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DYNAMICALLY STABILIZED CONTACT LENSES

ABSTRACT

The invention provides a dynamically stabilized contact lenses that uses a

5 vanably-shaped lenticular zone to stabilize the angular onentation of the lens in

relation to the eye.
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DYNAMICALLY STABILIZED CONTACT LENSES

Field of the Invention
The invention relates to dynamically stabilized contact lenses. In particular,

the invention provides contact lenses that use a vanably-shaped lenticular zone to

stabilize the angular orientation of the lens in relation to the eye.

Background of the Invention .

It is known that the correction of certain optical defects can be accomplished
by imparting non-spherical corrective characteristics to a contact lens, such as
cylindrical, bifocal, or muitifocal characteristics. The use of contact lenses with
these characteristics is problematic in that the lens must be maintained at a specific
angular orientation in relation to the eye to be effective. However, the lens will

rotate on the eye due to blinking as well as eyelid and tear fluid movement.

Lenses designed to maintain their angular orientation typically are of two
general types. One type uses static stabilization to maintain the lens onentation.
Examples of static stabilization methods include prismatic balancing, thickening of

the lower lens edge, supporting the lens on the lower eyelid. forming depressions or

elevations on the lens’ surtace. and truncating the lens edge.

A second type, dynamically stabilized lenses, use the movement of the
eyelids to maintain lens orientation. Dynamic stabilization methods include
reducing the thickness of the lens’ outer surface at two symmetrically lying regions,

thickening two outer regions in the horizontal center axis, and thinning, or siabbing

off, top and bottom zones on the lens.

The known methods for maintaining lens orientation suffer from a number
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of disadvantages. One disadvantage is that specialized tooling is required to produce
the lens. Additionally, a number of these methods resuits in a lens that is
uncomfortable to wear. For example, the use of slab offs results in the formation of
sharp junctions on the lens surface that produce wearer discomfort. Thus, a need

exists for a method of maintaining angular orientation that overcomes some of these

disadvantages.

Brief Descniption of the Drawings
FIG. 1 illustrates a plan view of an embodiment of the invention.
FIG. 2 illustrates a plan view of an embodiment of the invention.
FIG. 3 illustrates a plan view of an embodiment of the invention.
FIG. 4 1s a honzontal section taken through line II-1I of FIG. 1.
FIG. 5 1s a vertical section taken through line III-III of FIG. 1.

Detailed Description of the Invention and Preferred Embodiments
[t 1s a discovery of the invention that dynamically stabilized contact lenses
may be obtained by providing a lens with a variably—shaped lenticular zone. The
lens of the invention is advantageous in that it may be produced without any

specialized tooling and provides a lens that 1s comfortable to wear

By “variably-shaped™ is meant that each meridian or angular departure from
the lens apex 1s of varying spherical or non-spherical curvature. More specifically,
vanably-shaped means that the lenticular zone of the lens is shaped so that its shape
changes between 0° horizontal and 90° vertical, 180° horizontal and 90° vertical,
180° honzontal and 270° vertical and 360° horizontal and 270° vertical, or any
combination thereof. Any suitable shape may be used such as sinusoidal, linear,

aspherical, ellipsoidal, polynomial form changes in curvature. or a combination of

one or more of these forms.
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In one embodiment. the invention provides a contact lens comprising,
consisting essentially of, and consisting of a contact lens having an outer convex
surface and an inner concave surface, the convex surface comprising a variably-
shaped lenticular zone. The vanably-shaped lenticular zone of the lens of the
invention provides a lens profile that allows the lens to be stabilized in the desired

onentation with respect to the-eye by the blinking action of the eye.

Contact lenses useful in the invention may be either hard or soft lenses.
However, soft contact lenses are preferably used. The lenses of the invention may
have any of a variety of corrective optical characteristics incorporated onto the
surfaces. For example, the lens may have any one or more of spheric, aspheric,
bifocal, muitifocal, pnsmatic, or cylindric corrections. These corrections may be on
etther or both the convex or concave surface. The invention will find its greatest
utility in lenses in which at least one of the corrective characteristics requires that
the angular onentation of the lens with respect to the eye remain stable. In a
preterred embodiment, the lens of the invention is a toric soft contact lens, meaning

that the soft contact has a cylindrical optical surface, or power, to correct for the

wearer’'s astigmatism.

Reterring now to FIGS 1 to 5, the contact lens of the invention is shown.
The lens 10 has a convex outer surface 16 and concave inner surface 15. which

concave surface 15 i1s seated on the cornea of the wearer.

The convex. or outer. surface 16 of the lens has a central optical zone 11 the
center of which 1s the lens center 15. The optical zone 11 may be of any desired
geometry, such as spherical, spherical multifocal. toric, toric multifocal, aspherical,
or the like that corresponds to the wearer’s required prescriptive optical power. The
optical zone of the concave. or inner, surface of the lens, similarly may be of any

desired geometry, but preferably is a toric, or cylindrical, surface centered about a

toric axis that corrects for the wearer’s astigmatism.



10

15

20

30

CA 02279925 1999-08-09

A non-optical lenticular zone 12 surrounds the central optical zone 11. The
lenticular zone, preferably the convex surface lenticular zone, is variably-shaped.
Illustrative of useful shapes that all or a portion of the ienticular zone may take
include, without limitation, sinusoidal, linear, aspherical, ellipsoidal, polynomial
form changes in curvature, or any combination thereof. Preferably, a sinusoidal, or

sphne, relationship between the 0° horizontal and the 90° vertical, or other degrees,

producing a toroidal lenticular zone 1s preferred.

The junction of the central optical zone 11 and the lenticular zone 12 may be
of any convenient shape depending on the form of the lenticular zone used. In a
preferred embodiment, the lens is designed so that the mid-peniphery and edges

rematn the same regardless of the optical correction of the lens.

In cases 1in which the lenticular zone s kept parametrically constant the
junction of the optic and lenticular zones may produce a small, optically and
mechanically undesirable area. Thus, in such lenses, it is preferable to use a

transition zone 14 located between the central optical zone 11 and the lenticular zone

I 2 to compensate tor the undesirable area.

The lens of the invention may be made by any convenient method. For
example, a computer-controlled lathe with a reciprocating z-axis function may be
used. One ordinarily skilled in the art will recognize that changes in shape of the
lenticular zone may be employed either or both along each lens meridian or

concentric to the lens’ central axis. With reference to FIGS. 4 and §, the cutting

radius r will vary as :

= f(©®, O)

Thus. the honzontal meridian II-II is such that the thickest region of the iens surface

is at the meridian’s peripherv. The vertical meridian III-1I1 is such that the thinnest
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region of the surface 1s at the vertical meridian’s periphery. In a preferred

embodiment, the honzontal meridian periphery has a bevel 13.

The lens of the invention may be produced by any conventional method for
producing contact lenses. For example, the lens design may be cut into a metal and
the metal used to produce plastic mold inserts for the concave and convex surfaces
of the lens. A suitable liquid resin is placed between the inserts, the inserts

compressed, and the resin cured. Alternatively, the lens of the invention may be

produced by cutting the lens on a lathe.

The lens of the invention 1s advantageous in that the use of varying
curvatures 1n its design allows for more degrees of freedom in design than prior art
dynamically stabilized lenses. The change in curvature of the lenticular zone may
be a continuous or interrupted pattern depending on the lens meridian angle from the
horizontal and distance from the center to achieve the desired lens thickness profile.

Thus, 1t will be apparent to one ordinarily skilled in the art that the invention

encompasses any one of a number of alternative designs.
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CLAIMS:

1. A contact lens comprising an outer convex surface and an inner concave

surface, the convex surface comprising a vanably-shaped lenticular zone.

of sinusoidal, linear, ellipsoidal, aspherical, polynomial changes in curvature, and

combinations thereof

3. The lens of claim 1 wherein the shape of variably-shaped lenticular zone s
toroidal.

4 The lens of claim 1 wherein the lens is a toric soft contact lens.

5. The lens of claim | wherein the convex surface further comprises a transition
zone.

6. The lens of claim 1 wherein the convex surface further comprises a bevel.

7. The lens of claim | wherein the convex surface has a geometry that 1s

spherical and the concave surtace has a geometry that 1s tonc.

8. The lens of claim | wherein the convex surface has a geometry that is

spherical and the concave surface has a geometry that is toric.

9. The lens of claim 1 wherein at least one of the surfaces has a geometry that is

tonc multifocal.

10. The lens of claim | wherein at least one of the surfaces has a geometry that is

multifocal spherical.
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11. A toric soft contact lens comprising an outer convex surface and an inner
concave surface, the convex surface comprising a variably-shaped lenticular zone,
wherein the shape of the variably-shaped lenticular zone changes between the

extreme meridians in a form selected form the group consisting of sinusoidal, linear,

ellipsoidal, aspherical, polynomial changes in curvature and combinations thereof.

12.  The lens of claim 11 wherein the shape of variably-shaped lenticular zone 1s

toroidal.

13. The lens of claim 11 wherein the convex surface further comprises a

transition zone.

14.  The lens of claim 11 wherein the convex surface further comprises a bevel.

15. The lens of claim 11 wherein the convex surface has a geometry that 1s

spherical and the concave surface has a geometry that is torc.

16. The lens of claim 11 wherein the convex surface has a geometry that 1s

spherical and the concave surface has a geometry that is tonc.

17.  The lens of claim 11 wherein at least one of the surfaces has a geometry that

is toric multifocal.

18. The lens of claim 11 wherein at least one of the surfaces has a geometry that

1s multifocal spherical.

19. A toric soft contact lens comprising an outer convex surface and an inner
concave surface, the convex surface comprising a variably-shaped lenticular zone,

wherein the shape of the variably-shaped lenticular zone is toroidal.
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20.  The lens of claim 19 wherein at least one of the surfaces has a geometry that

1s toric multifocal.

21.  The lens of claim 11 wherein at least one of the surfaces has a geometry that

1s multifocal spherical.
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