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Contact lens

Background

The present invention relates to a contact lens, in particular a contact lens for
which the position or the orientation on the eye is of importance.

In particular soft contact lenses have solved some of the problems that patients
have experienced in not being able to wear rigid gas permeable (RGP) contact
lenses, or in not being able to wear them for a longer period of time, because of
initial discomfort.

Bifocal and multi focal soft lenses are mostly used by people reaching the 40+
age and have a need for a reading addition into their contact lenses, so called
presbyopic patients Many multi focal lens designs are on the market nowadays but
so far with very limited success, due to the fact that a soft lens is not moving on the
eye like a RGP lens and therefore the small optic central part of the lens has to be a
optical everything in one design, causing blurred vision and lost of contrast.

The most successful design for presbyopic patient is a translating bifocal
design. Such a design is known from patent EP0858613B1 by applicant, and is
incorporated herein by reference as if fully set forth. This design is marketed as RGP
and soft lens with very good results since 1996. For such a design as soft contact
lens it is necessary to have a good vertical translation of the lens when the eye
changes from primary (horizontal) direction of view to downward direction of view.

In addition, orientation stabilisation and/or translating features are
incorporated into soft toric or translating bifocal contact lenses to avoid rotation onto
the eye. Examples of such orientation stabilizing and/or translating features,
including prism ballast which is generally a base-down prism to increase weighting
effect to orient the lens and to create a ridge which should engage with the lower
eyelids to provide vertical translation or rotation stabilisation support, are for
example mentioned in US4573775A1 (Bayshore), US4854089A1 (Morales),
US5071244A1 (Ross Richard), EP0452549A1 (Woehlk), EP0858613A1
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(Procornea), W09923527A1 (Bernstein), WO0214929A1 (Novartis),
WO02004011989A1 (Novartis), WO2004068214A1 (Novartis), WO2004092805A1
(Novartis), WO2004104675A2 (Novartis), WO2006013101A2 (Novartis),
US2005099595A1 (Novartis) and US4324461A1 (Salvatores). All these designs
have in common a ridge or ramped ridge to translate the soft lens upwards when the
eye changes from primary gaze to downward gaze in order to bring the correct
optical part in front of the pupil.

In WO-2004/104675, a socalled soft contact lens having a special optical area
for correcting presbyopia is disclosed. In order to keep this optical part correctly
oriented, this contact lens has a ramped ridge at its lower (during wearing) part. This
ramped ridge is designed to have the lower lid of the eye keep the lens at its position
while the eye ball goes down when for instance reading a book. In this way, the
lower part of the lens with a presbyopia-corrective optical part moves in front of the
pupil, allowing a wearer to read. The positioning of this contact lens, however, can
be improved.

One problem not solved by any of the above cited documents is the fact that
elderly people very often have weak, loose eyelids. When the eye changes to
downward gaze, ridged lens easily slips away under the eyelid without performing
the necessary translation to be able to read with the lenses. Especially a lens where
the entire ramped ridge zone as mentioned in WO-2004/011989 (Novartis) are not
beneficial since the entire ramped ridge is continuous in the first derivative and or in
the second derivative giving the ridge of the lens a good change to slip under the
lower eyelid.

In EP0589959, specific wave patterns are described to stabilize the lens in a
certain position to align a toric contact lens. These patterns are provided on the
upper part of the contact lens or inclined next to the optical zone of the contact lens.
The patterns are intended to rotationally stabilize the contact lens on the eye of a
wearer in a certain rotational position. In particular, in this contact lens, the upper
eyelid should influence the contact lens. The specific wave pattern and its location,
however, are not optimal for other types of contact lenses.

WO-A1-89/07281 discloses in an embodiment a contact lens comprising at

least one pattern on the front surface of the lens. The pattern enabling proper



10

15

20

25

30

WO 2008/007955 PCT/NL2007/050339

3
location of the lens on the eye of a wearer by engagement between the lens, the eye
and the eyelid and thereby facilitating the increased transmission of gas through the
lens. The pattern is arranged so as to allow the eyelid of the wearer to follow the
contours of the patterns to enable the proper orientation of the lens on the eye.
Again, specifically the upper eyelid moves the lens. A specific type of pattern is not
disclosed.

US-6.626.534 discloses a contact lens that is of generally uniform cross-
section to allow proper transmission of oxygen to the eye. It contains an inner optic
region and an outer radial zone. Parallel grooves are placed in the outer radial zone
on the anterior surface of the lens to cause the lens to align when the eye is blinked.
The grooves can form a fine grating and can be placed in a superior or inferior
region of the outer radial zone, or they can be placed in a ring or other configuration
in this region. These parallel grooves are typically to provide rotational orientation

of the lens.

Summary of the invention

The invention aims to improve positioning of a contact lens on the eye, and
maintaining this positioning during wear.

Another object of the invention is to improve the comfort of such a contact
lens.

Yet another object of the invention is to provide such a contact lens which is
easy to produce.

Another object of the invention is to improve positioning of the contact lens
for older people.

Yet another object of the invention is to provide a contact lens which is able to
translate on the eye of a wearer during use via the lower eyelid.

According to the invention at least a part of these objectives is realized with a
contact lens comprising at least one area with an increased friction for an eyelid for

providing grip to the eyelid for positioning the contact lens on an eye in use, wherein
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said friction area comprises micro scale undulations for providing friction between
an eyelid and the contact lens.

This provides the possibility of designing a contact lens which has a position
behaviour which can be designed accurately, and with a behaviour which can be
predicted and engineered.

In an embodiment, the contact lens according to the invention comprising a
central optical zone and a radially outer zone surrounding the central optical zone
and having optical properties different from the central optical zone, and a ridge
radially outside said outer zone.

In an embodiment said friction area is provided at the location of said ridge.

In an embodiment said friction area is provided in or on said ridge.

In an embodiment said friction areas are provided at the location of said ridge
and at both sides of a mirror line on said contact lens.

In an embodiment, the contact lens is a so called soft contact lens, also referred
to as hydro gel lens.

In an embodiment the friction area or areas are provided on a side of the ridge
radially away from the centre of the contact lens.

In an embodiment said contact lens has an inner surface resting on an eye during
wearing and an outer surface, said friction area being provided on said outer surface.

In an embodiment said friction area or areas comprise a two-dimensional
undulation. These undulations can for instance be two-dimensional sinusoid, in an
embodiment having an amplitude of about 1-5 micron and a wavelength of about
50-200 micron. This should be enough to provided a better grip or friction for an
eyelid, but avoid irritation or build-up of dirt.

In an embodiment said contact lens has prismatic optics.

The invention further relates to a contact lens comprising a central optical zone
and a radially outer zone surrounding the central optical zone, and a ramped ridge in
the radially outer zone, wherein said ridge comprises at least one interruption for
allowing tear moisture to flow away.

In an embodiment, one of said at least one interruption is provided

substantially at the middle of said ridge.
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The invention further relates to a contact lens comprising a central optical

zone and a radially outer zone surrounding the central optical zone, and at least two

elevations in the outer zone at both sides of a mirror line of said contact lens.

Various aspects of this invention described in this document may also be the

subject of divisional applications.

The various aspects discussed in this patent can be combined in order to

provide additional advantageous advantages.

Description of the drawings

The invention will be further elucidated referring to embodiments shown in

the drawing wherein shown in:

Fig. 1 a first embodiment of a contact lens of the invention in an eye;

fig.
fig.
fig.
fig.
fig.
fig.
fig.
fig.
fig.
fig.

section;

fig.
fig.
fig.

2 a SEM picture of a machined friction area;

3 an example of a sinusoid surface;

4 a further embodiment of a contact lens of the invention in an eye;

5 a further embodiment of a contact lens of the invention in an eye;

6 another embodiment of a contact lens of the invention in an eye;

7 a cross section of a contact lens of figure 1;

8 an enlarged detail of figure 4;

9 a cross section of fig. 4;

10 a contact lens of the invention in side view and partial cross section;

11 another contact lens of the invention in side view and partial cross

12 a detail of an embodiment of figure 11;
13 a detail of another embodiment of figure 11;

14 a detail of another embodiment of figure 11;

Detailed description of embodiments

In this description of embodiments, similar reference numbers are used to

indicate similar features throughout the embodiments.
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Figure 1 shows a first embodiment of a contact lens 1 on an eye with upper
eyelid 2 and lower eyelid 3. Contact lens 1 has an optical zone with a central optical
zone 4 and a presbyopia correcting further optical zone 5 radially outside the central
optical zone.

Around the further optical zone 5, contact lens 1 has a ramped ridge 6 which
has several friction areas 7 on the ridge below the further optical zone 5.

Figure 2 shows an example of a friction area according to the invention, in
which a SEM picture is shown of a friction area which has a sinusoid surface with
an amplitude of at least 2.5 um and a wavelength of about 70 um in both the x- and
y-directions. The sinusoids in this embodiment have sub-um form accuracy with a
surface finish on the order of 100 nm. These types of sinusoidal surfaces can be
machined using a single point diamond tool with a commercial fast tool servo on a
diamond turning machine. For example Machining could be performed with a
Precitech Nanoform 200 or Contamac DiaTop diamond turning machine. In these
types of machines, the work piece is mounted on the spindle of the machine tool and
rotates clockwise. A Fast Tool Servo system is mounted on the tool slide and is
oriented so that its stroke is parallel to the z-axis, perpendicular to the face of the
work piece. A single point diamond cutting tool is mounted in the fast tool servo,
and the height of the cutting edge is carefully set so that it cuts to the center of the
work piece. To machine the surface of the work piece, the machine spindle (the C-
axis) rotates the work piece clockwise, and the motion of the x-axis moves the
diamond tool relative to the work piece such that the tool travels from right to left
relative to the work piece, from the outer edge toward the center of rotation. The
stroke of the fast tool servo is slaved to the C-axis and the x-axis, both of which
contain high resolution encoders that constantly read the angular orientation of the
machine spindle, 6, and the distance of the diamond tool tip from the axis of rotation
of the machine spindle, r. In other words, the fast tool servo is programmed so that
its stroke is a function of the encoder readings, 8 and r. and the tool path is three
Dimensional (3D) corrected.

A desired form of the surface machined by the fast tool servo is given by Eq.
(1), where the amplitude, A, is 2.5 um, and the wavelength, A, is 70 um. In Eq. (1), x

and y lie in the work piece coordinate system. r and 0 lie in the machine tool
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coordinate system, where r corresponds to the x-axis of the machine tool and 0

corresponds to the C-axis of the machine tool

To produce a desired form of the machined work piece surface, the fast tool
servo preferably is programmed to account for the finite nose radius of the cutting

tool.

Characteristics of a slip off resistance surface structure according to the invention

are:

¢ Knurled but not rough in a sense that the structured surface could irritate the
sensitive membrane at the inside of the eyelid.

e Height and width of the structure is variable to give maximum slip off resistance

e Structure could be raised or recessed

¢ Size and place could be anywhere on the lens, outside the optical zone.

¢ The size width and structure of the knurled surface could be varied for different
locations. For instance at the bottom part less resistance and at a higher part
(direction top of the lens) more resistance to have a controlled movement or
stabilisation.

¢ The structure could be in the shape of a so called Lotus texture. So it has a self
cleaning micro texture to reduce deposits on the structured area.

e Structure could be manufactured either on the lens or on a optical mould insert
used for cast moulding or spin casting.

e Structure could be manufactured by means of:
o Single point diamond turning
o Laser ablation
o EDM (FElectric Discharge Machining)
o Micro sandblasting

e Lens could be manufactured by means of:

o Single point diamond cutting
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o Cast moulding or spin casting

The surface structure is not limited to a sinoid surface but could be of any type
suitable to increase the slip-off resistance needed to help the lens translating or
rotation stabilisation during the eye movement when the eye changes to downward
gaze.

Characteristic of a bifocal lens with stabilisation according to the invention,
additional to what already has been disclosed in EP0858613A1 (Procornea):

¢ Distance part continuous in the lower part circular between 1 and 2.2
mm below centre.

e At the lower part of the peripheral stabilisation a recess with a depth
near to the level off the distance part to avoid the build up off a tear
meniscus who could disturb the vision quality.

e The lens could be a toric lens, toric multifocal, toric bifocal.

Fig. 4 shows a further embodiment of a contact lens 1 on an eye with upper
eyelid 2 and lower eyelid 3. Contact lens 1 has an optical zone with a central optical
zone 4 and a presbyopia correcting further optical zone 5 radially outside the central
optical zone.

At the lower portion, outside the further optical zone 5 in the outer radial area,
contact lens 1 has a ramped ridge 6 which has several friction areas 7 on the ridge
below the further optical zone 5.

This contact lens is further provided with two additional elevated areas 8 that
preferably are dome-shaped and smoothly extend from the surface of the contact
lens 1. These areas are situated on the upper half of the contact lens 1.

Fig. 5 shows another embodiment of a contact lens 1 according to the
invention. This contact lens 1 has two ridges 9, 9° at both sides of a mirror line
through contact lens 1. These two ridges extend concentrically over a least part of
the circumference of the contact lens, outside the optical zone. At the lower part
where the ridges start, friction areas 10, 10’ are provided. The space between the two
ridges 9 allows eye fluid to leave the lens and not build up in the optical areas 4, 5.

In cross section, the ridges 9, 9” preferably have a smooth, continuous slope.
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Figure 6 shows another embodiment of a contact lens 1 with a fully
circumferential ridge 11. On this ridge, several friction areas 12 are provided.

Figure 7 shown a cross section through the lens of figure 6. The contact lens 1
has a concave inner surface 13 which during wearing floats on an the eye, and an
outer surface 14. In this cross section the ridge 6 is indicated. In this embodiment the
contact lens is not prismatic: at the optical area side of the ridge, the ridge slopes
downward and the contact lens has its normal thickness. In a prismatic lens, the
thickness of the contact lens would from the top of the ridge would decrease slowly
until the current thickness would be reached at the other side (where numeral 1 is
placed) of the lens.

In this figure 7, it is furthermore indicates that the height of the ridge is
maximal at the lower side of the contact lens, and slowly decreases to about zero ot
the upper side (where numeral 1 is placed).

In figure 8 a detail of the ridge-part of figure 7 is shown. This ridge 6 has a
smooth, continuous contour and smoothly extends from the general outer surface 14
of the contact lens 1. Clearly shown is the friction area 7 in cross section, showing
the wavelets which were here made in the surface of the ridge, at a location which is
radially away from the optical zone. With a so called soft contact lens which has a
diameter larger then the iris of an eye, the ridge is not situated at the edge of the
contact lens, but more radially towards the centre of the contact lens, as is shown in
this fig. 8. Furthermore, this figure shows that the amplitude of the micro
undulations is very small, in the range of about 1-5 micron, and preferably 2-3
micron. Its wavelength is about 40-200 micron, preferably 60-80 micron. The slope
preferably is continuous in order to prevent dirt to build up and to avoid irritation of
the eye.

Figure 9 shows a cross section of a contact lens 1 generally according to the
contact lens of figure 5, which has an interruption 15 in the ridge 6 centrally below
the central optical zone 4.

Figure 10 shows a contact lens according to the invention which has a ridge 6
and friction areas 16 having a two-dimensional sinusoid profile. A picture of such a

profile is shown in figure 12.
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Figure 11 shows a cross section through a contact lens 1 of figure 1 with a
ridge 6.

In figure 11 alternative friction areas 20 and 21 are shown. Friction area 20 has
a profile of substantially parallel waves which run perpendicular to the radial
direction, substantially in circumferential direction.

Friction area 21 has a profile which is at an angle with respect to the radial
direction and the circumferential direction. This placement allows the eyelid to
properly position the lens both in radial position and in height on the eye.

Figures 12-14 show various embodiments of a wave pattern according to the
invention and used in figure 10. In these figures, the waves are substantially parallel
waves. These waves are in figure 9 below the general surface and in a fully sinusoid
pattern. In figure 10 the waves are below the general surface of the contact lens, and
between each wave 23 there is a flat region. In figure 11 the waves 24 extend above
the general surface 14 of the contact lens 1.

It will also be obvious after the above that further embodiments are within the
scope of protection of the appended claims being obvious combinations with prior

art techniques and the disclosure of this patent.
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Claims

Contact lens comprising at least one area with an increased friction for an eyelid
for providing grip to the eyelid for positioning the contact lens on an eye in use,
wherein said friction area comprises micro scale undulations for providing

friction between an eyelid and the contact lens.

Contact lens according to claim 1, comprising a central optical zone and a
radially outer zone surrounding the central optical zone and having optical
properties different from the central optical zone, and a ridge radially outside

said outer zone.

Contact lens according to claim 3, wherein said friction area is provided at the

location of said ridge.

Contact lens according to claim 3 or 4, wherein said friction area is provided in

or on said ridge.

Contact lens according to any one of said claims 3-4, comprising two of said
friction areas provided at the location of said ridge and at both sides of a mirror

line on said contact lens.

Contact lens according to any one of the preceding claims 3-5, wherein the
friction area or areas are provided on a side of the ridge radially away from the

centre of the contact lens.

Contact lens according to any one of the preceding claims, having an inner
surface resting on an eye during wearing and an outer surface, said friction area

being provided on said outer surface.

Contact lens according to any one of the preceding claims, wherein said friction

area or areas comprise a 3D undulation, preferably a sinusoid.
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10.

11.

12.

13.

14.

15.

16.

12

Contact lens according to any one of the preceding claims, wherein said contact

lens has prismatic optics.

Contact lens comprising a central optical zone and a radially outer zone
surrounding the central optical zone, and a ramped ridge in the radially outer
zone, wherein said ridge comprises at least one interruption for allowing tear

moisture to flow away.

Contact lens according to claim 10, wherein one of said at least one interruption

is provided substantially at the middle of said ridge.

Contact lens according to any one of the preceding claims, wherein said micro

scale undulation have an amplitude of about 1-5 micron.

Contact lens according to any one of the preceding claims, wherein said micro

scale undulation have an amplitude of about 2-3 micron.

Contact lens according to any one of the preceding claims, wherein said micro

scale undulation have a wavelength of about 50-200 micron.

Contact lens according to any one of the preceding claims, wherein said micro

scale undulation have a wavelength of about 60-80 micron.
Contact lens comprising a central optical zone and a radially outer zone

surrounding the central optical zone, and at least two elevations in the outer zone

at both sides of a mirror line of said contact lens.

-0-0-0-0-0-0-
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