Office de la Proprieté Canadian
Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2503799 C 2012/03/13

(11)(21) 2 503 799

(12 BREVET CANADIEN
CANADIAN PATENT
13) C

(86) Date de déepot PCT/PCT Filing Date: 2003/10/28

(87) Date publication PCT/PCT Publication Date: 2004/05/21
(45) Date de délivrance/lssue Date: 2012/03/13

(85) Entree phase nationale/National Entry: 2005/04/26

(86) N° demande PCT/PCT Application No.: US 2003/034213
(87) N° publication PCT/PCT Publication No.: 2004/042454
(30) Priorité/Priority: 2002/10/31 (US10/284,613)

51) Cl.Int./Int.Cl. GO2C 7/02(2006.01),
GO02C /04 (2006.01), GO2C /06 (2006.01)

(72) Inventeurs/Inventors:
ROFFMAN, JEFFREY H., US;
ISKANDER, DAOUD R., AU:
DAVIS, BRETT A., AU;
COLLINS, MICHAEL J., AU

(73) Proprietaire/Owner:
JOHNSON & JOHNSON VISION CARE, INC., US

(74) Agent. NORTON ROSE CANADA
S.EN.CR.L,S.RL/LP

(54) Titre : PROCEDES DE CONCEPTION DE LENTILLES OPHTALMIQUES MULTIFOCALES
54) Title: METHODS FOR DESIGNING MULTIFOCAL OPHTHALMIC LENSES

2 500 HERRRIRREOK S
oo TS [T
ees I NATEINUE
eod | LR
1500 4|1

Add 1.250 .-'0'

pxEERE
1.000
0.750 HEEE
es ININININ)
oot TR
0.000 ...l‘*"!\‘ )
0.0
(57) Abrégé/Abstract:

.‘
eh

4

’

a

-8

X

-
—
O
-
ot
O
-
-
O
-
N
®
oL
N
O
-
o
O
-
QD
(@)
o
n
-
-

.
]
'.
o
‘.
-
-
-

-.
2
:'
~;
.
&
»

B
?
b,
B
)

‘s
.
A
L ]
A
N
‘ -

-
3 .--
’.
<
L |
®
<,
r. J
N
-~
‘e
»

2050ttt af el -y e

The Invention provides methods for designing lenses useful for correcting presbyopia that permits variation of the speed of the
power change from distance to near vision power or near to distance vision power. The rate of change may be symmetrical around

the midpoint or faster or slower on either side of the midpoint.
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o (57) Abstract: The invention provides methods for designing lenses useful for correcting presbyopia that permits variation of the
3 speed of the power change from distance to near vision power or near to distance vision power. The rate of change may be symmet-
rical around the midpoint or faster or slower on either side of the midpoint.
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METHODS FOR DESIGNING MULTIFOCAL OPHTHALMIC LENSES

5. Field of the Invention
The invention relates to ophthalmic lenses. In particular, the invention

provides lenses that use more than one optical power, or focal length, and are useful

in the correction of presbyopia.

10 : Background of the Invention
As an individual ages, the eye is less able to accommodate, or bend the

natural lens, to focus on objects that are relatively near to the observer. This
condition is known as presbyopia. Additionally, for persons who have had their

natural lens removed and an intraocular lens inserted as a replacement, the ability to

15 accommodate is totally absent.

Among the methods used to correct for the eye’s failure to accommodate is
~ the mono-vision system in which a person is fitted with one contact lens for distance
vision and one lens for near vision. The mono-vision system permits the lens wearer

20 to distinguish both distance and near objects, but is disadvantageous in that a

substantial loss 1n depth perception results.

In another type of multifocal contact lenses, the optic zone of each lens is
provided with more than one power. For example, the optic zone may have both

25 distance and near power, which the eye uses simultaneously.

Neither of theze methods provides good results in terms of visual acuity and

lens wearer satisfaction. Thus, a need exists for lenses that both provide correction
for the wearer’s inability to accommodate and that overcome some or all of the

30 disadvantages of known lenses.




CA 02503799 2005-04-26

WO 2004/042454 PCT/US2003/034218

10

15

20

25

30

Brief Description of the Dréwings

FIG. 1 is a graphic depiction of the power maps for prdgressi\(e lens designs

resulting from Equation I. | |
FIG.21sa grapdhic edepiction of the powe;maps for pro gfessive, lens designs

resulting from Equation I.

Detailed Description of the Invention and Preferred Embodiments

The invention provides methods for designing lenses useful for correcting

presbyopia, lenses incorporating such designs, and methods for producing these

lenses. In one embodiment, the method of the invention permits variation of the
speed, or contour, of the poWer change from distance to near vision power or near to

distance vision power.. The result of this variation is that there is a better dlstnbutlon

“of the distance and near vision powers within the multifocal zone and, thus

improved visual acuity and wearer satisfaction.

In one embodiment, the invention provides a multifocal ophthalmic lens

comprising, consisting essentially of, and consisting of an optlc zone havmg one or

more multifocal power zones wherein a speed and a contour for the zone is

determined by the following equation:

Add, = Add , , *(1/(a*(1+(x/ x, )" )
@
wherein:
Addy 1s actual instantaneous add power at any point xon a surface of the lens; -

X 1s a point on the lens surface at a distance x from the center;

a is a constant and preferably is 1;

Add,.x is the full peak dioptric add power, or add power required for ﬁear vision

correction; _
X¢ is the cutoff semi-diameter or the midpoint in the power transition from distance

to near power, or near to distance power;
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‘nis avariable between 1 and 40, preferably between 1 and 20; and
Add is a value that is equal to the difference in power between the near vision power

“and distance vision power of the lens.

‘In Equétion I, n is the variable that controls the slope of the pro gression from near to

distance vision power and distance to near vision power in the lens. The less the

value of n, {he more gradual thé progression will be.

10 ~ In a second embodiment, the invention provides a multifocal ophthalmic lens .
* comprising, consisting essentially of, and consisting of an optic zone having one or.
" more multifocal power zones wherein a speed and a contour for the zone is

detérmined by the following e@uation:

15 Add(x) = Addpm *(1/(a*(1+ (x/x,)*)*n)
(1)
wherein:
~ Addy, is actual mstantaneous add pou}er at ény point x on a surface of the lens;
X is a point on the lens surface at a distance x from the center;
20 aisa constant and preférably is 1: |
} Addpeax is the full peak dioptric add power;
ic is the cutbff semi-diameter;
n is is a variable between 1 and 40, preferably between 1 and 20; and

Add is a value that is equal to the difference in power between the near vision power

25. and distance vision power of the lens.

In a third embodiment, the invention provides a multifocal ophthalmic lens
comprising, consisting essentially of, and consisting of an optic zone having one or
more multifocal power zones wherein a speed and a contour for the zone 1s

30 determined by the following equation:
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Add, = Add ., *(1/(a* (1 +(x/x,)")*n)
(m

wherein:
Add(x) is actual instantaneous add power at any point x on a surface of the lens;

X1isa pomt on the lens surface at a distance x from the center;

~ais a constant and preferab]y 1S 1

d is an arbitrary value between 1 and 40;

- Addeqx 1s the tull peak d_iOptrio add power;

X is the cutoff semi-diameter;; |
n is between 1 and 40, preferably between 1 and 20; and

Add is a value that 1s equlalé to the difference in power between the near vision power

and distance vision power of the lens.
For purposes of the invention, by “ophthalmic lens” is meant a spectacle

are contact lenses. By ° ‘speed” or “contour” 1s meant the slope of the power change
from near to distance power. By “distance vision power 1S meant the amount of
refractive power required to correct the wearer’s dlstance vision aoulty to the desired

degree. By “near vision power” is meant the amount of refractive power required to

-. » @ 0 » . {
correct the wearer’s near vision acuity to the desired degree. -

In the lenses of the invention, the multifocal power zones may be on the

objeot-mde or front, surface, the eye-side, or rear, surface, or both surfaces The

multlfocal power zones have at least two regions of differing power altematmg

betwees distance and near vision power. Intermedlate power is provided as a
consequence of the power progression between the peak of the power of the near

and distance vision regions. In the lenses of the invention, the distance, near, and

intermediate optical powers are spherical or toric powers.
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| In Figure 1 is graphicaliy depicted the power progression in four different
multifocal power zone desi gﬁs resulting from Equation I. In each design, the near
vision pbwer is at the center of the zone and the distance vision powerisator ‘
5  ' towards the periphery of the zone. By periphery is meant the region or area farthest -
- from the center of thie zone. The values t;sed in Equation I for éac;h of the designs is

' set forth in the following Table 1.

‘, » Table 1
[ osmA T oewmE
— " 0875

Design C Design D

1125 1375

10 » In Figure 2 is graphically depicted the power pro gression for three different
| multifocal Iﬁowei' zone designs regultihg from Equation I. The values used n
: Equatioh I for each of the designs is set forth in the following Table 1.
"  Table2 ° ,
DesignF Design H

Design E Design G
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15 |
In each of F1 gﬁres 1 and 2 is depicted the add power change as the power

* departs from the optic center of the lens. The design of the invention provides fora B

smooth, continuous variation in power from the optical center of the lens to the
periphery of the optic zone. Additionally, the design permits a controllable rate of -

20 change and position of the power variation.

Equations I through III each have a value of n that is the same on cither side

of x.. As an alternative, the value of n can be a 'ﬁrst value when x < x, and
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The lenses of the invention may be made from any suitable lens forming

matenals. Illustrative maten'als for formation of soft contact lenses include without

limitation srhcone elastomers, silicone-containing macromers 1nclud1ng, W1thout

lnmtatton those disclosed in United States Patent Nos. 5,371, 147 5,314, 960 and

5 057 578 1ncorporated in their entireties herein by reference, hydrogels srhcone-

| containing hydrogels, and the like and combrnatlons thereof. More preferably, the

surface 1s a siloxane, or contarns a sﬂoxane ﬁmctlonahty, mcludmg, wrthout

limitation, polydimethyl siloxane macromers, methacryloxypmpyl polyalkyl

siloxanes, and mixtures thereof silicone hydrogel or a hydrogel, such as etaﬁlcon A.

A preferred contact lens material is 2 poly 2- lrydroxyethyl methacrylate |
polymers, meaning, having a peak molecular wei 1ght between about 25, 000 and |
about 80,000 and a polydispersity of less than about 1.5 to less than about 3.5

respectively and covalently bonded thereon, at least one cross- lmkable ﬁmctrcnal‘

group. This material is described in Attorney Docket Number VTN 588 Umted
States Serial No. 60/363,630 incorporated herem in 1ts entlrety by reference

As yet another alternative, the lens material may be any matenal sultable for

forming ophthalmic lens other than contact lenses. F or example, spectacle lens

materials may be used including, without limitation, polycarbonates, such as -

bisphenol A polycarbonates, allyl diglycol carbonates, such as diethylene glycol
bisallyl carbonate (CR-39™). allylic esters, such as triallyl cyanurate, triallyl -

phosphate and triallyl citrate, acrylic esters, acrylates, methacrylates, such as
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methyl- ethyl- and butyl methacrylates and acrylates, styrenics, polyesters, and the
like and combinations thereof. Additionally, materials for forming intraocular
lenses include, without limitation, polymethyl methacrylate, h)rdroxyethyl

5 methacrylate, inert clear plastics, silicone-based polymers, and the like and

combinations thereof.

Curing of the lens material maybe c'arried out by any:- convenient method.
For example, the material may be deposited wuhm a mold and cured by thermal,

10 1imradiation, chen:ucal electromagnetic radiation curing and the like and. combmanom
thereof, Preferably, for contact lens embodlments molding is carried out using
ultraviolet light or using the full spectrum of visible light. More specifically, the
précise conditions suitable for curing the lens material will depend on the matena.l

selected and the lens to be formed. Surtable processes are disclosed in U.S. Patent

15 No. 5,540,410.
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What 1s claimed 1s:

1. - A multifocal ophthalmic lens, comprising an optic zone comprising one or
more multifocal power zones having a distance vision power and a near vision
power and wherein a speed for the optic zone 1s determinedﬂby the following

equation:

Add ) = Add ., * (@ * QU+ (x/ %))
‘ M

wherein:
Add) 1s an instantaneous édd power at any point X on a surface of the lens; I

X is a point on the lens surface at a distance x from the center of the lens; . '

a 1s a constant;

Addp. 1s a full peak dioptric add power;
X¢ 1S a cutoff semi-dimﬁeter;

nis a variable between 1 and 40; and

Add is a value that is equal to the difference in power between the near vision power

and distance vision power of the lens.

2. The lens of claim 1, whereinais 1 andn1s be“twecnll;and:ZO.
3. The lens of claim 1 or 2, wherein the lens 1s a contact iéns.
4, A multifocal Op_hthalmié lens, comprising of an optic zone comprising ‘Ohe or

more multifocal power zones having a distance vis.on power and a near vision

power wherein a speed for the optic zone 1s determined by the following equation:

Add,,, = Add

peak

*Ua* A+ (x/x,))*n)
(m

wherein:
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Add(x) 1S an mstantaneous add power at any point x on a surface of the lens;

X1isa pomt on the ]ens surface at a distance X from the center of the lens;
a is a constant: |

Addpeq is a full peak dioptric add power;

Xc is a cutoff semi-diameter; o

n is a variable between 1 and 40, and

Add is a value that is equal to or less than the difference in power between the near

vision power and distance vision power of the lens.

5. The lens‘of claim 4, wherein ais 1 and n is between 1 and 20.
6. The lens of claim 4 or 5, wherein the lens is a contact lens.
7. A multifocal ophthaimic lens, comprising of an optic zone comprising one or

more multifocal power zones having a distance vision power and a near vision

power wherein a speed for the optic zone is determined by the following equation:

Add ., = Add ., *(1/(a*(1+ (x/x,)")*n)
(11I)

wherein:
Addyy) is an instantaneous add power at any point X on a surface of the lens;

x 1s a point on the lens surface at a distance x from the center of the lens;

a 1S a constant;

d is an arbitrary value bet\#een 1 and 40;
Add,. is a full peak dioptric add power;
X. 1s a cutoff semi-diameter;

n i1s between 1 and 20; and
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Add is a value that is equal to or less than the difference in power between the near

vision power and distance vision power of the lens.

8. The lens of claim 7, wherein a is 1 and n is between 1 and 207. |

9. The lens of claim 7 or 8, wherein the lens is a contact lens. . -

10.  The lens of claim 1, wherein n is a first value for x <X, is a second value fo

x > X, and is the first value or the second value for X = X,

) ) ) . = . . . . ) | . ‘ - . | |
11, The lens of claim 4, wherein n is a first value for x <X, 1s a second“value fo

X > X, and 1s the first value or the second value for X = X,

12.  The lens of claim 7, wherein n is a first value for x <X, is a second value fo

x> x. and 1s the first value or the second value for x = X,
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FIG. 2
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