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INTRAOCULAR LENS HAVING HAPTIC
Bacl | of the I i

The present invention relates to intraocular lenses and particularly
to one-piece intraocular lenses.

For many years, the predominant method of treating a cataractous lens
is to remove the diseased lens and replace it with an intraocular lens
("I0L"). Two surgical procedures are preferred for removing the diseased
lens: extracapsular cataract extraction and phacoemuisification.
Extracapsular cataract extraction involves removing the lens in a
relatively intact condition by use of a vectus or similar surgical
instrument. Phacoemulsification involves contacting the lens with the
vibrating cutting tip of an ultrasonically driven surgical handpiece to
emulsify the lens, thereby allowing the emuisified Tens to be aspirated
from the eye. Both surgical procedures require that the anterior Tens
capsule be cut to allow access to the lens itself and to allow the
implantation of the replacement lens, and because the capsule bag is used
to hold or retain the IOL in place after surgery, the opening should be as
small as possible. Although extracapsular cataract extraction has been the
preferred surgical technique, phacoemulsification is becoming increasingly
popular, in part because of the relatively small (3-3.5 millimeter) tunnel
incision that can be used with phacoemulsification.

A typical IOL comprises an artificial lens ("optic") and at least one
support member ("haptic") for positioning the IOL within the capsular bag.
The optic may be formed from any of a number of different materials,
including polymethyimethacrylate (PMMA), polycarbonate and acrylics, and it
may be hard, relatively flexible or even fully deformable so that the IOL
can be rolled or folded prior to insertion. The haptics generally are made
from some resilient material, such as polypropylene or PMMA. 1IOL’s may be
characterized as either "one-piece" or "multi-piece." With one-piece
IOL’s, the haptic and the optic are formed integrally as a blank and the
IOL is then milled or lathed to the desired shape and configuration. The
multi-piece IOL’s are formed either by attaching the haptic to a pre-formed
optic or by molding the optic around the proximal end of the haptic.

I0L’s generally are designed with three criteria in mind; optical
clarity, centration within the capsular bag and ease of surgical
implantation. While current plastics such as PMMA have excellent clarity,
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the goals of ease of 1mp1antat1on at all surg1ca1 skill levels) and
“centration- have been d1ff1cu1t to obtain consistently. Although ease of
insertion is less of a concern when the surg1ca1 technique used is
'extracapsular extract1on (with its relatively large incision), ease of
insertion is extreme]y 1mportant with the small tunnel incision
increasingly used with phacoemu]s1f1cat10n The des1gns of current IOL’s
generally trade off some insertion ease for improved centration without
defhrmat1on and visa versa. For examp]e, one predominant style of IOL
,1nc1udes a "J" or buttonhook-shaped haptic that is relatively easy 10
1mp1ant However, the curled base of the J-shaped haptic contacts the
capsular bag along only a very short radius, and tends to stretch and
distort the capsular bag,- resulting in zonular d1a1y51s and possible opt1c
‘displacement. The other predominant style of IOL ‘includes a more gently
“curved, C-shaped haptic that contacts the capsular bag over a Tonger radius
and tends not to induce capsular bag d1stort1on to the same extent as dJ-

shaped hapt1cs However, C-shaped haptics genera]ly project outwardly from

the diameter of the optic and, therefore, must fold backward over the optic
during insertion. The relatively long:length of. c- shaped haptics requires
that they be made relatively stiff to ensure centration, ‘and this stiffness
causes the haptic to resist bending or folding that,when combined with the
projection of ‘the haptic over the optic, can cause the haptic to grab the
wound tissue, making IOL’s with C- shaped haptics relatively difficult to
implant in the capsular bag when compared to J-shaped haptics, especially
through the increasingly preferred small tunnel incision and small
capsulorhexis used in phacoemulsification. ' , :

Many IOL de51gns have been developed 1n an effort to obtain an IOL
that has excellent centrat1on and is easy to 1mp1ant For example, U.S.
Patents Nos. 4,585,455, 4—608 049, 4,664,665, 4,664,667, 4,725,277,
4,731,079, 4,816,031 and 4,822,358 disclose an IOL.hav1ng a thickened
haptic attachment point and an enlarged or bulbous distal haptic t1p
‘However, none of these patents d1scloses an IOL having a relatively
flexible haptic or a haptic hav1ng a medial hinge or joint, and they all
rely on the roundness oF the bulbous tip to reduce t1ssue grabbing dur1ng

~ insertion.

U.S. Patents Nos. 4, 446 581 and 4 676 794 d1sclose an IOL having a
coil spring in the medial segment of the haptic to allow the haptic to
flex. However, the dlsta1 segments of the haptic d1sc1osed 1n these

E 12
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~ patents bow toward the optic. Therefore, there is minimal contact between

the haptic and the capsular bag and capsular bag distortion can result.

U.S. Patents Nos. 4,701,181, 4,710,195, 4,725,277, 4,932,967 and Re.
33,039 disclose IOL’s having haptics with a medial segment of reduced
cross-section area. However, the haptics disclosed in these patents all
extend beyond the optic profile, requiring the incision to be enlarged to
accommodate the haptics or risk potential haptic damage or excessive tissue
(wound) contact. '

U.S. Patents Nos. 4,418,431, 4,504,981, 4,568,347, 4,575,374,

~ 4,581,033, 4,591,358, 4,655,775, 4,828,558, 4,863,465 and 4,871,363

disclose IOL’s having haptics with an elbow or "knee" joint to allow the
haptic to flex more easily. However, none of these patents discloses the
use of an elbow or knee joint of reduced cross-sectional area. These
haptic are all relatively stiff, and rely on the geometry of the elbow or
knee to facilitate flexing of the haptic.

U.S. Patent No. 4,990,159 discloses an IOL with haptics having
alternating cross-sectional area. While the design of the haptics in this
patent may allow for more flexing of the haptic, this flexure is uniform
across the entire length of the haptic and does not necessarily ensure that
the haptics contact the capsular bag along a large radius. Furthermore,
the haptic disclosed in this patent extends beyond the optic profile.

Another multi-piece IOL distributed briefly during the late 1970s by
Medicornea Intraocular had a pair of squarely bent, modified C-shaped or L-
shaped haptics. While the haptics on this lens appear to contact the
capsular bag along a longer length of the haptic than the typical C-shaped
haptic, the sharp corners and shape of the haptic made insertion difficult.
In addition, the haptics have the same cross-section throughout their
entire lengths, reducing flexibility. The disadvantages of this design are
not surprising considering the fact that in the late 1970s,
phacoemulsification was in its infancy and the predominant surgical
technique for cataract removal was extracapsular extraction with sulcus
placement of the IOL and centration rather than ease of insertion was the
primary concern of the IOL designer.

Accordingly, a need continues to exist for an IOL having a haptic
that tensions the capsular bag evenly and without deformation and that can
be inserted more easily through the small tunnel incision used in
phacoemulsification.
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Brief Summary of the Invention

The present invention improves upon prior art intraocular Tenses by

| providing an intraocular lens having a haptic with a shallowly curved or L-

shaped distal end and a reduced diameter medial section that acts like an
elbow Jo1nt or spring hinge to allow the haptlc to expand outwardly after
insertion to contact more fully and to.tension more evenly the capsular
bag, permitting increased contact between the haptics and the capsular bag
1rrespect1ve of capsu]ar bag size. A re]at1ve1y thick proximal section.
resists flexing and he]ps to guide the IOL through the incision. In
“addition, the haptic origins and ends are interior of the optic diameter 0
that no part of the haptic extends beyond the optic profile.
Accordingly, one obJectlve of the present invention is to provide an
1ntraocular lens that is re1at1ve1y easy to insert in small incisions.
Annther objective of the present. invention is to provide an
intraocular lens with haptlcs ‘that do not project beyond the optic profile.
Another objective of the present invention is to provide an
intraocular lens with hapt1cs hav1ng hapt1c origins that are interior of
the optic diameter. o
Another objective of the present 1nvent1on is to provide an
intraocular lens having improved contact between the haptlc and the
capsular bag, irrespective of capsular bag size.
7 Another objective of the present invention is to provide an
1ntraocular Tens having a haptic with improved flexibility.
Another objective of the present invention is to provide an

' 1ntraocu1ar lens hav1ng a hinged haptic.

~ Another objective of the present invention is to prov1de an

intraocular lens having a hapttc with a medial segment with reduced cross-
sectional area.

Still another objective of the present 1nvent1on is to provide an

ntraocu]ar Tens that reduces capsu1ar bag distortion.

‘ A further objective of the present invention is to prov1de an
intraocular lens that resists d1sp1acement within the capsular bag.

‘These and other obJect1ves ‘and advantages of the present invention
will become apparent from the detailed descr1pt1on, drawings and c]atms
that follow.
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Brief Description of the Drawing

FIG. 1 is a plan view of the intraocular lens of the present
invention.

FIG. 2 is a cross-sectional view of the intraocular lens illustrated
in FIG. 1 taken a1ong'11ne 2-2.

FIG. 3 is a cross-sectional view of the haptic of the intraocular
lens illustrated in FIG. 1 taken along line 3-3.

FIG. 4 is a cross-sectional view of the haptic of the intraocular
lens illustrated in FIG. 1 taken along line 4-4.

FIG. 5 is a cross-sectional view of the haptic of the intraocular
lens illustrated in FIG. 1 taken along Tine 5-5.

FIG. 6 is a cross-sectional view of the haptic of the intraocular
lens illustrated in FIG. 1 taken along line 6-6.

FIG. 7 is a cross-sectional view of the haptic of the intraocular
lens illustrated in FIG. 1 taken along line 7-7.

FIG. 8 is a plan view of a second embodiment of the intraocular Tlens
of the present invention.

 FIG. 9 is a plan view of a third embodiment of the intraocular lens

of the present invention.

FIG. 10 is a plan view of a fourth embodiment of the intraocular lens
of the present invention.

Detailed Description of the Invention

As can be seen in FIGS. 1 and 2, IOL 10 of the present invention
includes an optic 12 and at least one haptic 14. Optic 12 has anterior
face 16 and posterior face 18 that may be of any suitable shape or design,
such as concave, convex, biconvex, plano-convex, concave-convex, multifocal
or toric. Optic 12 may be made of any suitable, biocompatible plastic,
such as PMMA, polycarbonate, acrylics or copolymers of esters of acrylic
acid and methacrylic acid, may contain a material for absorbing ultraviolet
light, for absorbing blue light (such as a yellow, yellow-brown, orange or
brown pigment) or for attenuating the transmission of any desired visible
wavelength and may be circular, elliptical, oval or a closed curve of any
suitable design. Optic 12 is approximately between 4.5 and 7.0 millimeters
(mm) in diameter with 5.75 mm being preferred.

5
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I0L 10 may be either a one-piece or a multi-piece lens but preferably
is one-piece with haptics 14 formed integrally with optic 12 from a sotid
blank of material that is milled or Tathed to the desired shape and cross
section. Haptics 14 project,radia11y,outward Tongitudinally from haptic
origin 20 on optic 12 so that the distance of distal segment 22 lies at a
greater distance from optic 12 than medial segment'26 orrproximal segment
24 yet all of‘haptlc 14 remains within optic profile or width 13 of optic
12. In order to prov1de capsu]ar bag contact along the entire length of

‘distal segment 22, the total diameter of IOL 10, from hapt1c tip 28 to

haptic tip 28 must be approx1mate]y"between 10.5 mm and 12.5 mm with
approximately 12.0 mm being preferred. This prov1des the best fit of I0L
10 in the average 9.1 mm to 9.9 ‘mm -capsular bag.

~ As can be seen in FIG. 1, prox1ma1 segment 24 is relatively stra1ght
approximately 1.7 mm long and has a radius of curvature of approximately
21.5 mm; medial segment 26 is tightly curved, approx1mate1y 0.5 mm Tong
and has a radius of curvature of approx1mate1y 1.30 mm; and distal segment
22 is slightly curved, approximately 4.7 mm long and has a radius of
curvature of approximately between 4.50 and 5.00 mm.. . Haptic origin 20 is
preferably interior of width 13 of optic perxnierai edge 21 and proximal

-segment 24 preferably projects sl1ght]y 1nware”toward centerline 23 of

optic 12 so that no part of hapt1c 14 extends beyond optic width 13. This
placement of haptic origin 20 and the inward projection of proximal segment
24 help to prevent haptic 14 from grabb1ng the wound tissue, thereby easing
the insertion of IOL 10 1nto the ‘capsular bag. In addition, the relative
stiffness of proximal segment 24, as.compared to med1a1 segment 26, helps
to guide IOL 10 through the 1nc1s1on

As can be seen in FIGS. 3-7, thickness 30 of haptlc 14 remains
constant from haptic or1g1n 20 to t1p 28 for example, 0.17 mm, but the
width 32 of haptic 14 varies, narrow1ng between hathc origin 20 and medial
segment 26 and widening between med1a1 segment 26 and tip 28 so that medial
segment 26 is the narrowest part of haptic 14. As can be seen in FIGS. 3
and 7, height 30 of haptic 14 at haptic origin 20 and tip 28 is
approx1mate1y the same, with a width of approx1mate1y 0.17 mm. However,
width 32 of haptic 14 decreases along the Tength of proximal segment 24 so
that, as can be seen in FIG. 4, width 32a of proximal segment 24 at medial
segment 26 is only approximately between 0.16 mm and 0.14 mm, 0.14 mm being

preferred. Width 32 contlnues to narrow a1ong the 1ength of med1a] ‘segment
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26 so that, as can be seen in FIG. 5, width 32b of medial segment 26 at is
narrowest point is only approximately 0.12. As can be seen in FIGS. 6 and
7, width 32 of haptic 14 increases along the distal portion of medial
segment 26 so that at the intersection of medial segment 26 and distal
segment 22, width 32c is approximately 0.14 mm. Width 32 of haptic 14
remains constant for the entire length of distal segment 22 so that at tip
28, width 32d remains approx{mately 0.14 mm. Maintaining a constant
thickness 30 along the entire length of haptic 14 while having a varying
width 32 from haptic origin 20 to tip 28 allows haptic 14 to flex, but this
flexing is primarily limited to planar flexing within or parallel to the
plane of optic 12 and flexing of haptic 14 in the plane normal to the plane
of optic 12 is minimized. In addition, the relative stiffness of distal
segment 22 and proximal segment 24 compared to medial segment 26 causes
haptic 14 to flex primarily along medial segment 26. Thus, medial segment
26 acts like a hinge allowing distal segment 22 to expand outwardly once -
I0L 10 is fully inserted into the capsular bag. The relatively shallow
radius of distal segment 22 causes haptic 14 to contact the capsular bag
along the entire length of distal segment 22, resulting in even tensioning
of the capsular bag due to the broad arc of contact. Although FIGS. 3-7
illustrate haptic 14 with a rectangular cross-section, other suitable
cross-sectional shapes, such as rectangular with rounded corners, oval or
elliptical, may also be used

This description is given for purposes of illustration and
explanation. It will be obvious to those skilled in the relevant art that
modifications may be made to the invention as described herein without
departing from its scope or spirit.
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I claim:
1. An intraocular 1ens compr151ng
- a. an OPtIC having a width; and
- b. at least one hapt1c extend1ng from the optlc w1th1n the w1dth
5 of the opt1c, the haptic hav1ng

i. a proximal- segment hav1ng a first 1ength and a radius of
: 'curvature of between 21 millimeters and 22 millimeters,
ji. a distal segment hav1ng a second length that is at least
twice the first 1ength and having a radius of curvature of
- 10 7 between 4.5 m111tmeters and 5.0 mllljmeters and

jii. a medial segment of varying.cross-seetional'area having a

radius of curvature of between 1 millimeter and 2 millimeters.

2. The intraocular Tens of claim 1 wherein the optic is
approximately between 4.5 and_].o millimeters in diameter.

15 3. The intréocu]ar Tens of claim 2 wherein the optic is
approximately 5.75 mi]]imeters inrdiameter.

4. The 1ntraocu1ar 1ens of claim 1 wherein the lens 1s
approx1mate]y between 10.5 and 12. 5 m1111meters in d1ameter

‘5. The 1ntraocu1ar lens of c1a1m 4 wherein the overall 1ength of
20 the lens is approx1mate1y 12 0 m1111meters

6. The intraocular lens of claim 1 wherein the optic and the |
hapt1c comprise polymethy]methacry1ate

7. The intraocular lens. of c]axm 1 where1n a shape of the optic is
a closed curve. '

25 8. The intraocular 1ensrof c]aim.7 wherein the,cTosed curve is a
circle. '
9. ~The intraocular lens of claim 7 wherein the t]osed curve is an
ellipse. ‘ T S '

@
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10. The intraocular lens of claim 7 wherein the closed curve is an
oval.

11. The intraocular lens of claim 1 wherein the medial segment has
a variable cross-sectional area of approximately between 0.04 and 0.01
square millimeters.

12. The intraocular lens of claim 1 wherein the lens comprises a
one-piece lens.

13. The intraocular lens of claim 1 wherein the lens comprises a
multi-piece lens.

14. A one-piece, polymethyimethacrylate intraocular lens,

comprising:
a. an optic having a width; and
b. a pair of haptics each extending from the optic within the

width of the optic and each haptic having
i. a proximal segment having a first length and a radius of
curvature of between 21 millimeters and 22 millimeters,
ii. a distal segment having a second length that is at least
twice the first length and having a radius of curvature of
between 4.5 millimeters and 5.0 millimeters and
iii. a medial segment of varying cross-sectional area having a
radius of curvature of between 1 millimeter and 2 millimeters.

15. The intraocular lens of claim 14 wherein the optic is
approximately between 4.5 and 7.0 millimeters in diameter.

16. The intraocular lens of claim 15 wherein the optic is
approximately 5.75 millimeters in diameter.

17. The intraocular lens of claim 14 wherein the lens is
approximately between 10.5 and 12.5 millimeters in diameter.

18. The intraocular lens of claim 17 wherein the overall length of
the lens is approximately 12.0 millimeters.
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19. The intraocular lens of claim 14 wherein a shape of the optic
is a closed curve. ' -

- 20. ,The’1ntraocu1ar,1ens'ef'claim lg’mherein,the closed curve is a
circle. . ‘ o

21. The intraoeular lens of claim 19 wherein the closed curve is an
ellipse. ' I '

22. The'intraoculerrlens_of7é1aim,19 wherein the closed curve is an
~ oval. R ' R

'23. The intraocular 1ens of claim 14 where1n the medial- segments
have a var1ab]e cross- sect1ona1 area of approx1mate1y between 0.04 and 0.01
square millimeters.

24. A multi- p1ece 1ntraocu]ar 1ens, comprms1ng
a. an optic having-a width; and :
‘b.  -a pair of haptics each extending from the optic within the
width of the optic and each haptic having
4. a proximal segment having a fIPSt length and a rad1us of
- curvature of between 21 millimeters and 22 millimeters,
ii. a distalzsegment'having a second length that is at least
_twice the first length and having a radius of curvature of
between 4.5 millimeters and 5.0 millimeters and
iii. a medial segment of vary1ng cross-sectional area having a
radius of curvature of between 1 m1111meter and 2 m1]11meters

- 25.  The intraocu1ar']ens of claim 24 wherein—the optic is
approximate]ynbetween 4.5 and 7.0 millimeters in diameter.

26. The 1ntraocular 1ens of claim 25 wherein the opt1c is
approx1mate1y 5. 75 m1111meters in diameter. '

- 21. The intraocu1aritens of.c1aim524 wherein the Tlens is
approximately between 10.5 and 12.57mj111metensrin diameter..

10
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28. The intraocular lens of claim 27 wherein the overall length of
the Tens is approximately 12.0 millimeters.

29. The intraocular lens of claim 24 wherein a shape of the optic
is a closed curve.

30. The intraocular lens of claim 29 wherein the closed curve is a
circle.

31. The intraocular lens of claim 29 wherein the closed curve is an
ellipse. '

32. The intraocular lens of claim 29 wherein the closed curve is an
oval.

33. The intraocular lens of claim 24 wherein the medial segments
have a variable cross-sectional area of approximately between 0.04 and 0.01
square millimeters.

v S
i
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