channels such as 34 for exhausting air. The stack
constituted by the bottom part 14, the plate 20, and the
Top part 16 is kept under pressure in the mold. It will
be understood that the ring 20 serves solely for relative

guidance and positioning of the two mold parts so as to
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ensure that the closed contours Cl, C2, C'1l, and C'2
effectively coincide. The ring performs no sealing
function. The mold cavity is sealed by contact with
pressure between the closed contours. In addition, since
the area of contact is very small, the molded piece does
not include unwanted portions in the two join planes.

The entire mold assembly is then subjected to treatment
for causing the material 32 to be transformed from its
initially liquid state to a final state that is stable at
ambient temperature. Depending on the nature of the
material used, the treatment may consist in heat
treatment or in bombardment by means of photons or
particles such as electrons. When using the material
considered in the present example, shrinkage takes place.
This is represented at 35 in Figure 6.

When treatment has been finished, it suffices to
unmold the piece obtained in this way. This is shown in
Figure 4. The resulting piece is thus constituted by the
plate 22 and by the lens zone 36 constituted by the
material 32. The lens portion is then machined as is the
haptic portion, as described above. This solution is
advantageous only when the material used for making the
lens portion has a certain amount of viscosity in 1its
initial gtate. This condition is satisfied by
polysiloxane gels. With acrylics, polymerization of the
substance can be started in order to bring it to the
required viscous state.

When the injected material presents a large amount
of shrinkage, e.g. as applies to an acrylic, the
machining that needs to be performed subsequently is
ldentical to that described with reference to Figure 4.

With a material that presents negligible shrinkage,
it is possible to give the two parts 14 and 16 of the
mold the exact shape of the lens to be made and to
restrict the join planes of the mold to limited surface
contact areas corresponding to the closed contours Cl,
C2, C'1l, and C'2, thereby obtalining the lens portion
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directly by injection molding. Machining of the lens
portion is then restricted to removing traces of the
Injection point(s) and of the vent(s) from the surface of
the piece. Naturally, the material must also be
machinable at ambient teﬁperature or at a temperature
close to ambient, which does not apply to silicone gels.

In the example described in greater detail, the lens
to be made is bounded by the surfaces S1 and S2 which are
portions of spherical caps so as to define a lens shape.
Consequently, the closed contours Cl, C2, C'l, and C'2
are circular. Naturally, the surfaces S1 and S2 may be
arbitrary, in particular they may be concave or cConvex,
and they can have any desired radius of curvature. It is
also clear that one of the surfaces S1 could, in fact, be
plane. It is also clear, when it is desired to make an
implant of the multifocal type, for example, that the
surfaces S1 and S2 could be more complex. It will be
understood that the shapes of the surfaces S1 and S2 do
not modify the various steps of the method in any way.

When the material used presents non-negligible
shrinkage, it 1s necessary to machine the lens portion.
The shape of the cavity in the mold, and the size of the
contact areas between the two mold parts and the plate
are therefore not critical.

When significant material shrinkage is accepted and
a network interpenetration effect is expected between the
materials constituting the lens portion and the haptic
portion, it is advantageous to use materials commonly
named using the terms pHEMA, hydrogel, or any other
flexible acrylic copolymer, with the plate 20 being made
of PMMA.

Documents EP-A-0 485 197 and EP-A-0 514 096 describe
flexible acrylics usable for ilmplementing the invention.
Documents US-A-4 997 442, US-A-5 133 745, WO-A-90/09768,
and EP-A-0 492 126 describe hydrogels that can also be
used for implementing the invention.
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The principle of the method of the invention
consists in providing a plate of a second material for
constituting the haptic portion, which material is PMMA ,
for example. This plate includes a central recess whose
periphery has exactly the same shape as the periphery of
the lens portion. The dimensions of the plate are large
enough to enable the entire haptic portion to be machined
using technigques that are themselves known. The plate 1is
disposed between the two parts of a mold which define, in
particular, two surfaces in turn bounding the lens
portion. A first material in liquid form is inserted in
the cavity constituted by the recess in the plate and the
two mold parts, which material has the required optical
properties and is capable of being transformed so as to
achieve a final state that is solid. Said material needs
to present shrinkage during said transformation that is
gubstantially negligible. After the material has been
transformed and the resulting product has been unmolded,
it then suffices to machine the plate in order to leave
only the desired haptic portion thereof.

This second implementation of the method uses a mold
identical to that described with reference to Figures 1,
4, and 5, so it 1is not described in greater detail.

In the second implementation of the method, in order
to make an implant, a plate 20 is placed inside the ring
12 and above the first part 14, which plate is made of a
material suitable for forming the haptic portion of the
implant. Typilcally, for reasons mentioned above, said
material is preferably PMMA. Nevertheless, it will be
possible to use other types of material. The outer
contour of the plate 20 has the same diameter as the
inside diameter of the ring 12. The plate 20 includes a
central orifice 22 whose diameter D is equal to the
diameter of the lens portion that is to be made. The
orifice 22 is therefore surrounded by a periphery 24,
said periphery itself being bounded by a lower, first

closed contour C'l and by an upper, second closed contour
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C'2. 1In the particular example shown, the contours are
circular, of diameter D, and they are disposed in
parallel planes. To make other types of lens, it would
be possible to use different dispositions. 1In addition,
1t should be observed that the lower contour C'l of the
plate 20 coincides exactly with the closed contour Cl of
the bottom part of the mold 14. The periphery 24 of the
orifice 22 has a thickness e which is exactly equal to
the thickness of the contour of the lens portion to be
made. The main portion of the plate 20, given reference
26, has a thickness e' that is significantly greater than

the thickness e of the wall 20. This thickness e' is
sufficient to enable the haptic portions to be cut out
therefrom subsequently. It is known that the haptic
portions or haptic loops are usually at a certain angle
relative to the plane of the lens portion of the implant.
It is also preferable for the periphery 24 of the orifice
22 to be connected to the main portion 26 of the plate
via two surfaces 28 and 30 which, in the figure, are in
the form of truncated cones, but which, more generally,
depending on the particular shapes to be made, could be
conical surface portions.

In the following step, shown in Figure 5, a volume
32 of material for making the lens has just been
deposited in the cavity constituted by the surface S1 of
the bottom part 14 of the mold and by the orifice 22 in
the plate 20. Typically, this material may be a silicone
gel, which, at this stage, is in liquid form. The
deposited volume 32 is greater than the volume of the
lens to be made. Thereafter, the second mold part 16 is
placed inside the cylindrical ring 12. This mold part 16
has a bottom face with a central portion that defines a
surface S2 itself bounded by a closed contour C2. The
surface S2 is identical to the second face of the lens
portion that is to be made and the contour C2 coincides
with the upper, second contour C'2 of the plate. The

mold part 16 also includes a peripheral zone which is
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preferably bounded by a conical or frustoconical surface
S'2.

The top mold part 16 is then lowered in such a
manner that its closed contour C2 coincides exactly with
the contour C'2 of the plate. During this operation,
excess material 32 is expelled into the residual annular
volume that extends between the plate and the conical
surface S'2 of the top part 16 of the mold. Lowering is
performed in such a manner as to ensure that no air
bubble remains within the material. In order to
facilitate removal of excess material 32, the angle at
the apex a of the frustoconical portion 28 of the plate

Pr—

is greater than the angle at the apex b of the
frustoconical surface S'2 of the top part 16 of the mold.
Optionally, provision may be made in the cylindrical ring
12 and more precisely in the inside face thereof for
vertical channels such as 34 for evacuating air. 1In the
mold, the stack constituted by the bottom part 14, the
plate 20, and the top part 16 is maintained under
pressure. It will be understood that the ring 12 serves
solely for relative guidance and positioning of the two
mold parts so that the closed contours Cl, C2, C'l, and
C'2 do indeed face one another. The ring has no sealing
function. The mold cavity is sealed by contact under
pressure between the closed contours. In addition, the
contact area is very small, thereby preventing unwanted
parts appearing on the molded piece in the two join
planes. The entire mold is then subjected to treatment
to cause the material 32 to be transformed from its
initial liquid state to a final state that is stable at
ambient temperature. It may be considered as being a gel
and thus flexible because its own glass-transition
temperature is lower than ambient temperature, or else it
may be hydrophilic and thus become flexible after
absorbing water which acts as a plasticizer. Depending

on the kind of material used, the treatment may consist
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in heat treatment or in bombardment by means of photons
or particles such as electrons.

Once the treatment has been finished, it suffices to
unmold the resulting piece. This is shown in Figure 7.
The resulting plece is then constituted by a plate 22 and
by the lens zone 36 made of the material 32. To finish
manufacture of the intraocular implant, it then suffices
to use conventional machining techniques to cut the
desired haptic portion out from the plate 22. In the
example shown in Figure 7, said haptic portion comprises
two diametrically opposite loops 38 and 40 that are
identical.

In order to provide mechanical bonding between the
periphery of the lens 36 and the periphery of the orifice
22 in the plate 20, i.e. between the haptic portion and
the lens portion, various technigques can be envisaged
depending on the kinds of materials used. It is possible
to select materials which, during transformation of the
first material that is to become the lens, implement a
network interpenetration phenomenon between the two
materials. Nevertheless, it is important that this
interpenetration phenomenon is not accompanied by
gtiffening of the periphery of the lens portion 36.

Another solution consists in providing two
extensions of the plate such as 42 and 44 extending into
the orifice 22 of the plate 20, which extensions
subsequently act as inserts when the lens portion is made
by molding. Elsewhere, there is no mechanical bonding
between the two materials, i.e. between the plate and the
lens portion 36. While the loops 38 and 40 are being cut
out, it is naturally necessary for the portions of said
loops in contact with the periphery of the lens portion
to include the extensions 42 and 44. To satisfy this
condition, it suffices to provide an indexing element 46
in the periphery of the plate 20 so as to enable the
machining tools to be positioned angularly relative to
the loops 38 and 40.
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A third solution consists in initially preparing the
periphery 24 of the orifice 22 in the plate so as to
achieve adhesion between the material constituting the
haptic portion and the material constituting the lens 36.
In all cases, after the plate 20 has been cut out and
machined to provide the loops, an intraocular implant is
obtained which includes a lens portion 36 made of a
material that is flexible and a haptic portion
constituted by the loops 38 and 40, for example, and
presenting exactly the same mechanical properties and
exactly the same shapes as the loops of prior art
monolithic intraocular implants, e.g. made of PMMA.
Surface preparation may be performed on the extensions 38
and 40 that are to serve as inserts so as to improve the
bonding between the two materials.

In the example described in greater detail, the lens
to be made is bounded by the surfaces S1 and 82 which are
portions of spherical caps serving to define a lens.
Consequently, the closed contours Cl, C2, C'l, and C'2
are circular. Naturally, the surfaces S1 and S2 could be
arbitrary in shape, in particular they could be concave
or convex, and they could have any desired radius of
curvature. Also, one of the surfaces S1 could equally
well be plane. It is also clear that when it is desired
to make an implant, e.g. of the multifocal type, the
surfaces Sl and S2 could be more complex. It will be
understood that the shapes of the surfaces S1 and S2 do
not alter in any way the various steps of the method.

The material used for the ring 20 is preferably
PMMA .

Preferably, the material used for making the lens
portion in this second implementation of the method is a
silicone gel having all of the required properties, and
in particular presenting very small shrinkage during
transformation. Silicone gels polymerize with negligible
change of volume. Silicone gels obtained by cross-
linking polydimethylsiloxanes, polymethylphenylsiloxanes,
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polydiphenylsiloxanes, and copolymers thereof are
suitable (the presence of phenyl functions serves to
increase the refractive index of the material).
Copolymers of silicone with acrylics, for example, are
suitable.

Polysiloxanes suitable for implementing the
invention are described, in particular, in the following
documents: EP-A-0 226 400, EP-A-0 556 040, WO-A-93/16660,
and FR-A-2 587 896.

Document EP-A-0 335 312 describes a formulation
comprising polysiloxane with vinyl terminations and
phenyl groups for increasing the refractive index, and a
polysiloxane having hydride functions together with a UV
absorber which is merely dispersed within the silicone.
Apart from the dispersed UV filter, it is the same type
of formulation as is used in manufacturing all silicone
intracocular implants. It is preferable to use a UV
filter associated in covalent manner with silicone.

It is also possible to use thermoplastic materials
presenting very small shrinkage and having the required
optical and biocompatible properties. Such materials
have the advantage of being suitable for being injected
into the mold cavity.

Finally, it 1s possible to use pre-polymerized
acrylic resins in order to obtain a syrup of sufficient
viscosity and of small shrinkage during final
polymerization. The acrylic polymers concerned belong
either to the family of hydrogels, or else have a glass-
transition temperature (Tv) that is lower than ambient
temperature. In all cases, a UV filter is added into the
polymer before cross-linking. It is preferable to use a
UV filter that is covalently bonded to the polymer.

It should be emphasized that when the material
constituting the lens is a silicone gel, the second
implementation of the method is particularly

advantageous. This material cannot be machined at
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ambient temperature or even at a temperature close to
ambilent.

In addition, for the bond between the lens portion
and the haptic portion, it appears to be advantageous to
provide the extensions 40 and 42 on the plate 20,
ocptionally in combination with other methods of bonding.
In the final product, these extensions provide mechanical
anchoring that is highly reliable for the ends of the
haptic loops in the lens portion.
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CLAIMS
1/ A method of making an intraocular implant comprising a
lens portion bounded by first and second surfaces and by
a periphery bounded by first and second closed contours,
5 each of said contours defining one of said surfaces, said
lens portion being made of a first flexible material, and
a haptic portion being made of a second material that is
rigid relative to the first material, the method being
characterized in that it comprises the following steps:
10 a mold is provided having first and second mold
| parts each having an inside face defining a surface that
is bounded by a closed contour:
a plate made of a second material is provided that
has a central recess whose periphery is of dimensions
15 greater than or optionally equal to those of the
periphery of the intended lens portion:
sald plate is disposed between said first and second
mold parts in such a manner that the closed contours of
sald mold parts face said plate, said surfaces of the
20 mold parts being bounded in such a manner that the volume
bounded by said surfaces and said recess of the plate
containg at least the shape of the intended lens portion;
said mold parts are applied with pressure againgt
said plate, with said mold parts defining in said
25 position a volume whose shape ig an envelope of the lens
portion to be made, and a volume of said first material
in liquid form is disposed in the volume bounded at least
by said recess and the surface of the bottom part of the
mold;
30 treatment 1is applied to said first material so that
it takes on its solid state:
the pilece obtained in this way 1s unmolded: and
at least said plate i1s machined so as to obtain the
desired shape of haptic.
35
2/ A method according to claim 1, in which said first

material decreases in volume on passing from the liguid
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state to the solid state, and characterized in that said
first material is also machined so as to give the desired
shape to the lens portion.

3/ A method according to claim 2, characterized in that
at least one of said mold parts and/or said plate
includes at least one injection orifice, in that said
mold parts are applied with pressure against sald plate
in such a manner that the recess in said plate and the
surfaces of the mold parts form a sealed cavity, and in
that sald first material is injected in liquid form into
sald cavity through said injection orifice.

4/ A method according to claim 3, characterized in that
at least one of said mold parts and/or said plate

includes at least one vent.

5/ A method according to claim 2, characterized in that
sald first material decreases in volume on transforming
from the liquid state to the so0lid state, and in that the
surfaces of the mold part are envelopes of the surfaces
that define the lens portion.

6/ A method according to any one of claims 2 to 5,
characterized in that the machine of said first material
includes machining said first and second surfaces that

define the lens portion.

7/ A method according to any one of claims 2 to 6,
characterized in that said first material co-operates

with said second material to present a phenomenon of bonding by
network interpenetration at their interface, and in that

the dimensions of the periphery of the recess in said

plate are not less than those of the lens portion.

8/ A method according to claim 7, characterized in that
the machining of said first material includes eliminating
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zone in which network interpenetration phenomena have
taken place between the two materials, with the exception
of the zones where the haptic portions are coupled to the

periphery of the lens portion.

9/ A method according to any one of claims 2 to 4,
characterized in that a first material is used that
presents negligible decrease in volume on being
transformed from the liquid state to the solid state, in
that said surfaces of the mold parts are identical to the
first and second surfaces defining the lens portion, and
the periphery of the recess in said plate is identical to
the periphery of the lens portion.

10/ A method according to claim 9, characterized in that
the machining of said first material consists at least in
removing the injection point(s) of said material into
said cavity, and the vent(s).

11/ A method according to any one of claims 2 to 9,
characterized in that said second material is PMMA and

the first material is a hydrophilic acrylic compound.

12/ A method according to any one of claims 2 to 5,
characterized in that the second material is PMMA and the
first material is an acrylic compound whose glass-
Transition temperature is far enough below ambient

tTemperature.

13/ A method according to claim 2, characterized in that
said first material is disposed in said cavity prior to
sald mold parts being applied against said plate, the
volume of said material being greater than that of the
cavity that results from applying the mold parts against
sald plate.
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14/ A method according to claim 13, characterized in that
said plate (20) has at least one anchoring portion (42,
44) projecting into said recess (22), whereby said
anchoring portion forms an insert inside said lens

portion after sald first material has been transformed.

15/ A method according to claim 13, characterized in that
salid first and second materials are selected to enable
network interpenetration to take place between said
materials during transformation of said first material,
thereby securing the periphery of the recess in said
plate to the periphery of said lens portion.

16/ A method according to claim 14, characterized in that
sald first and second materials are selected to provide
network interpenetration between salid materials during
transformation of said first material, whereby the
periphery of the recess in said plate is secured to the
periphery of said lens portion, and to the periphery of
said anchor portions in said first material.

17/ A method according to claim 2 or 13, characterized in
that it further includes a step of preparing the
periphery (24) of the recess (22) in said plate (20) to
provide adhesion between the first and second materials.

18/ A method according to claim 14 or 15, characterized
in that said anchor portions are prepared to provide

adhesion between the first and second materials.

19/ A method according to claim 1, for making an
intraocular implant comprising a lens portion (36)
defined by two surface portions (S1, S2) and by a
periphery bounded by two closed contours (C'1, C'2), each
closed contour itself bounding one of said surfaces, the

method being characterized in that comprises the

following steps:
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a bottom mold part (14) is provided having a top
surface with a central portion (S1) corresponding to said
first portion of surface bounded by said first closed
contour (Cl) and whose peripheral portion (S1') ig set
back relative to said first contour):

a plate (20) is provided that is made of said second
material and that has a central recess (22) whose
periphery (24) is bounded by said first and second closed
contours (C'l, C'2);

said plate is disposed facing said bottom part of
the mold in such a manner that said closed contour of
said first portion faces the first closed contour of said
plate;

& second mold part (16) is disposed above said
plate, said second mold portion having a bottom surface
whose central portion corresponds to said second surface
portion bounded by said second closed contour (C2) and
whose peripheral portion (S'2) is set back from said
second closed contour, in such a manner that the second
closed contours of said plate and of the bottom surface
of said second mold part face each other:

a volume (32) of the first material in liquid form
is inserted into the space defined by at least one of
sald surfaces and by said recess, said volume being not
less than the volume of said lens portion;

the said mold parts are applied with pressure on
elther side of said plate in such a manner that said
first and second closed contours come respectively into
mutual contact whereby said first material fills all of
the volume bounded by said recess and said surface
portions, any excess of said first material being
expelled from said volume:

said first material is subjected to treatment to
cause 1t to set and to bring it to its stable final
state;

the piece obtained in this way is unmolded: and
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said plate is machined to achieve the desired shape
for the haptic portion (38, 40).

20/ A method according to any one of claims 2 to 12, and
characterized in that said plate (20) has at least one
anchor portion (42, 44) projecting into the inside of
sald recess (22), whereby said anchor portion forms an
ingert inside said lens portion after sald first material

has been transformed.

21/ A method according to claim 19, characterized in that
sald first and second materials are selected so as to
achleve a bonding by network interpenetration between said materials
during transformation of said first material, thereby
securing the periphery of the recess of sald plate to the
periphery of said lens portion.

22/ A method according to claim 2, characterized in that
sald first and second materials are selected so as to
achlieve network interpenetration between said materials
during transformation of said first material, thereby
securing the periphery of the recess of said plate to the
periphery of said lens portion, and said anchor portions
in said first material.

43/ A method according to claim 19, characterized in that
it further comprises a step of preparing the periphery
(24) of the recess (22) of said plate (20) to provide

adhesion between the first and second materials.

24/ A method according to claim 20, characterized in that
salid anchor portions are prepared to provide adhesion

between said first and second materials.

25/ A method according to claim 19, characterized in that

gald second material is PMMA.
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26/ A method according to any one of claims 19 to 25,
characterized in that said first material is a

polysiloxane.

27/ A method according to any one of claims 19 to 25,
characterized in that said first material is a

thermoplastic material.

28/ A method according to any one of claims 19 to 25,
characterized in that said first material is an acrylic

polymer from the hydrogel family.

29/ A method according to any one of claims 19 to 25,
characterized in that said first material is an acrylic
polymer having a glass-transition temperature lower than

ambient temperature.

30/ A method according to any one of claims 11, 12,and 26
to 29, characterized in that sald second material
comprises an anti-UV filtering agent that is covalently
bonded.

31/ A method according to any one of claims 19 to 30,
characterized in that said first and second surface
portions are spherical caps, and in that said first and
second closed contours are two egual and mutually
parallel circles.

32/ A method according to claim 31, characterized in that
said plate has a main portion of thickness e’', in that
the periphery of said recess has a thickness e < e', the
main portion being connected to the periphery of said
recess via at least one coupling conical surface portion

(28, 30) having an angle at the apex of a.

33/ A method according to claim 32, characterized in that
the peripheral portion of the mold part facing the face
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of the plate which has the coupling conical surface
portion presents, beyond said circular closed contour, a
conical surface portion having an angle at the apex b
that is smaller than the angle at the apex a.
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