MULTI FOCAL OPHTHALM C LENS Technical Field (0001) The present invention

relates to a nultifocal ophthalmc lens, particularly to a nultifocal

i ntraocul ar | ens as one exanple, inproved in correcting visual acuity of

presbyopi c eye. Description of Related Art (0002) The nultifocal

ophthalmc lens has a depth of focus deeper than the nonofocal ophthalmc

|l ens. This <characteristic of the nmultifocal ophthalmc lens is wuseful for

correcting a presbyopic eye. Generally, a presbyopic eye with a nonofocal

i ntraocul ar | ens can cHMBATIFGERLOWPHBMALNAGe IENAN object at a far

di stance and an object |ocated between far distance and internediate

di stanceTeahrmontylafR iigtedje of an object at a near distance and an obj ect

| ocat ed between near distance and internedi ate di stance. For exanple, an

eye wtlko&aomonofocal intraocular |ens having refractive power for

correcting far vision in which refractive error is about O diopter (D)

cannot cl earl yI'see mneskjngct iatvemeapndi sédntes Ther eboreylicd iditslcase, an

eyeglass is separately required. Hereinafter, diopter is expressed by

synbol Dophtthdlkmspeci Leaat,i onparticularly to a multifocal
intraocular lens as one example, improved in correcting

visual acuity of presbyopic eye.

Description of Related Art
(0002)

The multifocal cphthalmic lens has a depth of focus
deeper than the monofocal ophthalmic lens. This
characteristic of the multifocal ophthalmic 1lens is
useful for correcting a presbyopic eye. Generally, a
presbyopic eye with a monofocal intraocular lens can
clearly see only an image of an object at a far distance
and an object located between far distance and
intermediate distance, or only an image of an object at
a near distance and an object located between near
distance and intermediate distance. For example, an eye
with a monofocal intraocular lens having refractivé
power for correcting far vision in which refractive error
is about 0 dioptér {D), cannot clearly see an object at
near distance. Therefore, in this case, an eyeglass is
separately required. Hereinafter, diopter is expressed

by symbol D in this specification.




(0003) Meanwhile, because of the optical design of the lens, a presbyopic
eye with a nultifocal intraocular lens can clearly see objects at far,
near, and internediate distances. A distance range of near, internediate,
and far visions are fromnear point of eye to 60 cm 60 cm to 1.5 m and
1.5 mtoinfinity in front of eye, respectively. Al though there is no
particular definition for distance range of internediate vision, in the
field of ophthal nol ogical optics, a range from 60 cmto 1.5 min front of
eye is réga@od=d as the visual distance of the internediate vision. (0004)
A nunber of patents describe different concepts for optical design of the
mul tifocal | Meaoehliare) énscanegas flitnge cgrir echilode sfi grhefpriesByaps e eye.
The below are the exanples of the inventions related to the opti cal
desi gn o& mreuldydptal eyet waddulaamdlensfapplli ddttovathelamllid¢iocasn
intraocular lens including a center zone for <correcting far vision and an
annul ar zoee rsiuy r el gpj ¢ escemt erf zope He@arcoraedt i Nyt acare dd st on.
(0005) Patent docunents 1 and 2 describe the multifocal intraocular |ens
havi ng addertaarcesnelf di stoameet ragdarcf neasionrdrelrmaddmig arazdne
surroundi ng the center zone for correcting near vision. Wen seeing an
obj ect afafrawvisions are from near point of eye to 60 cm, 60 cm

to 1.5 m, and 1.5 m to infinity in £front of eye,

respectively. Although there is no particular

definition for distance range of intermediate vision,

in the field of ophthalmological optics, a range from

60 cm to 1.5 m in front of eye is regarded as the visual

distance of the intermediate vision.

(0004}

A number of patents describe different concepts for
optical design of the multifocal intraoccular lens
regarding correction of the presbyopic eye. The below
are the examples of the inventions related to the optical
design of a multifocal intraocular lens applied to the
multifocal intraccular lens including a center zone for
correcting far vision and an annular zone surrounding
the center zone for correcting near vision.

{0005)

Patent documents 1 and 2 describe the multifocal

intraocular lens having a center zone for correcting far

vision and an annular zone surrounding the center zone

for correcting near vision. When seeing an object at far




2 distance in a bright environnment, pupil of eye contracts. 1In this
lighting condition, alnost all light is refracted on retina through the
center zone (zone for correcting far vision) of the multifocal intraocular
| ens, therefore, an object at far distance can be clearly seen by a human
vi sual system (eye, retina, optic nerve, brain). In addition, in an
average lighting for roomor lighting for reading, pupil dilates when
seeing an object at near or internediate distance. Here, the quantity of
| i ght refiiactsattonn aetbnaghy ehe iarvwhantzopap(iZond &ge coatnectt g near
vision) of the nultifocal intraocular I|ens increases. As a result, objects
at near on thihserhgtitdtrey dicsicincesncanlhe sal edrll ¥ iggen i s( 06E6G)acpdi cal
performance of the nmultifocal intraocular |ens described in the patent
docunentsnlrandr?s tsreasjH thaffeated otbe(gione dforn popirlecdi amet er. For
exanpl e, when an aphakic patient after inplanted of intraocular lens to
repl ace £he crwist Abhi)ne d&nsthees moul t aff omieght , i ntmrderyc@al birghtliengs condi ti on
with extremely |ow quantity of light, his pupil dilates to near maxi nmum
di anmet er t heAs: fidiee ananl @b j zane aftr €gironl ifsirasoer eahi hg néamanigisegn i s not
covered by the pupil iris, ratio of the annular zone area to center zone
(zone fobycar reomiang faswdlsi egktai ed ehecones tdons) dedabhl ¢  Ingerges ,
Accordi ngly, the

brain). In addition, in an average lighting for room or

lighting for reading, pupil dilates when seeing an object

at near or intermediate distance. Here, the guantity of

light refracted on retina by the annular zone (zZone for

correcting near vision) of the multifocal intraocular

lens increases. As a result, objects at near or

intermediate distances can be clearly seen.

(0006}

Optical performance of the multifocal intraocular

lens described in the patent documents 1 and 2, is easily

affected by the size of a pupil diameter. For example,

when an aphakic patient after implanted of intraocular

lens to replace the crystalline lens goes out at night,

under a lighting condition with extremely low guantity

of light, his pupil dilates to near maximum diameter.

As the annular zone (region for correcting near vision)

is not covered by the pupil iris, ratio of the annular

zone area to center zone {(zone for correcting far vision)

area becomes considerably larger. Accordingly, the

quantity of light coming from the center zone that is




gquantity of light comng fromthe center zone that is 3 used for night
vi sion becones insufficient, resulting alnost inpossible for a patient to
see an object at far distance w thout eyeglasses. (0007) In view of the
ci rcunst ance descri bed above, the patent docunents 1 and 2 describe the
mul ti focal intraocular |ens capable of reducing the dependency of the
optical performance to the pupil dianmeter, by a configuration of
repetitive arrangenent having the center zone for correcting far vision
and t he asmuyl aforzonghtf ovisdomedie ngmrearing s dnciknof akeanda dhgzones
for correcting far vision and a total area of zones for correcting near
vi sion i altust impaseulare | 8ns arpatiardt itvel yeeqanl obWedk aat ebsr
configuration having these equal areas, a bal ance between inage qualities
of far dndtwmacevinditdiouts eegtedImwsseE0008) |In addition, patent docunents
3 and 4 describe a nultifocal contact |ens having a three-zone optical
design. TR&Whtics body of this contact |lens includes a center zone for
correcting far vision, a first annular zone surrounding the center zone
for correctingInearewisfohheand acsvetmth @ande ac rzdned sabooumndi higet he
first annular zone for correcting far vision. Pupil dianeter

patent documents 1 and 2 describe the multifocal

intraocular lens capable of reducing the dependency of

the optical performance to the pupil diameter, by a

configuration of repetitive arrangement having the

center zone for correcting far vision and the annular

zones for correcting near vision. A total area of zones

for correcting far vision and a total area of zones for

correcting near vision in this intraocular léns are

relatively equal. With a lens configuration having these

equal areas, a balance between image qualities of far

and near vision is retained.

(0008)

In addition, patent documents 3 and 4 describe a
multifocal contact lens having a three-zone optical
design. The optics body of this contact lens includes
a center zone for correcting far vision, a first annular
zone surrounding the center zone for correcting near
vision, and a second annular zone surrounding the first
annular zone for correcting far vision. Pupil diameter

in dim or dark environment is larger than in average

lighting condition, here the function of the second




in dimor dark environment is larger than in average |ighting condition,
here the function of the second 4 annular zone is to surround the |ight
for far vision. In this optical design for a multifocal contact |ens,
areas of zones for correcting far vision and zones for correcting near
vision are designed by taking into account the relation between visual

di stance and lighting condition with the size variation of pupi

di aneter. (0009) Further, patent docunents 5 and 6 describe the

mul ti f ocahniunta@oguhar iensoapphtagndhtee- Zohgh optficcal £ a desiignday. t aki ng

into account the relation between visual distance and |ighting condition
with thersi zéivareoptiemal oeptpinl fhamet e Ihavi aga 1t keoceater 1zone, (zone
for correcting far vision), the first annular zone (zone for correcting
near vi saeshs antd idresecend annukart izomef atzone ifat odr echieyg far
vision). The range of each zone is specified and Iimted, and | ens body of
the nmul¢oteeadtingr aocakarvi ehen satrker éby idesi gnédy tRadtieny docwoent 1:
Ger man Pat ent No. 3332313A1 Patent document 2: US Patent No.4813955 Pat ent
docunenta3cousitPatehne Need£5212@8 Pakenieslocumestuad Japahesedatemd Lai d
Open Publication No.62-121419

lighting condition with the size variation of pupil

diameter.

(0009)

Further, patent documents 5 and 6 describe the
multifocal intraocular lens applying three-zone optical
design by taking into account the relation between visual
distance and lighting condition with the size variation
of pupil diameter having; the center zone (zone for
correcting far vision), the first annular zone (zone for
correcting near vision), and the second annular zone
(zone for correcting far wvision). The range of each
zone 1is specified and limited, and lens body of the
multifocal intraocular lens is thereby designed.

Patent document 1: German Patent No.3332313Al

Patent document 2: US Patent No.4813955

Patent document 3: US Patent No.4752123

Patent document 4: Japanese Patent Laid Open Publication
No.62-121419

Patent document 5: US Patent No.5139519

Patent document 6: Japanese Registered Patent

No.2993022




Pat ent docunent 5: US Patent No.5139519 Patent docunent 6: Japanese
Regi stered Patent No.2993022 5 Disclosure of the Invention Problemto be
solved by the Invention (0010) In the multifocal intraocular |ens having
t hree-zone optical design described in the patent docunents 3 to 6 of the
af orenenti oned patent docunents, the addition power and its power
distribution affect the optical performance nore than the areas or
dianeter ranges in radial direction of the center zone (zone for
correcting far vision), the first annular zone (zone for correcting near
vision), and the second annul ar zone (zone for correcting far vision).
(0011) Porsexasmpre, ods ShewdnivrerF gohl and Fig.12, in the nultifoca
i ntraocul ar | ens described in the patent docunments 5 and 6, a first far
zone 103P¢odrten Zonke doivedrhectihg flamvemsiom is arranged in a center
zone of an optical zone of an intraocular |lens 100. Also, an annul ar near
zone 104(POAL )X irst annular zone) is arranged concentrically outside of
the first far zone 103. Further, an annul ar second far zone 105 (the
second annul afnzorg)ei s retaadedcbncentrigakbiul aout sildnof thleering

three-zone optical design described in the patent

documents 3 to 6 of the aforementioned patent documents,

the addition power and its power distribution affect the

optical performance more than the areas or diameter

ranges in radial direction of the center zone (zone for

correcting far vision), the first annular zone (zone for

correcting near vision), and the second annular zone

(zone for correcting far vision).

(0011)

For example, as shown in Fig.1l1l and Fig.12, in the
multifocal intraocular lens described in the patent
documents 5 and 6, a first far zone 103 (center zone)
for correcting far vision is arranged in a center zone
of an optical zone of an intraocular lens 100. Also, an
annular near zone 104 (the first annular zone) 1is
arranged concentrically outside of the first far zone
103. Further, an annular second far zone 105 (the second
annular zone) i1s arranged concentrically ocutside of the
near zone 104, Then, power having relative constant

value is set on the near zone 104 (the first annular zone),

in a range of 3 to 4 D (2.25 to 3 D in spectacle plane),




near zone 104. Then, power having relative constant value is set on the
near zone 104 (the first annular zone) , in arange of 3 to 4 D (2.25t0 3
Din spectacle plane) , 6 which is the addition power value prescribed for a
patient as a proper power for correcting near vision of the patient. A
desired addition power for correcting near vision herein indicates the
power prescribed for the patient as the proper power for correcting near
vision of the patient. Fig.12 illustrates a state in which the power of
const antwidlaie 3s5 thes sétiitd can poidar viedgi®onpafeddbeibear fome 404 in
radial direction of the Ilens, and a base power, which is a refractive
power ofpaandeaphtd@langrbprs pegd r et t occemetaaphigenthe eye iodn @phaki c
patient or presbyopic eye, is set in an entire region of the first far
zone 103ththea<ehéet .zoke)dantretha d@tohdnf growene 105 ¢vheesaciang annul ar
zone) in radial direction. (0012) However, such distribution of addition
power hagiamg val s ebat heer ednstanti cvat e1e ithea heowear pzonec Qe dbff dhe
mul ti focal intraocular |Iens 100 described in the patent docunents 5 and 6,
provi destheshad t bendepabh dfhe f poupaf pearewi fioan. cPhiredisibgcausert he near
zone 104 having the addition power of a constant value has only one focal
| engt h foistilben nefir thiesimat 1 &he .shallgowl deptlhlustrates a state in

which the power of constant value 3.5 D is set in an entire

region of the near zone 104 in radial direction of the

lens, and a base power, which is a refractive power of

an cphthalmic lens required to emmetropize the eye of

aphakic patient or presbyopic eye, 1s set in an entire

region of the first far zone 103 (the center zone) and

the second far zone 105 (the second annular zone) in

radial direction.

(0012)

However, =such distribution of addition power

having a relative constant value in the near zone 104

of the multifocal intraocular lens 100 described in the

patent documents 5 and 6, provides a shallow depth of

focus of near vision. This is because the near zone 104

having the addition power of a constant value has only

one focal length for the near vision. The shallow depth

cf focus of near vision only provides an appropriate

image gquality of near distance object placed in a narrow

range of near distance (for example, 25 to 40 cm in front

of evye).




of focus of near vision only provides an appropriate image quality of near
di stance object placed in a narrow range of near distance (for exanple, 25
to 40 cmin front of eye). 7 (0013) 1In daily activities, except for a
cl ose work distance that requires near vision such as reading, when an eye
see objects at near distances, an eye does not see or focus at only one
fi xed point at near distance, but an eye will continuously see many
objects at different near distances fromthe eye. Shall ow depth of focus
of near VYD®Il®) causes a difficulty when the eye changes its visual point
at near distance fromone point to another where their distances fromthe
eye are signifncahdliyvdi bberienttias,i nekhegasedof conmpdraswy Waeokls on
tabl e or glancing at headlines and photographs on a newspaper. Meanwhil e,
when t heddeptam oé Hflostisrefiuineasy ndast ont $ Sodesepcht he ataddmen; ivined
difficulty of the near vision is solved, and a useful near vision acuity
and a coahoktyabl £eaecab )b st snatamder oitiaitratdce 6004 eVvacHderd aldy, in a
cataract surgery inplanting nonofocal intraocular |ens, nost surgeons wll
target aepostir dperasi wé mefractneeférresd heintert dbatodikt@nde ( nmyopi a)
to conprom se the uncorrected far vision with

but an eye will continuously sSee many objects at

different near distances from the eye. Shallow depth of

focus of near vision causes a difficulty when the eye

changes its visual point at near distance from one point

to another where their distances from the eye are

significantly different, as in the case of comparing

foods on table or glancing at headlines and photographs

on a newspaper. Meanwhile, when the depth of focus of

near vision is deep, the aforementioned difficulty of

the near vision is solved, and a useful near vision acuity

and a comfortable near vision can be obtained.

(0014)

Incidentally, 1in a cataract surgery implanting

moncocfocal intraocular lens, most surgeons will target

a post-operative refractive error between -0.5 to -1.0

D (myopia) to compromise the uncorrected far vision with

near vision. On the contrary, most of the surgeons

practicing multifocal intraocular lens implantation,

will target post-operative refractive error of

emmetropia or a slight hyperopia (0 to +0.5D) to

completely achieve near vision and uncorrected far




near vision. On the contrary, nost of the surgeons practicing nmultifocal
intraocular lens inplantation, w/ll target post-operative refractive error
of emmetropia or a slight hyperopia (0 to +0.5D) to conpletely achieve
near vision and uncorrected far 8 vision of the patient. In recent years,
cataract surgery has achieved a precision of the post-operative
refractive error within about 0.5D of the intended refractive error
target. (0015) Thus, in a cataract surgery with multifocal intraocular
| ens, theisurgery thepeatdremed. t ol add @yet weawekr,opha aarast isghigdyper opi a.
However, sone post-operative refractive error exists in patients
i npl ant edawi t hatheéemdd i f acalpratiadail ar olfenselse amtbs sovpepait enks are
affected with nyopia as a result of about 0.5 D error fromthe intended
post - operatfine-t f Er actr¥e efi®hinl Nabuch atpabDend £ even Wittersdeght
nyopia, the uncorrected far vision nmay deteriorate and halo synptomin
whi ch | i ghttresctdi fRused-ar ouadgetight | source, or glare synptom may
appear in a dark environnment. Further, in myopia, a near point is shifted
cl oser t¢00tlie eye of the patient, therefore a near distance interval of
the near vision is closer to the eye than
Thus, 1n a cataract surgery with multifocal

intraocular lens, the surgery is performed to achieve

emmetropia or slight hyperopia. However, some

post-operative refractive error exists in patients

implanted with the multifocal intraocular lenses, and

some patients are affected with myopia as a result of

about 0.5 D error from the intended post-operative

refractive error. 1In such a patient, even with slight

myopia, the uncorrected far vision may detericrate and

halo symptom in which light is diffused around a light

source, or glare symptom may appear in a dark environment.

Further, in myopia, a near point is shifted closer to

the eye of the patient, therefore a near distance

interval of the near vision is closer to the eye than

the patient expects, and harms the comfort of near

vision.

(001e)

Particularly in the multifocal intraocular lens of
the patent documents 3 to 6 of the aforementioned patent

documents, the optical performance of the multifocal

ophthalmic lens having three-zone optical design is




t he patient expects, and harns the confort of near vision. (0016)
Particularly in the nmultifocal intraocular |ens of the patent docunents 3
to 6 of the aforenentioned patent | docunents, the optical performance of
the nultifocal ophthalmc |Iens having three-zone optical design is 9
affected by the power distribution characteristics in a boundary region of
two adj acent zones for correcting visual acuity. In a case of power
discontinuity at the boundary of the center zone (a zone for correcting
far visadieanedt hg filrstpaneul ati gonébid izomechar agore edbitrige s niear
vision)w th significant power difference value of power distribution tends
to strengthemndwerbi fegdlon prbpewbyadnc aveakenonlees nti ¢ocale qpriopgrty of
the lens. The ophthal m c | ens having bifocal feature can give a high
vi sual awdistya lamdaht gxcelllnent carmge fqualdwer afi § @pn tiirsi dDhyamt niear
vi sion, however give a |ow visual acuity and a poor inage quality of the
i nt er redbat@ddsyonf thHer tdwrtepowenai scomneuifior afotrhecpowsy far
distribution wth significant power difference value nay cause an
unwant edviisdge j amg phenbhesdnanmen ar vi sual (poiohei Sorchangedtfimom f ar
vision to near vision and vice versa. (0017) Meanwhile, adding the
i nt er nediete rzareeson)with significant power difference value of
power distribution tends to strengthen the bifocal
property and weaken the multifocal property of the lens.
The ophthalmic lens having bifocal feature can give a
high visual acuity and an excellent image quality of far
vision and near vision, however give a low visual acuity
and a poor image guality of the intermediate vision.
Further, power discontinuity of the power distribution
with significant power difference value may cause an
unwanted image jump phenomenon when a visual poilnt is
changed from far vision to near vision and vice versa.
(G017)

Meanwhile, adding the intermediate zZones
(transitional =zones) having intermediate powers for
correcting the intermediate vision at the positions
between the center zone and the first annular zone and
between the first annular zone and the second annular
zone to a multifocal ophthalmic lens, will improve the
visual acuity and the image quality of intermediate

vision.

Certainly, simultaneocus 1mages constructed by the

10




(transitional zones) having internedi ate powers for correcting the
internediate vision at the positions between the center zone and the first
annul ar zone and between the first annular zone and the second annul ar
zone to a nultifocal ophthalmc lens, will inprove the visual acuity and
the image quality of internediate vision. Certainly, sinultaneous images
constructed by the 10 internediate powers in internediate zone wl |
occasional |l y superinpose the far and near inmges on the retina and reduce
t he i mgenqealnddestel f@owanlsneatn | mhgesrnedaddiet i oromct uatiyl in
daily activities, internmediate vision corrected by the internedi ate zone
does notooneed icoha fh wissipsd r Arepblsye tdveelf s dad vésrohmaayeds neartiveési on
needs. A nultifocal ophthalmc |ens having wide internmediate zone area
deteri orated icheandagedquad i thes imdgéaruaisi bheand mearvasidomedhis is
because nost part of light energy is used by the internedi ate zone, the
di stribuimageaf. | i ght energy for zone for correcting far vision and zone
for correcting near vision decreases. (0018) Therefore, in view of the
ci rcunst ances Iescaidoed i ahgve adthea dbbjygct ive oflatihiys preséntl tinvention is
to

intermediate vision corrected by the intermediate zone

does not need a high visual acuity level as far vision

and near vision needs.

A multifocal ophthalmic lens having wide
intermediate zone area deteriorates the image qualities
of far vision and near vision. This is because most part
of light energy is used by the intermediate zone, the
distribution of light energy for zcone for correcting far
vision and zone for correcting near vision decreases.
(0018)

Therefore, in view of the circumstances described
above, the objective of this present invention 1is to
provide a multifocal ophthalmic lens capable of
extending the clearly seen visual ranges of far and near
visions and improving the comfort of far and near visions.
Further objectives of this invention are to provide a
multifocal ophthalmic lens capable of reducing the
possibilities of halo and glare symptoms, and minimize
the possibility of image jump phenomenon.

SUMMARY OF THE INVENTION

(0019}

11




provide a nmultifocal ophthalmc |ens capable of extending the clearly seen
visual ranges of far and near visions and inproving the confort of far and
near visions. Further objectives of this invention are to provide a
mul ti focal ophthal mc | ens capable of reducing the possibilities of halo
and glare synptons, and mnimze the possibility of inmage junp phenonenon.
SUWARY OF THE I NVENTION (0019) 11 To solve the problens described above,
a first aspect of the present invention provides a nmultifocal ophthalmc
| ens, includinfo sdhavezdie: f prodorerst idesarfibed/i sbomwe,and fainedr zone
for correcting a near vision, arranged concentrically in an optical region
of the |aapecwherteihea poeendi stnvootiom ixreet des varyuptdgresaively in
a radial direction of the far zone and the near zone; power is altered

di scont i apbddiylmpchdwa s steplitskipower di fference at boundary between the
far zone and the near zone; and further a value of the power difference at
t he boundary . defaeerzahme far zomeraond itthe aedrizonesiionnotagydeater than a

maxi nrum val ue of an internedi ate power for correcting an internediate
vi si on. a near zcone for correcting a near vision,

arranged concentrically in an optical reglon of the lens,
wherein

a power distributiocn is set to vary progressively
in a radial direction of the far zone and the near zone;

power 1s altered discontinuously to have a stepwise
power difference at boundary between the far zone and
the near zone; and further

a value of the power difference at the boundary
between the far zone and the near zone is not greater
than a maximum value of an intermediate power for
correcting an intermediate vision.

{0020)

A second aspect of the present inventicon provides
the multifocal ophthalmic lens of the first aspect,
wherein a mean power value in the near zone is less than
an addition power prescribed for a patient, as a proper
power for correcting near vision of the patient.
(0021)

A third aspect of the present invention provides
the multifocal ophthalmic lens of the first or second

aspect, wherein a region having a mean power value that

12




(0020) A second aspect of the present invention provides the nultifocal
ophthalmc lens of the first aspect, wherein a nean power value in the
near zone is |less than an addition power prescribed for a patient, as a
proper power for correcting near vision of the patient. (0021) A third
aspect of the present invention provides the nultifocal ophthalmc |ens of
the first or second aspect, wherein a region having a nean power val ue
that 12 is negative relative to the reference power is included in the
far zonels(06Z2)tivefoalbl iaspdot Wiethefpreserd powent ieniprdvidied the
mul ti focal ophthalmc lens in any of the first to third aspects, wherein
regi on oint dhd afazromemext to the near zone has the nean power val ue that
is positive relative to the reference power. (0023) A fifth aspect of the
present i(AV¥er#)i on provides the nmultifocal ophthalmc Iens in any of the
first to fourth aspects, wherein a first far zone is arranged in a center
zone of the optifalbrtdgiampeandodntarnyarsaear i ny@Tet i snapranvgetie s
concentrically outside the region of the first far zone, and an annul ar
second fahezoneltsfocal ophthalmic lens in any of the first to
third aspects, wherein region of the far zone next to
the near zone has the mean power value that is positive
relative to the reference power.
(0023)
A fifth aspect of the present invention provides
the multifocal ophthalmic lens in any of the first to
fourth aspects, wherein a first far zone is arranged in
a center zone of the optical region, and an annular near
zone 1s arranged concentrically outside the region of
the first far zone, and an annular second far zone is
arranged concentrically outside the annular near zone.
(0024)
A sixth aspect of the present invention provides
the multifocal ophthalmic lens of the fifth aspect,
wherein the addition power value of a region of the near
zone next to the second far zone is less than an addition
power value of a region of the near zone next to the first
far zone.
(0025)

A seventh aspect of the present invention provides

the multifocal ophthalmic lens of the fifth or sixth

13




arranged concentrically outside the annul ar near zone. (0024) A sixth
aspect of the present invention provides the nultifocal ophthal mc |ens of
the fifth aspect, wherein the addition power value of a region of the near
zone next to the second far zone is |less than an addition power value of a
region of the near zone next to the first far zone. (0025) A seventh
aspect of the present invention provides the nultifocal ophthal mc |ens of
the fifth or sixth 13 aspect, wherein the power value of a region of the
second Aapcrone wiextetio the pearczord us dfss relpimt ef pdwersewvahde of a
region of the first far zone next to the near zone. (0026) An eighth
aspect ofatrhe presserxt nventhen nravi dese tie hubti fidvah bphkt Fdwer lens in
any of the fifth to seventh aspects, wherein the power val ue of an outer
regi on ofatlhe secenddaiononé thel dsgtthahatheopewsextaltue tiod reeargi on of
the second far zone next to the near zone. (0027) A ninth aspect of the
present Epwention provides the multifocal ophthalmc lens in any of the
fifth to eighth aspects, wherein the mean power val ue of the outer
(0026)
An eighth aspect of the present invention provides
the multifocal ophthalmic lens in any of the fifth to
seventh aspects, wherein the power value of an outer
region of the second far zone is less than the power value
of a region of the second far zone next to the near zone.
(0027)
A ninth aspect of the present invention provides
the multifocal ophthalmic lens in any of the fifth to
eighth aspects, wherein the mean power value of the outer
region of the second far zone is negative relative to
the reference power.
{0ozg)
A tenth aspect of the present invention provides
the multifocal ophthalmic lens in any of the first to
fourth aspects, wherein the near zone is arranged in a
center zone of the optical region, and an annular far
zone is arranged concentrically outside the region of
the near zone.
(0029)

An eleventh aspect of the present invention

provides the multifocal ophthalmic lens of the tenth
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region of the second far zone is negative relative to the reference power.
(0028) A tenth aspect of the present invention provides the multifocal
ophthalmc lens in any of the first to fourth aspects, wherein the near
zone is arranged in a center zone of the optical region, and an annul ar
far zone is arranged concentrically outside the region of the near zone.
(0029) An eleventh aspect of the present invention provides the
mul ti focal ophthalmc lens of the tenth 14 aspect, wherein the power val ue
of the oakerdtegiwnegkir hehé apowene wol hess ft have tdet peweke giadniec of t he
region of the far zone next to the near zone. (0030) A twelfth aspect of
t he preseht Fawerddmsd psoYedaes tHare bt pbaeal vaphtbabm ehleens@iohhe tenth
or eleventh aspect, wherein the mean power val ue of the outer region of
the far @onehes hggatziore rekati v tohtheg=of ecenee power. (0031) A
thirteenth aspect of the present invention provides a nmultifocal
opht hal m ¢0bems, including: at |east one far zone for correcting a far
Vi si on;
A twelfth aspect of the present invention provides
the multifocal ophthalmic lens of the tenth or eleventh
aspect, wherein the mean power value of the outer region
of the far zone is negative relative to the reference
power.
{0031)
A thirteenth aspect of the present invention
provides a multifocal ophthalmic lens, including:
at least one far zone for correcting a far vision:;
at least one near zone for correcting a near vision,
arranged concentrically in an optical region of the
lens,
wherein a power distribution is set to vary
progressively in radial direction of the far zone and
the near zone;
power is altered discontinuously to have a stepwise
power difference at a boundary between the far zone and
the near =zone;
a progressive power distribution of the near zone
in the vicinity of the boundary between the far zone and

the near zone has a value close to a maximum value of

an intermediate power for correcting an intermediate
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at | east one near zone for correcting a near vision, arranged
concentrically in an optical region of the |ens, wherein a power
distribution is set to vary progressively in radial direction of the far
zone and the near zone; power is altered discontinuously to have a
stepwi se power difference at a boundary between the far zone and the near
zone; a progressive power distribution of the near zone in the vicinity of
t he boundary between the far zone and the near zone has a value close to a
maxi mum vakuerof atanhientleonediaatyey power for correcting an internediate 15
vision at the boundary; the progressive power distribution of the near zone
i s designed tothaveragmewss bva-strapedd peneri kdi st onbaf itone neand zdwee maxi num
val ue at a peak of this nmountain-shaped power distributionis set to a
power reggidedifgored ¢ar hectd agmeusuia i meahiep ddip seer i ahrdabjuactoat t he
i nt ended nearest distance or at a reading distance; the progressive power
di stri buahdntbfe mee: ieam redee iada aipstak bof i dhisnmehircha powehagradual |y
i ncreases from the boundary between the near zone an the far zone to the
peak of phwenpudtiatEshapedmowsr diestricbut aorpowrd t hegqueane gpowkrrval ue of
the far zone is less than
correcting visual acuity for seeing an object at the
intended nearest distance or at a reading distance;

the progressive power distribution of the near zone
is adistribution in which power gradually increases from
the boundary between the near zone an the far zone to
the peak of the mountain—shaped.power distribution; and

the mean power value of the far zone is less than
a reference power.

{0032)

A fourteenth aspect of the present invention
provides the multifocal ophthalmic lens, wherein the
ophthalmic lens includes an UV-absorber and/or a blue
light blocking dye.

A fifteenth aspect of the present invention
provides the multifocal ophthalmic lens, wherein the

ophthalmic lens in any of the first to fourteenth aspects

is an intraocular lens to be implanted inside an eye.

Advantage of the Invention
(0033)

According to the present invention, a power
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a reference power. (0032) A fourteenth aspect of the present invention
provides the nultifocal ophthalmc |ens, wherein the ophthalmc |ens
i ncl udes an UV-absorber and/or a blue 1ight blocking dye. A fifteenth
aspect of the present invention provides the multifocal ophthalmc |ens,
wherein the ophthalmc lens in any of the first to fourteenth aspects is
an intraocular lens to be inplanted inside an eye. Advantage of the
I nvention (0033) According to the present invention, a power 16
di stri butlien i1isbset oo ivarye progr essiwel yogheas ekl yeinr agi @ntofra far
zone and a near zone in radial direction. Therefore, the depth of focus of
far visi pegpravided g r tzZemd am @ ene cand Adree deptda of aflod s eaft inear vi si on
provi ded by the near zone can be deepened. As a result, clearly seen
ranges oThehefareyi shen dapkmeaf Fosuenodald dre viextendpdovtinbsefloye
confort of far vision and near vision can be inproved. In addition,
accor di ngheof & lnez pnesemdl 4w eletp oo £ e poedi bekirt vés iahn palos iadeldgl ar e
synptonms can be reduced, and the possibility of imge junp can be
m nim zedy the near zone can be deepened. As a result, clearly

seen ranges of the far vision and near vision can be

extended, therefore comfort of far vision and near vision

can be improved.

In addition, according to the present invention,
the possibilities of halo and glare symptoms can be
reduced, and the possibility of image Jjump c¢an be

minimized.

Best Mode for Carrying Out the Invention
(0034) [A] First embodiment (Fig.l to Fig.9)

Fig.l is a front view illustration of an intraccular
lens, being a first embodiment of an ophthalmic lens
according to the present invention, and Fig.2 is an
illustration of a lens body 11 of the intraocular lens,
being the first embodiment of the ophthalmic lens
according to the present invention, wherein Fig.2(A) is
a side view of the lens body 11 of the intraocular lens
shown in Fig.1l, and Fig.2(B) is a front view of the lens
bedy 11 of the intraocular lens in Fig.l. Fig.3 is a
graph showing a power distribution in radial direction

of the lens of the lens body 11 of the intraocular lens
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Best Mbde for Carrying Qut the Invention (0034) [A] First enbodi nent

(Fig.l to Fig.9) Fig. 1 is afront viewillustration of an intraocul ar
| ens, being a first enbodi nent of an ophthalmc Iens according to the
present invention, and Fig.2 is an illustration of a |lens body 11 of the

intraocular lens, being the first enbodi nent of the ophthalmc I|ens
according to the present invention, wherein Fig.2(A) is a side view of the
| ens body 11 of the intraocular lens shown in Fig.l, and Fig.2 (B) is a
front viewoemn tite Fegs1 body Higek .t hd'igt 4 absukar illehssimakiigpn . 0Fig.3 is
a graph showing a power distribution in radial direction of the |ens of

t he | ensabodypilricfonhefi atdaptbl af Fewsis L showinpr&ogul aand &g, 2.
Fig.4 is an illustration of a conparison of a depth of focus of the

i nt raocubacdrshisngateortiag ftior 3 heefibrsiimabédisepvnshiownEig . R gathdand
Fig.2, and the depth of focus of the intraocular |ens according to the
convent i Bhgl- Zar tandhéhei rde#pgh HA)fochbusif dtles andasecofilehe Jemsaocul ar

| ens according to the conventional art and Fig.4 (B) illustrates a case of
t he i ntraoccolratirend actdedi agnventtheohipdst astibodihenein FFGIs 4 6AAn
illustration of a conparison of a far point and a near point of the

i ntraoculadvsdrsahesordiage of thee fiinsraendd nrelenshawsond i g. toand

Fig.2, and a far point and a near point of the intraocul ar |ens according
the conventional art and Fig.4 (B} illustrates a case of

the intraocular lens according to the first embodiment.
Fig.5 is an illustration of a comparison of a far point
and a near point of the intraocular lens according to
the first embodiment shown in Fig.1l and Fig.2, and a far
point and a near point of the intraocular lens according
to the conventional art, wherein Fig.5(A) illustrates
a case of the intraocular lens of the conventional art,
and Fig.5(B) illustrates a case of the intraocular lens
according to the first embodiment. Fig.6 1is an
illustration of a comparison of halo symptom of the
intraocular lens according to the first embodiment, and
halo symptom of the intraocular lens according to the
conventional art, wherein Fig.6{(A) illustrates a case
of the intraocular lens of the conventional art, and
Fig.6{(B) illustrates a case of the intraocular lens
acceording to the first embodiment. Preferred
embodiments of the present invention will be described
hereunder, by referring to the drawings.

(0035)
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to the conventional art, wherein Fig.S(A) illustrates a case of the
intraocular | ens of the conventional art, and Fig.5(B) illustrates a case
of the intraocular lens according to the first enbodinent. Fig.6 is an
illustration of a conparison of halo synptomof the intraocular |ens
according to the first enbodi ment, and halo synptom of the intraocular
| ens according to the conventional art, wherein Fig.6(A) illustrates a
case of the intraocular |ens of the conventional art, and Fig.6(B)
illustrates a Basénafraddrweulatr decid dr0 |snswnatnoFdond tamd (i i £St s
enbodi nent. Preferred enbodinents of the present invention will be
descri bed meidednfderal byopktaarlimget ddie dienw ngsrrée@@3h)g 18 Mmual
i ntraocular lens 10 shown in Fig.l and Fig.2 is a nultifocal ophthal mc
| ens foracarirtegt sughviesua presbyprsuch as, aipdshybdpgcaeyens nedddi ng a
| ens body 11 and a support menber 12. (0036) An optical region of the
| ens body llbrdsat buegp eonemenforr cbr.ecti ng visual acuity; a first far
zone 13 arranged in a center zone of the optical region of the |ens, an
annul ar f@&3&one 14 arranged concentrically outside the outer region of
the first far zone 13, and an annular second far zone 15 arranged
concentrical l yAan optical region of the lens body 11 has three zones
for correcting visual acuity; a first far =zone 13
arranged in a center zone of the optical region of the
lens, an annular near zone 14 arranged concentrically
outside the outer region of the first far zone 13, and
an annular second far zone 15 arranged concentrically
outside the outer region of the near zone 14,
respectively.
(0037)

A plurality of support member 12 shown in Fig.l

protrude from the lens body 11, are made of the same or
different material from the material of the lens body
11. Each support member 12 is provided for positioning
the optical region of the lens body 11 at the intended
position inside or outside of an eye of a lens wearer.
Note that the support member 12 is a flange zone formed
around the optical region of the lens when the cphthalmic
lens is a contact lens, and is an eyeglass frame when
the ophthalmic lens is an eyeglass lens.

(0038)

The lens body 11 is described in detail herein. A
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outside the outer region of the near zone 14, respectively. (0037) A
plurality of support nmenber 12 shown in Fig.1 protrude fromthe |ens body
11, are made of the same or different material fromthe nmaterial of the

| ens body 11. Each support nenber 12 is provided for positioning the
optical region of the lens body 11 at the intended position inside or
outside of an eye of a lens wearer. Note that the support nenber 12 is a
fl ange zone forned around the optical region of the | ens when the

opht hal nfé ratentarszancontacintiens scamniisfam epoge aks fnamdamhkesnst he
ophthalmc lens is an eyeglass lens. (0038) The lens body 11 is described
in detai Power diln.aye z9ngis o sroppactihairfrn veednd f @nEonenddrin the

| ens body 11 are zones for correcting far vision, and a near zone 14 is a
regi on f&PNEAdedti agragapnyEsiroAo rAe ahbia neéarFr§s3on he powdrown
distribution is set to vary progressively in each entire region of the
first fatNzodd 913, thbeeneRpvwaohe distgddputheosecdad diest arice zZomeyl5, in
radial direction. Mreover, power is set to be altered discontinuously to
have a sPEPRILRS pdWer Y dinf facédnea tdtr ¢ e boendaf ¢ ethleest therfiose far

zone 13 and the near zone 14 and at the boundary between the
3, the near zone 14, and the second distance zone 15,

in radial direction. Moreover, power 1is set to be
altered discontinuocusly to have a stepwise power
difference at the boundary between the first far zone
13 and the near zone 14 and at the boundary between the
near zone 14 and the second far zone 15. At this boundary
where the power alters abruptly, the power distribution
jumps from a minimum intermediate power in the far zone,
to a maximum intermediate power in the near zone. The
minimum intermediate power is a refractive power of a
lens required for seeing an object located at a maximum
intermediate distance (for example, 1.5m). The maximum
intermediate power 1is a refractive power of a lens
required for seeing an object located at a minimum
intermediate distance (for example 60 cm). 1In addition,
here, an intermediate distance refers to a distance
between a far distance and a near distance, and the
minimum intermediate distance refers to a nearest
distance of the intermediate distance, and the maximum
intermediate distance refers to a farthest distance of

the intermediate distance. Further, an intermediate
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near zone 14 and the second far zone 15. At this boundary where the power
alters abruptly, the power distribution junps froma mninuminternedi ate
power in the far zone, to a maximuminternedi ate power in the near zone.
The mnimuminternediate power is a refractive power of a lens required
for seeing an object |located at a maxi num internedi ate distance (f or
exanple, 1.5 m The maximum internmediate power is a refractive power of a
|l ens required for seeing an object located at a m ninum internediate
di st ancepf¢ierr exafplkre 60> ca)min gdudvérobetveer, aafamtpowed atred dast ance
refers to a distance between a far distance and a near distance, and the
m ni nrum nager redvate dinst ante mafreimumoia treanedt atdi steawmee aofe fdes
i ntermedi ate distance, and the maxi mum internedi ate distance refers to a
farthesttdi et dnoec ot pichee T noér ek at et dirgteahtat eFpravher s, apnchtEenaedi at e
20 power refers to a md power between a far power and a near power, and
t he m ni mamimirer hetieatee pbake pefwes redexrd onest povwesatebtt pewer
i nternedi ate powers, and the nmaximuminternmedi ate power refers to a
gr eat estopowdre Dfitekeddci @t pedicater powers. (0039) Further, in Fig. 3, an
i nner sub-region A of the lens in the first far zone 13 is set to have a
mean poweP Ov#lue equal to or less than and negative relative to the
Further, in Fig.3, an inner sub-region A of the lens
in the first far zone 13 is set to have a mean power value
equal to or less than and negative relative to the
reference power. 1In addition, here, the reference power
refers to a refractive power of ophthalmic lens required
to emmetropize the eye of aphakic patient or presbyopic
eye, and is otherwise called a base power. The term
reference power 1is used 1in the above definition,
hereunder. 1Inaddition, the power of an outer sub-region
B of the lens in the first far zone 13, namely a region
B next to the near zone 14 in the first far zone 13 is
set to have a mean power value greater than and positive
relative to the reference power (base power). The power
distribution of the sub-region B has a value about the
reference power (base power) at the radius distance al,
and gradually increases to about the minimum
intermediate power at radius distance a. Further, in the
second far zone 15, the power of an inner sub-region C

of the lens, namely the sub-region C next to the near

zone 14 is set to have a mean power value greater than
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reference power. In addition, here, the reference power refers to a
refractive power of ophthalmc lens required to emmetropize the eye of
aphaki c patient or presbyopic eye, and is otherw se called a base power.
The term reference power is used in the above definition, hereunder. In
addition, the power of an outer sub-region B of the lens in the first far
zone 13, nanely a region B next to the near zone 14 in the first far zone
13 is set to have a nmean power val ue greater than and positive relative
to the rehet poce tponerr€base veoter fheThefpowarce gicsterbut itmeqgdovhe
sub-region B has a val ue about the reference power (base power) at the
radi us ddstsdncebak i oramdf griaduabiby iegieas€s hias abowd 1tike alai runh e
i nternedi ate power at radius distance a. Further, in the second far zone
15, the powemwfi Bmtemmerd saberpgiwerr @t afadhes| énstaranelly, tdedsub-r egi on
C next to the near zone 14 is set to have a nmean power value greater than
21 and pgsgiadwel i gl deicre doe s heorebernencd povelerefie powesr at sthiebuti on
of the sub-region C has a value about the m ninuminternedi ate power at
radi us dirstdince disandde blr adaaleloy ehecr enses ttax abolt rielel o»f Brefice power
at the radius distance bl. Mreover, an outer sub-region D of the lens in
t he secohdief dermoria Ihe sseentof haveoaarédn 1 pewsr bl Uemegualmeanor | ess
than and negative relative to the reference power. The power val ue at
radi us power value equal to or less than and negative relative

to the reference power. The power wvalue at radius

distance bl in the sub-region D is about the reference

power. The power distribution of the sub-region D has

a relatively constant power with increase of radius

distance (from the radius distance bl to the radius

distance <c¢), or gradually decreases as the radius

distance increases. Further, the mean power of the near

zone 14 is set to a value less than the desired addition

power (3 to 4 D; about 2.25 to 3 D in spectacle plane).

The desired addition power herein is the mean power of

the sub-region in the vicinity of point p, and is the

addition power prescribed for a patient as a proper power

for correcting near vision of the patient. This addition

power is a power value required for reading at distance

of 30 to 40 cm and differs on each patient. Generally,

this power is 3 to 4 D. When the power prescribed for

a patient as a proper power for correcting near vision

cf the patient is about 3.5D, the mean power of the

sub-region in the vicinity of point p is about 3.5 D.
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di stance bl in the sub-region Dis about the reference power. The power
distribution of the sub-region D has a relatively constant power wth
i ncrease of radius distance (fromthe radius distance bl to the radius
di stance c), or gradually decreases as the radius distance increases.
Further, the nean power of the near zone 14 is set to a value less than
the desired addition power (3 to 4 D, about 2.25 to 3 D in spectacle
pl ane). The desired addition power herein is the nmean power of the
sub-regi ¢AGi4D X he vicinity of point p, and is the addition power
prescribed for a patient as a proper power for correcting near vision of
the patient. Thhsiadthtaday,poner dssagpovehevaereereqid s edibart teadi ng at
di stance of 30 to 40 cmand differs on each patient. Generally, this
power ism8nttg dn®d \Wenvehe pheerref escrilbed pPowem patd eap has iacpkoper
power for correcting near vision of the patient is about 3.5D, the nean
power of abkerstubeonegifordmehefvion rilty oénpeimtt @ tilse abouti phbrdll 22
(0040) Incidentally, to design the power distribution nentioned above, the
refracti ¢& povercandesphetochle cabesideirmd of cornea fromthe center to the
peri pheral of cornea need to be considered. Fig.18 illustrates the
char act eFiigt.ilds bl lulsé ot meak hesphlea k ealt eables t atisom £ 1th & gok8ye par axi al
rays at
spherical aberration. In Fig.1l8, paraxial rays at
radial height of cornea hn{n = 0, 1, 2, 3., h0 is the
radial height of paraxial ray from the cornea center)
above the visual axis are refracted each to a point in
front of focal point £0 inside the eye. The greater
radial height of cornea hn, the greater point Pn shifts
from focal f0 to cornea side. The greater radial height
of paraxial ray from the cornea center, the greater this
paraxial ray will be refracted. In other words, the
refractive power and spherical aberration of cornea
increase with the increase of height from the cornea
center.
Therefore, since the corneal refractive power and
the corneal spherical aberration have the
characteristics as described above, in order to optimize
the optical performances of the multifocal ophthalmic
lens, the corneal spherical aberration needs to be
considered in designing a multifocal ophthalmic lens.

(0041)

How the corneal spherical aberration is taken into
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radi al height of cornea hn(n =0, 1, 2, 3..., hOis the radial height of
paraxial ray fromthe cornea center) above the visual axis are refracted
each to a point in front of focal point fOinside the eye. The greater
radi al hei ght of cornea hn, the greater point Pn shifts fromfocal fO to
cornea side. The greater radial height of paraxial ray fromthe cornea
center, the greater this paraxial ray will be refracted. In other words,
the refractive power and spherical aberration of cornea increase with the
i ncr easeagtcwwight ifr slmsheibechése lowntier . ddheiéf dne, reface itrhe tor neal
refractive power and the corneal spherical aberration have the

char act ephstlirdst agcddsor i bedsabove, in order to optimize the optical
performances of the nultifocal ophthalmc |lens, the corneal spherical
aberration needsgt-d e 1 wasirddresd & s tdese ghit ngh achul tiighdc ala yphahal mi ¢

| ens. (0041) How the corneal spherical aberration is taken into 23
account , g tdextrfbeth Ivel bhwghh detwi teby oafeedi ag tdoi saanicet rac@ilar | ens.
Fig.19 illustrates a state in which light rays are emtted froma |ight
source | o®vatied farcditstdhce obré®a cnedelfront of a cornea nodel. Ray Lx

comng to cornea at radial height x| above
Ray Lx coming to cornea at radial height x1 above

the cornea center is refracted by cornea at positicn x2
to point Px.

Ray Ly coming to cornea at radial height x2 above
the cornea center is refracted by cornea at position y2
to point Py.

As described above, since radius y2 is greater than
radius x2, the refractive power at y2 is greater than
the refractive power at x2. Therefore, ray Ly 1is
refracted to point Py which is nearer to cornea than point
Px.

As a result, to clearly see an object, point Px and
point Py need to be coincidently positioned on the retina.
Namely, to position coincidently the point Px and point
Py on the retina, from the condition shown in Fig.19,
a refractive power to be added to refract ray Lx at
position x2 of cornea needs to be greater than a
refractive power to be added to refract Ly at position
y2 of cornea.

(0042)

As described above, 1in this embodiment, the
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the cornea center is refracted by cornea at position x2 to point Px. Ray
Ly com ng to cornea at radial height x2 above the cornea center is
refracted by cornea at position y2 to point Py. As described above, since
radius y2 is greater than radius x2, the refractive power at y2 is greater
than the refractive power at x2. Therefore, ray Ly is refracted to point
Py which is nearer to cornea than point Px. As aresult, to clearly see an
object, point Px and point Py need to be coincidently positioned on the
retina. pName yontofpoBetirenica na dérd Ifothe pbante B ame paittcaPy on the
retina, fromthe condition shown in Fig.19, a refractive power to be added
to refrastystagmlafathepagitnea agddofthcoriheasneedd d.d bei fieattaratan a
refractive power to be added to refract Ly at position y2 of cornea.
(0042) Adgiascrabed mbbdvectiad tlhirs térdbodomarta 4hd t24 pbsintsi,onapé t he
retina is the focal plane of the optical systemof the cornea and the
| ens. Fi §o2gdd ustiatesiert ghtt o ayse reft Aintied By sheworinea iand2 dhe | ens,
are focused coincidently to the retina. As shown in Fig.20, to refract
ray Lx and rayriact aahéx ehidnaayahyindrdoeuteatrina, an intraocular

lens needs greater refractive power to be added at radial

height a for ray Lx than the refractive power to be added

at radial height b for ray Ly. To refract ray Lx and

ray Ly to the retina, a lens is placed behind the cornea

as shown in Fig.22. This is because to refract ray Lx

and ray Ly to the retina, the refractive power at radial

height a must be greater than the refractive power at

radial height b.

The addition power of values o at radial height a
and P at radial height b are used to refract the light
rays from a distance of 60 c¢cm (the nearest intermediate
distance)in front of the cornea to the retina. Here, o
is the maximum value of intermediate power at radial
height a, and B is the maximum value of intermediate power
at radial height b in the near zone 14.

(0043)

Fig.21 illustrates the light rays from a distance
of 1.5 m in front of a cornea model. As illustrated in
Fig.19, ray Lx coming to cornea at radial height x1 above
the cornea center is refracted by cornea at position x2

to point Px.
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| ens needs greater refractive power to be added at radial height a for ray
Lx than the refractive power to be added at radial height b for ray Ly. To
refract ray Lx and ray Ly to the retina, a lens is placed behind the
cornea as shown in Fig.22. This is because to refract ray Lx and ray Ly
to the retina, the refractive power at radial height a nust be greater
than the refractive power at radial height b. The addition power of val ues
a at radial height a and R at radial height b are used to refract the
i ght rBypy fironcamdinst anececofcn@&® cat (rhelirelr kst gihrit ey 2redbatvee st ance)in
front of the cornea to the retina. Here, a is the maxi num val ue of
i nt er nedtatr@eggoweenser ddi ate fheicglstd &y andrf®a s it heo saxilmmwal ue of
internedi ate power at radial height b in the near zone 14. (0043) Fig.21
il lustrapedntthePyight rays froma distance of 1.5 min front of a cornea
nodel . As illustrated in Fig.19, ray Lx comng to cornea at radial height
x| above F theagokHedsceafepdtseddfg ddted dlyiverneéihad pesirhiciniwe to
point Px. 25 Ray Ly comng to cornea at radial height y2 above the cornea
center ipowefr actead bydiarhehedtghposhtion y2 to point Py. Ray Ly is
refracted to the retina with a refractive
To refract ray Lx and ray Ly to the retina, the
refractive power at radial height a must be greater than
the refractive power at radial height b.

To refract ray Lx on the retina the refractive power y
at radial height a must be greater than the refractive
power @.

The addition power of values y at radial height a
and 8 at radial height b are used to refract the light
rays on from a distance of 1.5 m (the farthest
intermediate distanée)in front of the cornea. Here, ¥
is the minimum value of intermediate power at radial
height a in the first far zone 13, and 8 is the minimum
value of intermediate power at radial height b in the
second far zone 15.

(0044)

By considering the refractive power of cornea is
greater at radius a than at radius b, the addition power
of lens or power value at radius a is preferably made
greater than at radius b.

Further, addition power of value o of the near zone

14 at radial height a is preferably greater than the
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power S at radial height b. To refract ray Lx and ray Ly to the retina, the
refractive power at radial height a nust be greater than the refractive
power at radial height b. To refract ray Lx on the retina the refractive
power y at radial height a nust be greater than the refractive power S.
The addition power of values y at radial height a and S at radial height b
are used to refract the light rays on froma distance of 1.5 m(the '
farthest internediate distance)in front of the cornea. Here, y is the

m ni mrum gdkdder iodn ipndee rech Atie podethatneadi abnk 1 beitghtda 4 h hdisglitrst far
zone 13, and S is the mninmumvalue of intermedi ate power at radial height
b in theb.second far zone 15. (0044) By considering the refractive power
of cornea is greater at radius a than at radius b, the addition power of
| ens or power Faktdeatmoadiusha pswerefradald y sridche (fieag erfd hagvme radi us
b. Further, addition power of value a of the near zone 14 at radial height
a i s prelérablnagteatkeipghdnathe pX6f addibtlivon ypovies r vidi ae tthefpdwer near
zone 14 at radial height b. Furthernore, the power value y of the first
far zonevalue 6 of the second far zone 15 at radial height b.

(0045)

The optical structure of the aforementioned first
far zone 13, near zone 14, and second far zone 15 are
explained further in detail.

In the intraocular lens 10 herein, the power
distributions of the first far zone 13, the near zone
14, and the second far zone 15 are made on the anterior
surface 16 of the intraocular lens 10, however the power
distributions of the aforementioned first far zone 13,
near zone 14, and second far zone 15 can also be made
on the posteriocr surface 17.

(0046) (1) Near zone 14

The near zone 14 has a power distribution that is
progressively altered from power value o to power value
p at points where power alters abruptly (hereinafter
referred to as inflection point), in an entire region
(range from point a to point b in Fig.2 and Fig.3) in
radial direction. In the aforementioned power
distribution, an upward convex curve 1s preferably made,
wherein the addition power of the lens is maximized at

point p. With the power distribution having an upward
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13 at radial height a is preferably greater than the power value S of the
second far zone 15 at radial height b. (0045) The optical structure of the
af orenentioned first far zone 13, near zone 14, and second far zone 15 are
expl ained further in detail. In the intraocular |ens 10 herein, the power
distributions of the first far zone 13, the near zone 14, and the second
far zone 15 are nmade on the anterior surface 16 of the intraocular |ens
10, however the power distributions of the aforenentioned first far zone
13, nearonorex 14pnrare, seconeiphéhazomiec 18 eoan glago be medde dvatihmeg
posterior surface 17. (0046) (1) Near zone 14 The near zone 14 has a power
di stri bugireniudiat pre gy oyt €ssiowesl §ightrerteidofir onT peware aal pewaet 0o power
value at points where power alters abruptly (hereinafter referred to as
infl ecti bhepeiuiijregnoan ientihe vegiionityrafgedimompol at abog: pokat b in
Fig.2 and Fig.3) in radial direction. In the aforenentioned power
di stri buvpdme ant upwdediceaWexddutven pgveter abl Yarmdeed wherigi othe
addi ti on power of the lens is maximzed at point p. Wth the power
di stribuppwethadvngian upwvand t27 coldegicur vieowenm gphedakibed ehsrcan be
made havi ng gradual progressive configuration. The nean power of

a patient, as a proper power for correcting near vision

of a patient. The term “the desired addition power” is

used in the above definition hereunder. The desired

addition power is a power required for seeilng an object

at reading distance of 30 to 40 cm, and differs on each

patient. Generally, this power is 3 to 4 D. When the

power prescribed for a patient as a proper power for

correcting near vision of the patient is about 3.5 D,

the mean power of the sub-region in the vicinity of point

P is about 3.5 D.

The aforementioned power distribution is specifically
described herein. The power distribution of the
progressive part of the region in the near zone 14 in
Fig.3, has powers changed smoocothly in the vicinity of
the peak p of the convex-shaped curve, to make the visual
acuity of near vision acuity close £to the maximum visual
acuity even when the pupil diameter changes. However,
the power distribution of the progressive part of the
region in the near zone 14 alters rapidly when moving

close to o and PB. The change in the power distribution

curve of the progressive part of this near zone 14 is
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the sub-region in the vicinity of point p is about the value of a desired
addition power. A desired addition power herein, neans the addition power
prescribed for a patient, as a proper power for correcting near vision of
a patient. The term"the desired addition power"™ is wused in the above
definition hereunder. The desired addition power is a power required for
seeing an object at reading distance of 30 to 40 cm and differs on each
patient. Generally, this power is 3 to 4 D. Wen the power prescribed for
a pati enexgd sl pedpére poier widh e r gckidige meav fvitdieont ehgehe patdent is
about 3.5 D, the nean power of the sub-region in the vicinity of point p
i s about tBe5 Padiles abdr enieat ilosred. poviEnedigst adbenitoncits tsipecifdwatl| y
descri bed herein. The power distribution of the progressive part of the
regi on idishe Neat izenecddvien ik gh8, twgipowerS thengethsnuottd yldn the
vicinity of the peak p of the convex-shaped curve, to nmake the visual
acuity ofhaearewi §irom atup o yicliose goathemaxvalmevisstuatadacus tay even when
the pupi| dianeter changes. However, the power distribution of the
progressgvedpant ofvalhee rdyi paron dthermesdrugzope ldndl tter snegpitdi yewhen
nmoving close to a and (i. The change in the power distribution curve of
t he proggessiivnparaloke ahi sankbiars Zone Ndmed vy 28 texplasnéditeerve Tuai t h t he
gradi ent of the tangent and

of the gradient of the power distribution curve in

progressive part c¢f the near zone 14 decreases when the
radius from center O increases from radius a to radius
P, and the absolute value of the gradient of the power
distribution curve in progressive part of the near zone
14 increases when the radius from center O increases from
radius p to radius b. The designed power value of power
distribution in the first far zone 13, the near zone 14,
or the second far zone 15 can be expressed by the following

polynomial equation.

[Equation 1]

Pt ar v ar +a,

_ n n-1 n-
P (r)— ar +a,r +a,r
P: Refractive power at radius r

r: Radius or distance from lens center
m: Index of lens zone

a: Constant

n: Order of polynomial eguation
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the radius of the lens. The gradient of the power distribution curve in
the region of the near zone 14 changes froma positive gradi ent val ue at
radius a to gradient value of zero at radius p, and to negative gradient
val ue at radius b. Nanely, the absolute value of the gradient of the power
distribution curve in progressive part of the near zone 14 decreases when
the radius fromcenter O increases fromradius a to radius p, and the
absol ute val ue of the gradient of the power distribution curve in
progressi Rewgar tvaxfiahe oredrn ziolne plbddmeseases pehensthE tadi Usifsom center
O increases from radius p to radius b. The desi gned power val ue of power
distributfem Eonce 3 rshef apazorern8, 1theansartirmonee¢dnd drat heosecond far
zone 15 can be expressed by the followi ng polynom al equation. [Equation
1] Pm(r)=Rbrn iran-Fig- B ,+armwRen- 2 cemputing +aRe2 wdlotemadtind@fractive
power at radius r r: Radius or distance fromlens center m |Index of |ens
zone a: QoaodtyamimivlO<aeunadfi ool yrd alk hequdtawnth 2% Raeer, vaahathen in the
progressive parts of the first far zone 13, the near zone 14, and the
second fagxporssdd bp Ehg Fohwhewicgnmaguwagivims af cienehei emedhple

of this embodiment of multifocal intracocular 1lens

having power +21 D described in paragraph (0061}, the

power of the progressive part of the near zone 14 is

expressed by pclynomial Pl4(r), the power of the

progressive part of the far zone 13 in the center zone

of lens is expressed by polynomial P13(r), and the

progressive part of the second far zone 15, that is the

far annular zone in the peripheral of lens is expressed

by peolynomial P15(r).

[Equation 2]

P, (r)=5.579271r" - 6.404604r° +1.352660r> ~ 0.172927r" + 21.000059
P, (r)=30.8411087* —164.546812r" + 312.553124r — 247.902804r" +91.932185
P,(r)=0.987169r* —10.0488647> +38.0485517> — 64.889717r' + 62.857009

The power 3.5 D at point p represents normal reading
distance of 35 cm. Toobtain a maximumnear visual acuity
of a wearer, the radial height of point p is set to about
1.5 mm. This value is half of 3.0 mm, the average pupil

diameter under typical indoor 1lighting condition.
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pol ynom al equation with the fourth order, can be expressed by the
follow ng equations. In the exanple of this enbodi nent of nultifocal

i ntraocular | ens having power +21 D described in paragraph (0061), the
power of the progressive part of the near zone 14 is expressed by

pol ynom al P14(r), the power of the progressive part of the far zone 13 in
the center zone of lens is expressed by polynom al P13(r), and the
progressive part of the second far zone 15, that is the far annular zone

in the pBurphermal pofidens lispexgfiessedy bytpobyanqm ad t Pbh( 5) i gHHguat i on 2]
P3 (r)= 5.579271r4 - 6.404604r3 + 1.352660r2 - 0.172927r' + 21.000059
P14(r) = SDo84¥108 £ 46Ucb468E2rtr 1 B120568424rthe 2&a3r9028Q4m ca®l. 932185
PS (r)= 0.987169r4 -10.048864r3 + 38.048551x2 - 64.889717x' + 62.857009 The
power 3.bé& feabip@gidtevenegresants aoe malge pagiing dikséarecebeicadteem To
obtain a maxi num near visual acuity of a wearer, the radial height of
point p $msagdétent o aboutlidghHinmn THursdvabios | Sohabhtefr 3. Ohem tHiee aver age
pupi | dianmeter under typical indoor lighting condition. 30 Further, point
p is prediépakmersei oheda tpgsitiedn slgighting . cl oser to the lens center 0 so
that the near vision can be retained even when the average pupil dianeter
becones (8fdller in lighting condition brighter than the aforenmentioned
typical |ighting.
The aforementioned power o and power [ are the

required powers for seeing an object at position 60 cm

in front of eye, for example a =2.0 and § = 1.6 D. When

the maximum addition power is 4.0 D, the maximum near

visual distance is about 30 cm. In this case, as the near

zone 14 has all power values for focusing light coming

from the intended range of near distances, such as range

Wi (Fig.4(B)) from 30 to 60 cm in front of eye, the clearly

seen range of the near vision will be extended. Since

objects at different near distances can be clearly seen,

the comfort of near vision will be improved. As

described earlier, with the condition @ > B and taking

into account the aforementioned spherical aberration,

the refracted light rays can be focused on the retina.

(0048)

Whereas, in the intraccular lens 100 of
conventional art shown in Fig.1ll and Fig.12, the power
distribution of the near zone 104 is more affected by

the spherical aberration towards the lens peripheral.

In the power distribution curve, the power increases in
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(0047) The aforenentioned power a and power O are the required powers for
seeing an object at position 60 cm in front of eye, for exanple a = 2.0
and (3 = 1.6 D. When the maxi mum addition power is 4.0 D, the maxi num near
vi sual distance is about 30 cm In this case, as the near zone 14 has al
power values for focusing light comng fromthe intended range of near

di stances, such as range W (Fig. 4 (B) ) from30 to 60 cmin front of
eye, the clearly seen range of the near vision will be extended. Since

obj ect s ahedififr@ehionedpvdizdarttes tansbpecligdre yadeehowetmr confiert of
near vision will be inproved. As described earlier, wth the condition a >
(3 and tBRWERF ¢hedggccount vt W tdfon epentsitoret sphad cah aber fatyoh, the
refracted |ight rays can be focused on the retina. (0048) Wuereas, in the
i ntraocufar zemse 100hef ne@anvanté onahdarheshewrend fayg. 20nand Flgud2, the
power distribution of the near zone 104 is nore affected by the spherical
aberrati bhet slepEs Phe epgspedi prraal visipn hespeherl Howt anlsutw ohl cur ve,
the power increases in 31 the direction towards the |ens peripheral,
however , PERE 1 dpowel c@fanigesgeniapas t by noednstaar rasgbing tdhetanse far
zone, the near zone, and the second far zone. Thus the depth of focus of
near visil@andge falFdW -ghtA W Elrom 25 to 35 cm in front of eye),

as an example. 1In addition, due to the integral effect
of the aforementioned lens spherical aberration and the
corneal spherical aberration, when the pupil diameter
enlarges, the expected visual acuity of far vision
decreases in lens of the conventional art. In Fig.4,
Fig.5, and Fig.6, numeral 18 indicates the retina.
(0049)

In the near zone 14 of the intraocular lens 10 of
this embodiment shown in Fig.2 and Fig.3, the power is
set to a value less than the addition power prescribed
for a patient as a proper power for correcting the near
vision of the patient. Namely, in the conventional art
shown in Fig.1l1l and Fig.12, although the addition power
of the near zone 104 slightly increases in a range of
3 to 4 D, the addition power is set to almost a constant
value. Meanwhile, in the near zone 14 of this embodiment,
shown in Fig.3, the mean power of the near zone 14 is
designed to have a value of equal to or less than 3.0
D.

{0050)
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provide clear image quality only for reading distance (range W(Fig.4(A
from25 to 35 cmin front of eye), as an exanple. In addition, due to the
integral effect of the aforenentioned | ens spherical aberration and the
corneal spherical aberration, when the pupil dianmeter enlarges, the
expected visual acuity of far vision decreases in |lens of the conventional
art. In Fig.4, Fig.5 and Fig.6, nuneral 18 indicates the retina. (0049)
In the near zone 14 of the intraocular lens 10 of this enbodi nent shown in
Fig.2 and Fi g.Bhet megowepirst $et(Ftigy a5 valygHlessishan aberagdiinton power
prescribed for a patient as a proper power for correcting the near vision
of the palkeemly Naaehy by nthbeneenvenicdwmal af t anshedm kicFpgtliland
Fig.12, although the addition power of the near zone 104 slightly
i ncr easebseiimaanredngee of hyB etrophl H, no hemgaddiitad dutpemnet sopdta taf tad nost a
constant value. Meanwhile, in the near zone 14 of this enbodi ment, shown
in Fig. 3intheawabapowelrent t henpéantzadnieodd ithatdesirgnedetedhaviena val ue
of equal to or less than 3.0 D. (0050) 32 The near point 1 (Fig.5(A),(B))
i s a neacrpeititllthearllgnseenAbyetahe meantvicsi omnofpdra lapbakiad ipat t ent
bei ng neither hyperopia nor nyopia but emmetropia after
. being myopia after the aforementioned intraocular lens
implantation is the near point 2 (Fig. 5 (A) (B)in the
conventional art, and the near point 3 (Fig.5(B))in this
embodiment. Since the mean addition power of a
conventional art is greater than the mean addition power
of this embodiment, distance Li between the near point
3 and the near point 1 is shorter than distance Lp between
the near point 2 and the near point 1. As the near point
3 of this embodiment is not excessively close to the eye,
the visual performance of near vision can be retained.
Further, the far point 2 is closer to the eye than the
far point 3, therefore the eye with this embodiment can
see an object between the far point 2 and the far point
3.
(0051)
In the near zone 14 of the intraocular lens 10 of
this embodiment, a power range of a power distribution
of near vision is greater than the power range of the
near zone 104 of the lens 100. In addition, the mean

power is set to a value less than the addition power

prescribed for a patient as a proper power for correcting
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intraocular lens inplantation that replaced the crystalline lens. A near
poi nt of an aphakic patient being nyopia after the aforenentioned
intraocular lens inplantation is the near point 2 (Fig. 5 (A(B)in the
conventional art, and the near point 3 5 (B (Fig. ) ) in this enbodinent.
Since the nmean addition power of a conventional art is greater than the
mean addition power | of this enbodi nent, distance Li between the near
point 3 and the near point 1 is shorter than distance Lp between the near
poi nt 2 bhe thiee mears ponnd f1this pahel eaeér plitwtre Book,t kiss sdnbodi ent i s
not excessively close to the eye, the visual performance of near vision
can be rEtgi.ife(B) , Ruftter] ltdregthrFpoith2 head oser 1d thegeyenhan the
far point 3, therefore the eye with this enbodi mrent can see an object
bet ween ¥haeflar, pohat p2sdrdi eheofafopnised BighB05ly fanthlee meaarizone 14
of the intraocular lens 10 of this enbodi nent, a power range of a power
di stribufrom tbfe nedrradsiidman d aqreat@r thhsrefeopeweligangeacfsime near
zone 104 of the lens 100. In addition, the nean power is set to a value
| ess t hahhtriverHddi heonegowerongr édcwmiileld Yorfacpstd®mnashe prdpera power
for correcting 33 the near vision of the patient. Therefore, as shown in
18, thus reducing the possibilities of halo and glare
symptoms in a dark environment. Beside reducing the
possibilities of halo and glare symptoms, since the
clearly seen near point is not excessively close to the
eye, the visual performance of the near vision can be
retained. By making the near zone 14 having progressive
configuration between radial heights a and p, and

between radial heights p and b, and setting the addition
power o at radial height a and the addition power P at
radial height b, so that a > B, the distance range of
near vision where an object can be clearly seen is
extended, and the image of object can be clearly seen
at the retina.

Meanwhile, in the conventional art, when the mean
power of the near zone 104 of the intraocular lens 100
is set to a value greater than the addition power
prescribed for a patient as a proper power for correcting
the near vision of the patient, the focal length Fp of
the near zone 104, is shorter than the focal length Fi,
as shown in Fig.6(A}). Therefore, the position of the

focused light that passes through the near zone 104 is
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Fig. 6 (B) , a focal length Fi of the near zone 14 | engthens. Nanely, the
position of focused light is farther apart fromthe intraocular |ens 10.
Therefore, light passing through the near zone 14 will be focused on the
retina 18, thus reducing the possibilities of halo and glare synptons in
a dark environnent. Beside reducing the possibilities of halo and glare
synptons, since the clearly seen near point is not excessively close to
the eye, the visual performance of the near vision can be retained. By
maki ng t hé osear tzondeld niand mgupraglessi 16 0,cenfd hercau o et igeph t adi al
hei ghts a and p, and between radial heights p and b, and setting the
addi t i onispdwert ra laet eddvadehepght ha ard itrhe ld&ddith @p posebiQ idtiesadi al
hei ght b, so that a > (3, the distance range of near vision where an
obj ect caf etdeanidy gbanci symrtendedyidhd ither¢ange iof bbeeciachn be
clearly seen at the retina. Meanwhile, in the conventional art, when the
mean po@ewrigfonthenfiear zone 104 of the intraocular lens 100 is set to a
val ue greater than the addition power prescribed for a patient as a proper
power fofO08erdlect?hg Fitthet néar vwienldf arhd paticent ,fahezfoocal 1bength Fp
of the near zone 104, is shorter than the focal length Fi, as shown in
Fig.6(A). TherBherélindie pasi epoe df3 theowhodonséd d i ghenth&ti gpasses t hr ough
t he near zone 104 is 34

designed to have powers to vary progressively from power

that 1is negative relative to the reference power to

positive power ¥y, 1in an entire region (range from point

0 to point a in Fig.3) in radial direction.

Also, the second far zone 15 is designed to have

powers vary progressively from power & that is positive
relative to the reference power to negative power in an
entire region (range from point b to point ¢ in Fig.3)}
in radial direction.

The powers vy and & herein are the powers required
for seeing an object at distance 1.5 m in front of eye.
The first far zone 13 and the second far zone 15 will
deepen the depth of focus of far vision, widen a clearly
seen range Xi (Fig.4(B))} of the far vision (for example
in the range of 1.5 to 6 m), and improve comfort of far
vision.

(0053}

Meanwhile, in the first far zone 103 and the second

far zone 105 of the intraocular lens 100 shown in Fig.11

and Fig.1l2, the power distribution values are almost
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closer to the intraocul ar |Iens 100, and because the light is distributed
wi der on the retina 18, the possibilities of halo and glare synptons wl |l
increase in the dark environnent. (0052) (2) First far zone 13 and second
far zone 15 The first far zone 13 shown in Fig.2 and Fig.3 is designed to
have powers to vary progressively frompower that is negative relative to
the reference power to positive power y, in an entire region (range from
point O to point ain Fig.3) inradial direction. Al so, the second far
zone 15 tondesignedanhd halesepover s tagy pedgressiwelyovesm gedere 8 that i s
positive relative to the reference power to negative power in an entire
regi on (Thrge fionem pdinttrdoteolpoi nteosi NP ghd)s $hadddival ddptéctédn. The
powers y and 8 herein are the powers required for seeing an object at

di st ancef ¢chsmoiin flaomi vfosyedisTanter sanfisr Xporld UB- 4hd )t sfecond f ar
zone 15 will deepen the depth of focus of far vision, widen a clearly

seen rangésXion Filpde (8h Pboeathedarbeiscienrlfivrsexanpfer grampele ange of
1.5to 6 n), and inprove confort of far vision. (0053) Meanwhile, in the
first fainzohe X@hg@mdofhad secéneh) fig rrdNEO¥EE dfthamethat rao@s afil ens 100

shown in Fig.11 and Fig.12, the power distribution values are al nost
of this embodiment, and lower comfort of far wvision.

(0054}

In the intraocular lens 10 shown in Fig.2 and Fig. 3,
powers of the inner sub-region of the lens in the first
far zone 13, and powers of the outer sub-region of the
lens in the second far zone 15 are set to have a mean
power value equal to or less than and negative relative
to the reference power. Thus, the optical power of eye
of a wearer of the intraocular lens 10 can be shifted
to the hyperopic side, and this slight hyperopia (+0.3
D or less) can improve the image quality of far vision
of the wearer of the intraoccular lens 10.

{0055)

The far point 1 (Fig.5) is the point at far distance
where an object can be clearly seen by the far vision
of an aphakic patient being neither hyperopia nor myopia
but emmetropia after intraocular lens implantation that
replaced the crystalline lens. A far point of an aphakic
patient being myopia after the implantation of
intraocular lens 10 of this embodiment is the far point

3. This is because sub-regions of the first far zone 13
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35 constant and close to the reference power value. Therefore, intraocular
| ens 100 has shall ow depth of focus of far vision, distance range Xp (Fig.
4 (A)) of far vision where an object can be clearly seen (for exanple in
the range of 2 to 6 m is narrower than the range Xi of this enbodi nent,
and |l ower confort of far vision. (0054) In the intraocular |ens 10 shown
in Fig.2 and Fig.3, powers of the inner sub-region of the lens in the
first far zone 13, and powers of the outer sub-region of the lens in the
second fandzare: 1Scavadsefat ozbhawe B5 medn thpowen t valowaex Bguall encs 0¥ 01 ess
than and negative relative to the reference power. Thus, the optical power
of eye bévaimnmeparlee aokatrheoweracculae kéms 10s canghde ishe f red attiove he
hyperopi c side, and this slight hyperopia (+0.3 D or less) can inprove the
i mge quiabitieofetaranseaowet,t heawas s Ohethgoprita gt arc £ ense 10.
(0055) The far point 1 (Fig.5) is the point at far distance where an
obj ect cpatberd dayl yhidenihy the fepticsilorpowé raw fapttaks cppdtiieamt bei ng
nei t her hyperopia nor nyopia but emmetropia after intraocular |ens
i npl ant at comhehatypeeplpaicedstibe .crystalline lens. A far point of an aphakic
patient being nyopia after the inplantation of intraocular lens 10 of this
enbodi nent is Ihmeafdtifpobont, in comparing the focused image in

Fig.6(A)and (B), the center image of the conventional

art (A)spreads wider than the center image of this

embodiment (B), and the center image blurs widér with the

increasing radius from the center point. This means that

the conventional art in Fig.6 (A) can not obtain a clear

far vision in the center image and its peripheral, namely

with the first far zone and the second far zone of the

intraocular lens. On the contrary, this embodiment in

Fig.6(B), can obtain a clear visual field by setting a

mean power value that 1is negative <relative to the

reference power in the first far zone and the second far

zone and canceling the aforementioned spherical

aberration in the cornea.

As a result, a part of an excesive power value that

is positive relative to the reference power, can be

canceled by the sub-regions having the mean power values

that are negative relative to the reference power in the

first far zone 13 and the second far zone 15, and myopia

can be reduced. Further, the effect of corneal spherical

aberration that increases with the increase of the radial
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3. This is because sub-regions of the first far zone 13 36 and the second
far zone 15 of the intraocular lens 10 having the nean power value that is
negative relative to the reference power, cancels the nyopic power of the
patient by shifting the optical power of this patient to the hyperopic
side. In addition, in conparing the focused inmage in Fig.6(A)and (B), the
center image of the conventional art (A)spreads wider than the center
i mge of this enbodinment (B), and the center imge blurs wider with the
i ncreasihgigddi o Eramaheaoehteer apaiat ¢ dThy & Ineansb + hay i arhéaconvent i onal
art in Fig.6 (A) can not obtain a clear far vision in the center inage and
its peripheracamapelgr wahuehaddasivearthronel and etliset secod ftare zone of
the intraocular lens. On the contrary, this enbodinent in Fig.6(B), can
obt ai n arefeaenisunbwiarl df bphsets¢agnad faslanzpowerl v¥al ue that is negative
relative to the reference power in the first far zone and the second far
zone and cancelingonisd & vipgetthiconedrsphdr isgate raberlr ath onriak itdie, cor nea.
As a result, a part of an excesive power value that is positive relative
to the reéeeente powesr cahulkey gancekdddidya tihe tSud-fegsansahavdaamget he nmean
power values that are negative relative to the reference power in the
first fat3zohecllg st he weebadatary Zoneallsr Bhdnnipbgi power value

6 at radius b in the second far zone 15 of the lens.

(0056)

In the intraccular lens 100 of the conventional art

in Fig.1ll and Fig.12, the power of the first far zone

103 and the second far zone 105 is set to be the reference

power (0 D). Therefore, the optical power of the eye of

the wearer of the intraocular 1ens 100 can not be shifted

to slight hyperopic side. The far point 2 {(Fig.5{A))is

the far point of a patient having an aphakic eye being

myoplia after the implantation of intraocular lens 100.

Distance Mi between the far point 3 and the far point

1 is shorter than distance Mp between the far point 2

and the far point 1, and therefore the myopia of the wearer

of the intraccular lens 10 of this embodiment is reduced.

Thus, the image quality of the far vision of the eye of

a lens wearer will be improved, and the possibilities

of halo and glare symptoms in the dark environment can

be reduced.

{0057) (3) Boundary of the first far zone 13, the second

far zone 15, and the near zone 14
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can be reduced. Further, the effect of corneal spherical aberration that
increases with the increase of the radial 37 height of cornea can be
cancel ed by the sub-region having the nmean power value negative that is
relative to the reference power of the second far zone 15. In considering
t he corneal spherical aberration, here the power value y at radius a in
the first far zone 13 of the lens is preferably greater than the power
value S at radius b in the second far zone 15 of the lens. (0056) In the
i ntraocul ar | els 0@waf iheFdgnvienttbralirsrtaccnllirg.lldnandOFigpd2a the
power of the first far zone 103 and the second far zone 105 is set to be
t he refebenceiappweeti@<d) thdhérefsdr efathecaopt ilchlapdwer nek it leorege of
the wearer of the intraocular |ens 100 can not be shifted to slight
hyper opi t4sigewehhe f ap poumt 12 f(1F @t 26A) picintt he dad phenbodhda pat i ent
havi ng an aphaki c eye being myopia after the inplantation of intraocul ar
| ens 100betbietrande MeabetweenléhenflarhpaiatoBdangr tdvend drdS geionterd is
shorter than distance Mp between the far point 2 and the far point 1, and
thereforg tihe yopita oh fllhecweanerpodhti)he Hanttmgcup@welransal@ eafedhi s
enbodi ment is reduced. Thus, the image quality of the far vision of the
eye of dibemsitweaveusdiy | tbe Hawpeowvedstapditske powsirbidiffeserafe hal o and
glare synptons in the dark environnent can

Accordingly, the 1light energy passing through the

intraocular lens 10 is used only for the far vision by

the first far zone 13 and the second far zone 15, and

the near vision by the near zone 14. As aresult, an image

of far vision and an image of near vision are clearer

than those o©of the intraocular lens having the

intermediate zone for intermediate power, and the image

quality (contrast and sharpness) of the far vision and

the near vision can be improved.

(0058)

Height of discontinuocus power step (power

difference) at the boundary between the first far zone

13 and the near zone 14 and the boundary between the near

zone 14 and the second far zone 15 has a sufficient power

difference for separating the image of far vision from

the image of near vision on the retina 18. A human visual

system (eye, retina, optic nerve, and brain) selectively

sees a clear image of far vision or image of near vision

as intended, and does not see both images simultaneously.

Namely, in the conventional art, the images constructed
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be reduced. (0057) (3) Boundary of the first far zone 13, the second far
zone 15, and the near zone 14 38 As shown in Fig.3, the intraocular lens 10
has a boundary between the first far zone 13 and a near zone 14 (powers y
to (x at inflection point), and the boundary between the near zone 14 and
the second far zone 15 (powers (3 to 3 at inflection point) having powers
altered discontinuously to have a stepw se power difference. Accordingly,
the |ight energy passing through the intraocular lens 10 is used only for
the far P¥sibhebylntresdsatrarzeose 18 vdmw t Hatlseroadifadie zamwdas, and
the near vision by the near zone 14. As a result, an image of far vision
and an i & oimadan bt dGioese erparempepgnvikds&hef g ¢ mfabzal ar | ens
having the internediate zone for intermediate power, and the inage

qual ity YeSatTastnand Star pAessimaget ivef f apay sy briand andhemidart ¥esi on can
be inproved. (0058) Height of discontinuous power step (power difference)
at the boORGIHF PEERechA™AELS | rst Mernvbade/13 Hnd t hengear zordd 18 and the
boundary between the near zone 14 and the second far zone 15 has a

suffici eRBEPpSietenti f g ence fofuiépariihg HesFaagdrofodar WmI®h from

the image of near vision on the retina 18, A human vi sual
difference for separating the image of far vision from

the image of near vision on the retina, and therefore
the appearance of such a mixing of the constructed image
can be prevented.

(0059)

In addition, as shown in Fig.3, both sub-regions
next to the near zones 14 in the first far zone 13 and
the second far zone 15 are set to have mean power values
greater than and positive relative to the reference power
(0 D). Thus, the power difference can be reduced at the
boundary between the first far zone 13 and the near zone
14, and at the boundary between the near zone 14 and the
second far zone 15; in this embodiment, the power
difference is set to a value in a range of 1 to 2 D. As
a result, the possibility of an image jump phenomenocon
is reduced, and when a visual field is changed between
seeing an object at far distance and seeing an object
at near distance, the comfort of vision when changing
the visual field can be obtained.

(0060}

Since the near =zone 14 has a progressive
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system (eye, retina, optic nerve, and brain) selectively sees a clear
image of far vision or inmage of near vision as intended, and does not see
bot h i mages si nul taneously. Nanely, in the conventional art, the inages
constructed 39 by the internedi ate zone having internedi ate power
(internedi ate i mages) superinpose with the image of far vision and with
the image of near vision and mx the constructed i mges. Meanwhil e, the

| ens of this enbodi nent has a sufficient discontinuous power difference
for sepatahifigyihetimage bt sf areanm spowdr oma luke igmagesof tkRan Wiséon on
the retina, and therefore the appearance of such a m xing of the

const r uct éd iitntagye p @adr her psevditad.f (HR5PR t leamadd & propasr lwowri n

Fig.3, both sub-regions next to the near zones 14 in the first far zone 13
and thefsecandrfactione tibecaneasetvieibave freahep@uer i®alkues Tigreat er t han
and positive relative to the reference power (0 D). Thus, the power

di fferenceleas beahedpcedeaimbhe e hatndany dbetiveed ddeitikst ploare zone 13

and the near zone 14, and at the boundary between the near zone 14 and the
second fROrzoreer 1%y iskettd sgenbodiaentpotvrhe paler tdiaftf esepoeiitsivet to a
value in a range of 1 to 2 D. As a result, the possibility of an inage
j unp phenemanrdne i Sor educeatk f @ndnehepewersual ddwdd  soehanged et ween
region in the first far zone 13 and to power 8 of the
near region in the second far zone 15, the intervals of
Yy to o and p to 8 become small. Thus, image jump, halo
and glare symptoms can be minimized.
In addition, in the conventicnal art as shown in
Fig.1l2, the power distribution i1s set sc that the power
is abruptly altered at the boundary between the zone for
correcting far vision and a zone for correcting near
vision. Namely, by an abrupt alteration of a curvature
at the inflection point (line) where curvature surface
of the far zone for far power and curvature surface of
the near zone for near power intersect each other, this
inflection point (line) may become a source generating
glare. Further, machining is difficult to perform in
accordance with the aforementioned setting. However, in
this embodiment as shown in Fig.3, by setting the mean
power value at the aforementioned boundary, the
alteration of its curvature becomes smooth, and the

possibility of glare can be reduced. Further, machining

will be easier, leading to an improvement of yield.
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seeing an object at far distance and seeing an object at near distance,
the confort of vision when changing the visual field can be obtai ned.
(0060) Since the near zone 14 has a progressive 40 configuration, its
mean power value is less than the addition power prescribed for a patient
as a proper power for correcting the near vision of the patient. Thus,
values a and (3 are smaller than a desired addition power. Further, by
setting the nean power value that is positive relative to the reference
power tot(pé&Wdr) y of the near region in the first far zone 13 and to power
S of the near region in the second far zone 15, the intervals of y to a
and (3 to S bekbnexsmille TJhuthe| pags ¢uhplinNaind L andv gldr @ssywiptens can be
mnimzed. In addition, in the conventional art as shown in Fig.12, the
power diBeriEmnd®n-is set so that the power is abruptly altered at the
boundary between the zone for correcting far vision and a zone for
correcting neafn Viisi-oh.aNdn®lyg - 2%, ahhgbhrpieapreicat ibnreprgsanivature at
the inflection point (line) where curvature surface of the far zone for
far powekh&nd ¥ #&Cirle2 sudlfade pPWeithed hear Zone HeieneadropPewer @ ht ersect
each other, this inflection point (line) nmay becone a source generating

gl are. Foprefers deehahiced iss dilffdeurm @pdperfot m/onmm in the near

zone are 22.9%97 Dand 22.64 D, respectively. Also, powers
at radius distances a = 1.05 mm and b = 1.75 mm in the
far zone are 21.60 D and 21.28 D, respectively.
Therefore, the difference between the addition
power value o at radius distance a in the near zone 14
of the lens, the addition power value B at radius distance
b in the near zone 14 of the lens, the addition power
value v at radius distance a in the first far zone 13 of
the lens, and addition power value & at radius distance

b in the second far zone 15 of the lens and the base power

0 D are 1.97(=22.97 - 21.0), 1.64{(=22.64 - 21.0),
0.60(=21.60 - 21.0), and 0.28{(=21.28 - 21.0)D,
respectively.

The value p at radius distance p between radius

distances a and b, is the greater addition power that
is determined on the basis of the nearest distance,.
When the values of the nearest distance as the
intermediate distance and the radius distance are set
to 30 cm and 1.4 mm, respectively, power at radius

distance 1.4 mm is 25.13 D, and p is 4.13 D.
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accordance wth the aforenentioned setting. However, in this enbodi nent as
shown in Fig.3, by setting the nean power value at the aforenentioned
boundary, the alteration of its curvature becones snooth, and the
possibility of glare can be reduced. Further, machining wll| be easier,
| eading to an inprovenent of yield. 41 (0061) An exanple of the present
invention wll be given hereunder. ~ In Fig.3 and Fig.22, the base power 0
represents the intraocular |ens power of 21 D. Here, powers at radius
di stances a =#Wh6b mmandaiuved. 8% mhhen ndernedr dishenaree 22. ¥hh® and
22.64 D, respectively. Al so, powers at radius distances a = 1.05 mmand b
= 1.75 mimterredidae dirctanee21s6G<dX and 23. 28, Dpawespesti velddus
Therefore, the difference between the addition power value a at radius
di stancedfisicaride bedr maones 144 .0f9 the leys,pthe addidipn power value R at
radius distance b in the near zone 14 of the lens, the addition power
value y at radilus difstrammwenaiiomddepdivest farolzbrenk’l dfy thepuwrsy and
addi ti on power value 8 at radius distance b in the second far zone 15 of
t he | enscahdutltet baseofiowdre dobnaremb Byl =22d97he 2hidlcal. 64(st22n64 -
21.0), 0.60(=21.60 - 21.0), and 0.28(=21.28 - 21.0)D, respectively.

of the lenses shown in Table 1 using the ray tracing method.

This type of invented d lens is designed by modeling the

optical system of cornea and ray tracing method using

a widely sold and known optical design software such as

the optical design and evaluation program CODE V

(registered trademark), a product of Optical Research

Associates, and optical system design software

ZEMAX (registered trademark), a product of ZEMAX

Development Corporation, USA.

(0062)

In a lens made of a material having different

refractive index or an optical body having different
shape, the values of a, B, v, and 6 differ slightly from
the aforementioned values,. In addition, the values of
o, B, Y, and 6 also differ slightly from the
aforementioned values when the lens 1s designed with
different cornea model. However, knowledge regarding
this example and this embodiment can be applied for
designing a lens having parameters different from the
aforementioned examples, such as refractive index,

cptical body shape, and parameters.
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The value p at radius distance p between radius distances a and b, is the
greater addition power that is determ ned on the basis of the nearest

di stance. i \Wen the values of the nearest distance as the internediate
di stance and the radius distance are set to 30 cmand 1.4 nm respectively,
power at radius distance 1.4 nmis 25.13 D, and p is 4.13 D. 42 Wen the
val ues of the nearest distance as the internediate distance is set to 35
cm power at radius distance 1.4 nmis 24.49 D, and p is 3.49 D. The

af or enent PO®edd power is obtained by conputer calculation of the cornea
nodel and the optical system of the | enses shown in Table 1 using the ray
traci ng net hodds Fhepetojplel of ekavgnted & Feas 6i,s Fdesi ghednby Fristet Png t he
optical systemof cornea and ray tracing nmethod using a w dely sold and
known opshoal Wesi gassdftswaré dadhr asimvfetoprinchly desimgh and teweat@ati on
program CODE V (registered trademark), a product of Optical Research
Associ at 2BMA3hd wptincadpeystiemn dddiagre bof t warte t ZEMAXEMedirsd ebednm,
trademark), a product of ZEMAX Devel opnent Corporation, USA. (0062) 1In a
| ens madeesbexrmavedival Havd ngd dRHf emshtFigefPd@)i vieréndeg oesanlopti cal

body having different shape, the values of a, (3, y, and S differ slightly
from of conventional arts, and Fig.24(B) and Fig.25(B) are

the results of this embodiment. Table 1 show the
parameters of an evye model of the conventional art and
this embodiment.

In this example, a circular object of a 1ight source
having a diameter of 20 cm is located at a distance of
60 m in front of the eye model having parameters shown
in Table 1. 1In a real l1ife, this circular object can be
a traffic signal at night, as an example.

Light rays refracted by the near zone of the
intraocular lens appear as a halo pattern surrounding
the center image of the 1light source. Here, halo
appears larger than the actual image of the 1light source.
Then, halo surrounds the center image constructed by the
far zone of the lens. Normally, in comparison with lens
having near zone wherein the near zone next to the far
zone has lower mean power, the greater mean value of the
near zone of the lens, the larger and the denser halo
pattern will be.

The mean power in the near zone of the lens in the

conventicnal art, is designed greater than the mean power
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the aforenentioned values. In addition, the values of a, (3, y, and 3 also
differ slightly fromthe aforenentioned values when the lens is designed
with different cornea nodel. However, know edge regarding this exanple
and this enbodi nent can be applied for designing a |lens having paraneters
different fromthe aforenentioned exanples, such as refractive index,
optical body shape, and paraneters. 43 (0063) As a specific exanple of
Fig.6, Fig.24 and Fig.25 show the results of halo simulation by using
sof t war eo £ ZEMB X e wirt hoapeptfut bedi anet ef skt st exdmpheand Bhawefore,
respectively. Fig.24(A) and Fig.25(A) are the results of conventional
arts, anasFsgodd( B)n andg FR2g. 2n(B)Fiay 2 5t hée hreesuli2s of hhils pralvdad nent .
Table 1 show the paraneters of an eye nodel of the conventional art and
t hi s enbodi remts. din e scenarplte,cmati actl drs dmeperothanl thhkt ssioe ce
having a dianeter of 20 cmis located at a distance of 60 min front of
t he eye obdeh lbapiarng gpan anEtbessshdwnhiisnekabipl d. |Alao,eals Isifaynthi s
circular object can be a traffic signal at night, as an exanple. Light
rays refinctieidg bg 5t hehatar poneeoh tdE liens adcul @aonkemns: iappear sast a hal o
pattern surrounding the center inmage of the |light source. Here, halo

becomes denser than halo pattern of lens of this example.

Namely, the light intensity ©of halo pattern of lens of

this example is less than that of the halo pattern of

lens in the conventional art, and with a lens of this

example, a patient will hardly feel inconvenient.

Namely, it suggests that a patient implanted with a lens

of this example will be less bothered by halo symptoms

at night than a patient implanted with a lens of the

conventional art.

{(0064)

The performance of a multifocal intraocular lens

is affected by the configuration of each region of zones

for correcting far vision and zcenes for correcting near

vision in the lens, the addition power, and the power

distribution, and so forth. The optical performance of

a multifocal intraocular lens can be shown by a

distance-visual acuity graph showing the relation

between the distance of ocbject and the visual acuity when

seeing it, and a distance-contrast graph showing the

relation between the distance of object and the contrast

(MTF wvalue) that represents the image property. In
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appears larger than the actual inmage of the |light source. Then, halo
surrounds the center inmage constructed by the far zone of the |ens.
Normal Iy, in conparison with |l ens having near zone wherein the near zone
next to the far zone has | ower nmean power, the greater nean val ue of the
near zone of the lens, the larger and the denser halo pattern wll be. The
mean power in the near zone of the lens in the conventional art, is
desi gned greater than the nmean power 44 of the near zone of the | ens of
this exanple.t ikhereibhethias, shbanries b ys 2¢iamd: By 2B¢ ghepdizeodf hal o
pattern of lens of the conventional art is larger than the size of halo
pattern thelwnd taffehad eranmpieculbgolcass sifowhe i 7 §. @Bboldimepat t er n of
| ens in conventional art beconmes denser than halo pattern of lens of this
exanpl e.anNahbeymutlhiel foghtl intermsditylefr Ralne pet ttdren afnveng ignathi s
exanple is less than that of the halo pattern of Ilens in the conventional
art, andawitlare |enplefinddisheaxanpiier.a patient will hardly feel
i nconvenient. Nanely, it suggests that a patient inplanted with a | ens of
this exatPéaill be | ess bothered by halo synptons at night than a
patient inplanted with a lens of the conventional art. (0064) The
performance ofTeenmubpifiosal iperbocmearceéensare affected by the
aperture diameter of the lens and the pupil diameter of
an aphakic patient. Results relating with a case where
these diameter change are also given. Inaddition, Fig.7
shows the configuration of the far zone and the near zone
in both the multifocal intraocular lens of the first
embodiment and of the conventional art. Further, the
base powers of both lenses are 21.0 D, and those power
distributions are shown inFig.3 and Fig.12. The maximum
addition power of the near zone of the lens is about 3.5
D in both lenses. &aAlso, the near zone of this embodiment
has the mean addition power of about 3.5 D in the
sub-region in the wvicinity of the peak of the power
distribution, and other sub-regions of the near zone have
the mean addition powers equal to or less than 3.5 D.
Meanwhile, the lens of the conventional art has the
addition power that almost constant about 3.5 D in aill
sub-regions of the near zone.
(0066)

To prepare the aforementioned graphs for the

evaluation, 1image simulation with eye model having
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is affected by the configuration of each region of zones for correcting
far vision and zones for correcting near vision in the |lens, the addition
power, and the power distribution, and so forth. The optical performance
of a multifocal intraocular |ens can be shown by a distance-visual acuity
graph showing the relation between the distance of object and the visual
acuity when seeing it, and a distance-contrast graph showng the relation
bet ween the di stance of object and the contrast (MIF val ue) that

repr esenpg ttemee T auge sprooperiy. Thb 145 I etas i pardfidiméedi by tisd reestuhés gi ven
by the graphs of the multifocal intraocular lens of the first enbodi nent
and t he ppittidatal systreaocuias ilggns o6 fithe wonvBRAMAGhal (rapti sdreeredpl ai ned
her eunder. (0065) The optical perfornmances are affected by the aperture
di anet er tofaddmeatgns androbkequpii ZdMketikevef oparemphakrpopattiiesh, Results
relating with a case where these dianeter change are also given. In

addi ti onUSRi.gThe shonsuahe coonfd gurade ofioof ekled fagre zoneeadd ainteet @ear zone
in both the multifocal intraocular lens of the first enbodinent and of the
convent i dAal5 sar3 . OFurd her anthel . bage )povleas cferboehehgrsseshar@@iid D, and
t hose power distributions are shown in Fig.3and Fig.12. The maxi num

addi t i ondpewsrt of athennenhaxdnepeft itdwt | enShiesvabowt! 3chities that

still can be recognized con the images of the simulated
visual acuity charts were evaluated on 10 observers.
The mean value of the highest visual acuities that can
be recognized at each distance was set as the visual
acuity, and the distance-visual acuity graph (Fig.8)was
drawn for each aperture diameter, in which the horizontal
axis and vertical axis are distance and virtual acuity,
respectively.

(0067) [Table 1]
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Din both I enses. Also, the near zone of this enbodi nent has the nean

addi tion power of about 3.5 Din the sub-region in the vicinity of the
peak of the power distribution, and other sub-regions of the near zone
have the nmean addition powers equal to or less than 3.5 D. Meanwhile, the
| ens of the conventional art has the addition power that al nbst constant
about 3.5 Din all sub-regions of the near zone. (0066) To prepare the

af orenenti oned graphs for the evaluation, imge simulation with eye nodel
having 46 paraneters shown in Table 1 was perfornmed by using the optical

system desi gn slof t ware ZEM eqi st er flonitr ade ZEVAX
Devel opment Cor|por at i on, L\éjj réva db’?ﬂté\ﬂ: WTF“&BGSSC H&gaa Wﬁert ure
dianeter (2.5, 3.0, 3.5, an nat repr ey t he j di gnet er of
anaphaki c patignt. The vi Stg?ﬂg&l(mrgl Notg: 2 stlf’ﬁhwgI n be*mtgéc%gm zdd on the
i mages of the gi i[Sual; acgll Ly| CNg L SoWelT R € at

observers. The é{ﬁ}ggﬁ e | of t7he i ghest Vi sta QCu:ﬁaF fha?’ :a?: be

recogni zed at g&tRO@F&t ance was set as ‘the 3visuhl  acui t), and the
di st ance- vi sual Pawhrtsyrfagar aph (fgl g58)wap digawn 04 egrl appriar Ifamet er,
in which the harfse8e fot-s—anad—vrertidcal—axis '”e -St-AAce-—and "-rtual
acuity, respecﬁlyé\'l.mre - 1. 336

Anterior surface of| Note 1) 0 0. 78 1. 517

intraocular lens

Posterior surface | —3 0. 00 0 18.38|1. 336
of intraccular lens

Retina @ | -~ — e

Table 1 Eye model parameters

Nete 1) The curvature radius of the anterior surface of
intraocular lenses is on the multifocal surfaces of the
intraocular lenses of this embodiment and conventional
art, the curvature radius at the center of the multifocal
surface was set to 12.06 mm.
Note 2) Te reduce the corneal aberration, a conic
constant 'in the anterior surface of cornea was used in
the simulation with ZEMAX.
(0068)

Further, to evaluate the distance-visual acuity
graph, Landolt ring visual acuity chart (see Fig.1l3)

showing visual acuity index 0.2 (Landolt ring} to visual
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(0067) [Table 1] 47 Curvature Conic Thi ckness Refractive onstant radi us

con

(nm Note 2) (mm index Anterior surface 7. 8 -0. 2 0. 55 1. 37 7 of
cornea 3 1 Posterior surface of cornea 6. 50 4. 07 1. 336 -------
------- 0 1. 336 Aperture Anterior surface of Note 1) 0 0. 7 8 1. 51 7
i ntraocular lens Posterior surface - 3 0. 00018 381 336 of
intraocular lens Retina ------- ------- ------ Tabl e 1 Eye nodel paraneters
Note 1) The curvature radius of the anterior surface of intraocular |enses
is on thecmilty fiocddxslr faged ®fethedeilntshacouliar Tanbesl ofetdiws edbodi ment
and conventional art, the curvature radius at the center of the nultifocal
surface bwessdetulat42tbe vmsiNol ea2h ity reddace tihe gos neahsaherataddon, a
conic constant in the anterior surface of cornea was used in the
sinmul at i og wihteh ZEMAXo(WDH8) lens 10 of this embodiment and the

intraocular lens 100 of the conventional art for each

aperture diameter with Zemax. The result samples of the

image simulation results of this embodiment and the

conventional art for each distance are shown in Fig.14

to Fig.17.

(0069)

Visual acuity of 0.3 or greater is required for
clearly seeing an object up to 60 cm in front of eye (near
vision). Fig.8(a) (b) (c) {d) and Table 2 show the
comparison between the range Wi clearly seen by an eye
with the intraocular lens 10 of this embodiment having
near vision visual acuity 0.3 or greater and the range
Wp clearly seen by an eye with the intraocular lens 100
of the conventional art having near vision visual acuity
0.3 or greater for each aperture diameter (2.5, 3.0, 3.5,

and 4.0 mm).

(0070) [Table 2]
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Further, to evaluate the distance-visual
acuity chart (see Fig.13) show ng visual
to visual 48 acuity index 1.0 and eye node
sinmul ate the visual acuity chart

acuity graph,

shown in Tabl e

Landol t
acuity index 0.2 (Landolt
1 were used
i mges constructed by the intraocul ar

ring visual

ring)
to

| ens 10 of this enbodi mrent and the

i ntraocul ar

| ens 100 of the

conventi onal

art for each aperture dianeter with Zemax. The

result sanples-

of the image sinulation results of this enbodi nent and the conventional
art for ea h rh st ance—-are chr\nn rn LCin 14 t N E'n 17 19069\ \f cnal aCL“ty
of 0.3 or $ AB ﬁFe dam&er re hﬁd'menﬁarwpkeeu g arp?ﬂﬁW'P"ﬁba'ftn 60 {cmin
front of e)gn ear vision). Pistatcd (dﬁge:“(id) and D"fslbbﬁc@ rahgngwe
conpari son en t-he rarge W clearly seen by an eye wth the
intraocul af lens 4G of thijs enbodi ggew§)havi ng hnear V|mzwL¢gsual acuyity
0.3 or gre rer—ang e range p CEFRFHY, Seen by an eyegmg;gtne
i ntraocul ar—ens—3 he—conve yerl v Tg—re s+of—vi+syal
acuity 0. 3—or i;tnr fnr each ap fﬁOn r‘ll:.\n"ef r (2 5 (ﬂz 040 3 l; and 4.0
m). (0070 [Tabl%(h] 49 Enbodi mend! 88l e Conbent i onal?7ar40

Table 2

Ranges Wi and Wp clearly seen by eyes with intraocular
lenses of this embodiment and the conventional art
respectively, having near vision visual acuities 0.3 or
greater for each aperture diameter

(0071)

As shown above in Fig.8(a) (k) (c) (d) and Table 2,
the distance range clearly seen by an eye having near
vision visual acuities 0.3 or greater is wider than that
of the conventional art for each aperture diameter.
Under various pupil conditions, in intermediate distance
tasks such as reading and using personal computers,

arn

aphakic patient with intraocular 1lens 10 of this
embodiment can see a near distance object more easily
and more clearly than an aphakic patient with intraocular
lens 100 of the conventional art.
(0072)

Visual acuity of 0.5 or greater is required for

seeing an object at distance 60 cm to 1.5 m in front of
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Aperture diameter (nm D stance range W Di stance range W 2. 5 40”-60
29-42 3.0 31-60 28-42 3. 5 32-60 27-40 4.0 317-60 277-40 Table 2 Ranges
W and W) clearly seen by eyes with intraocular |enses of this enbodi nent
and the conventional art respectively, having near vision visual acuities
0.3 or greater for each aperture dianeter (0071) As shown above in
Fig.8(a)(b)(c)(d) and Table 2, the distance range clearly seen by an eye
havi ng near vision visual acuities 0.3 or greater is wider than that of
t he conventi{dnat e ame dficrt @eachsaper)t wred deanebér.ct Undedivapnaes Jpupi |
conditions, in internediate distance tasks such as reading and using

per sonal mconptt.€r sy aharaphakion pat Fegt. a4 h (bnt{raotdl) aankbeflsablile 03 this
enbodi ment can see a near distance object nore easily and nore clearly

t han an apbakitthepatpepta mi $bni beraocehathd emsn§gé0Xdf ¢ heacdnpverdgemwnal art
(0072) Visual acuity of 0.5 or greater is required for seeing an object
at distangeabCegmidth. bhmintrroriubdir BOns 10 of this embodiment

having intermediate wvision and far wvision wvisual
acuities 0.5 or greater and the range Xp clearly seen
by an eye with the intraocular 1lens 100 of the
conventional art having intermediate vision and far
vision visual acuities 0.5 or greater for each aperture
diameter (2.5, 3.0, 3.5, and 4.0 mm).

(0073) [Table 3]

Aperture diameter Embodiment example Conventional art
(mm) Distance range Xi Distance range Xp
2.5 105~600 124~600
3.0 104~600 134~600
3.5 80~600 136~600
4.0 85~600 115~8600
Table 3

Ranges Xi and Xp clearly seen by eyes with intraocular
lenses of this embodiment and the conventional art
respectively having far vision visual acuities 0.5 or

greater for each aperture diameter

(0074)
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eye(internmedi ate vision) and an object at distance 1.5 mto 6.0 m(far
vision). Fig.8(a) (b)(c) (d) and Table 3 show the conpari son between the
range Xi clearly seen by an eye with the intraocular lens 10 of this
enbodi ment having internediate vision and far vision visual acuities 0.5
or greater and the range Xp clearly seen by an eye with the intraocul ar

| ens 100 of the conventional art having internediate vision and far

vision visual acuities 0.5 or greater for each aperture dianmeter (2.5,

3.0, 3.5, and #s0smywn (Y0Z3Ie [{Tabf o3P (Apeflb ufe)didneted Emfiodi n®nt
exanpl e Conventional art (nm Distance range Xi Distance range Xp 2.5
105- 600 tR4- 606 stHWCce04r800€134-1600r 1 8. 558601600 y1361600 Y4, Ba85L 1690
115-600 Table 3 Ranges Xi and Xp clearly seen by eyes with intraocul ar

| enses ofntkirmedbadicnmonis bod ehe denvemnt $ bnal vartual espedttiivas yO havi ng f ar
vision visual acuities 0.5 or greater for each aperture dianeter (0074) 51
As showncdb@vedheFi g.s8(w) 4oy (thad) whdtTadl etBe comer e tiancd ramnge

clearly seen by an eye havin
for each aperture diameter of 2.5, 3.0, 3.5, and 4.0 mm.

Results given in Tables 2 and 3 show that for wvarious
diameters, the intraccular lens of this embodiment has
a deeper depth of focus of both near vision and far vision.
Additicnally, Fig.8 (a) {(b) (c)and{d) show the
distance-visual acuity characteristics of the
intermediate vision of this embodiment for wvarious
aperture diameters are higher than those of the
conventional art.
(0075)

Further, the distance-MTF value graph for spatial
frequency 50 ¢/mm that corresponds to the visual acuity
of 0.5 for each aperture diameter (2.5, 3.0, 3.5, and
4.0 mm) was obtained. Results of comparing this
embodiment and the conventional art are shown in
Fig.9(a) (b) (c) {d) and Table 4 in which the MTF value of
0.05 or greater was used as the threshold value of the
image quality (contrast and visibility), where an image
still can be seen.

(0076) [Table 4]
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intermedi ate vision and far vision
than that of the conventi onal
Results given in
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t he
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Table 4

Ranges

of far

distance

and near

distance

of this

embodiment and the conventiocnal art where MTF value is

equal to or greater than 0.05 in the distance~MTF value

graphs shown in Fig.9

diameter.

(0077)

(a) (b) (cland(d) for each aperture

From the above results, comparing far distance and

near distance of this embodiment and the conventional
art at the condition of spatial frequency 50 c¢/mm that
corresponds to the visual acuity of 0.5, when a human
eye seeing an object and a background was set to MTF value
of 0.05 or greater, the threshold wvalue of the image
gquality (contrast and sharpness)where an image still can
be seen, shows that the ranges are wider for this
embodiment than these of the conventional art and the
image guality (contrast and sharpness) is favorable for

this embodiment than that of the conventional art. In
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2.5 114-600 49-60 135-600 34-36 3.0 120-600 3360 143-600 30-39 3.5
146- 600 31-44, 51- 1567600 31-45 60 4.0 121-600 35-44, 51- 130-600 31~-39
60 Tabl e 4 Ranges of far distance and near distance of this enbodi nent and
t he conventional art where MIF value is equal to or greater than 0.05 in
t he di stance- MIF val ue graphs shown in Fig.9 (a) (b) (c)and(d)for each
aperture dianeter. (0077) Fromthe above results, conparing far distance
and near distance of this enbodi mrent and the conventional art at the
condi ti oadofitspani al fgsguéacy 5 e/ mmtheat xrespdspondsshowihe visual
acuity of 0.5, when a human eye seeing an object and a background was set
to MIF vElige 8 td) 0b05 @r (gi eat eFaktlhe t ht eshohd vaFaeblef the i negee quality
(contrast and sharpness) where an image still can be seen, shows that the
ranges aséowiateenfornehl sewmbddi agso thaw these tdfe dep thomverfiaonal art
and the inmage quality (contrast and sharpness) is favorable for this
enbodi meatf thameaatvosivmeavgnvertdepah aftfo¢ns53fdduk thaonvisiihar to
the results shown in

of this embodiment are deeper than the depth of focus

of the near vision and the depth of focus of the far vision

of the conventional art.

(0078)

Further, in addition to the éforementioned method
for reducing halo and glare symptoms, to absorb blue
l1ight component from near-ultraviolet which is the
stimulus light component, an ophthalmic lens is colored
and/or is made to have UV-absorbing capability by adding
colorant and/or UV-absorber. Thus, reduction of halo and
glare symptoms is achieved.

In addition, human crystalline lens is known to turn
yellowish with aging, and when a transparent lens is
implanted after removing the crystalline lens, the lens
provides a suppressive effect for cyanopsia, being a
chromosomal due to difference in color between the
transparent lens and the human crystalline lens, change
of a color perception, deterioration of contrast
sensitivity, and an impact of the UV-ray on retina.

Moreover, elution of the colorant and UV-absorber

used in coloring, is preferablyminimized or to none from

the ophthalmic lens. Therefore, reducing the contents
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Fig.8(a)(b)(c)(d), Table 2 and Table 3, the aforenentioned results also
show that the depth of focus of the near vision and the depth of focus of
the far vision of this enbodi nent are deeper than the depth of focus of
the near vision and the depth of focus of the far vision of the
conventional art. (0078) Further, in addition to the aforenentioned nethod
for reducing halo and glare synptons, to absorb blue [|ight conponent from
near-ultraviolet which is the stinmulus |ight conponent, an ophthalmc |ens
i s col orefl cafdd/ragrnt samddehkoUNa\a dvVrhbsorilsi pg ccloprbblliet,y oy vadidi g
col orant and/or UV-absorber. Thus, reduction of halo and glare synptons is
achi evedthken addicttiione hignman acrdystéld | meaansves Khoabstcorkaexr n thyet | ow sh
wi th aging, and when a transparent lens is inplanted after renoving the
crystal | comblierss tvethensn pephittes el supbeessimetefifisct fios oyanepsi a,
being a chronosonmal due to difference in color between the transparent
| ens andpthé&dnmmhecrystalline | ens, change of a color perception,
deterioration of contrast sensitivity, and an inpact of the UV-ray on
retina. MdPE®er, elution of the colorant and UV-absorber wused in
coloring, is preferably mnimzed or to none from the ophthalmc |ens.
Therefore, redicengnadieleakanpdesHdf colorant described in color
index (CIl) are; 0il soluble dyes such as CI solvent yellow
and CI solvent orange, or disperse dyes such as CI
disperse yellow and CI disperse orange. The colorant
other than the aforementioned examples may also be
acceptable, provided that it has good compatibility with
the lens material.
(0080)
As yellowish colorants, CI solvent yellow 16, CI
solvent vyellow 29, CI solvent yellow 33, CI solvent
yellow 44, CI solvent yellow 56, CI solvent vellow 77,
CI sclvent yellow 93, CI disperse yellow 3, etc, are
given.
Additionally, as yellowish brown colorants, CI
solvent yellow 14, CI solvent yellow 104, CI solvent
yellow 105, CI sclvent yellow 110, CI solvent yellow 112,
CI solvent yellow 113, CI solvent yelleow 114, etc, are
given.
Further, as orangish colorants, CI solvent orange

60, CI solvent orange 67, CI solvent orange 68, CI solvent

orange 79, CI solvent orange 80, CI solvent orange 86,

55




of colorant and the UV-absorber is preferable, or using the reactive dye
and the reactive UV-absorber that conbines with an ophthalmc |ens
material is nore preferable. (0079) Preferable exanples of col orant
described in color index (Cl) are; oil soluble dyes such as C sol vent
yel l ow and Cl sol vent orange, or disperse dyes such as Cl i disperse
yel l ow and Cl di sperse orange. The col orant other than the aforenentioned
exanpl es may al so be acceptable, provided that it has good conpatibility
with thell dispmteei alrar{@e80)y, Asrgebliowirsh col orants, Cl solvent yellow
16, C solvent yellow 29, C solvent yellow 33, Cl solvent vyellow 44, C
sol vent yel | ot $6, palr tsictweat lyel Iooe 7ZrakQle sobevdmtr amet $owod3, e di sperse
yellow 3, etc, are given. Additionally, as yellow sh brown col orants, Cl
sol vent géblremelnt i Chesbl vedtoyahtew 103, ©blysintentye yebvow 105,CT
solvent yellow 110, C solvent yellow 112, C solvent yellow 113, C
sol vent yelvewtllgeldtay dde Glivemlv¥antherelasoworhhgi $H cekdvans, Cl
solvent orange 60, Cl solvent orange 67, Cl solvent orange 68, Cl solvent
orange 79¢lCewolVentIoddmge89¢ ¢k ldoiweht ofange86,given. This

is because they are compounds, with maximum absorption

wavelengths set in a range of near 350 to 400 nm. Namely,

these colorants have absorption of visible light from

400 to 500nm, and have an advantage of simultaneously

absorbing the light from 300 to 400 nm, a UV-absorbing

range of the crystalline lens.

(0081)

‘In addition, as the desirable reactive colorant,

a pyrazolone-~based reactive yellow dye expressed by

(formula 1) described in Japanese Patent Laid Open

Publication No.10-155324, and a pyrazolone-based

reactive dye expressed by (formula 2} described in

Japanese Patent Laid Open Publication No.2000-290256.

This is because the aforementioned dies are combined with

a material of the multifocal ophthalmic lens and are not

eluted from the lens. In the following formula, X

illustrates a phenyl group or a 4-alkyl phenyl group.

fFormula 1]
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55 Cl disperse orange 47, are given. As particularly preferable colorants
of the aforenentioned colorants, Cl solvent yellow 93, C solvent yellow
44, Cl solvent yellow 16, C solvent yellow 77, Cl disperse yellow 3, etc,
are given. This 1is because they are conpounds, w th maxi num absorption
wavel engths set in a range of near 350 to 400 nm Nanely, these colorants
have absorption of visible light from 400 to 500nm and have an advant age
of simultaneously absorbing the light from 300 to 400 nm a UV-absorbing
range of the crystalline lens. (0081) |n addition, as the desirable
reactive colorant, a pyrazolgne-based kactive yel | ow dye expressed by
(formula 1) descrlbed in Japa ese Pat aid Qpen Publication
No. 10- 1953 5 pyrazolon;LQ_ ed #f ive dye_expressed by (fornula 2)
descri bed ﬂ; 5 Lai* IicgthdﬁﬂNﬂTﬂﬂdE=290256. Thi s
i s because di

”e not eluted fromthe lens. In the

: ined wijh a material of the

mul tifocal ophthali c |ens an

following formula, X illustrates a phenyl group or a 4-al kyl phenyl group.
[Formula 1] 56 Y 34!

[Formula 2]

H e . /)
x\w_, \ — T
N & z=+N ~(I)
CH, HP*’.\
=0
HyCmf
EH,
UMPO-H X5 4

EEEH}MWX;IHC{£:1>'
HyC ==

HMFC-B 1 X Egc‘(:‘é_}
HyC

(0082)

In the multifocal ophthalmic lens of this
embodiment, by using the UV-absorber together with the
colorant, arbitrary adjustment is possible so as to
absorb light ray in a range from 300 to 400nm. As such

a UV-abscrber,
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N Formula [Formula 2] a [liy H all HWQM; 7s ; UX 31W-13.K;$ 3 J
(0082) In the multifocal ophthalmc lens of this enbodi nent, by using the
UV- absorber together with the <colorant, arbitrary adjustnent is possible
so as to absorb light ray in a range from 300 to 400nm As such a
UV- absorber, 57 (1) Benzotriazol e group
2-(2' -hydroxy-3'-tert-butyl-5"-nethyl phenyl)-5- chl orobenzotri azol e
(TINUVIN 326 by Cl BA-CGEI GY Corporation)
2- (2' - hydioxyBbnzmeihiaplereyl g benpot ri azol e(TINUVIN P by Cl BA- GEl GY
Corporation) 2-(2'-hydroxy-3',5 -ditert-butyl phenyl)benzotriazole (TINUVIN
320 by CkBAZGEIGYdCorpordttoryt-butyl-5'-methylphenyl)-5-
2-(2'-hydroxy3',5" -ditert-butyl phenyl)-5-chl orobenzo triazole(TINUWIN 327
by Cl BA-CELGY Cozpopdtiigniole (TINUVIN 326 by CIBA-GEIGY
2-(2'-hydroxy-3",5" -ditert-anyl phenyl ) benzotri azol e
Corporation)
Z2-{2' -hydroxy-5'-methylphenyl)benzotriazcle {(TINUVIN P
by CIBA-GEIGY Corporation)
2-{(2'-hydroxy-3',5’-ditert-butylphenyl)benzotriazole
(TINUVIN 320 by CIBA-GEIGY Corporation)
2-(2’ -hydroxy3’,5" -ditert-butylphenyl)-5-chlorobenzo
triazole (TINUVIN 327 by CIBA-GEIGY Corporation)
2=-(2'-hydroxy-3',5’-ditert-amylphenyl)benzotriazole
(TINUVIN 328 by CIBA-GEIGY Corporation)
{2) Benzophenone group
2,4- dihydroxybenzophenone
2-hydroxy-4-methoxybenzophenone
Z2-hydroxy-4-octoxybenzcocphencne
2-hydroxy-4-dodecyloxybenzophenone
2,2"=-dihydroxy-4-methoxybenzophenone
2,2"'-dihydroxy-4, 4’ -dimethoxybenzophenone
2-hydroxy—4-methoxy-5-sulfobenzcophenone
(3) Salicylate
Phenyl salicylate
p-tert-butylphenyl-salicylate
p-octylphenyl salicylate

are given.

(0083)
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(TINUVIN 328 by Cl BA- GEI GY Corporation) (2) Benzophenone group 2,4-
di hydr oxybenzophenone 2- hydr oxy- 4- net hoxybenzophenone
2- hydr oxy- 4- oct oxybenzophenone 2-hydroxy-4-dodecyl oxybenzophenone
2, 2' -di hydr oxy- 4- net hoxybenzophenone
2, 2' -di hydr oxy-4, 4' -di met hoxybenzophenone
2- hydr oxy- 4- met hoxy- 5- sul f obenzophenone (3) Salicyl ate Phenyl salicylate
p-tert-butyl phenyl -salicylate p-octyl phenyl salicylate are given. (0083)
58 Also it is possi hiteitsoposesilaleehotuve, Ud- absartbieve ldviebg carleden cal
structure partially simlar to that of the aforenentioned UV-absorbers,
and havi hgvdamara cbepdlgakr szallcet wrehpa monohty apphi drf dro & lbase
material of the intraocular |ens. For exanple, UV-absorbers conposed of
2- hydr oxg£4tdoy ya § b oeyetriiokybenz gphembrserbers, and having a part
2- (2- hydr oxy- 4- et hacryl oyl oxyet hoxy) - 4- chl orobenzotri azol e, and
benzot r i azplod yyoapoard Ishown thn g froenohe 13)apesddreichetio rnal dpaese Pat ent
Lai d Open
material of the intraocular lens. For example,
UV-absorbers composed of
2-hydroxy-4-acrylyloxyethoxybenzophenone,
2-(2-hydroxy-4-methacryloylcoxyethoxy)-4-
chlorobenzotriazole, and benzotriazole compound shown
in (formula 3) described in Japanese Patent Laid Open
Publication No.08-311045, are preferable. Also, as the
other benzotriazole-based reactive UV-absorber, the
reactive UV-absorber having the following structural
formula shown in (formula 4) described in Japanese Patent
Laid Open Publication No.2000-290256 is preferable. In
the formula, X indicates a hydrogen atom, halogen atom,

Cl to C4 alkyl groups or Cl to C4 alkoxy group.

[Formula 3]
HO. On
N I
ma,m,oc&,,—@—ll
X

[Formula 4]
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Publ i cati on No.08-311045, are preferable. Al so, as the other

benzotri azol e-based reacti ve UV-absorber, the reactive UV-absorber having
the followi ng structural formula shown in (formula 4) described in
Japanese Patent Laid Open Publication No.2000-290256 is preferable. In
the formula, X indicates a hydrogen atom halogen atom d to C4 al kyl

groups or C to C4 alkoxy group. [Formula 3] L_!! [Formula 4] 59 NO i
yeti )-.. H FIo~3tIi3n-EIIg FIsCSOr ..... - ORI~~~
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CYPFTED
(0084
As a transparent lens material used in the
ophthalmic lens having a multifocal structure of this
embodiment, for example, a hard polymer material, and
a hydrophilic and hydrophobic soft polymer material are
given.

The hard polymer material is not particularly

60




ophthal mc lens having a nultifocal structure of this enbodinent, for
exanpl e, a hard polyner material, and a hydrophilic and hydrophobic soft
polymer material are given. The hard polyner material is not particularly
60 limted if it is mainly conposed of nethyl methacrylate, and the
hydrophilic soft material is not particularly limted if it is mainly
conposed of 2-hydroxynethyl nethacrylate, and the hydrophobic soft
material is not particularly limted if it has rubber elasticity and has
char act et Lstlitesd dsf d tsafst meansl yetanpak e dAs famsitlhiychme thased yiwttez | al |
one-conponent and two-conponent type liquid silicone rubber that cures by
condensaandn tdrel lapdaddiiii bhcr eadit omatean dle fsvert gairtasudmralcyylic
material, for exanple, nmethyl methacrylate and |Iong chain acrylate

or met hact ymatte d nifutit adry | maeenln- bexndasedl ate, 2rhood yd agmeltdtel

nonyl acryl ate, laurylacrylate, stearylacrylate, 2-ethyl hexyl

met hacr yhatéa awnyh teet kaot yi fa¢ eh yHanepi olnethaorfil anat erdiwdariyd not

nmet hacryl ate, etc) can be given. The copol ynmer obtained by copol yneri zi ng
t he af opemtritdwhedlyal nmddgrpdnehtis eder b ar entesoficicrpseld ild g agent s
(et hyl ene glycol dinethacrylate, arylnethacrylate, trinethylol propane

tri met hachglratarer estlics ppssibls@ o lses material.

As a silicone-based material, one-component and
two-component type liguid silicone rubber that cures by
condensation and an addition reaction, can be given, and
as an acrylic material, for example, methyl methacrylate
and long chain acrylate or methacrylate (n-butylacrylate,
n-hexylacrylate, n-octylacrylate, nonylacrylate,
laurylacrylate, stearylacrylate, 2-ethylhexyl
methacrylate, nonyl methacrylate, lauryl methacrylate,
stearyl methacrylate, etc) can be given.

The copolymer obtained by copolymerizing the
aforementioned main components under existence of
crosslinking agents (ethylene glycol dimethacrylate,
arylmethacrylate, trimethylolpropane trimethacrylate,
etc)is possible to use.

As the soft lens material, one kind cor two kinds
of the long chain acrylate or methacrylate are used, with
preferable glass transition temperature of 30°C or less.

In addition, as the monomer copolymerized with

metylmethacrylate, monomers such as fluorine-containing

acrylate and fluorine-containing methacrylate can be
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As the soft lens material, one kind or two kinds of the long chain
acrylate or nethacrylate are used, with preferable glass transition
tenperature of 30C or less. |In addition, as the nononmer copol ynerized with
met yl net hacryl ate, nononers such as fluorine-containing acrylate and
fluorine-containing nethacrylate can be 61 selected. (0085) As an exanple
of the nmultifocal ophthalmc lens of this enbodinent, 1.5w % of
UV- absorber T-150 and 0.02wt % of reactive yell ow dye HVWO H contai ned in
t he conpsepedctofda general formula (1) were added to a m xture of
n- butyl acryl at e(n-BA) 42 g, phenyl ethyl nmethacrylate (PEMA)52 g, perfluoro
octyl et hyP&RyY Jpr opyl ene net hacryl ate (HRM5131HP)8 g, et hyl ene gl ycol
dinetacrylate (EDMA)5 g, and A1BN 0.33 g, then the mxture was
sufficiently skiraedenhinpd f [cdwitde miwkbgée cagaplantatline obter nealf
pol yneri zable material was placed into a polypropylene (PP) resin nold for
opht hal ntbiseambodimentwas . bwérd bdal¥d aronrherodmitdhpardaurdé s 60C f or
30 minutes, held for 12 hours at 60C, heated from 60C to 90C for 15
m nut es, ofhenaledlidv ¢ oy e 3lhoudy @tiMROT, H heatted ied 18 whautesrfawndo0C to
100C, held for 12 hours at 100C, and thereafter thermally polynerized
based oncfa aoligmeriazat fowmproyr ddli nwakiechh ddedt enpepatiretuas of

n-butylacrylate(n-BA)42 g, phenylethyl methacrylate

(PEMA) 52 g, perfluoro octylethyloxy propylene

methacrylate (HRM-5131HP) 8§ g, ethylene glycol

dimetacrylate (EDMA)5 g, and AlBN 0.33 g, then the

mixture was sufficiently stirred while flowing nitrogen

gas, and the obtained polymerizable material was placed

into a polypropylene (PP} resinmold for ophthalmic lens,

which was then heated from a room temperature to 60°C for

30 minutes, held for 12 hours at 60°C, heated from 60°C

to 90°C for 15 minutes, then held for 3 hours at 90°C,

heated for 15 minutes from 90°C to 100°C, held for 12 hours

at 100°C, and thereafter thermally polymerized based on

a polymerization program in which the temperature was

naturally decreased to room temperature. The obtained

polymer was cut, to form the multifocal ophthalmic lens

of this embodiment. Light transmittance measurement

was performed to this multifocal ophthalmic lens, and

a light transmittance curve was obtained from a mean

value of 10 lenses as shown in Fig.23(A). Further, the

multifocal ophthalmic lens of this example was formed
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naturally decreased to roomtenperature. The obtained polyner was cut, to
formthe multifocal ophthalmc lens of this enbodi nent. Light
transmttance nmeasurenent was perforned to this multifocal ophthalmc
lens, and a light transmttance curve was obtained froma nmean val ue of
10 I enses as shown in Fig. 23(A). Further, the nultifocal ophthalmc |ens
of this exanple was forned 62 by excluding the reactive yellow dye from
the aforenentioned conposition. Thus, the light transmttance curve was
obt ai nedbfr omztheundary vatbhe ofreéhé itransyeiltlance dffel0 fiubthi f octad

ophthal mc lenses (Fig.23(B)), then conpared with the light transmttance
curve ofafbedmerst tomtead ni ngombe sridaceénve yel | Blvude.  teee, Riigyl28

describes as a conparative exanple, the light transmttance of the human
cryst al | £t nenlsenist t & Gicteatdum € Soais cebbb imaxhnt coypst Bkl mean ersiudBoeft ner EA
et al: "Transm ssion of the ocular nedia" Invest. Ophthalnol 1:776 to 783,

1962). Abheg resamemiltitgmcer anfsni 0t anclet tlpve 1( Bypbt htalieni ¢ edsrcoms ai ni ng
only UV-absorber, shows that the light of an ultraviolet region of 400 nm
or |less (&ighsby bed), Ahso clomgdrédanstht threcé igirty & (aX) susitigride
reactive yellow dye is nore closer to a human crystalline lens curve than
t he | i ghtutwansni tthecd cow veofiBr icoimai hihreg reaty itviee WAL dbsordyes, and
found UV-1ight fromblue Iight ,

Here, Fig.23 describes as a comparative example, the

light transmittance of the human crystalline lens
(Citation: Source of human crystalline lens, Boettner
EA et al: “Transmission of the ocular media” Invest.

Ophthalmel 1:776 to 783, 19262).

As a result, light transmittance curve (B) of the
lens containing only UV-absorber, shows that the light
of an ultraviclet region of 400 nm or less is absorbed,
BAlso, light transmittance curve (A) using the reactive
yvellow dye is more closer to a human crystalline lens
curve than the light transmittance curve (B) containing
only the UV-absocrber, and found UV-1light from blue light
from 500 nm to 400 nm, a stimulus light component of halo
and glare symptoms, was absorbed to realize reduction

of halo and glare symptoms.

(0086) [B] Second embodiment (Fig.10)
Fig.1l0 is an illustration of lens body 31 of an
intraocular lens of the second embodiment, an ophthalmic

lens according to the present i1invention, wherein
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from500 nmto 400 nm a stinulus [ight conponent of halo and glare
synpt ons, was absorbed to realize reduction of halo and gl are synptons.
(0086) [B] Second enbodi ment (Fig.10) Fig.10 is an illustration of |ens
body 31 of an intraocular |ens of the second enbodi nent, an ophthal mc
| ens according to the present invention, wherein 63 Fig.10 (A is a front
view, and Fig.10(B) is a graph show ng the power distribution in radi al
direction of the lens. (0087) The intraocular |lens 30 of the second
enbodi neft g .ilft(Adesi | benfsr oty vSilewand asuppBiil -riehbRi s itshas e pot
shown, and near zone 32 is arranged in the center zone of an optical
regi on oshphe ienshbodywvddyr dnd tanilamhdlbar id aradord 3Bi rscérrenged
concentrically outside the region of the near zone 32. (0088) The near
zone 32 tbea lresgson for correcting the near vision, and the far zone 33 is
a region for correcting the far vision. In addition, in these near zone 32
and the(P&B72one 33, the power distribution in the entire region in
radial direction (the near zone 32 is arranged in a range frompoint 0 to
poi nt d, and theef dantzonec83arn slemsanfed i thaer apgerid ommpoiditmanto poi nt
e shown in

includes a lens body 31 and support members that are not

shown, and near zone 32 1s arranged in the center zone

of an optical region of the lens body 31, and an annular

far zone 33 is arranged concentrically outside the region

of the near zone 32.

(0088)

The near zone 32 is a region for correcting the near

vision, and the far zone 33 is a region for correcting

the far vision. In addition, in these near zone 32 and

the far zone 33, the power distribution in the entire

region in radial direction {the near zone 32 is arranged

in a range from point 0 to point d, and the far zone 33

is arranged in a range from point d to point e shown in

Fig.10(B)) is progressively changed, and the depth of

focus of near vision provided by the near zone 32 and

the depth of focus of far vision provided by the far zone

33 are extended. In addition, power 1is altered

discontinuously at the boundary (point d in Fig.10(B))

between the near zone 32 and the far zone 33 where the

stepwise power difference between near power of the near

zone 32 and far power of the far zone 33 has no
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Fig.10(B)) is progressively changed, and the depth of focus of near vision
provi ded by the near zone 32 and the depth of focus of far vision provided
by the far zone 33 are extended. In addition, power is altered
di sconti nuously at the boundary (point d in Fig.10(B)) between the near
zone 32 and the far zone 33 where the stepw se power difference between
near power of the near zone 32 and far power of the far zone 33 has no 64
i nternedi ate power. (0089) The near zone 32 is set to have a value |ess
t han thenaddintddhapeweroS8rto 4D) prescribed for a patient as a proper
power for correcting near vision of the patient. Also, the far zone 33 is
set to havés&)nmean power value greater than and positive relative to a
reference power (0 D) in the inner sub-region, nanely the sub-regi on next
to the near zdhee3Reafr tdAven¢ aB2zome s33.tduntfmer 2 el fiar Lesse t33Rms set
have a nean power value that is equal to or |less than and negative
rel ati vetheoatdtbl ¢ £ber ermoee poWdr ticn 4he pukercsiubededian af paftd erdens
(0090) By designing the optical configuration of intraocular |lens 30 as
descri bets alkoverobke epbwetrs fekndarreotting ehfeot svirentdroned itth€ 1) to
(3) of the

patient. BAlso, the far zone 33 is set to have a mean

power value greater than and positive relative to a

reference power (0 P) in the inner sub-region, namely

the sub-region next to the near zone 32 of the far zone

33. Further, the far zone 33 is set have a mean power

value that is equal to or less than and negative relative

to the reference power 1in the outer sub-region of the

lens.

{0090)

By designing .the optical configuration of
intraocular lens 30 as described above, the effects
similar to the effects menticned in (1) to (3) of the
embodiments can be. obtained.

(0091)

As described above, the present invention has been
explained based on the aforementioned embodiments,
however the present invention is not limited thereto.

For example, in aforementioned embodiments, the total
number of far zones and near zones for correcting visual

acuity in the optical zone of intraocular lens is three

(first far zone 13, near zone 14, and second far zone
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enbodi nents can be obtained. (0091) As described above, the present

i nvention has been explained based on the aforenenti oned enbodi nents,
however the present invention is not limted thereto. For exanple, in

af orenenti oned enbodi nents, the total nunber of far zones and near zones
for correcting visual acuity in the optical zone of intraocular lens is
three (first far zone 13, near zone 14, and second far zone 65 15) for
the first enbodi ment, and two (near zone 32 and F far zone 33) for the
second ehbodifmentthehdevet ambotchim@nbbernst thour (weatki eene Idrandar zones
and near zones nmay al so be arranged alternatively. (0092) Moreover, other
enbodi nehes aragidden farthee selklogw rgsbodiment t Heovaledi meitotialt he
nearest distance of internediate distance was set to 60 cm However, the
near est Wimbgwce tairbe seot fiiye amalmer gr éarezongs sanfl| eeatth&eihd s

di stance. Also, the farthest distance of internedi ate distance was set to
1.5 m mewewdrsothe fRarmaegeddiasitancpataveeyset to a value greater or
smal ler than this distance. (2) In the enbodinent 1, the power is set to be
altered (@P9&onti nuously to have a stepw se power difference

Moreover, other embodiments are given in the
followings.

(1) In the embodiment 1, the nearest distance of
intermediate distance was set to 60 cm. However,
the nearest distance can be set to a value greater
or smaller than this distance. Also, the farthest
distance of intermediate distance was set to 1.5 m.
However, the farthest distance can be set toc a value
greater or smaller than this distance.

(2) In the embodiment 1, the power is set to be altered
discontinuously to have a stepwise power difference
at the boundary between the near zone and the far
zone., However, power may also be abruptly altered
from a maximum intermediate power to a minimum
intermediate power at the boundary between the near
zone and the far zone.

{3) In the embodiment 1, the ophthalmic lens of
three-zone type having the first far zone, the near
zone, and the second far zone 1s shown, the mean
power of center zone or the first far zone may have

the same or similar value with the value of the mean
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at the boundary between the near zone and the far zone. However, power may
al so be abruptly altered froma maxi muminternedi ate power to a m ni num
i nternedi ate power at the boundary between the near zone and the far zone.
(3) I'n the enbodiment 1, the ophthalmc I ens of three-zone type having the
first far zone, the near zone, and the second far zone is shown, the nean
power of center zone or the first far zone nay have the sanme or simlar
value with the value of the nean 66 power of the second annul ar region or
t he second fapowzanef €0@93kcAld@nnwlalerafjarcement itdrrzed cenyodifent , t he
ophthal mc I ens was explained is in the case of the intraocular lens for
an aphaki c eyepnkowever the ophthalmc I ens can also be an intraocul ar
|l ens for a phakic eye, a contact lens, an intraocular contact |lens, and
eyegl assé8093) the case of contact |lens, by setting the nmean power at the
boundary at the inflection point, the change of curvature in the
transition pardlss, snoothelde aracfdmmegrtlbnde;/dseas&:tq@mahén cdrtact i ng
with eyelid is reduced, then confort in wearing is inproved, and the
ef f ect ocbphjcélbaa]lxhlnn\lmt wtees | erplafiinedng ccahnbehedoest: Fhusshe he | mage
quality of far
intraocular lens for an aphakic eye, however the
ophthalmic lens can also be an intraocular lens for a
phakic eye, a contact lens, an intraocular contact lens,
and eyeglasses. In the case of contact lens, by setting
the mean power at the boundary at the inflection point,
the change of curvature in the transition part 1is
smoothed, and foreign body sensation when contacting
with eyelid is reduced, then comfort in wearing 1is
improved, and the effect of eyeball movement to lens
fitting can be reduced. Thus, the image quality of far
vision of the eye of lens wearer is improved, the
possibilities of halo and glare symptoms in a dark
environment is reduced and make easier manufacturing.

Also, in the case of contact lens, the comfort of wearing

is improved and the effect to lens fitting can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
{G0%94)

Fig.l is a front viewillustrationof an intraocular
lens, being a first embodiment of an ophthalmic lens

according to the present invention.
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vision of the eye of lens wearer is inproved, the possibilities of halo
and glare synptons in a dark environnment is reduced and nmake easi er

manuf acturing. Also, in the case of contact lens, the confort of wearing
is inmproved and the effect to lens fitting can be reduced. BRI EF
DESCRI PTI ON OF THE DRAW NGS (0094) Fig. 1 is a front viewillustration of
an intraocular |ens, being a first enbodi nent of an ophthalmc | ens
according to the present invention. 67 Fig.2(A) is a side viewillustration
ofthe intraoctdar 2liéns shewnai n sHdel , vard Figl 2ueRrasianf r ofithei ew of
an lens body 11 of the intraocular lens in Fig.l. Fig.3 is a graph show ng
a power Hnsreidsutlen lensradpan dhrBtgi-dn ohdt Kédl-énsBbfig hed farmntbody 11
of the intraocular Iens shown in Fig.1l and Fig.2. Fig.4 is an illustration
of a conpaeisofi ®f ihes dHepivhldf offothe ohtdwo¢nlpaodeing ilreds dackording to
the first enbodi nent shown in Fig.l and Fig.2, and the depth of focus of
the intraocul dfigens iaccordragph shdeingowvamveonadiartr ipbédaimn Fig. 4(A)
illustrates a case of the intraocular |ens of the conventional art, and

Fi g. 4(B)réfiiast dhteschicase ofthdel ¢ner adctibea Jems badvordi mf tthehe first

enbodinent. Fig.5 is an illustration of a conparison of a far
intraccular lens shown in Fig.l and Fig.Z2.

Fig.4 is an illustration of a comparison of the
depth of focus of the intraocular lens according to the
first embodiment shown in Fig.1l and Fig.2, and the depth
of focus of the intraocular lens according to the
conventional art, wherein Fig.4(A) illustrates a case
of the intraocular lens of the conventional art, and
Fig.4 (B) illustrates a case of the intraocular lens
according to the first embodiment.

Fig.5 is an illustration of a comparison of a far
point and a near point of the intraocular lens according
to the first embodiment shown in Fig.l and Fig.2, and
a far point and a near point of the intraocular lens
according to the conventional art, wherein Fig.5(A)
illustrates a case of the intraocular lens of the
conventional art, and Fig.5(B) illustrates a case of the
intraccular lens according toc the first embodiment.

Fig.6 is an illustration of a comparison of halo
symptom of the intraocular lens according to the first
embodiment shown in ¥ig.l and Fig.Z2, and halo symptom

of the intraocular lens according to the ceonventional
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poi nt and a near point of the intraocular |ens according to the first
enbodi nent shown in Fig.l and Fig.2, and a far point and a near point of
the intraocular lens according to the conventional art, wherein Fig.5(A)
illustrates a case of the intraocular lens of the conventional art, and
Fig.5(B) illustrates a case of the intraocular |lens according to the first
enbodinent. Fig.6 is an illustration of a conparison of halo i synptom of
the intraocular |l ens according to the first enbodi nent shown in Fig.l and
Fi g. 2, aadthal ovlsymptiam Eofg t G€A) nt raocws ar alterss axcocdismg taf t hiehe
conventional 68 art, wherein Fig.6(A) illustrates a case of the
i ntraoculartdaansudbrt Aerconvent henabnardn t andaBi g8 B)andl Fast.r@at®s a case
of the intraocular |lens according to the first enbodinent. Fig.7 is an
illustratildmsfréhescentiegyr atfi ahofinfasozoie andeasneacozohengnta
mul tifocal intraocular lens according to the first enbodinent. Fig.8 is a
gr aph shohend dr st apodadsmahtacuity characteristics of the intraocul ar
lens in Fig.1 and Fig.2. Fig.9 is a graph show ng di stance-contrast
characteristicBigf. 7t hies iatr addwsrréaensn miighe avhfFggration of

far zone and a near zone in a multifocal intraocular lens

according to the first embodiment.

Fig.8 1s a graph showing distance-visual acuity
characteristics of the intraoccular lens in Fig.l and
Fig.Z.

Fig.9 1is a graph showing distance-contrast
characteristics of the intraocular lens in Fig.l and
Fig.2.

Fig.10 is a front view illustration ofa lens body
31 of the intraocular lens, being a second embodiment
of the ophthalmic lens according to the present invention,
wherein Fig.1l0(A) is a front view of the lens body 31
and Fig.10(B) is a graph showing the power distribution
in radial direction of the lens.

Fig.ll is an illustration of a lens body of the
intraocular lens according to the conventional art,
wherein Fig.1l1l(A) is a side view and Fig.11(B) is a front
view.

Fig.1l2 is a graph showing the power distribution

of the conventioconal intraocular lens shown in Fig.1l1l in

radial direction of the lens.
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Fig.10 is a front viewillustration ofa | ens body 31 of the intraocular

| ens, being a second enbodi nent of the ophthalmc |ens according to the
present invention, wherein Fig.10(A) is a front view of the |ens body 31
and Fig. 10(B) is a graph showing the power distribution in radial
direction of the lens. Fig.ll is an illustration of a |lens body of the
intraocular lens according to the conventional art, wherein Fig. 11 (A) is
a side viewand Fig. 11 (B) is a front view Fig.12 is a graph show ng the
power distribufignl3ofid hencodverdioadl omtofobahdoltensisbomiswakFig. 11 in

radial direction of the lens. 69 it Fig.13 is an illustration of Landolt
ri ng vi sasalkiidacuitlyachar tsheohdnony vssaal aaouity from iymwe@zx002 2 ctoi ndex
1.0. Fig.14 is an illustration of sanple inages of sinmulation result for

each di stadee 1 he.i mage of visual acuity chart constructed by the
intraocular |ens 100 of the conventional art at each di stance was
sinmul ated wit hFigENAX fer aperitlulesdiraieten off epemmpbel 3mpygeFi ged5 is an
illustration of sanple images of sinulation result for each distance, the
i mage ofsymswatiaoureyuditarfp rceasth ddtsda by et hehient. magoulodr viiensa 100 of
acuity chart constructed by the intraocular lens 100 of
the conventional art at each distance was simulated with
ZEMAX for aperture diameter of eye model 3mm.

Fig.1l5 is an illustration of sample images of
simulation result for each distance, the image of visual
aculty chart constructed by the intraocular lens 100 of
the conventional art at each distance was simulated with
ZEMAX for aperture diameter of eye model 4mm.

Fig.16 is an illustration of sample images of
simulation result for each distance, the image of visual
acuity chart constructed by the intraccular lens 10 of
the first embodiment at each distance was simulated with
ZEMAX for aperture diameter of eye model 3mm.

Fig.l7 1s an illustration of sample 1mages of
simulation result for each distance, the image of visual
acuity chart constructed by the intraocular lens 10 of

the first embodiment at each distance was simulated with

ZEMAX for aperture diameter of eye model 4mm.

Fig.18 is an illustration of a relation of

refractive power or spherical aberration and radial
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t he conventional art at each distance was sinulated with ZEMAX for
aperture dianeter of eye nodel 4mm Fig.16 is an illustration of sanple

i mges of simulation result for each distance, the inage of visual acuity
chart constructed by the intraocular lens 10 of the first enbodi nent at
each distance was sinulated with ZEMAX for aperture dianeter of eye nodel
3mm Fig.17 is an illustration of sanple imges of sinulation result for
each di stance, the image of visual acuity chart constructed by the

i ntraocuhaighdgns 10 of the first enbodi ment at each di stance was si nul at ed
with ZEMAX for aperture dianmeter of eye nodel 4nm Fig.18 is an
illustration ofig.A& atiion @f Iéflpsctiaeipowerfor tIpheréfdlecdbershti on and

radial 70 height. Fig.19 is an illustration of the effect of refractive
power orre¢pherichreapereat bon sphant ned abexrratioghtfsoareed srhpwsiti oned
at 60 cmin front of the cornea. Fig.20 is an illustration show ng the

| i ght raysligéft agvedcley thepoorifcrmad tle Ghtemocnl dirdmhsofecdilnei des on
retina when a light source is positioned at 60 cmin front of the cornea.
Fig.21 igoaneid | ustrati on showing the effect of the refractive power or

spherical aberration of cornea when
Fig.20 is an illustration showing the light rays

refracted by the cornea and the intraocular lens
coincides on retina when a light source is positioned
at 60 cm in front of the cornea.

Fig.21l is an illustration showing the effect of the
refractive power or spherical aberration of cornea when
a light scource is positioned at 1.5 m in front of the
cornea.

Fig.22 is an illustration showing the light rays
refracted by the cornea and the intraoccular lens
coincides on retina when a light source is positioconed

at 1.5 m in front of the cornea.

Fig.23 is an illustration of the relation between
wavelength and light transmittance in this embodiment.

Fig.24 is an illustration showing the comparison
of halo patterns in intraccular lens of this embodiment
(aperture diameter 4.0 mm) and in intraocular lens cof
conventional art, wherein Fig.24(a) represents the
conventional art, and Fig.24 (b) represents this

embodiment.
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a light source is positioned at 1.5 min front of the cornea. Fig.22 is an
illustration showng the light rays refracted by the cornea and the
i ntraocular lens coincides on retina when a |light source is positioned at

1.5 min front of the cornea. Fig.23 is an illustration of the relation
between wavelength and light transmttance in this enbodinent. Fig.24 is
an illustration showi ng the conparison of halo patterns in intraocular |ens

of this enbodi nent (aperture diameter 4.0 nm) and in intraocul ar |ens of
conventional aFig.weresnafi gliga)raspoeserhevihg tdonveanparal sant, and
Fig.24(b) represents this enbodinent. 71 Fig.25 is an illustration show ng
t he conpafi BerRo patha¢onpatneins Hactni paod@ineg dfrish b embedaémpoat nent
(aperture diameter 5.0 mm, and in intraocular |ens of conventional art,
wher ei n Fageas(ayer dpeasties Phé€ myonvemilohal iawttyaapdlpirg 125(p)oL
represents this enbodinment. Description of Signs and Nunerals (0095) 10

| nt r aocufanviegHsl ¢Bpht hakfi.c Wérsyein3 Figst2d 62 ) zohep 14 sNgsl s zonee

conventional art, and Fig.25(b) represents this
embodiment.

Description of Signs and Numerals

(0095)

10 Intraocular lens (ophthalmic lens)
13 First far zone

14 Near zone

15 Second far zone

30 Intraccular lens (ophthalmic lens)
32 Near zone

33 Far zone
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15 Second far zone 30 Intraocular lens (ophthalmc lens) 32 Near zone 33
Far zone 72 CLAIMS 1. A nmultifocal ophthalmc lens, conprising: a far
zone for correcting a far vision; and a near zone for correcting a near
vi sion, arranged concentrically in an optical region of the lens, wherein
a power distribution is set to vary progressively in a radial direction of
the far zone and the near zone; power is altered discontinuously to have a
st epwi se power difference at a boundary between the far zone and the near
zone; andLAdMSher a value of a power difference at the boundary between
the far zone and the near zone is not greater than a maxi mum val ue of an
i nternmedi ate pbweA frorlt tboercedt i sghahailm s nédinat,e vomparls2ngThe
mul ti focal ophthalmc lens of claim1, wherein a nean power value in the
near zone is |lasfatrthavonanfaddidd onepdverg presearn bedsfiom:a gpadi ent as a
proper power for correcting the near vision of the patient. 3. The
nmul ti focal ophthakmirc 2@ens dorladnriciringl ai meyr wheseiom ,a regi on havi ng
a mean power val ue that
arranged concentrically in an optical region of the lens,
wherein
a power distribution is set to vary progressively
in & radial direction of the far zone and the near zone;
power is altered discontinuously to have a stepwise
power difference at a boundary between the far zone and
the near zone; and further
a value of a power difference at the boundary
between the far zone and the near zone is ncot greater

than a maximum value of an intermediate power for

correcting an intermediate vision.

2. The multifocal ophthalmic lens of claim 1,
wherein a mean power value in the near zone is less than
an addition power prescribed for a patient as a proper

power for correcting the near vision of the patient.

3. The multifocal ophthalmic lens of claim 1 or
claim 2, wherein a region having a mean power value that
is negative relative to the reference power is included

in the far zone.
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is negative relative to the reference power is included in the far zone.
73 4. The nultifocal ophthalmc lens in any of clains 1 to 3, wherein a
region of the far zone next to the near zone has the nmean power val ue that
is positive relative to the reference power. 5. The nultifocal ophthal mc
lens in any of clains 1 to 4, wherein a first far zone is arranged in a
center zone of the optical region, and an annul ar near zone is arranged
concentrically outside the first far zone, and an annul ar second far zone
is arranged cofecehhri vulltl fooadi dphitthe binhgl densean 2one o 16.c Ikhams

mul tifocal ophthalmc Ilens of claim5, wherein the addition power val ue of
a regi onlofot he vibareizome negdtonroofhehsetandzpae pened it Itdss té@n an
addition power value of a region of the near zone next to the first far
zone. 7.Z7R¢ MmAg ifloedaneaphprhaiat vdknwe bhagl dismp® okt igkarmléit Wherein t he
power value of a region of the second far zone next to the near zone is

| ess t hahot R poteEengdlee BPWgXTegion of the first far zone next to the
near zone. 8. The multifocal ophthalmc lens in any of claine 5 to 7,
wherein the power value of an outer region of 74

5. The multifocal ophthalmic lens in any of claims
1l to 4, wherein a first far zone is arranged in a center
zone of the optical region, and an annular near zone 1is
arranged concentrically ocoutside the first far zone, and
an annular second far zone is arranged concentrically

ocutside the annular near zone.

6. The multifocal ophthalmic lens of claim 5,
wherein the addition power value of a region of the near
zone next to the second far zone is less than an addition
power value of a region of the near zone next to the first

far zone.

7. The multifocal ophthalmic lens of claim 5 or
claim 6, wherein the power value of a region of the second
far zone next to the near zone is less than the power
value of a region of the first far zone next to the near

z0ohe.

8. The multifocal cophthalmic lens in any of claims

5 to 7, wherein the power value of an outer region of
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t he second far zone is |less than the power value of the region of the
second far zone next to the near zone. 9. The multifocal ophthalmc lens in
any of clains 5 to 8, wherein the nean power value of the outer region of
the second far zone is negative relative to the reference power. 10. The
mul ti focal ophthalmc lens in any of clains 1 to 4, wherein the near zone
is arranged in a center zone of the optical region, and an annul ar far
zone is arranged concentrically outside the region of the near zone. 11.
The mul t thecale ophtthdkm cdrensi ©flebai bk twhepewrrt ke lposwesf vahae of the
outer region of the far zone is |less than the power value of the region of
the farrezgnemextf ttdia heepeard zme. z02e Thextulttd fotal neght hadmec | ens of
claim10 or claim11l, wherein the nmean power value of the outer region of
the far zone is negative relative to the reference power. 13. A nmultifocal
ophthal mc lens, conprising: at |east one far zone for correcting a far
vision; 75 at%ledbt pné tnebercadnephdrhabmieciemg a meary wifsiadrgimarr anged
concentrically in an optical region of the I|ens, wherein a power

di stribubibn Bs weenaoivarlye mean power value of the outer region

of the second far zone is negative relative to the

reference power.

10. The multifocal ophthalmic lens in any of claims
1 to 4, wherein the near zone is arranged in a center
zone of the optical region, and an annular far zone is
arranged concentrically cutside the region of the near

Zone.

11. The multifocal ophthalmic lens of claim 10,
wherein the power value of the outer region of the far
zone is less than the power value of the region of the

far zone next to the near zone.

12. The multifocal ophthalmic lens of claim 10 or
claim1l, wherein the mean power value of the ocouter region
of the far zone is negative relative to the reference

power.

13. A multifocal ophthalmic lens, comprising:

at least one far zone for correcting a far vision;
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progressively in radial direction of the far zone and the near zone; power
is altered discontinuously to have a stepwi se power difference at a
boundary between the far zone and the near zone; a progressive power
distribution of the near zone in the vicinity of the boundary between the
far zone and the near zone, has a value close to a maxi numval ue of an
i nternmedi ate power for correcting an internmediate vision at the boundary;
the progressive power distribution of the near zone s designed to have a
nmount ai n- shapedtposRetdpBeridatri oane Rl ¢he et Mt alaeer atl sl peak of
thi s nount ai n- shaped (fomer distribution is set to a power required for
correcting vi sulFaaEfd y¢aressailfg bhy ob} édt ostt 1kl 1 egéadedncagest
di stance or at a readi ng distance; the progressive power distribution of
the nearl28fe is a distribution in which power gradually increases from
the boundary between the near zone an the far zone to the peak of the
mount ai n- shapednp&®REM disst MDUE Fond1&kd et iean pevesafal U« ofvahe far
zone is less than, a reference power. 76 14. The nultifocal ophthalmc |ens
in any oPregdiesivedy 13 hhdddiln dheeephital af c thensfa Aickodes amd
‘UV- absorber and/or a blue |ight blocking dye.
the near zone;
power i1s altered discontinuously to have a stepwise
power difference at a boundary between the far zone and
the near zone;
a progressive power distribution of the near zone
in the vicinity of the boundary between the far zone and
the near zone, has a value close to a maximum value of
an intermediate power for correcting an intermediate
vision at the boundary;
the progressive power distribution of the near zone
is designed to have a mountain-shaped power distribution,
and the maximum value at a peak of this mountain-shaped
power distribution is set to a power reguired for
correcting wvisual acuity for seeing an obiject at the
intended nearest distance or at a reading distance;
the progressive power distribution of the near zone
is adistribution in which power gradually increases from
the boundary between the near zone an the far zone to
the peak of the mountain-shaped power distribution; and

the mean power value of the far zone is less than

a reference power.
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15. The nultifocal ophthalmic lens in any of claine 1 to 14 is an
i ntraocular lens to be inplanted inside an eye. 77

14, The multifocal ophthalmic lens in any of claims
1 to 13, wherein the ophthalmic 1lens includes an

UV-absorber and/cor a blue light blocking dye.
15. The multifocal ophthalmic lens in any of claims

l to 14 is an intraocular lens to be implanted inside

an eye.
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