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(57) ABSTRACT 

A Contact lens With a central region (10) that is optimally 
less than approximately 1.9 millimeters in diameter and that 
is preferably overcorrected by approximately 25% to 100% 
over the correction needed for reading. Unexpectedly, the 
central region (10) does not impair distance vision, but 
compensates for presbyopia and therefore aloWs a user to 
focus on objects Within a range of near and intermediate 
distances. A method for ?tting the Contact lens is also 
provided. 
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CONTACT LENS AND PROCESS FOR FITTING 

TECHNICAL FIELD 

[0001] This invention relates to a contact lens that restores 
the ability to focus on objects Within a range of distances 
near to the user (referred to as “natural accommodation”), 
While retaining the ability to see distant objects. More 
speci?cally, this invention relates to a contact lens With a 
conventional spherical concave surface conforming to the 
curvature of the eye (base curve) and having a non-conven 
tional conveX surface (optic curve) combining spherical and 
non constant aspherical curvature resulting in an optical 
system that provides true monocular presbyopic correction 
(correction of presbyopia in each eye independently, instead 
of partial or full distance correction in one eye and partial or 
full near correction in the other) and restores the phenom 
enon of “natural accommodation.” Additionally, the inven 
tion affords a methodology of ?tting that substantially 
reduces the skill and experience required by the contact lens 
?tter to a very basic level While affording a high degree of 
clinical success and patient satisfaction. 

[0002] Normally betWeen the ages of 40 and 45, presbyo 
pia or old sightlessness is brought about by loss of elasticity 
of the crystalline lens of the eye, causing blurred vision at 
near points due to the reduction of the ability of the eye’s 
natural lens to accommodate the changes in curvature nec 
essary to focus on both near and distant objects. 

[0003] When a person is free of presbyopia, the eye retains 
its full range of natural accommodation. This type of per 
son’s vision can be corrected by eyeglasses or contact lenses 
providing only the correction required for distance vision, 
and natural accommodation Would automatically provide 
correction for near and intermediate distance vision. 

BACKGROUND ART 

[0004] For the contact lens Wearer Who requires presby 
opic (or near vision) correction, in addition to distance 
correction, a variety of options have been available. These 
individuals may be ?tted With single vision contact lenses 
corrected for distance, and Wear reading glasses for near 
correction. Another alternative is to provide a contact lens 
for one eye that is corrected for distance vision and to 
provide a contact lens for the other eye that is corrected for 
near vision (this practice is referred to as monovision 
because only one eye is corrected for near vision), or the 
?tting of bifocal or multifocal contact lenses. 

[0005] During the 1950’s, a variety of contact lenses Were 
designed for the correction of presbyopia. These contact 
lenses, although very innovative in design, met With only 
limited success because the only readily available material 
Was Poly Methyl Methacrylate (PleXiglass), also knoWn as 
PMMA, Which does not transmit oXygen. As bifocal and 
multifocal designs of the period Were quite thick and heavy 
compared to conventional distance correction contact lenses, 
these presbyopic contact lenses Were uncomfortable to Wear 
for substantial periods of time. Additionally, the ?tting of 
these bifocal and multifocal contact lenses required consid 
erable time and skill on the part of the contact lens ?tter. 

[0006] During the 1970’s, both soft contact lenses and 
rigid gas permeable (RGP) contact lenses Were introduced. 
With the availability of these neW materials, reneWed enthu 
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siasm brought about several neW designs for contact lenses 
for the correction of presbyopia. 

[0007] RGP materials provide oXygen transmission 
through the lens material itself, and afforded neW hope for 
the earlier designs developed in PMMA material. HoWever, 
lens thickness and resultant patient discomfort continued to 
be a problem. 

[0008] One of the early bene?ts recogniZed With soft 
contact lenses Was the comfort and ease of ?tting and, for 
this reason, by 1995 approximately 85% of neW contact lens 
Wearers are being ?tted With soft contact lenses. As soft 
contact lenses command such a large share of the contact 
lens market, it is natural that considerable effort Would be 
made to develop bifocal and multifocal contact lens designs 
in soft contact lens material. 

[0009] There are tWo types of contact lens designs for the 
correction of presbyopia—Alternating (or Translating) and 
Simultaneous. 

[0010] (1) in the alternating (or translating) vision tech 
nique, the lenses are very similar in design to bifocal 
eyeglass lenses in that the Wearer sees through the distance 
segment in the upper portion of the lens When looking 
straight ahead and sees through a loWer near vision segment 
When the eye (moves) to look doWn. Alternating vision 
lenses have proven to be successful in RGP designs, but 
have met With little success When designed in soft contact 
lenses. 

[0011] Perhaps the reason that alternating vision soft con 
tact lens designs Were not as successful as the same design 
concept in RGP materials Was because lens translation is 
necessary for this design to be successful. The translation 
from distance to near is achieved through the mechanical 
action of the lens resting on the loWer eyelid and, When the 
eye looks doWn, the lens remains stable on the loWer eyelid 
causing the pupil of the eye to translate from the distant 
vision portion of the lens to the near vision portion of the 
lens. Soft lens material by its nature caused this modality to 
fail as there Was insuf?cient rigidity in the soft lens to remain 
properly positioned on the loWer eyelid and often the lens 
Would slip underneath the loWer eyelid during translation. 

[0012] (2) Simultaneous vision bifocal or multifocal con 
tact lenses are either concentric or aspheric in design With 
focal poWer changing through different areas of the lens. 
Lenses are ?tted so that distance, intermediate and near 
Zones focus images simultaneously on the retina of the eye 
and the brain then separates out the image desired. 

[0013] Theoretically, With adaptation, the ability to change 
focus naturally from near to far With no blurring in betWeen 
can be achieved With simultaneous vision lenses in both 
RGP and soft contact lenses. 

[0014] As alternating presbyopic designs proved to be 
unsuccessful in soft contact lens designs, most of the devel 
opment Work With soft contact lenses Was done in the area 
of simultaneous presbyopic correction With concentric 
designs or aspheric designs. 

[0015] During the 1980’s, several designs of concentric 
and aspheric soft contact lenses Were introduced. Soft 
aspheric multifocal contact lenses typically provided rela 
tively Weak reading addition poWer and therefore Worked 
best in early presbyopia. 
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[0016] Reading addition powers are referred to by eye care 
professionals as “add” poWer, and represent the difference 
betWeen the distance correction and near correction pre 
scribed by an eye care professional for eyeglasses- or 
contact lenses. Accordingly, a prescription of “—3 With a +2 
add” (Which Would be typical for moderate presbyopia) 
Would mean that distance vision requires —3 diopters of 
correction, and near vision requires an additional 2 diopters 
of plus correction, resulting in —1 diopters of near vision 
correction. In conventional monovision, the dominant eye 
Would be ?tted With a —3 distance correction lens, and the 
other eye Would be ?tted With a —1 near correction lens. 

[0017] This type of solution is often satisfactory in early 
presbyopia because the user still has some remaining visual 
accommodation and the needed add poWer is usually 
betWeen +0.75 and +1.25, Which is usually loW enough for 
the brain to comfortably select the desired image in most 
people. HoWever, conventional monovision becomes less 
satisfactory as presbyopia becomes more advanced because 
the needed add poWer increases and visual accommodation 
has deteriorated further, so that the visual imbalance exceeds 
the brain’s ability to select the desired image from the 
appropriate eye. 

[0018] Typically, early presbyopes, Would be betWeen the 
age of 40 and 45, and Would require add poWer of betWeen 
+1.00 and +1.50 diopters. Moderate presbyopes Would usu 
ally be betWeen 45 and 55 years and Would require add 
poWer of betWeen +1.50,and +2.00 diopters. Mature pres 
byopes Would usually be older than age 55 and require an 
add poWer of betWeen +2.00 and +3.00 diopter. 

[0019] The add corrective poWer of current aspheric mul 
tifocal contact lens designs is usually limited to only +0.75 
to +1.25 diopters because the brain must be able to separate 
out the desired image (and also suppress the undesired 
images) from the multiple images (near, intermediate or 
distant) being simultaneously focused by the multifocal 
contact lens design. In order to achieve this suppression, the 
images cannot be too different from each other. HoWever, if 
aspheric corrections are increased in attempts to achieve 
higher add poWers, the images become too different for the 
brain to suppress the undesired images, resulting in blurred 
vision. Even at add poWers of +0.75 to +1.25 diopters, many 
patients suffer some blurring or ghosting With multifocal 
contact lens designs because their brains are not able to 
completely separate the desired image While simultaneously 
completely suppressing the undesired images. 

[0020] Some contact lens ?tters may attempt to use 
aspheric designs to achieve near distance correction of up to 
+2.00 diopters (or more) by undercorrecting the distance 
vision of the non-dominant eye by betWeen 0.25 and 1.00 
diopters, thereby theoretically providing up to +2.00 diopt 
ers (or more) of near vision correction, instead of the +0.75 
to +1.25 diopter correction that Would be provided if that eye 
had been fully corrected for distance vision With an aspheric 
multifocal contact lens. The dominant eye Would be cor 
rected to maximum distance acuity in such a situation. 
HoWever, this creates even more blurring and ghosting. This 
technique is called modi?ed monovision. 

[0021] Aspheric optics have been incorporated on both the 
front and back surfaces of soft contact lenses. HoWever, it is 
believed that front surface aspherical multifocal soft contact 
lenses provide better presbyopic correction. Still, only lim 
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ited success is achieved because providing add poWer of 
+0.75 to +1.25 (or more) usually results in reduced distance 
acuity. For this reason, many contact lens ?tters ?nd it 
necessary, When using aspheric soft multifocal contact 
lenses, to undercorrect the distance poWer in one eye to 
improve near vision, While correcting the other eye fully for 
distance vision, as discussed above. When attempting to ?t 
moderate to mature presbyopes, this modi?ed monovision 
almost alWays results in a visual compromise similar to that 
of conventional monovision. 

[0022] Concentric multifocal lens designs have an advan 
tage over aspheric designs in the ?tting and correcting of 
more mature presbyopes requiring add poWer of more than 
+1.25 diopters, primarily due to the availability of higher 
add poWer correction and central poWer Zones of different 
diameters. Concentric soft multifocal contact lenses have 
been made With the central distant correction Zones and 
central near correction Zones. In the latter designs, the 
central poWer Zones Would be corrected by the amount 
prescribed to correct near vision. It is believed that central 
near add Zones have been more successful at correcting 
presbyopia than central distance Zones, When incorporated 
in concentric multifocal soft lens designs. Although concen 
tric center add multifocal designs have the ability to correct 
higher add poWer requirements, most individuals ?tted With 
this type of lens experience moderate to signi?cant amounts 
of visual discomfort due to ghosting of images or a 3-D 
effect, at near distances. These effects diminish With adap 
tation, but still cause a high portion of Wearers to discontinue 
the use of this type of presbyopic contact lens. 

[0023] The reality of the existing art of presbyopic cor 
rection With simultaneous vision contact lenses is that no 
currently available lens system, be it aspheric or concentric, 
provides monocular multifocal correction for moderate to 
mature presbyopia. In most cases, some form of modi?ed 
monovision is required in an attempt to satisfy the visual 
requirement for near and far vision. To this end almost all 
currently available presbyopic contact lens manufacturers 
indicate in their ?tting manuals the requirement of compen 
sating one eye more for near and the other eye more for 
distance correction. This is the norm rather than the excep 
tion. Additionally, no currently available multifocal contact 
lens has the ability to restore the phenomena of natural 
accommodation and successful results are dif?cult to 
achieve and require considerable time and experience on the 
part of the ?tter. 

[0024] It is therefore an object of this invention to provide 
true multifocal correction for moderate and mature presby 
opes requiring up to +3.00 diopters of add poWer Without the 
need to compensate one eye for near and the other eye for 
distance. 

[0025] It is a further object of this invention to provide 
rapid patient adaptation With minimal initial visual discom 
fort. 

[0026] It is a still further object of this invention to provide 
a presbyopic optical system that restores the phenomenon of 
natural accommodation. 

[0027] It is a still further object of this invention to provide 
a system of ?tting and methodology that alloWs a contact 
lens ?tter With little or no multifocal contact lens ?tting 
experience to achieve a very high degree of success and 
patient satisfaction. 
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DISCLOSURE OF INVENTION 

[0028] These and other objects are achieved by a contact 
lens having a central circular region (an “accommodation 
Zone” or “sWeet spot” named Zone 1) that is overcorrected 
for near vision, and that is small enough that it does not 
impair distance vision. Preferably, a plurality of concentric 
transition regions (or rings), optimally tWo (named Zone 2 
and Zone 3, progressing radially outWardly), are provided 
betWeen the sWeet spot and the outer region (or ring) of the 
lens (named Zone 4), Which is corrected for distance vision. 
Preferably, the sWeet spot has a diameter of betWeen 
approximately 1.0 millimeters and approximately 2.5 milli 
meters, preferably betWeen approximately 1.5 millimeters 
and approximately 1.9 millimeters, and optimally either 
approximately 1.5 millimeters or approximately 1.9 milli 
meters. Preferably, the transition rings (Zones 2 and 3) are 
each approximately 0.5 millimeters Wide. Preferably also, 
the remaining portion of the lens (Zone 4.) extends radially 
outWard from the outermost transition ring to at least 
approximately 8 millimeters. Because the human pupil 
cannot expand beyond approximately 8 millimeters in diam 
eter, the portion of the lens extending more than approxi 
mately 8 millimeters radially outWard from the center is not 
an optical portion and functions only as a carrier. 

[0029] Preferably, the sWeet spot is spherical and is over 
corrected by betWeen 25% and 100% over the near vision 
correction prescribed for the user. Preferably, the remaining 
optical portions of the lens are aspheric, With different 
diopter shifts over different regions. Optimally, for high add 
poWer, Zone 2 provides a diopter shift of approximately 1.6 
diopters, Zone 3 provides a diopter shift of approximately 
1.2 diopters, and Zone 4 provides a diopter shift of approxi 
mately 0.9 diopters. For loW add poWer, optimally Zone 2 
provides a diopter shift of approximately 1.1 diopters, Zone 
3 provides a diopter shift of approximately 0.8 diopters, and 
Zone 4 provides a diopter shift of approximately 0.6 diopt 
ers. 

[0030] The contact lens manufacturing lathe disclosed in 
the example beloW provided contact lenses that achieved the 
desired results. HoWever, some experimentation may be 
necessary to achieve the desired result With different equip 
ment, but this experimentation should not be undue. 

[0031] The invention incorporates both concentric and 
aspheric design principles and can be produced With a high 
add poWer correction or a loW add poWer correction. In 
addition, the lens system offers tWo accommodation Zone 
diameters for different siZed pupils to achieve maximum 
near point acuity Without reduction in distance visual acuity. 

[0032] The higher add poWer lens has a poWer transition 
of 3.7 diopters across the usable optic Zone, and the loW add 
poWer lens has a poWer transition of 2.6 diopters across the 
usable optic Zone. 

[0033] The accommodation Zone should cover approxi 
mately 50% of the pupil area for maximum success in 
distant, intermediate and near visual acuity. The accommo 
dation Zone functions to restore the phenomenon of natural 
accommodation by creating a very small area of over 
magni?cation in the center of the pupil of approximately 
25% to 100% over the near vision correction required by the 
indicated reading add poWer. Surprisingly, distance vision 
Will not be substantially impaired if the accommodation 
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Zone covers 50% or less of the pupil area. Further, the 
function of natural accommodation Will be restored to an 
unexpectedly great extent. 

[0034] Although the inventor is not sure (and the validity 
and enforceability of any patent issuing hereon shall not be 
affected by the accuracy or inaccuracy of this explanation), 
the inventor believes that, in near vision, a user’s pupils 
constrict, so that the accommodation Zone occupies a large 
enough portion of the pupil area for the accommodation 
Zone to become effective. Normal reading correction is 
prescribed for approximately 15 inches (approximately 38 
centimeters). Accordingly, the overcorrection of the accom 
modation Zone (sWeet spot) alloWs the user to see from 8 
inches to 15 inches, thus restoring the function of natural 
accommodation. In distance vision, hoWever, the pupil Will 
be normally dilated, so that the accommodation Zone is 
small enough that the brain ignores the image generated by 
it. The constriction of the pupil for near vision is knoWn as 
“accommodative pupil response.” 
[0035] The accommodation Zone is blended to the distance 
Zone 4 via tWo Zones of non constant aspherocity Which 
alloWs true monocular correction of near, intermediate and 
distant vision. Near vision correction, When tested at the 
standard distance of approximately 15 inches (approxi 
mately 0.38 centimeters) offers normal best corrected acuity 
and When reading material is brought closer to the eyes, up 
to about eight inches (approximately 20 centimeters), near 
acuity remains stable and often improves due to the 
increased near poWer created by the sWeet spot. 

[0036] Due to the non constant aspheric transition from 
the sWeet spot to Zone 4, adaptation problems associated 
With prior designs of concentric or aspheric multifocal 
contact lenses are substantially reduced or eliminated com 
pletely. 
[0037] Historically, the ?tting of multifocal contact lenses 
has been more an art than a science as the variables 

associated With ?tting presbyopic contact lenses are consid 
erable. Often success has only been achieved through the 
process of trying many different lenses on the patient in the 
hope of ?nding a lens that generates a good presbyopic 
response. The contact lens ?tter’s degree of experience in 
the ?tting of multifocal lenses has also been a key to 
achieving a successful ?tting With good visual results. 

[0038] The ?tting of lenses according to this invention 
requires accurate centering of the lens over the pupil of the 
eye in order to achieve the expected results. To determine the 
location of the sWeet spot relative to the pupil is often 
dif?cult because the pupil may not be aligned With the center 
of the cornea or for other reasons. Thus, the invention also 
incorporates the use of a diagnostic trial lens With a White 
ring corresponding in diameter and location to the sWeet 
spot. The exact position of the center of the contact lens can 
be determined and the relative position of the sWeet spot to 
the pupil and the percentage of pupil covered by the sWeet 
spot is easily observed. The use of the diagnostic lens alloWs 
the ?tter to very quickly determine the proper sWeet spot 
siZe, Which increases the chances of successful ?tting. For 
example, if the accommodation Zone does not align Within 
the pupil, the ?tter knoWs that the standard lens design Will 
not Work and a custom lens design With an offset accom 
modation Zone Will be required. 

[0039] Other objects, features and advantages of the 
present invention Will become more, fully apparent from the 
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following detailed description of the presently preferred 
embodiments for carrying out the invention and the accom 
panying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0040] FIG. 1 is a top elevational schematic vieW of a 
presently preferred embodiment of a contact lens according 
to the present invention for a person Who needs a high 
degree of reading correction (high add poWer) and a larger 
sWeet spot; 

[0041] FIG. 2 is a top elevational schematic vieW of a 
presently preferred embodiment of a contact lens according 
to the present invention for a person Who needs a high 
degree of reading correction (high add poWer) but a smaller 
sWeet spot; 

[0042] FIG. 3 is a top elevational vieW of a contact lens 
according to the present invention for a person Who needs a 
lesser degree of reading correction (loW add poWer) and a 
larger sWeet spot; and 

[0043] FIG. 4 is a top elevational vieW of a contact lens 
according to the present invention for a person Who needs a 
lesser degree of reading correction (loW add poWer) and a 
smaller sWeet spot. 

BEST MODES FOR CARRYING OUT 
INVENTION 

[0044] The presently preferred best modes for carrying out 
the present invention are illustrated by Way of example in 
FIGS. 1 to 4. 

[0045] Referring to FIG. 1, shoWn is a ?rst preferred 
embodiment of a contact lens CL according to the present 
invention. The contact lens CL is divided into a central 
circular region and four concentric ring shaped regions. The 
central region 10 Will be referred to as Zone 1, the accom 
modation Zone, or the sWeet spot. The immediately adjacent 
?rst ring shaped region 20 Will be referred to as Zone 2. The 
second ring shaped region 30 immediately adjacent to Zone 
2 Will be referred to as Zone 3. The third ring shaped region 
40 immediately adjacent to Zone 3 Will be referred to as Zone 
4. 

[0046] The maximum diameter of a human pupil When it 
is fully dilated is approximately 8 millimeters, so that the 
ring shaped region 50 of the contact lens extending radially 
outWardly from Zone 4 is not an optical surface, but merely 
functions as a carrier to maintain the optical surface of Zones 
1 through 4 in position. 

[0047] Structurally, the Zones can be described as folloWs. 
Zone 1 is preferably approximately 1.5 to 1.9 millimeters in 
diameter. Zone 2 and Zone 3 are both preferably approxi 
mately 0.5 millimeters in Width. Zone 4 preferably extends 
outWardly from a radius of approximately 2.5 millimeters to 
approximately 2.9 millimeters to approximately 8 millime 
ters. Thus, the lens can be described as having a central 
sWeet spot (Zone 1), tWo 0.5 millimeter intermediate Zones 
(Zones 2 and 3), and a distance Zone (Zone 4) extending 
outWardly from the intermediate Zones to the edge of the 
optical portion of the contact lens (approximately 8 milli 
meters radially outWards from the center). The total diameter 
of the contact lens CL Will be approximately 13 to approxi 
mately 16 millimeters for a soft contact lens, so that the 
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carrier 50 Will normally extend from approximately 8 mil 
limeters outWards to approximately 13.5 millimeters to 
approximately 15.0 millimeters, and optimally 14.5 milli 
meters. 

[0048] If this invention is practiced in connection With a 
hard contact or RGP lens, the total diameter of the contact 
lens CL Would be betWeen approximately 7.0 millimeters 
and approximately 11.0 millimeters, and typically betWeen 
approximately 8.0 millimeters and approximately 10.5 mil 
limeters, and optimally approximately 9.5 millimeters. 

[0049] Zone 1, the sWeet spot, is preferably spherical, 
although it can be aspherical. Zones 2, 3 and 4 are preferably 
aspherical in order to accommodate transitions in corrective 
poWer across these Zones. 

[0050] Conventional contact lenses consist of a carrier 
With a central lens portion. The central lens portion is usually 
corrected for distance vision. This is described in US. Pat. 
No. 4,119,2312, Evans, Which is hereby incorporated by 
reference. 

[0051] The present invention differs from conventional 
multifocal contact lenses in that a small central portion of the 
lens is overcorrected beyond the correction that Would be 
necessary for reading. This central portion, the sWeet spot or 
accommodation Zone, is small enough so that, surprisingly, 
it does not impair distance vision When the user is looking 
at distant objects, but it restores the ability to focus on near 
objects Within a substantial range of distances from the 
Wearer, such as, betWeen 8 inches and 15 inches. It is 
believed that the transition Zones restore the ability to focus 
as folloWs: Zone 2 restores the intermediate visual acuity 
betWeen approximately 15 inches and approximately 36 
inches, and Zone 3 restores the intermediate visual acuity 
betWeen approximately 36 inches and full distance correc 
tion (in?nity). 

[0052] In determining the appropriate curvatures for the 
various Zones in the contact lens CL, the correction to 
restore distance vision must be determined ?rst. The dis 
tance poWer correction is then applied to Zone 4. The 
distance poWer correction is usually Within a range betWeen 
+20.00 diopters to —20.00 diopters. 

[0053] After the distance correction is determined, the 
amount of correction for near vision (“add poWer”) should 
be calculated. A person With early to moderate presbyopia 
Would be prescribed a loW additional reading poWer of up to 
+1.75 diopters (referred to as a “loW add”). A moderate to 
advanced presbyope Would require a reading correction 
from 1.75 to 2.75 diopters (referred to as a “high add”). 

[0054] For a high add presbyope, the aggregate change in 
poWers across the various Zones is preferably approximately 
3.7 diopters. For a loW add presbyope, the aggregate change 
in poWers across the various Zones is preferably approxi 
mately 2.6 diopters (approximately 70% of the total diopter 
shift for a high add). 

[0055] The corrective poWer of the various Zones prefer 
ably does not remain constant Within each Zone. Instead, for 
a high add presbyope, it is preferred that there be as 1.6 
diopter shift across Zone 2, a 1.2 diopter shift across Zone 3 
and a 0.9 diopter shift across Zone 4, so that the total diopter 
shift across Zones 2, 3, and 4 is 3.7 diopters. 



US 2003/0123024 A1 

[0056] Because the sweet spot is so small, and because it 
must be centered in the pupil in order for the invention to 
function properly, the contact lens CL must be precisely 
manufactured in order to be sure the sWeet spot is properly 
centered over the center of the pupil. In order to accomplish 
this critical centering, it is preferred to mark a 1.9 millimeter 
centered spot, preferably White, on a pair of trial diagnostic 
contact lenses. With such a pair of trial diagnostic contact 
lenses, it is possible to detect Whether a user’s pupil is off 
center (and other problems), so that the contact lens of the 
present invention can be properly manufactured to center the 
sWeet spot over the pupil. 

[0057] The inventor has discovered that an overcorrected 
central portion of betWeen approximately 1 to approximately 
2.5 millimeters, and preferably approximately 1.5 to 
approximately 1.9 millimeters (optimally either 1.5 milli 
meters or 1.9 millimeters) in diameter does not substantially 
impair distance vision of a contact lens. Surprisingly, the 
inventor also has discovered that overcorrecting the central 
portion beyond the correction needed for near vision, 
restores an unexpectedly large portion of the function of 
natural accommodation of the eye so that focus can be 
achieved over a range of near distances. 

[0058] Although, other contact lenses are knoWn With 
central areas that are differently corrected than distance 
portions, those central segments are either larger than the 
present invention’s “sWeet spot,” or they do not overcorrect 
the sWeet spot, or both. 

[0059] It is preferred that the various Zones have constant 
Widths even if the siZe of the sWeet spot differs. Thus, if the 
sWeet spot is 1.9 millimeters in diameter, the diameters of 
Zones 2, 3, and 4 Would all be approximately 0.4 millimeters 
greater than the corresponding diameters in a lens With a 1.5 
millimeter diameter sWeet spot. It is also preferred that the 
diopter shifts betWeen Zones 2, 3, and 4 remain constant 
regardless of the siZe of the sWeet spot for mature presby 
opes. FIG. 2 shoWs a contact lens according to the present 
invention With a smaller sWeet spot. 

[0060] For early presbyopia, the amounts of the diopter 
shifts across Zones 2, 3, and 4 are preferably approximately 
70% of the diopter shifts for mature presbyopes. Thus, the 
preferred aggregate diopter shift for early presbyopes is 
approximately 70% of the diopter shifts for mature presby 
opes. Thus, the aggregate diopter shift across Zones 2, 3, and 
4 Would be approximately 2.6 diopters; the diopter shift 
across Zone 2 Will be approximately 1.1 diopters; the diopter 
shift across Zone 3 Would be approximately 0.8 diopters and 
the diopter shift across Zone 4 Would be approximately 0.6 
diopters. FIGS. 3 and 4 shoW contact lenses for early 
presbyopes With large and small sWeet spots. 

[0061] Although it is presently preferred to have interme 
diate Zone 2 and 3, it is not knoWn Whether the presence of 
such Zones is critical to the invention. Further, it is not 
knoWn Whether the manner in Which the diopter shift is 
achieved by the aspheric shape of the various Zones is 
critical. At present, it is preferred that the diopter shift take 
place at a constant radial rate in each Zone, so that there is 
a different constant diopter shift rate in each of Zones 2, 3, 
and 4. HoWever, it is also possible that the bene?ts of this 
invention may be achievable by using varying diopter shift 
rates Within a Zone, or to increase or decrease the number of 
Zones. 
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[0062] Further, it is not believed to be critical that the 
diopter shifts be effected by shaping the contact lens. For 
example, it is possible to achieve the diopter shift by using 
material With differing indices of refraction in various dif 
ferent portions of the lens. Indeed, With appropriate control 
over the diffusion of materials With different indices of 
refraction during molding of contact lenses, it is possible 
that the present invention could be practiced With a lens that 
is spherical or that does not have differently formed lens 
portions. 
[0063] The sWeet spot is preferably overcorrected betWeen 
25% and approximately 100% stronger than the prescribed 
reading correction requirement. 

[0064] For example, for a high add, it Would be preferred 
that the sWeet spot be from 3.5 to 5 diopters more plus add 
poWer than the distance Zone (Zone 4), betWeen 3.5 to 
approximately 3.9 diopters being even more preferred, and 
approximately 3.7 diopters being optimal. For a loW add, it 
Would be preferred that the sWeet spot be from 2.0 to 3.5 
diopters more plus add poWer than the distance Zone (Zone 
4), With betWeen approximately 2.4 and approximately 2.8 
diopters being more preferred, and optimally approximately 
2.6 diopters. 

EXAMPLE 1 

[0065] A Microturn 9000 three axis radius lathe With 
aspheric surface cutting capabilities has been used to make 
contact lenses according to the present invention With base 
curves of 8.6 millimeters Wet (6.6 millimeters dry). The 
lenses Were manufactured dry from Ocu?lcon B (a 53% 
Water content material) and Were hydrated afterWards. 
Therefore compensating calculations Were made to achieve 
the appropriate hydrated parameters, such as base curve, 
radial expansion, linear expansion, poWer changes due to 
changes in index of refraction caused by hydration. When 
hydrating Ocu?lcon B, the linear expansion parameter is 
approximately 1.35, the radial expansion parameter is 
approximately 1.30, and the poWer change parameter is 
approximately 0.57. The settings for the various radii of 
curvature in the various Zones (for dry manufacturing using 
Ocu?lcon B) are shoWn in the folloWing cutting charts: 

Zone 1 2 3 4 
CENTER 1.10 1.50 1.90 6.00 
POWER 1.40 1.80 2.20 6.00 

DIA. C.T. DIST. 
DIA. C.T. POWER 

8.60 high add minus poWer 

p1 6.73 6.98 7.17 7.30 .16 
—.25 6.77 7.02 7.21 7.35 .16 
—.50 6.83 7.06 7.25 7.40 .16 
—.75 6.86 7.11 7.29 7.46 .16 
—1.00 6.90 7.15 7.33 7.50 .16 
—1.25 6.93 7.18 7.37 7.53 .16 
—1.50 6.96 7.22 7.41 7.58 .16 
—1.75 7.00 7.25 7.45 7.62 .16 
—2.00 7.05 7.29 7.49 7.66 .15 
—2.25 7.09 7.33 7.53 7.70 .15 
—2.50 7.13 7.37 7.58 7.75 .15 
—2.75 7.17 7.41 4.62 7.79 .15 
—3.00 7.21 7.46 7.67 7.84 .14 
—3.25 7.24 7.51 7.71 7.89 .14 
—3.50 7.28 7.56 7.76 7.94 .14 
—3.75 7.31 7.60 7.80 7.99 .14 
—4.00 7.35 7.65 7.85 8.04 .13 
—4.25 7.38 7.70 7.90 8.07 .13. 
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-continued 

Zone 1 2 3 4 
CENTER 1.10 1.50 1.90 6.00 
POWER 1.40 1.80 2.20 6.00 

DIA. C.T. DIST. 
DIA. C.T. POWER 

8.60 high add plus power 

p1 6.73 6.98 7.17 7.30 .16 
+25 6.71 6.95 7.13 7.27 .17 
+50 6.68 6.91 7.09 7.23 .17 
+.75 6.65 6.87 7.05 7.19 .17 
+1.00 6.62 6.84 7.02 7.16 .17 
+1.25 6.59 6.80 6.98 7.12 .17 
+1.50 6.56 6.77 6.94 7.08 .17 
+1.75 6.52 6.73 6.90 7.04 .18 
+2.00 6.49 6.70 6.87 7.00 .18 
+2.25 6.46 6.66 6.83 6.96 .18 
+2.50 6.44 6.63 6.80 6.93 .18 
+2.75 6.40 6.59 6.76 6.89 .18 
+3.00 6.37 6.56 6.72 6.85 .19 
+3.25 6.34 6.53 6.69 6.80 .19 
+3.50 6.31 6.50 6.66 6.75 .19 
+3.75 6.28 6.47 6.62 6.73 .20 
+4.00 6.26 6.44 6.59 6.70 .20 
+4.25 6.23 6.41 6.56 6.67 .20 

8.60 low add plus power 

p1 6.73 6.93 7.06 7.17 .16 
+25 6.70 6.89 7.02 7.13 .17 
+50 6.67 6.85 6.98 7.10 .17 
+.75 6.63 6.82 6.93 7.06 .17 
+1.00 6.60 6.79 6.89 7.02 .17 
+1.25 6.58 6.74 6.86 6.98 .17 
+1.50 6.56 6.70 6.84 6.95 .17 
+1.75 6.52 6.67 6.80 6.91 .17 
+2.00 6.49 6.64 6.77 6.87 .18 
+2.25 6.46 6.61 6.73 6.83 .18 
+2.50 6.43 6.58 6.70 6.79 .18 
+2.75 6.40 6.55 6.66 6.75 .18 
+3.00 6.37 6.52 6.63 6.72 .19 
+3.25 6.34 6.48 6.60 6.68 .19 
+3.50 6.31 6.45 6.57 6.65 .20 
+3.75 6.28 6.42 6.54 6.62 .20 
+4.00 6.26 6.39 6.51 6.59 .20 
+4.25 6.23 6.36 6.47 6.56 .20 

8.60 low add minus power 

p1 6.73 6.93 7.06 7.17 .16 
-.25 6.77 6.96 7.10 7.21 .16 
-.50 6.81 7.00 7.14 7.25 .16 
-.75 6.85 7.03 7.18 7.29 .16 
-1.00 6.89 7.07 7.22 7.33 .16 
-1.25 6.93 7.11 7.25 7.37 .16 
-1.50 6.97 7.15 7.29 7.41 .16 
-1.75 7.01 7.19 7.33 7.45 .16 
-2.00 7.05 7.24 7.37 7.50 .15 
-2.25 7.08 7.28 7.41 7.54 .15 
-2.50 7.12 7.32 7.46 7.58 .15 
-2.75 7.16 7.36 7.51 7.62 .15 
-3.00 7.20 7.40 7.55 7.67 .14 
-3.25 7.23 7.44 7.59 7.71 .14 
-3.50 7.27 7.48 7.64 7.76 .14 
-3.75 7.31 7.52 7.68 7.80 .14 
-4.00 7.35 7.57 7.73 7.85 .13 
-4.25 7.39 7.61 7.77 7.89 .13 

[0066] It is preferred that the contact lenses conform to 
industry standards for inside radii, which for soft contact 
lenses are presently between 7.5 and 9.5 millimeters, and 
typically between 8.30 millimeters and 8.6 millimeters. For 
RGP and hard lenses, the industry standard inside radii are 
between 7.0 millimeters and 8.5 millimeters, and typically 
between 7.3 and 8.2 millimeters. 
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[0067] It is presently preferred that the contact lens of the 
present invention comprise conventional soft contact lens 
material, such as Ocu?lcon B with 53% water content, 
because contact lenses have been successfully manufactured 
using this material. However, any conventional soft or rigid 
contact lens material may be used to practice the invention 
(as long as appropriate compensations are made for param 
eters that may change during hydration for soft contact lens 
material). The inventor believes that BenZ 55G or Metha 
?lcon Amay be as good as, or better than, Ocu?lcon B in the 
practice of the present invention, but no lenses according to 
the present invention have yet been made with these mate 
rials. 

[0068] While the present invention has been disclosed in 
connection with the presently preferred embodiments 
described herein, it should be understood that there may be 
other embodiments which fall within the spirit and scope of 
the invention as de?ned by the claims. For example, this 
invention can be practiced with contact lenses that are made 
by any method now known or hereafter invented, including 
(but not limited to) molding, spin casting, or extruding. This 
invention also can be applied to intraocular lens implants 
and refractive surgical procedures (including radial kerato 
tomy, photo refractive keratotomy, and corneal implanta 
tion) that reshape the cornea. Furthermore, this invention 
can be practiced in combination with spherical or astigmatic 
(toric) contact lenses. Toric lens prescriptions comprise 
spherical power corrections, usually between +20 and —20 
diopters (commonly between +8 and —8 diopters), and 
cylindrical power corrections, usually between 0.5 diopters 
and 10 diopters (commonly between 1 and 4 diopters). The 
present invention can be practiced within this entire range of 
toric (astigmatic) lens prescriptions. Accordingly, no limi 
tations are to be implied or inferred in this invention except 
as speci?cally and explicitly set forth in the claims. 

INDUSTRIAL APPLICABILITY 

[0069] This invention can be used whenever it is desired 
to provide a contact lens that corrects for distance vision as 
well as near and intermediate vision. 

What is claimed is: 
1. A contact lens, comprising: 

a circular central region overcorrected for near vision, 
wherein said central region is small enough to avoid 
impairing distance vision; 

at least one ring shaped transition region extending radi 
ally outward from said central region; 

a ring shaped outer region extending radially outward 
from said transition region corrected for distance 
vision; and 

a ring shaped carrier region extending radially outward 
from said outer region; 

wherein said transition region provides at least a partial 
diopter shift over said transition region between said 
overcorrection of said central region and said distance 
correction of said outer region. 

2. A contact lens according to claim 1, wherein said 
central region is between approximately 1 millimeter and 
approximately 2.5 millimeters in diameter. 
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3. A contact lens according to claim 2, wherein said 
central region is betWeen approximately 1.5 millimeters and 
approximately 1.9 millimeters. 

4. A contact lens according to claim 1, Wherein said 
central region has a diameter of less than approximately 1.9 
millimeters. 

5. A contact lens according to claim 2, Wherein said 
central region has a diameter of approximately 1.5 millime 
ters. 

6. A contact lens according to claim 2, Wherein said 
central region has a diameter of approximately 1.9 millime 
ters. 

7. A contact lens according to claim 1, Wherein said 
central region is overcorrected for near vision by approxi 
mately 25% to approximately 100%. 

8. A contact lens according to claim 1, Wherein said lens 
has at least a ?rst transition region and a second transition 
region. 

9. A contact lens according to claim 8, Wherein said lens 
has tWo transition regions and each of said transition regions 
is approximately 0.5 millimeters Wide. 

10. A contact lens according to claim 8, Wherein said 
transition regions are aspherical. 

11. A contact lens according to claim 8, Wherein said 
transition regions are spherical. 

12. A contact lens according to claim 8, Wherein said 
diopter shift across said ?rst transition region is at a ?rst 
constant radial rate and said diopter shift across said second 
transition region is at a second constant radial rate. 

13. Acontact lens according to claim 8, Wherein said ?rst 
transition region provides a diopter shift of approximately 
1.6 diopters, said second transition region provides a diopter 
shift of approximately 1.2 diopters, and said outer region 
provides a diopter shift of approximately 0.9 diopters. 

14. Acontact lens according to claim 8, Wherein said ?rst 
transition region provides a diopter shift of approximately 
1.1 diopters, said second transition region provides a diopter 
shift of approximately 0.8 diopters, and said outer region 
provides a diopter shift of approximately 0.6 diopters. 

15. Acontact lens according to claim 1, Wherein said outer 
region has a diameter of approximately 8 millimeters. 

16. A contact lens according to claim 1 Wherein optical 
correction of at least one of said regions is provided by a 
material With differing indices of refraction in different 
portions. 

17. Acontact lens according to claim 1, Wherein said lens 
is made from materials selected from the group consisting of 
conventional soft lens material, rigid gas permeable contact 
lens material, or hard contact lens material. 

18. An intraocular implant, comprising: 

a circular central region overcorrected for near vision, 
Wherein said central region is small enough to avoid 
impairing distance vision; 

at least one ring shaped transition region extending radi 
ally outWard from said central region; 

a ring shaped outer region extending radially outWard 
from said transition region corrected for distance 
vision; and 
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a carrier region extending radially outWard from said 
outer region; 

Wherein said transition region provides at least a partial 
diopter shift over said transition region betWeen said 
overcorrection of said central region and said distance 
correction of said outer region. 

19. A refractive surgical procedure, comprising: 

shaping a human cornea to provide: 

a circular central region overcorrected for near vision, 
Wherein said central region is small enough to avoid 
impairing distance vision; 

at least one ring shaped transition region extending 
radially outWard from said central region; 

a ring shaped outer region extending radially outWard 
from said transition region corrected for distance 
vision; 

Wherein said transition region provides at least a partial 
diopter shift over said transition region betWeen said 
overcorrection of said central region and said dis 
tance correction of said outer region. 

20. A contact lens having a pupil area, comprising: 

a central accommodation Zone covering approximately 
half of said pupil area overcorrected for near vision by 
betWeen approximately 25% to approximately 100%; 

at least one concentric transition region extending radially 
outWard from said accommodation region; and 

a concentric outer region extending radially outWard from 
said transition region corrected for distance vision; 

Wherein said transition region provides at least a partial 
diopter shift over said transition region betWeen said 
overcorrection of said central accommodation Zone and 
said distance correction of said outer region. 

21. A contact lens according to claim 20, having an add 
poWer of betWeen approximately 3.5 and approximately 3.9 
diopters. 

22. A contact lens according to claim 20, having an add 
poWer of approximately 3.7 diopters. 

23. A contact lens according to claim 20, having an add 
poWer of betWeen approximately 2 and approximately 3.5 
diopters. 

24. A contact lens according to claim 20, having an add 
poWer of betWeen approximately 2.4 and 2.8 diopters. 

25. A contact lens according to claim 20, having an add 
poWer of approximately 2.6 diopters. 

26. A process for aligning a central region of a contact 
lens, comprising: 

marking a centered spot on a diagnostic contact lens; and 

detecting Whether a user’s pupils Would be aligned With 
said central region. 

27. Aprocess according to claim 26, Wherein said spot has 
a diameter of approximately 1.9 millimeters. 


