I NTRACCULAR LENS Technical Field [0001] The present
invention relates to an intraocular |ens which
enabl es suppressing contrast deterioration due to an
optic decentrati on which occurs when the intraocul ar
lens is inserted into an eye. Background [0002] An
intraocular lens is inserted, for vision correction,
into an eyeball after renmoving the crystalline |ens

due to cataract or ;\igddkgLah S€rical design is
the mai nstream of the current optical designs for an

i ntraocul ar | ens, because the design has nany
functions reqU|red for an intraocul ar | ens

nmoderately, is easypfonhmaudackyegq and i s convenient
for managi ng powers. However, an intraocular lens is
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such specific function can be classified into two
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ject nore clearly [0003] A typical intraocular

Iens.of the first trend as descri bed above is a
mul ti focal intraocular lens, in which the optica

regi on of the |ntraocq§g5kb§Q§H{§ divided into a
plurality of zones, with each zone havi ng

[0002] An intraocular lens is inserted, for vision
correction, into an eyeball after removing the
crystalline lens due to cataract or the like. A
sphericaldesignjj;themainstreamcﬁfthecurrentoptical
designs for an intraocular lens, because the design has
many functions required for an intraocular 1lens
moderately, is easy to manufacture, and is convenient
for managing powers. However, an intraocular lens is
also being developed with attention being paid to a
specific function and with an aim for enhancing the
function. The technological trends for enhancement of
such specific function can be classified into two types.
The first trend is directed to enable an eye to see both
near objects and distance objects. The second trend is
directed to enable an eye to see an object more clearly.
[0003] A typical intraocular lens of the first trend

as described above is a multifocal intraocular lens, in



a power distribution for seeing near objects, a power
distribution f or seeing internedi ate objects, and a
power distribution for seeing distance objects,
respectively. The optical designs thereof differ
dependi ng on which distance priority is given to. In
any of the designs, however, the quantity of |ight
whi ch enters each zone is snaller conpared with a
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e entir ens. As a result, despite an increased
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exanpl e, See Patent Document 1).

a ﬂ&W&Et 'dq.régf§ﬁ{1't*i%jn ' f‘o?atseerglrwcii@%rit @bjla%t%aseéj PBwer

sim lar technol ogi cal concept. Al though™ th

dlé@:‘.’ gh't%rg%%%: BQlk GPY 8 B8l +mBh 1ReA ob'fgc,e{ geda@a% power

and di stance S dlrected to provide a w der

dlé’ff‘iglu%lgr? GOIpa de‘ggtt%r?cém}?’_féeel JeRspdOFively.

exanpl e an enhanc depth of focus for near
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acc ng to the invention results in a deterlorated
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a technology of the second trend is
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sacrifrcing the size of the visible range. Wen a
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ocal points are not concentrated on the retina
de?ﬁgﬁgsgnnnﬁcreasedﬂv1s1ble.range, contrast of such lens
is deteriorated (for example, see Patent Document 1).
[0004] An invention described in Patent Document 2
is based on a similar technological concept. Although
the invention does not cover all of near, intermediate,
and distance, it is directed to provide a wider visible
range compared with a spherical lens, for example, with
an enhanced depth of focus for near vision. Needless to
say, an intraocular lens according to the invention
results in a deteriorated contrast compared with a
spherical lens.

[0005] On the other hand, a technology of the second
trend is based on the concept which is dramatically
opposite to the concept of the first trend. That is, the

technology is directed to improve contrast, while

sacrificing the size of the visible range. When a



aberration of the cornea itself and the aberration of

the intraocular |l ens are overl apped with each ot her.

The second trend is directed to reduce the

aberration. The spherical aberrations of the cornea

and of the intraocular lens increase, wth increasing

radi al distance fromthe optical axis. That is,
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significant if the width of the light ray is large. For
example, a driver has a pupil diameter equal to or greater
than 3.2 mm when s/he drives a car at night. Such pupil
diameter is greatly affected by the spherical aberration
such that the contrast of an object is deteriorated, which
may be dangerous for driving a car. A technology of the
second trend is directed to solve this kind of problem
(for example, see Patent Documents 3, 4 and 5).
[ooo06] All technologies disclosed in Patent
Documents 3 to 5 are directed to reduce the spherical
aberration. However, they have an disadvantage that
they provide a smaller visible range compared with the
spherical lens due to smaller depth of focus. These
aberration correction lenses are directed to reduce the
sphericalaberrationwhichwouldotherwiseincreasewith

increasing radial distance from the optical axis.



di stributions conpared with a nultifocal |ens. [Patent
Docunent 1] Japanese Patent Application Laid Open No.
S60- 85744 [ Pat ent Docunment 2] Published Japanese
Translation of a PCT Application No. 2000-511439

[ Patent Docunent 3] US Patent Publication No. 4504982
[ Pat ent Docunent 4] Published Japanese Translation of
a PCT Application No. 2003-534565 [ Patent Document 5]
AcclAPRNR§e yPat €RE sAPPI d £8L 5OM a-tli §l1 fpare Nop 0%@e6- 14818

Di sclosure of the Invention Problemto be solved by
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| ens aberration reduction of the above-descri bed
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Laid'@bphks bmpensg@ dgyiaocul ar lens is placed into an
eye, the optical axis of the intraocular lens is not
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Instead, optic decentration is common, and it is

of fawﬁéTl ngpleEAKUIES nbhat s optia sdecent ration of
.3 Mmin average is generated. Fig. 33 is a diagram

Shom{ﬁQtEW% BheuRRiH €as @S'@éﬁeﬁbeﬂdﬂiﬂQQWﬁUh|W@S
I's decentred fromthe optical 1 axis of the eyebal
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[Patent Document 4] Published Japanese Translation
of a PCT Application No. 2003-534565
[Patent Document 5] Japanese Patent Application

Laid Open No. 2006-14818

Disclosure of the Invention

Problem to be solved by the Invention

[0007] In the meantime, the intraocular lens for
aberration reduction of the above-described second trend
is found to have a major disadvantage other the small
visible range as described above. That is, when an
intraocular lens is placed into an eye, the optical axis
of the intraocular lens is not always aligned with the
optical axis of the eyeball. Instead, optic
decentration is common, and it is found in literatures
that an optic decentration of 0.3 mm in average 1is
generated. Fig.33jj;adiagramshowingthatthecmtical

axis of the intraocular lens is decentred from the optical



the optical axis of an eyeball optical system
including a cornea 20, a retina 30 and the like, is
OlL, an optical axis OL of an intraocular |ens 10
placed in the eye is decentred fromO= by the anount
AlL. It is reported in literatures, textbooks, and
the like, that in the case where the pupil dianeter
is large, deterioration in contrast in the aberration
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pr esent app lcation is to obtain an intraocul ar |ens
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above-described problem the first means is: an
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le{%sfgﬁﬁgdby§'ﬁﬁz%bfﬁép@gdéﬁf¥aﬁ@6ﬂ©1§tﬂd&ﬁtgﬁéater
compared with that in a spherical lens.

An object of the invention of the present
application is to obtain an intraocular lens in which
deterioration in contrast is suppressed even when the
optical axis of an intraocular lens 1is decentred from
the optical axis of an eyeball when the intraocular lens
is inserted into the eye, while the advantage of a

conventional aberration reduction type intraocular lens

that the image is seen clearly.

Means for Solving Problems

[0008] As means for solving the above-described
problem, the first means is:

an intraocular lens in which deterioration in
contrast is suppressed when an optical axis of the
intraocular lens inserted into an eye is decentred from

an optical axis of an eyeball, by employing such a power



power devi ation region having a | arger power than that
represented by the reference power distribution and at
| east .one negative power deviation region having a
smal |l er power than that represented by the reference
power distribution in aregion in the vicinity of the
center of the intraocular |ens, assum ng that the
reference power distribution being set to cancel a
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deviation amounts from a reference power of

re%?ﬁ g%'tﬂaﬁerp@%gtgfﬁhQuéy]5§9h@1é§tn95|d§ﬁbémaﬁ
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spﬁ@%ESaqfdﬁg¥¥atEbn of cornea when an intraocular lens
is inserted into the eye.

The second means 1is:

the intraocular lens related to the first means,
wherein each of the positive power deviation region and
the negative power deviation region is a circular region
or an annular region centering around an optical axis.

The third means is:

the intraocular lens related to the first or second
means, wherein the central region has a substantially
circular shape centering around the optical axis having
a radius not less than 0.7 mm and not more than 1.75 mm.

The fourth means is:

the intraocular lens according to any one of the
first to third means, wherein a mean value of power
deviation amounts from a reference power of the positive

power deviation region is not less than 0.1 diopter and

not more than 0.8 diopter, and a mean value of power
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devi ati on anounts fromof a reference power of the
negati ve power deviation region is not |ess than 0. 1.
di opter and not nore than 0.8 diopter. Effect of the

I nvention [00091 According to the above-descri bed
nmeans, it is possible to obtain an intraocular |ens
in which deterioration in contrast is suppressed even
when the optical axis of the intraocular lens is
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erence power distribution an ohe negative power
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optical axi's having~a radius not |ess than 0.7 mm and
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optic centration 1iIs not sufficient.

efer ﬁ&'lys Petﬁadll%stlszbeehqaquaﬂé hiQ aer@é}gﬁr@et from

ess than 1. nm and not nore than .5 mm Further,
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erence power of
is inserted into the eye, by employing such a power

distribution as respectively having at least one positive
power deviation region having a larger power than that
represented by the reference power distribution and one
negative power deviation region having a smaller power
than that represented by the reference power distribution
in the central region of the intraocular lens. In this
case, it is preferable that the central region have a
substantially circular shape centering around the

optical axis having a radius not less than 0.7 mm and
not more than 1.75 mm. If the radius is smaller than 0.7
mm or larger than 1.75 mm, the function for suppressing
deterioration in contrast caused by an optic decentration
is not sufficient. More preferably, the radius should
be within a range not less than 1.2 mm and not more than

1.5 mm. Further, it is preferable that the power

]



positive power deviation region or the nmean val ue

thereof be not less than 0.1 diopter and not nore

than 0.8 diopter, and the power deviation anmounts

fromthe reference power of the negative power

devi ation region or the nmean value thereof be not

|l ess than 0.1 diopter and not nore than 0.8 diopter.

If the radius is snaller than 0.1 diopter, the
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if the radius is larger than 0.8 diopter, a clear image

cannot be obtained. With general environmental
illumination being taken into consideration, more
preferably, the radius should be within in a range not
less than 0.2 diopter and not more than 0.5 diopter.
Notably, it is found that deterioration in contrast is
suppressed also

when the intraocular lens is tilted when it is inserted
into the eye, as well as when there is an optic

decentration.

Best Mode for carrying Out the Invention

[0010] Fig. 1 is an explanatory view of a power
distribution of an intraocular lens according to an
Embodiment 1 of the present invention; Fig. 2 is a
schematic explanatory view of an optical system in the

eye constituted by the intraocular lens and cornea, and



i ntraocul ar | ens according to the Enbodi nent 1 of the
present invention, the power distribution of the
spherical intraocular lens, and the reference power

di stribution. The intraocul ar | ens according to the
Enbodi nent 1 of the present invention will now be
explained with reference to these drawings. [0011] In
t hese drawi ngs, Numeral 10 denotes an intraocul ar
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center 0 i'ntraocul ar Tens 10, that is, the
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e optical center a radius r2. The region 11
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circle with the radius r2 and the outer
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|ntraocu ar lens 10 shows the
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material, such as soft acryl, silicon, hydro gel or the

like, or a hard material such as PMMA. Notably, although
not shown, haptics or the like are attached to an outer
peripheral portion thereof, as necessary. A region 11
exists in the vicinity of an optical center O of the
intraocular lens 10, that is, the region 11 is included
in a circle centering around the optical center
Owith a radius r2. The region 11 has a region E1 included
in a circle with a radius rl which is smaller than r2,
and a region E2 surrounded by the circle having the radius
rl and the circle having the radius r2 outside thereof.
Further, a region E3 is defined by the outer periphery
of the circle with the radius r2 and the outer
circumferential edge of the lens.

[0012] In Fig. 1, the graph below the intraocular

lens 10 shows the power distribution in the radial
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axis represents a distance r in the radial direction
from the optical center 0 of the intraocular |ens 10,
and the vertical axis represents a power P(r) of the
intraocular Ilens 10 at each position at the distance
r. In this graph, a curve Maml shown by the solid
line is the curve representing the power distribution
of the intraocular lens 10 according to the present
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The power distribution Ma, serving as the reference power
distribution, is set so as to cancel a spherical
aberration of the cornea when the intraocular lens is
inserted into the eye. The reference power distribution
curve represents a power distribution which has been set
so as to cancel a theoretically-assumed spherical
aberration of the cornea in a theoretically perfect
manner.

[0013]That is, when the intraocular lens 10 is inserted
into the eye, the lens constitutes the optical system
shown in Fig. 2. 1In this optical system, a cornea 20 has
a certain type of lens function and has a spherical
aberration. Then, if the intraocular lens 10 has a power
distribution which cancels the spherical aberration of
the cornea 20, the spherical aberration as the entire

eyeball can be substantially perfectly eliminated. 1In
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thi s enbodi nent, values such as a radius of curvature,
a refractive index, and the |ike, of the intraocul ar
optical systemincluding the intraocular |lens 10 and
the cornea 20 are set to the values shown in the
table at the bottomof Fig. 2. Further, the cornea
nodel is assunmed by inputting a conic constant to the
cornea anterior surface to the LeG and eye node
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central portion of the intraocular lens 0.7 mm a

ba!sf& raghicte diexXc Ak bR d £%h &8 Wi gh c'l%s &Nt §0phackhape
th the front surface of the cornea 20 and which is

of %ﬁqu?egfof@rﬁﬁﬁgﬁaeyé 0, rad@fdACtiNg dpdetur® iof set
e cornea 20: 1.3771, the refractive index n3 in a

to r‘rﬁsg'@'?nnpeatél‘@&ﬂlhlﬁe aCRER&F 20 APHatihe dNWIRORUAARTahBNYsis

.336, a refractive index n4 of the intraocul ar
to l‘@@sde%(?:rfbé&7ﬂ.aacr@r Ao FethachiMees | Ndenale idr atheghake .

tween

[0014] As shown in the table in Fig. 2, the set values
are as follows: a radius of curvature R1 of the anterior
surface of the cornea 20: 7.8 mm, a radius of curvature
R2 of the posterior surface thereof: 6.5 mm, a thickness
dl at the central portion of the cornea: 0.55 mm; a

distance d2 from the posterior surface of the cornea to
the anterior surface of the intraocular lens 10: 4.1 mm,
a thickness d3 at the central portion of the intraocular
lens 0.7 mm; a refractive index nl in a region which is
in contact with the front surface of the cornea 20 and
which is outside of the cornea: 1.0, a refractive index
n2 of the cornea 20: 1.3771, the refractive index n3 in
a region between the cornea 20 and the intraocular lens

10: 1.336, a refractive index n4 of the intraocular lens

10: 1.517, and a refractive index n5 in a region between
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11 the intraocular lens 10 and a field or retina (not

shown) 1.336. Meanwhile, a lens having the dioptric

power of 20 diopters is used as the intraocular |ens

according to the Enbodinment 1 and the Enbodinent 2 to

be described later. The refractive error of the

optical system (the nodel eye and the intraocul ar

lens) is set to -0.75 D. In other words, nyopia of
the'gnl%g)églP@Qg%esdélon%Baea fOPL{ §H r DL AL CONSESIh HEn ) -

of "the nobdel eye and the 1ntraocul ar |ens, because

l.i@?piQMggﬁwﬂiﬂéQ'% 3%ﬁ$'ﬂagi&§i§hgoﬁggﬂ rEE°$HW%E

I'n"the case of a’'sin ocus Intraoc ens in

of ggt t fi%%tgg%gﬁgyus%ﬁf LR n o H%tlp&%ifhh%& qfedﬂsllﬂeacfé@{:ging

e op system consi sti ng the nodel eye and

to W& iﬂﬁ@%%'e@{%'le%%d SEEEhRo RGeSt fPBUS described
en

posi tion e aperture of the optical systemis 3

la .(ogﬁélrg%fg@ﬁﬁv%ne%ﬂ%r]ofV%ﬁQ 65%@%Hlt§y§9€m (the

reference power distribution curve Ma, the power

mo#%$gé§gugéﬁ1f%etﬁﬁéfgéﬁﬂ g%?ﬁéﬁ%W 19 aegordhngotes p.

enbodi ment i's such t a power is larger than

Inf€@§ﬁgr%%{?%2tE&*ﬁi&h%ﬂ*ﬂ@F?QP% m@mﬁrgh%aééuihp@he

regl side the region 11 in the vicinity

op#%%%gﬁﬁgé?éﬁrégngfgtgﬂ@%gFu£ﬂElﬂ%&bgoefﬂuhﬁ@ethe

serves as the™positive power devi at i on

in{)§9{>gglrag§dl@n99weca’ésé_ bt d kan ek repseseried .o

erence power distribution the in region E2

D iQSEQ%JJEi§egﬂHhJ&ehnin the case of a single focus

intraocular lens in cataract surgery. Further, the
position of the field of the optical system consisting
of the model eye and the intraocular lens is set to the
best focus position when the aperture of the optical
system is 3 mm.

[0015] As shown in Fig. 1, with respect to the
reference power distribution curve Ma, the power
distribution of the intraocular lens 10 according to this
embodiment is such that: a power is larger than that
represented by the reference power distribution in the
region E1 inside the region 11 in the vicinity of the
center of the intraocular lens 20, and the region El
serves as the positive power deviation region; and a power
is smaller than that represented by the reference power
distribution the in region E2 inside the region 11 in

the vicinity of the center of the intraocular lens 20,

12



the vicinity of the center of the intraocular |ens 20,
1.2 and the region E2 serves as the negative power
deviation region. The followi ng equation is obtained
by pol ynom al approxi mati on of the power distribution
of the intraocular Iens according to the Enbodi nent
1. Eq 1 P (r) = aO+al r2+a2r4+ ... +ai, _1r2(n-1)+anr

, a' - 0 20.31296977 1 -1. 45875259 2

o TG R e, PRI HRLEERR R PEsor

re D LBnE %o P1ollh PUELL | D! nggglaﬁvéae b the

raocu ens acc to t ment 17 (Mani:

pol{?oﬁﬁ é%gPBQEhAP oflag %?kﬁgtg%%éfrﬁlb@ﬂﬂﬁhtlgh of

a curve deviating ron1t e reference power
| ur VE,S
thd!| EhERRM Sha LML e IR LU NE SR Botie fohe ey,
pomeﬁqQ|§tr|but|on curve of a conventional spherica

P(r) = a0+a1r2+a2r4+ - +an.1r2(“'1)+anr2n
n = 8

i ai

0 20.31296977

1 -1.45875259

2 0.76120703

3 0.03291369

4 -0.15203333

5 0.05260424

6 -0.00812956

7 0.00060675

8 -0.00001778

[oOole6] As shown in Fig. 3, the power distribution

curve of the intraocular lens according to the Embodiment
1 (Mam,: the curve shown by the dashed-dotted line in Fig.
3) is a curve deviating from the reference power

distribution curve (Ma: the curve shown by the dotted
line in Fig. 3) as if it is meandering. Meanwhile, the
power distribution curve of a conventional spherical
intraocular lens is shown by the solid line. The

reference power distribution curve Ma represents the

13



intraocular lens is shown by the solid line. The
reference power distribution curve Ma represents the
13 power distribution obtained by addi ng an aberration
correction so as to cancel the spherical aberration
which occurs in the cornea to the power distribution
of a conventional spherical intraocular |ens.

Further, the power distribution curve Mam of the

powicnt\r/ ZCL)C :r%Lbl%gQ%&e\?oC&?%%g%?lrgbﬁiﬁﬁdﬁwdéﬁegbe]rfétfon

Ia e reference power

distributi Ma Lfo i ' . .
co-q%?g*i'egile%s‘ﬁ?%%”t&%.‘?cuan Bt Gnbian sk ieq BRE 0 PR wnicn
ower .in.t [ i $,+0. ' i N,
s a‘t}fﬂst hé g%%négob%gae\%%lt i%(lnlr(le t%m?hgptr?ggsa%?%/ga\ég‘\r/\og?eofna
the reaion E2 is_-.0, ' ' . [ QQL7 1.g.
COQF?%Eé%&%%ﬂF%hgﬁﬁﬁgiﬂ%gg%%%ﬁqkﬁye%%ggfagimﬁﬁ%gkghghe

[ L. h Y
sorfhLSS SR D G- ERIACSIE LI VFESENIE: 2ons

Tng to t present

ool PR A0 s, HOMEG S FLELP LA FEOUR 0 Euo

ens, an

intraocular lens e [ e_ref .
ae 4R AmNE R & F BEE R e St B eaon purve
MaFﬁg. %f L@F gurve shown by the solid line is the

ab@Pr ati on- distribution curve when the spheri ca

e RRRISY 20 4" B PAEBSOIL VNS R dton o
thgiggghqgégnpg%%Eefwephgh§egion E;, is +0.2 diopter in
average, and the amount of deviation to the negative power
in the region E,; is -0.2 diopter in average.

[0017] Fig. 4 is a graph showing the spherical
aberrations of the entire eyeball in the cases where the
intraocular lens according to the Embodiment 1 of the
present invention having the power distribution shown
in Fig. 3, the spherical intraocular lens, and the
intraocular lens employing the reference power
distribution Ma are respectively placed in an eye. In
Fig. 4, the curve shown by the solid line 1is the aberration
distribution curve when the spherical intraocular lens
is placed, the curve shown by the dotted line in the
diagram is the aberration distribution curve when the
intraocular lens employing the reference power
distribution Ma (intraocular lens employingMa) is placed,

and the curve shown by the dashed-dotted line in the

14



i ntraocul ar |l ens enploying the reference power
distribution Ma (intraocular |lens enploying Ma) is

pl aced, and the curve shown by the dashed-dotted Iine
in the 14 diagramis the aberration distribution curve
when the intraocular |ens according to the Enbodi nent
1 (intraocular lens of Mam ) is placed. [00181 As
shown in Fig 4, it can be seen that in the case

ﬁgﬁ geg %%rAP Bﬁo@i H%J&H @ﬁk%@ ﬁﬁbn the

rrec |on een eont aerratlon of

1ntroéggﬁla§' pi@?gdaclchc?ragﬁgr a:té of]hgf Etrrm?o&?fnle'hec eﬂ/ebal |

I NCr eases, I NCreasli n stance away romthe

(J_ntifI gggulcgrtfgﬂl ntor)‘taoﬁg}n?? 1%”3)1@ ckhe contrary, in

e casé raocu ns enpl oying the

[oJf%ﬁrence RQ h?€hsﬁk'@§d°2é the rﬁé'%%éH th8t in

cornea | s per correct and t

th%abea{égtevﬁgrl Sé:?l s%luai/'lc gl.ug.q‘ptrggc?lqra% lFé'&'igh@Br {ﬂﬂlch

he TRt T accy according to the present

no 8@99' WJ[ naha%S'ﬁ yg fﬁ%béaéwehf' ra%ereawo% a@ﬁ the

sequently a nega Ive aberration occurs in

cor glni%y(¥a5Q8 OQH(xgb&PPE%&OH{UPV€ﬁe E%%lre e%Fball

&Fr afi n 3% réduced To zero in a regi on outside

1ng‘#}g?ﬁe%enkvr1%h F%g%l_]ggagﬁqlgcg QS ah Qel a9uf§6np€h'ept‘@'h¥:er

1 ens I's a graph Showi ng t

of C&Qér?%ttﬁré’@gﬁﬁgqe lesrpét' abnf rt?]heecp&ﬁ{tﬁra 501n the case

e cases where I ntraocular | ens

ofa%ﬁgrQHgkégchT%f”TQHEm%Hpf&y&%% the reference power

distribution, the aberration of the cornea is perfectly
corrected, and thus the aberration is perfectly reduced
to zero. Further, in the intraocular lens according to
the present embodiment, a positive aberration first
occurs and subsequently a negative aberration occurs in
the vicinity of the optical center. However, the
aberration is reduced to zero in a region outside of such
central region and closer to the outer periphery of the
lens.

[0019] Fig. 5 is a graph showing the contrasts when the
spatial frequency £ is 50 lines/mm, in the cases where
the intraocular lens according to the embodiment of the
present invention, the spherical intraocular lens, and
the intraocular lens employing the reference power
distribution Ma are respectively placed, with each

optical axis thereof being aligned with the optical axis
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present invention, the spherical intraocular |ens, and
the intraocul ar | ens enploying the reference power

di stribution Ma are respectively placed, with each
optical axis thereof being aligned with the optica
axis 15 of the intraocular optical system In the
graph of Fig. 5, the vertical axis represents the
contrast, and the horizontal axis represents the

of gi %Cteriégﬂ‘fa'}e | £6L1. Sglgtt%rﬁ hatr{ hese graphsoarfig.

ern1ned anal ysi's usin the optical analysis

5,(§ﬁ r%é@%@%g@%?ﬁaféﬁ&%%éH%ZEwﬁé é&ﬂ?kﬁ%%ﬁmhnd the

poratl own | ig. 5, when the optical

hoxa:f(%gngf 1t & '5“%! ﬁﬂféll.:@ﬁtl LRfd FidldHNed M LR tHE object.

aX|s 0 e eyebal | optical systemin the eye,

Nottdg]et*[ ﬂ%lél %ﬁaeﬁl O%ieNG: £ Ren Eaf %Ezeﬁ(flealpﬁ?w% us:.ng

|on Nl pr es the best contrast, fol

theEn,g)o ééfoa%éif{z Ct%#’é BEMOx Weh PESS®Mred by ZEMAX

nent erical intraocular |ens

Dex%f%{hgl%%‘g h@o%@{ﬁ%t f&Ht r aﬁts ehdhesen! 9'1§]esh5 [ 0P88hL the

e contra is a graph ShOMAng

oW?PQ%%ag;ﬁsV\%%n € %ﬁ?ﬁé@huflra%qliwy {s i1 PEnkian@I/tHANt he

e cases mhere I ntraocul ar lens according to

e t
opEf er| g@{idslsl ntraocul g;g}tﬁaﬁ?ﬁ. P AYEBisem L€ the eye,

ens, and the intraocul ar | ens

thgnm'l@f:'arkgcwﬂﬁr el 2L eBnS IRAYVER gditsld i beEbeRnk &l Sower

respective | aced, wth each optical axis thereof

dl?@k'ﬂ%&dﬁ%ﬁﬂt ie?r aoco?és MeMoldl ¢ eSPREals | heo 2RbWEA by

u
the intraocular lens according to the present Embodiment

1, and the spherical intraocular lens provides the worst
contrast of these lenses.

[0020] On the contrary., Fig. 6 is a graph showing the
contrasts when the spatial frequency f is 50 lines/mm,
in the cases where the intraocular lens according to the
Embodiment 1 of the present invention, the spherical

intraocular lens, and the intraocular lens employing the
reference power distribution 1 are respectively placed,
with each optical axis thereof being decentred by 0.5
mm with respect to the optical axis of the intraocular
optical system. As shown in Fig. 6, unlike the case where
the optical axes are aligned with each other, in the case
where the optical axis is decentred, the intraocular lens
according to the present embodiment provides the best

contrast, followed by the spherical intraocular lens,
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optical system As shown in Fig. 6, unlike the case,
where the optical axes are aligned with each other,
in the case where the optical axis is decentred, the
i ntraocul ar lens according to the present enbodi nent
provides the best contrast, followed by the spherica
intraocular lens, 1ff'. and the intraocular |ens
enpl oyi ng the reference pomer di stribution provides

and o8t et s 1o P IAEN 39 4 80 hhce powes
a2 siRbpag | o ERE Sﬁéicﬁ‘éﬁ{v%f%?e oo ens

[oqjﬁ{ fa" gtg}ar b e seBogkeg 4l cg%gggeigg[ehggﬁcrageg ten tne
szﬁi‘ijut '(;%:Hne‘?%ﬁereoge%té’: xSL' s P “‘%ttrfhea%%??éa here

I
th%rbﬁﬁ ﬂ%ﬁﬁ%ﬁk %%n% rastiéﬁét%y%ﬁ%nEﬁb%df%éﬁtal of

Te con n the spati al

end LR IR P PR B TR T

LT og%%ss 5 PR TR LB s
S { .

o1 BELRELALA UL 0TS TPTEL LR, EFEChacl bpicns

ax:tof)tplerespef:t J?I'l hglggtm&&lwifhstﬂf Bﬁﬁfggéiagglilsa the

ol ?yst Sh even I f the
in EREogRovt R BTy LlebBN T cign 08 $8c8 tharofpgnoving
the contrasts when the spatial frequency £ is 100 1lines/mm
in the cases where the intraocular lens according to the
Embodiment 1 of the present invention, the spherical
intraocular lens, and the intraocular lens employing the
reference power distribution 1 are respectively placed,
with each optical axis thereof being decentred by 0.5
mm with respect to the optical axis of the intraocular
optical system. As shown in Figs. 7 and 8, even if the
spatial frequency f 1is increased, as is the case with
the above-described cases, it can be seen that the
intraocular lens according to the present Embodiment 1
provides the best contrast in the case where the optical
axis of the intraocular lens is decentred with respect
to the optical axis of the intraocular optical system.
[0022] Fig. 9 is a graph showing the relation between

the amount of decentration and the contrast when the
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i ntraocul ar |l ens according to the present Enbodi nent 1
provi des the best contrast in the case where the
optical axis of the intraocular lens is decentred
with respect to the optical axis of the intraocul ar
optical system [ 00221 Fig. 9 is a graph showi ng the
rel ati on between the anmount of decentration and the
contrast when the 17 spatial frequency f is 50

aﬂf@flggkiﬂgéﬁg Eaigsﬁﬁmif&egy%ﬂrﬂfﬁDQHEaE4§%§ where

accordlng nbodi ment t’he present

the SPEE%%Uf?P i%%%'&ééok%%ﬁHmH aEthEhboGT%é$€ 1 of

raocul ar ens e e rererence power

the gﬁ&?%' 9 wé%@&snr esceue&tg%glaaeﬁ@a?feﬁngfs%rgdfgrm

e optical axis e I ntraocular optica

an%yﬁv\gg%ngk‘%o&g)lhlﬁt faLO?f Jec g g‘t%t'ﬂ'ﬁerf ﬂe‘r‘g}lce ?ower

he anoun ion and the contras

f / h
dlsw:[]bhtﬂq.onsa’?% Q‘J:e t[r:%%;b@?yltle'lﬁzs ng%% eﬁe@@nﬁ eh §ith

cases where he I'n ing to

res%'%J g' %nttrh]ﬁ o(;n%tu.]:%lp ae:ﬁiegt kn¥ﬁ%t '1q{]t1f5.9%usiglxler6}99hcal

raocul a and e intraocul ar [ ens enpl oyl ng

systtF fefﬁgggﬁtﬁrogg ﬁ‘}' H I PRgMRRAr £ch gasclpf&ﬁ'e/skyeen

aced d espect to the opti axis o

thd thenbi ftaoo%“ agc%ﬁfﬁfé‘ho%y%fr?an AS G, Peasgen, §RMene

hese di agrans e I ntraocul ar I ens enploying t

spifqgiefggiﬁgﬁéy g' ErhW&' rhé%?Mhdein m%té%ses where

contrast armunt ecentration of

tha[ niﬁ@%%l&a{dlsﬁnaéé V&E}éo Ag twerﬁetﬁﬁbwm@ﬁw ar of

ens according to t e enbo

the present invention, the spherlcal intraocular lens,
and the intraocular lens employing the reference power
distribution Ma are respectively placed decentred with
respect to the optical axis of the intraocular optical
system. As can be seen from these diagrams, the
intraocular lens employing the reference power
distribution provides a better contrast if the amount
of decentration of the intraocular lens is very small,
while the intraocular lens according to the embodiment
provides a better contrast if the amount of decentration
is equal to or more than a certain value, for example,
egqual to or more than 0.2 to 0.3 mm. Generally speaking,
when an intraocular lens is inserted into and placed in
the eye, it is common that the lens is decentred by 0.3
mm or more. Eventually, the intraocular lens according

to the embodiment provides a better contrast practically.

18



provides a better contrast if the anount of
decentration 1is equal to or nore than a certain

val ue, for exanple, equal to or nore than 0. 2 to 0.3
mm Generally speaking, when an intraocular lens is
inserted into and placed in the eye, it is conmon
that the lens is decentred by 0.3 nm or nore.
Eventual Iy, the intraocular |ens according to the

As &IPof "E_‘thf ntprtﬁgvt:%%se %mﬁsgeerthrp@niéﬁ%t SHAELLGAd Yend8

such, e case ere the |l ens enploying the

refee?égﬁ%gfﬁo%%vprdids; SEELRYLI AN MV IS siserEed 1AL the eye

no decentration, a spot distribution (spot

wit;g( 3y %chébgglﬁtifﬁﬁ £ Qg il St £ PHIRY AN (1180 PRI £8kam)

en ¢ mat e amcomng froman infinite

shcgi;;l(%te Ase al %omctus@ 28 e | SRIEHR Aieriand thussthgen

ntrast 1s provided. In the neantine, in

coff%hgéﬁg\%gﬁﬁ éHMiﬂ§n§fyhtJ@ EH@@Hf@@td&Qﬁhnce are

Inserted into the eye” with no decentration, the spot

foéﬂgéﬁipﬁj£m?i§ﬂé @T%XQH%,léﬂgeEHHHW%%gdéﬁééligﬁt

case of the lens € ying the reference power

co §5gltb5:'5|'£eog/?dta€{;kg this A0S 0k thileM i@ PRlNtas@Ufhere

0 existe positive power deviation region

th@Nfe e Jpg@ﬁlav%ngé)ef?lﬁim@%\ﬁ at | P8 HOQHDPr e HOWRMES . the eve

since the center e spot distribution is on the

wiORHEak A Srathe MWy 86 Pavek dayi i bANi k-d hetively

eviation region wth respect to the reference power

1a9§§£?%8%'é¥h i $nsTld cand dhergbonedd&fpi8yRg the
stgniticant difference in contrast.

reference power distribution Ma and thus does not form
apoint,due'U)existencecﬁfthepositivepowerdeviation
region and the negative power deviation region. However,
since the center of the spot distribution is on the
optical axis, the amount of power deviation in the
deviation region with respect to the reference power
distribution Ma is small, and therefore there is no
significant difference in contrast.

On the other hand, if the lens is decentred in the
eye, the spot distribution is created at a position far
from the optical axis with an increased size. 1In this
case, since the lens employing the reference power
distribution
Ma has the power distrubution in which the power decreases

along the radial direction, the decentration directly

affects the size of the spot distribution, thereby to
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On the other hand, if the lens is decentred in the
eye, the spot distribution is created at a position
far fromthe optical axis with an increased size. In
this case, since the | ens enploying the reference
power distribution Ma has the power distrubution in
whi ch the power decreases along the radial direction,
the decentration directly affects the size of the

For®P qHStéI DHE&@,sﬂdW@r&bytEQbfme@. qubhethar gospeiry,
di stri bution. the contrary, in the case of the

in kens MfstherErbpedirens d£( Vo Emdde@impesi ti veMpaywel the
devi ation region and the negative power deviation

podi8di P8 HuRE? ale v Natthe i f €61 b@N a3@ ashé On eFWANI®SSpower
the size of the spot distribution. Accordingly, the

deviiensi eh theg Fohodiviant 1 dn( ¥amegh é 08iE e Shahl &fo sdgeto
of the spot distribution and provides a higher

supp¥d §asthecoHpared vhéhspbe dessramloyong t hRecordingly,
reference power distribution Ma. This concept can

thedl1%h $& AppPhbedmbo d 1ases1 W MAmVar Eoum s edesnshban snze
Figs. 25 and 26 to be described later. [0023] Fig. 11

of itheé PFePhasbew inguthenpaner prtiwidebbubi ha gviwi @éntheast
i ntraocul ar lens according to the Enbodi nent 2, the

conPNeE adinsitth buhieon st BapIphierhgalthd nt ¢ Aeewnade | poser
and the reference power distribution M. Herein, the

didef eparaepomer, dirstird beibheepauryen Malsenpbeyapiphicied to
power distribution in which the powers are the sane
led$e thasafvibe cspheaibaals isiéwRciharigss 25 and 26 to
be described later.
[0023] Fig. 11 is a graph showing the power
distribution Mbm; of the intraocular lens according to
the Embodiment 2, the power distribution of the spherical
intraocular lens, and the reference power distribution
Mb. Herein, the reference power distribution curve Mb
employs the power distribution in which the powers are
the same as those of the spherical intraocular lens in
the vicinity of the optical axis, and as to cancel the
spherical aberration of the cornea, the powers are
decreased with distance closer to the outer
periphery. That is, the reference power distribution
curve Mb does not employ the power distribution which
cancels the spherical aberration of the cornea in the

vicinity of the optical axis. 1In addition, although the

reference power distribution curve Mb employs the power

20



the vicinity of the optical axis, and as to cancel the
spherical aberration of the cornea, the powers are
decreased with distance closer to the outer

peri phery. That is, the reference power distribution
curve Mo does not enploy the power distribution which
cancel s the spherical aberration of the cornea in the
vicinity of the optical axis. In addition, although

dis%bag%%gle@& QWel, di shELRUti P gglh\éeri'\@afnelb@israbfon

power Istribution so as to cancel the spherica

of g%ﬁr FRBa 9f tdEnEQT PRY i dh Ot heh el @H WS, ai Be PWEFion

istribution does not perfectly cancCel the spherica

aoeWPHE Bl bl crhhe LD oWl I4FnLRG I CHBECS AWGH of
Istribution Ma.” [0024] Fig. 12 is a graph show ng

the RS SPOLT | g\ﬂhikat—,betrl{@_tfé)f]ér@fnctéq%cﬁ@éfr&i@%?ﬁ?ﬁid{tiBn Ma .

t he cases ere the intraocular lens according to the

[ o gBppdi mentngqf 13181 cPLESHM phNYEREI Oflg L. SPhREigala1
i ntraocul ar N'ens, and the i'ntraocular”|ens enpl oyi ng

abetr]fk%fégfnﬁrse'%‘?fe ROV + A8t &y BHELAN 1D 181 & JLsPsChh¥ekYthe
placed in the eye. In Fig. 12, the curve shown by the

int3dduhiane Icﬁﬂ&e%%rgérdﬂi%_ aher{/bi eml 81k Ryt ip:n%f the

curve when the spherical “intraocular lens (I1QL)

pr%ﬁéﬁ?dinb@%f&%ﬁg shwvy iye L Rea1datdedabicR@ 40 1d8s, andg

agram represents the aberration distribution curve

themtkggdﬁéﬁowr?g ERPT SRl VLA ddi€e FEERIENSSwer

power distribution My is pllaced, and the curve shown

aidWribgtdashess dotbedebiRe i fvEhg gha®é@din the eye. 1In

Fig. 12, the curve shown by the solid line represents
the aberration distribution curve when the spherical
intraocular lens (IOL) is placed, the curve shown by the
dotted line in the diagram represents the aberration
distribution curve when the intraocular lens employing
the reference power distribution Mb is placed, and the
curve shown by the dashed-dotted line in the diagram
represents the aberration distribution curve when the
intraocular lens according to the Embodiment 2
(intraocular lens employing Mbm;) is placed. As shown
in Fig. 12, in the Embodiment 2, even in the case of the
intraocular lens employing the reference power
distribution Mb, the aberration of the cornea is not
perfectly corrected, and thus the aberration is not

perfectly reduced to zero.
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represents the aberration distribution curve when the
i ntraocul ar | ens according to the Enbodi nent 2
(intraocul ar |ens enploying M) is placed. As shown
in Fig. 12, in the Enbodi nent 2, even in the case of
the intraocular |ens enploying the reference power

di stribution My, the aberration of the cornea is not
perfectly corrected, and thus the aberration is not

[00%?%£eCt ly IE'E ufﬁg }.9 5%Pa%ﬁh%%99%@ t'ﬁiegc_o%fés@s when

h show n e cont rast the spatia

the:c %?%l{%_rg:%/ ffr%, uadfldy pesL g liirh(%]Q?mﬁa,Sfﬁ M@r@aségewhgre

raocul ar ns according to the Enmbodinment 2 of th

thepriﬁfﬂgoicm’leﬂi Ry, & haecéBQ%rj]ian?‘!t&”‘th%o%%dﬁ%{é%t 2 of
3P%; he IP raocular | ens e?p oying the reference power
Mﬁ r eSRES ; Cc ERE
theoﬁ’t |%% Htgxﬁ.;ﬁ t e?%gfl'bel ng %ﬁlﬁé%gﬁ!a\% ?ﬂmfﬁ%b%pti cgl tens.

andg?:i}% gflfltﬁf%’%c%tﬁigf‘oilélnq &%i%'iﬁj@r?@ rbR ettt 88 3pBwer

e vertical axis represents the

disgfgjgi;e%&or?f}%t fe DUiZ08L AL AN SpigREeSEN$thh@ach

c ance fronithe object. Note that these graphs are
e g i g . i .
oo S I AT Do A0 SIS T e e

of PUPYALLY Cu&SalSTbOEY\Q- EHngg'stJeﬁn. i nrhhenecqsgpthererig.
i h al’

the optical axis of the intfaocular lens is i gned

13 ng?etbgfrc?:&tégfl a@4iss rcggffggeinr{tsr aacel @pn@td £8! and the
system the intraocul ar Tens enploying the reference
hoPPYER +31S L5 A QN MD e RRHQYV 8RS alie: DeSE £PBhI BEE object .
Note that these graphs are determined by analysis using
theopticalanalysissoftwareZEMAXmanufacturedbyZEMAX
Development Corporation. As shown in Fig. 13, in the
case where the optical axis of the intraocular lens is
aligned with the optical axis of the intraocular optical
system, the intraocular lens employing the reference
power distribution M, provides the best contrast,
followedln(theintraocularlensaccording1x)thepresent
Embodiment 2 (intraocular lens employing the power
distribution Mbm;), and the spherical intraocular lens
(spherical IOL) provides the worst contrast of these
lens.
[0026] On the contrary, Fig. 14 is a graph showing the
contrasts when the spatial frequency £ is 50 lines/mm,

in the cases where the intraocular lens according to the

Embodiment 2 of the present invention, the spherical
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foll owed by the intraocular |ens according to the
present Enbodinent 2 (intraocul ar |ens enploying the
power distribution Monml), and the spherica
intraocul ar lens (spherical 10L) provides the worst
contrast of these lens. [0026] On the contrary, Fig.
14 is a graph show ng the contrasts when the spatia
frequency f is 50 lines/mm in the cases where the

intH$aQgdlan s Ace il %ﬁ%&t&m@ﬁ%mﬁ)ﬁ%n@%he

present invention, the spherical intraocular 1ens, and

reﬁé@eﬁﬂ%rﬁgﬁlélraﬁlls%ﬁﬁﬁhgﬂ g ihe régb%rc%"_l.c@e PQVFIaced
di stribution Mo are respectively placed, wth eac

witdbtégah %ﬁléaqreagh@etﬂ@r%e&@%é%doydgcéntm@dww 0.5

respect to the optical axis of the intraocul ar

mm QA {EateSPHEM t AStaROWPE NcEh0axlid Al LKe tihe LaS€ular
where the optical axes are aligned with each other, in

optii€atasg here the eptdwdl iaxissid s ggcmﬁﬂf@ketﬁﬁe case
intraocul ar | ens according to the present Enbodi nent 2

whd¥ OV HES olplter HES! aGQUY TASE , a | Qg dy DY nt BRIPNSFRERI, in
i ntraocul ar lens, and the intraocul ar | ens enploying

thd f@aséeweeﬁ&etmwp@iabm byt on i b dfli@é/h@%%d Nétne
worst. [ 0027 ] Fig. 15 is a graph show ng the

intGeNb Eagtes WheRs aa%mim?]l tbr e Ye feht %Qrpoodlment 2

lines/mMm in the cases ere the intraocul ar | ens

prAELQEE Rthd OpbBe EWOHLABRL, £oPf ol KSRk spherical
i nvention, the spherical intraocular |ens, and the

1nﬁfﬁééﬁqlé1|13rle|r?sns £0P|1ayd Nth £ PEobef18{2NGEh s @N\Eio ing the
distribution 2 are respectively placed, wt eacz

reference power distribution Mb provides the worst.
[0027] Fig. 15 is a graph showing the contrasts when
the spatial frequency f is 100 lines/mm, in the cases
where the intraocular lens according to the Embodiment
2 of the present invention, the spherical intraocular
lens, and the intraocular lens employing the reference
power distribution 2 are respectively placed, with each
optical axis thereof being aligned with the optical axis
of the intraocular optical system. Fig. 16 is a graph
showing the contrasts when the spatial frequency f is
100 lines/mm, in the cases where the intraocular lens
according to the Embodiment 2 of the present invention,
the spherical intraocular lens, and the intraocular lens
employing the reference power distribution Mb are
respectively placed, with each optical axis thereof being

decentred by 0.5 mm with respect to the optical axis of
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optical axis thereof being aligned with the optica
axis of the intraocular optical system Fig. 16 is a
graph showi ng the contrasts when the spatia

frequency f is 100 lines/mm in the cases where the
intraocul ar lens according to the Enbodi nent 2 of the
present invention, the spherical intraocular |ens,
and the intraocular lens enploying the reference

distrib Mo
thé@%ﬁ%ﬁ%&i‘ “Ezpshﬁae%isr FobEfng Paepaniidtog 5" Bhand
Wth re t I .
16..ﬁ$%@0353§58p%“§ﬁ3§§2 %%q%égé g%nanlb%%eai%d' gs 1s
thq sda?eﬁ:"g&g\&ett % S atl al ferse&ueggx a Seé nC{gaégg bgsgeen

WS T heabove: dedcri cases,
thdf ebbft LLRRAT T pr U ead &tgﬁrag%g dﬂcﬁﬁﬁ%str‘ﬂe. 2etke
emf &R mEaT PES V HAER #5?‘?:0‘8??' s S L e g e e
the, P REdT the  SRouth B Caddui o 1o tar FRe ‘Gord s Sap £ ¥4
Wi%@sggg&ﬁgg %thq%ég ggﬂ%&- %%g5g€idﬁggéqu;J%£H§ar
oD Tl SR BT BATWom e CBRGr (Ol T arrade ar o e g

am%?lg{.lr{)] ?OCUln%bragggn S%l ¥1l Velo;rllq:e‘cl‘a[gﬁewﬁlggﬁetﬂgwgf)atlal

are respec aced decentred

fr%\ﬁ%{l:’e]é{ﬁeyssygt ef’n%IOt hfhggtsl/q‘rﬁll fé' %h%f éQSelsnthrPé)fé'l he
intraocular lens according to the Embodiment 2
(intraocular lens employing the power distribution Mbm;, ),
the spherical intraocular lens, and the intraocular lens
employing the reference power distribution Mb are
respectivelyplaceddecentredwithrespecttotheoptical
axis of the intraocular optical system is shown in Fig.
27.

foo28] Fig. 17 is a graph showing the power
distribution of the spherical intraocular lens as a
comparative example, the reference power distribution
Ma, and the reference power distribution Mb. Herein, the
reference power distribution Ma represents the power
distribution which perfectly cancels the spherical
aberration of the cornea. In the reference power

distribution Mb, the powers are the same as those of the

sphericalintraocularlens:U1thevicinity(ﬁftheoptical
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27. (0028} Fig. 17 is a graph show ng the power

di stribution of the spherical intraocular lens as a
conparative exanple, the reference power distribution
Ma, and the reference power distribution Md. Herein,
the reference power distribution Ma represents the
power distribution which perfectly cancels the
spherical aberration of the cornea. In the reference

axitpﬁgweéndd ?t Q:lob%éhIQEeB{b*thtéms;pH@@ %aq_r eaﬁ@fr%@:%ﬁsof the

'ose of erical 1 ntraocu [ens in the

cor\ﬂ ‘lenl tt¥1| 5\!98r%ptdxcé" a8%rya 804 @itt fA8eehdd & 10ser

erratlon of the <cornea, the powers are

to q:el'%e ﬁ%%flmﬁg%:(_%?%t@ﬂﬁe C’k‘?ﬁ%r id0 the WAL rence power

perip ery e reference power distribution

dlg\éJrquﬁ ?}1e 9l PIPL QY &t %%@%lg'ys';tlh'eblﬂdv@@r WhisGr i bution

cance spheri cal erration of the cornea in the

whltiﬁlgé.lﬁ)éeq_% e hEalk Sah pdPraddidd Yu @ld h@HQHea in

power stribution in ot regions is canceling

the 1?][]%57' @l tﬁgeghgtl's ofx{He cenngaqgiit djrﬁ)esaff:)f‘lough

cancel erical aberration of the

th(T 8)&3:8%1‘ Fd":[”sIt%gbllpfoﬁeiﬁrggﬁ‘érpewlﬂ§t fd bi’ﬁﬁ@@l%g the

graph show ng "t he spheri cal

splfpglef_c[;%tll QB%I‘}_fa’Efgne@P{ﬁe %ycﬁpﬁéh ip dbesaasespaheretly

herical 1ntraocular |l ens as a conparative

can ?fplt%e sagﬂe'irq.ecdﬁft Laaclari benses @il epidd d heyniike

erence stribution Ma and the reference

thémz\_(\gcfeqjeﬁééb?%vfaﬁ]h@ls%ﬁﬂﬁfgﬁt iMeel y placed in the

e curve
[0029] Fig. 18 is a graph showing the spherical

aberrations of the entire eyeball, in the cases where
the spherical intraocular lens as a comparative example,
and the intraocular lenses employing the reference power
distribution Ma and the reference power distribution Mb
are respectively placed in the eye. InFig. 18, the curve
shown by the solid line represents the aberration

distribution curve when the spherical intraocular lens
is placed, the curve shown by the dotted line in the
diagram represents the aberration distribution curve
when the intraocular lens employing the reference power
distribution Ma is placed, and the curve shown by the
dashed-dotted line in the diagram represents the

aberration distribution curve when the intraocular lens
employing the reference power distribution Mb is placed.

As shown in Fig. 18, the aberration is reduced to zero
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shown by the solid line represents the aberration

di stribution curve when the spherical intraocular |ens
is placed, the curve shown by the dotted line in the
di agram represents the aberration distribution curve
when the intraocul ar | ens enploying the reference
power distribution Ma is placed, and the curve shown
by the dashed-dotted Iine in the diagramrepresents

onfgminapﬁF;@i§H15¥S£Bhbwﬂﬂ¥h&éﬁY%fM¥ﬁh§hSmploying the

i“ntraocular Tens enploying the reference power

re%%f%ﬁ&???é%h%mdg%ﬂy 884 o MahowR gl tHE Jabd&rdtEon

erra nis reduced to zero 25 only in the case of

reﬁé%@gn%r%¥%4fé enst £aPLA%ING £ henel Bfiff £A68 UAAWEI 1ens
I SUr

i bution Ma, and the aberration remains a little

emé{hibﬁ Cage HeddFehRll 3RGHAral £hsi v ONIME.t heIn the

refnce power distribution Mbo. In the case of the

caSPNSET CRL %%H?%@HEQrﬂd¥§ho&ﬁ§a§b@€fﬁlOﬂheeéwé¥¥%Yion

I ncreases di stance closer to the outer periphery

exége%gﬁ l%ﬁsréagggnwfkﬁ:dg%ﬂénéegb@Hbéfodetﬁ@eouter
&t s Wh

contra en the spatial frequency f is 50

peééﬁﬁgégmogthgefg§§§ where the spheri cal

rao ar [ens as a conparative exanple, and the

[0 dd:?(g? aocul ag ilgﬁ?gsiagﬁgglt Qyéfgphhghb%fﬁfg?% RW¥¥etrasts when

ribution he  reference power distribution

th%\’%&ag%faig%fﬁghie\fﬁéy fp!i.é_cgg’l WhtB /each igptheakag¥isSwhere

aligned with the optical axis of the

th% h@éf@@fﬂ:@ﬁl 1R LE LT RS €nd Bst BecOmaR Hf i Fedexdfiple,
vertica

and the intraocular lens employing the reference power
distribution Ma and the reference power distribution Mb
are respectively placed, with each optical axis thereof
being aligned with the optical axis of the intraocular
optical system. 1In the graph of Fig. 19, the vertical
axis represents the contrast, and the horizontal axis
representsthedistancefromtheobject. Note that these
graphs are determined by analysis using the optical
analysis software ZEMAX manufactured by ZEMAX
Development Corporation. As shown in Fig. 19, it can be
seen that, in the case where the optical axis of the
intraocular lens is aligned with the optical axis of the
intraocular optical system, the intraocular lenses
employing the reference power distributions Ma and Mb

provide better contrasts compared with the spherical

intraocular lens.
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axis represents the contrast, and the horizontal axis
represents the distance fromthe object. Note that
these graphs are determned by analysis using the
optical analysis software ZEMAX manuf act ured by ZEMAX
Devel opnment Corporation. As shown in Fig. 19, it can
be seen that, in the case where the optical axis of
the intraocular lens is aligned with the optical axis

ngl @h%nitnﬁ%aggﬂleﬁf Hgfﬁtd C%Jlgsysztdarﬂs tahgfalﬁﬂ agei; 8hg the

I"en e reference power distributions M

con% aé\@s 510\/1]1 di.ehgets#)%rt Caoftffggﬁe afegsv"'Sbh ltlr}?es/mm

27 r8al’™ 9" nt raocu 1%ns 1 ] On the other

in {{;h spa% s ééeatﬁ@aggﬂg#?g the + £08LAASE SLAEN and

8l requency Ines/mm in the cases

thqlﬁ %r%@% %@rhgﬂségtéﬁg%giﬁmge@ EggfeEE%ce power

aocul ar enses errp oy rererence power

ai U SstELRYL O aX|sq“ﬂereo?E:% fleéggg*c't\iq}eylyl aq%cbecwttalth

eac opt <a bei ng decentred by O.

eaé%topt 83&68%6 ngiﬁgk'ﬁéhn E%égnﬁPgd'B§r@°%UhﬁrW1th

opt Sys own I n g 20, unli ke the case

res%ei: tl:laethoeov\%ére taﬁéltesaﬂg gki gped W thagaeh Ltheptical

e caseé optical axis is decentred, 1t

sys@'mbe 280 HAM Bhﬁlbnt@%pmﬂﬁﬁlk%n§ﬁ%EgHH@yWHGr%the

refefence power dlstrlbutlons Ma and Mo provi de worse

opﬁcoggﬁ.a?%%e?é]ogg%r EE thecsphgichcal th 8t aagll @he case

s a graph showi ng the contrasts
wherg the optical axis is decentred, it can be seen that

the intraocular lenses employing the reference power
distributions Ma and Mb provide worse contrasts compared
with the spherical intraocular lens.

[0032] Fig. 21 is a graph showing the contrasts when
the spatial frequency £ is 100 lines/mm, in the cases
where the spherical intraocular lens as a comparative
example, and the intraocular lenses employing the
reference power distributions Ma and Mb are respectively
placed,witheachopticalaxisthereofbeingalignedwith
theopticalaxiscﬁftheintraocularopticalsystem. Fig.
22 is a graph showing the contrasts when the spatial
frequency f is 100 lines/mm, in the cases where the
spherical intraocular lens as a comparative example, and
the intraocular lenses employing the reference power
distributions Ma and Mb are respectively placed, with

each optical axis thereof being decentred by 0.5 mm with
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the spatial frequency f is 100 |ines/mm in the cases
where the spherical intraocular |ens as a conparative
exanpl e, and the intraocul ar | enses enpl oying the
reference power distributions Ma and My are
respectively placed, with each optical axis thereof
being aligned with the optical axis of the

i ntraocul ar optical system Fig. 22 is a graph

res%)(fo\l\% ngt E%ec%'ﬁ{ éi %&nsvéjé §H@t '1‘fﬁ|tr%589li%ri:c36;ttiéal

I hes cases eri cal
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raocu enses e oy ng thnhe ref erence power

fregqaé%ﬁclzgﬂflcgilnéam S@%é@dar%sr esPechibvelys o @9% efmt,h

ereof being decentred by 0O

abo}@&% hdgscrrleosggcéaé thfn%é%s@ﬁﬁe?é ’Elli‘@ opt%:_al cax1s

raocular optical ‘system shown 'n Figs

of i%%et %‘%!kéif)ch'i%hrsﬁﬁéﬂég S f&&&é‘ﬁ‘ﬂ%d‘ Wisch @ésaé@% t8Stne

he case wt ove-descri bed cases, Tn

optcf‘é 1818 re% 1?]2&' gﬁltra&(ééulgﬁ B%i@&ﬁ.agﬁzlél@éml eﬂ§ can

ecen respect tot optlca axis of the

be s%éﬁo% Rgl &q{tr_séfﬁtz%maf tJhé:ﬁ‘Qesbeen?ﬁfaylrﬁaé EH@

raoc enses enp oylng t ref erence” pover

re@éiséﬁ d &?ﬁrt heaﬂn{j]i]erl td \ﬂsdeM&D%%l% wONbAstSae w]orse

are I ntraocul ar lens. [0033

con%:.gasgg F%gg)agféahwﬁtﬂﬂwlt E) Jf’i@&ioﬂnlﬁgé’@@@latrhﬁens
unt o e

centration an contrast when the

[0(?%95' +:| re%éeq.cé/e{ ég %h%%ﬁ!r{'@ntﬁg 1-he Gases MBeLRen
€ spne |caI |ntraocu? ens as a conparatlve
thexgﬂgh%t of decentration and the contrast when the
spatial frequency £ is 50 lines/mm, in the cases where
the spherical intraocular lens as a comparative example,
and the intraocular lenses employing the reference power
distributions Ma and Mb are respectively placed decentred
with respect to the optical axis of the intraocular
optical system. Fig. 24 is a graph showing the relation
between the amount of decentration and the contrast when
the spatial frequency f is 100 lines/mm, in the cases
where the spherical intraocular lens as a comparative
example, and the intraocular lenses employing the
reference power distributions Ma and Mb are respectively
placed decentred with respect to the optical axis of the
intraocular optical system. As can be seen from these

diagrams, if the amount of decentration is equal to or

greater than approximate 0.4 mm, the intraocular lenses
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and the intraocul ar | enses enploying the reference
power distributions Ma and Mo are respectively placed
decentred wth respect to the optical axis of the

i ntraocular optical system Fig. 24 is a graph
showi ng the relation between the anmount of
decentration and the contrast when the spatia
frequency f is 100 lines/mm in the cases where the
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enses 28 enp ng the ref'erence power distributions
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iI'ntraocul ar 51is a diagramo

int%%ﬁé%%%&glgﬂgya@@ Fain 1ﬁh%dgﬁﬁé§n8ﬁb®%%ﬁent of the

utions, and Fig. 26 is a diagram show ng nodes

inﬂnEDSnP&WhQi§£%§?%§£§ qié%@%f)inn.t r‘f’lq{:lfliaﬁ. '295‘5 1 and

according to anot I men the 1nvention o

M, %:%%teﬁzée*?Smth%Oszﬁ@%i Qﬁ . ?WEEQ:di@tmﬁ%u%don 'V\%h&%fhe{

types of power ution Ich Trespectively

[ rete. ex r e r
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ref'@:%ﬁé@ric}vpefh i%%‘cﬁ&?@ﬁtﬁ%‘f&rlmgi shid Bl 1 2R WiLh

perfectly cancels spheri ca

Embodiments 1 and 2. Ma refers to the type of power
distribution which perfectly cancels the spherical
aberration of the cornea. The reference power
distribution is not limited to Type M;, and the power
distributions may be of Type M,, M; and M,. Further, the
power distribution of the intraocular lens according to
the invention of the present application is not limited
to the Embodiment 1 (Mam;) or the Embodiment 2 (Mbm,),
as long as the power distribution has, in a region in
the vicinity of the center of the intraocular lens, at
least one positive power deviation region having a larger
power than that represented by the reference power
distribution and at least one negative power deviation
region having a smaller power than that represented by
the reference power distribution. For example, the

power distribution of the intraocular lens may be one
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aberration of the cornea. The reference power
distributionis not limted to Type M, and the power
di stributions may be of Type M2, M3 and M4. Further,
the power distribution of the intraocular |ens
according to the invention of the present application
is not limted to the Enbodinment 1 (Maml) or the
Enbodinent 2 (anﬂ) as long as the power

. dis but
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on one ref erence
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istr butlon to be added on the reference power
con Eﬁ?%butlon in order to obtain an effect of

[00 pr essi nﬁe(}i__%tler{l Ig .'? '?:encc%]gé@\ﬁ%_r hq_%@iﬂ)‘ﬁ{;ﬁio@p of

e’ ref erence power Bt on
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when assuming the power at the center of the lens as the
base power. This type includes the reference power
distribution Ma in the Embodiment 1. The reference power
distribution of Type M, refers to the type in which the
power increases in the radial direction, starts
decreasing from a certain radius, and thus is smaller
than the base intraocular power at the lens end portion,
when assuming the power at the center of the lens as the
base power. This type includes the reference power
distribution Mb of the Embodiment 2. The reference power
distribution of Type M; refers to the type in which the
power is substantially equal to the base power until a
certain radius, and then the power starts decreasing from
a certain radius in the radial direction, when assuming
the power at the center of the lens as the base power.

The reference power distribution of Type M4 refers to the
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base power. This type includes the reference power

di stribution Ma in the Enbodi nent 1. The reference
power distribution of Type M2 refers to the type in
whi ch the power increases in the radial direction,
starts decreasing froma certain radius, and thus is
smal l er than the base intraocul ar power at the |lens
end portion, when assum ng the power at the center of
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ustment patterns, Type m refers to type

de\h{]a NS &P%Q YESPPNEL L dEYL @ LN LEY PR B ShRding
e e

e center circle and t negati ve power devi at i on

th%rﬁ 9Len ex #es ) lasn @Wg??;&:‘%&f@nséﬁr eyl Y . Type ms
er eof . I cation of Type nﬁ Typée nB
is rtzlgél gﬁrﬂe\fpfn'vph%hcghtehﬁew@iﬁ¥e999w a4eM A 180 region
exists in the center circle, the positive power deviation
region exists in an annular region surrounding thereof,
and the negative power deviation region exists in another
annular region surrounding the annular region. Type my
and Type ms are the types, in which the positive power
deviation region exists in the center circle and the
negative power deviation region exists in a annular
region surrounding thereof, and in which the amounts of
deviations are constant in specific ranges both in the
positive power deviation region and the negative power
deviation region. Type mg is the type in which the
positive power deviation region exists in the center
circle, the negative power deviation region exists in
an annular region surrounding thereof, the positive power
deviation region exists in another annular region

surrounding the annular region, and the negative power
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exists in the center circle, the positive power

deviation region exists in an annular region

surroundi ng thereof, and the negative power deviation

regi on exists in another annular region surrounding

the annul ar region. Type MA and Type nb are the

types, in which the positive power deviation region

exists in the center circle and the negative power

eviation r =Tl .
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the intraocular lens in which the adjustment pattern of
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nu surroundal ng [

Type m; is added on the reference power distribution of
Type M;, the spherical intraocular lens, and the
intraocular lens employing the reference power
distribution of Type M; are respectively placed decentred
with respect to the optical axis of the intraocular
optical system. Fig. 29 is a graph showing the relation
between the amount of decentration and the contrast when
the spatial frequency f is 50 lines/mm, in the cases where
the intraocular lens in which the adjustment pattern of
Type m; is added on the reference power distribution of
Type M,, the spherical intraocular lens, and the
intraocular lens employing the reference power
distributhm1ofTypeM4arerespectivelyplaceddecentred
with respect to the optical axis of the intraocular

optical system. Fig. 30 is a graph showing the relation
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spatial frequency f is 50 lines/mm in the cases where
the intraocular lens in which the adjustnent pattern
of Type m is added on the reference power

di stribution of Type M3, the spherical intraocular

I ens, and the intraocular |ens enploying the reference
power distribution of Type M3 are respectively placed
decentred wth respect to the optical axis of the

beté%%ﬁﬁ%u%?émog | gal 58YShe  Fign 294 $nd f%ro%othrast when

e refatron between the anount o

decent.rati t t . h '

the_f Fté’(?&eln%lé 1?1%%9%8. i ﬁgggmng@iltlnﬁ%] (2"‘?2322 %Ir%lls?ﬁewrlere
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ocul“ar rens enployi ng t he reference power

Typgeiec ir,]{ ?ggieo\r;a O}Eeifx%%l'\’”iﬂfa%%%ofﬁi ‘i%ln% ,_pl @ﬁ&d the

respect  to the optical axis of the

in i%n%éwgﬁgl%%arleg t Le‘f'@%}l%%i%?{ntfé gre%%xjesné‘egb?%r

e relatl ween the anmount O

dls;jflgggé%atolrfo%l%%gé)tﬁhﬁ Caoj?é rrae% g\@%@.vetlhf p&p@éééldec%ntred
Cc

1
cy Ihes/mm 1IN the cases where th
u

wi %L’ég%ﬁ%% agggj;hioé‘n ééﬁit‘i'& a%lheagggu%tf”e@ﬂe pabhiterdoQfilar

e reference power distribution

opthopllBGeen Loor SRNCEACRY LIFARRLLROY A0S e Ot cion

ens enpl oyi ng f erence power

v ShEbh P S TA0E Mo B R P Lo g en
th(la r]stﬂggjcflé{h_a%requency £ is 50 lines/mm, in the cases where
the intraocular lens in which the adjustment pattern of
Type m¢ is added on the reference power distribution of
Type M;, the spherical intraocular lens, and the
intraocular lens employing the reference power
distributioncﬁfTypeMlarerespectivelyplaceddecentred
with respect to the optical axis of the intraocular
optical system. Fig. 32 is a graph showing the relation
between the amount of decentration and the contrast when
the spatial frequency f is 50 lines/mm, in the cases where
the intraocular lens in which the adjustment pattern of
Type m; is added on the reference power distribution of
Type M;, the spherical intraocular lens, and the
intraocular lens employing the reference power

distribution<ﬁfTypeMlarerespectivelyplaceddecentred

with respect to the optical axis of the intraocular
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optical system Fig. 31 is a graph show ng the
relation between the anmount of decentration and the
contrast when the spatial frequency f is 50 |ines/mm
in the cases where the intraocular lens in which the
adj ustnment pattern of Type nmti is added on the
reference power distribution of Type M, the
spherical intraocular lens, and the intraocular |ens
op talph 0Y5 98 tdie. I ed 81 sAGH OMET t hdiset Id fug+ams0f iypeaMlve
are respectively placed decentred wth respect to the
secdPtigat dHs Phtthddniar0aWmd emphicsain§ypbedr Fig.
32 is a graph showing the relation between the anount
aisafr fegentoratéd Pnaard dhsecamldast inhehe ddeaspatiaats can
frequency f is 50 lines/mm in the cases where the
supgpgté a8Culcdle + €8Falt W €R I BehYst RNisPat ber pPfic
ype nB is added on the reference power distribution
decdntfypadl, thetspbRaitCahd Ahraacstan arenenfrtddeding
i ntraocul ar I'ens enploying the reference power
to @ Ainktdh 0No8f o FyPBeMrafe i esiesl i valti il acedlludes all
decentred wth respect to the optical axis of the
lerddd§aeedltaraBdd aptdt edystenthésegown in these
di agrans, it can be seen that the intraocul ar |ens
enpl oyi ng power distribution of any type shown in
t hese di agrans can suppress deterioration in contrast
caused by opti¢naipsepinat ixdmiNebe itihay the
i ntraocul ar |l ens according to the invention of the

[0S @FentnappldLaéhen infd ndesnahlay £nsesvkhattarezed for
inserted in the eye.

an intraocular lens inserted into an anterior chamber

of an eyeball after removing the crystalline lens due
to cataract or the like, let alone for an intraocular
lens inserted into the posterior chamber thereof, an

intraocular lens to be used for a phakic eye, or the like.

Brief Description of Drawings

[0039]

Fig. 1 is an explanatory view of a power
distribution of an intraocular lens according to an
Embodiment 1 of the present invention.

Fig. 2 is a schematic explanatory view of an
intraocular optical system constituted by the
intraocular lens and cornea.

Fig. 3 is a graph showing the power distribution

(Mam;) of the intraocular lens according to the

34



I ndustrial Availability [0038] The present invention
may also be utilized for an intraocular |lens inserted
into an anterior chanber of an eyeball after renoving
the crystalline lens due to cataract or the like, let
alone for an intraocular lens inserted into the
posterior chanber thereof, an intraocular lens to be
used for a phakic eye, or the like. Brief Description

Emedf%gw%n%sof the qﬁﬁisrt inventionh, the power

................... Fig. 1 1's an explanatory

aist &Y \8(:1% %\Qerthegrﬁf%%égﬁtclaq_n Q{t obQUrAGW RE | 8RS the
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nvention power str ution of the spherica
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ation I's a graph showi ng t
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thé Intr cular ens according to the
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eri C i'nfraocu ens

distribution Ma are respectively placed in the eye.

Fig. 5 is a graph showing the contrasts when the
spatial frequency f is 50 lines mm, in the cases where
the intraocular lens according to the Embodiment 1 of
the present invention (Mam;), the spherical intraocular
lens, and the intraocular lens employing the reference
power distribution Ma are respectively placed, with each
optical axis thereof being aligned with the optical axis
of the intraocular optical system.

Fig. 6 is a graph showing the contrasts when the
spatial frequency f is 50 lines mm, in the cases where
the intraocular lens according to the Embodiment 1 of
the present invention (Mam;), the spherical intraocular
lens, and the intraocular lens employing the reference
power distribution Ma are respectively placed, with each
optical axis thereof being decentred by 0.5 mm with
respect to the optical axis of the intraocular optical

system.
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i ntraocul ar |l ens enploying the reference power
distribution Ma are respectively placed in the eye.
Fig. 5is a graph showi ng the contrasts when the
spatial frequency f is 50 lines nm in the cases where
the intraocular |l ens according to the Enbodi nent 1 of
the present invention (Mam), the spherica

intraocular Ilens, and the intraocul ar | ens enploying

the yeferen i Sh 0 t
S LEE191S, SNELL SIDIE ORI Aoy ashartivel ne

spay)éI ltPf. téé?% Axi s 196 §he dfhAocuhak nPUULALs where

s a graph show ng the contrasts when
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respective ace each optical axis thereof
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axi s e Intraocular optical system iii Fig. 7 is
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equency f 1s 100 |1 nes in the cases where the

of'Pﬁéa%Uélﬂéobaﬁ%laC@g{e%ag_ toy 6 gmEnbodi ment 1 of the

esent i1 nvention , the spherical intraocul ar

lenSF nd gt es'étgil%lﬂ aihéﬁﬂﬁge”ﬁﬂé’y(bé@ﬂttr%%E@fﬁﬁéﬁcﬂthe

power |str ution Ma are respéctively placed, wth
spé%%gl frequency £ is 100 lines/mm, in the cases where

the intraocular lens according to the Embodiment 1 of
the present invention (Mam;), the spherical intraocular
lens, and the intraocular lens employing the reference
power distribution Ma are respectively placed, with each
optical axis thereof being decentred by 0.5 mm with
respect to the optical axis of the intraocular optical
system.

Fig. 9 is a graph showing the relation between the
amount of decentration and the contrast when the spatial
frequency £ is 50 lines/mm, in the cases where the
intraocular lens according to the Embodiment 1 of the
present invention (Mam;), the spherical intraocular lens,
and the intraocular lens employing the reference power
distribution Ma are respectively placed decentred with
respect to the optical axis of the intraocular optical

system.
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optical axis thereof being aligned with the optica
axis of the intraocular optical system Fig. 8 is a
graph showi ng the contrasts when the spatia
frequency f is 100 lines/mm in the cases where the
i ntraocul ar lens according to the Enbodinent 1 of the
present invention (Maml), the spherical intraocul ar
| ens, and the intraocular | ens enploying the reference
power. di ibutj I ect. v I '
Cach 1 9p Sar & B2 M M BT EL T AR b b B ehe
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hée reference” power - distribution Ma are
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axl s e I ntraoc I ca system Sc~

. Fig, N r i rel atl b :
s L SRA 0D, BUUIG LI ISP A QBRI EDS wicn
fal  fre f i In ' :
o P8 Ebp. MRELERELchal S100 LETESAT I Pabl S Spracan
diment 1 of the present invention (Mana), the
pherical intraocular |ens,

Fig. 11 is the graph showing the power distribution

Sys
YS

(Mbm;) of the intraocular lens according to the
Embodiment 2, the power distribution of the spherical
intraocular lens, and the reference power distribution
Mb.

Fig. 12 is a graph showing the spherical
aberrations of the entire eyeball, in the cases where
the intraocular lens (Mbm;) according to the Embodiment
2 of the present invention, the spherical intraocular
lens, and the intraocular lens employing the reference
powerdistributionbﬂ>arerespectivelyplaced:hltheeye.

Fig. 13 is a graph showing the contrasts when the
spatial frequency £ is 50 lines/mm, in the cases where
the intraocular lens (Mbm;) according to the Embodiment
2 of the present invention, the spherical intraocular
lens, and the intraocular lens employing the reference

power distribution Mb are respectively placed, with each
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and the intraocul ar | ens enploying the reference power
distribution Ma are respectively placed decentred with
respect to the optical axis of the intraocular optica
system Fig. 11 is the graph show ng the power

di stribution (Mm) of the intraocular |ens according
to the Enbodinent 2, the power distribution of the

spherical intraocular lens, and the reference power
ptdl ! eVeof i ign cal axis
optdi &4 11 DR 50PheMe f'tﬂe'ﬁ% 451 gn¥ERN MG S HEcal axi
spherical aberrations of the entire eyeball, in the

of CASESiWRefHchhad Yy epeyharsyensm(Mm ) according to
the Enbodinent 2 of the present invention, the

sphefj gal 1Nt AQCY A ph | SASwid e EohiaQuH arwh8ASthe
enpl oying the reference power distribution Mo are

spJﬁ?QECEEQH&bQE?CQdﬂ§1ﬂ@elfﬁgs/%dblﬂﬁ tBed HAPH where
showi ng the contrasts when the spatial frequency f is

theQ d { PESLNat NMLEAS @ﬁ%ﬁ%)"‘"&%&%r&bﬁ | Rl 2eQUIER L d &DGent
(Mom ) according to the Enbodi nent g of the present

2 JdHAVERLI Yhed bRtSANAFd£BLE Nt rEREULRhed £A81 ARt #HEcular
i ntraocul ar |l ens enploying the reference power

leﬁg§F££QUEH37ﬂﬁkﬁé@cﬂ%ﬁﬁciéﬁg|Eﬁ?ﬁ@fﬂngwﬂﬂbEﬁgﬁeraﬁce
optical axis thereof being aligned with the optica

powet it rikRid b havs W BE APspeak isysiePi1ibea,ldiith @ach

graph showi ng the contrasts when the spatia
opf{&YenRcyi d tRe3Rd# NBEANY ddcthe reasesyWierse mm with
respect to the optical axis of the intraocular optical
system.

Fig. 15 is a graph showing the contrasts when the
spatial frequency f is 100 lines/mm, in the cases where
the intraocular lens (Mbm;) according to the Embodiment
2 of the present invention, the spherical intraocular
lens, and the intraocular lens employing the reference
power distribution Mb are respectively placed, with each
optical axis thereof being aligned with the optical axis
of the intraocular optical system.

Fig. 16 is a graph showing the contrasts when the
spatial frequency f is 100 lines/mm, in the cases where
the intraocular lens (Mbm;) according to the Embodiment
2 of the present invention, the spherical intraocular
lens, and the intraocular lens employing the reference

power distribution Mb are respectively placed, with each

optical axis thereof being decentred by 0.5 mm with
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the intraocular lens (Mom) according to the
Enbodi nent 2 of the present invention, the spherica
intraocular Ilens, and the intraocular |ens enploying
the reference power distribution Mo are respectively
pl aced, wth each optical axis thereof being
decentred by 0.5 mmwith respect to the optical axis
of the intraocular optical system Fig. 15 is a graph
ng .t 0 at;i
re O e i e AR, s P PR P ey a2
syé 1) according to the Embodiment 2 of the present
I nvention, the spherical intraocular |lens, and the

i ntrgp él'” v L %b%a%g%&w Qﬂo%qg%e{)ﬁeﬁgﬁerpﬁ‘ﬁtrlbut1on

di stribution espectiv ced, with each
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axi s nt raocul ar optlc system Fig, 16 is a
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|ne in the cases where the
ref%%ﬁ%%m wé?nﬁl(m%u%q dﬂ'lﬂg to the Enbodi ment 2
0 esent invention, e spherical intraocul ar
| ensg gnd itdhe; Lntr ﬂrshgﬁi ﬁpkﬁylgbﬁgglegherence
power i'stribution are respec ively placed, wth
abeelalgﬁtlgyg‘lté G t‘%(éseﬁbﬁgr%og qer?%éetgag)és OwRe®8 the
W respect to the op ica aX|s of the

Spﬂ(ﬂi‘&é%ﬁukﬁlr‘tloéﬁgéﬁi r $¥HERs B JombhardSt Bv8'@RAmple, ana

show ng the power Strl ution

the lenses employing the reference power distribution
Ma and the reference power distribution Mb are
respectively placed in the eye.

Fig. 19 is a graph showing the contrasts when the
spatial frequency f is 50 lines/mm, in the cases where
the spherical intraocular lens as a comparative example,
and the intraocular lenses employing the reference power
distribution Ma and the reference power distribution Mb
are respectively placed, with each optical axis thereof
being aligned with the optical axis of the intraocular
optical system.

Fig. 20 is a graph showing the contrasts when the
spatial frequency f is 50 lines/mm, in the cases where
the spherical intraocular lens, and the intraocular
lenses employing the reference power distributions Ma

and Mb are respectively placed, with each optical axis

39



of the spherical intraocular lens as a conparative
exanpl e, the reference power distribution Ma, and the
reference power distribution Mo. Fig. 18 is a graph
showi ng the spherical aberrations of the entire
eyeball in the cases where the spherical intraocular

| ens as a conparative exanple, and the |enses

enpl oyi ng the reference power distribution M and the

théﬂ@feﬁ%%r&ﬁvﬁéc@'nsttfégui)gorﬁ) M aheyhasbestbpelat to the
placed in the eye. Fig is a graph showi ng the

optcl%iaétﬁm_@ the SParbdlcdTLaUeper dal Ss98tem.
[1tnes/mm 1in the cases where the spherica

i ntrppgul af Leng 8- A K08RakAll Y & 1eXadPherasd vhen the
i ntraocul ar | enses enploying the reference power

spéﬂf&i'?H@dﬂb&@yafdlﬁhﬁObeﬁ@ﬂﬂgﬁmﬂomﬁh dinsd Id 4k 5 Ofhere
are respectively placed, with each optical axis

thd E%&f‘&flcaw RE t3ld goedaW 1Qntshgsoe@td&rﬁba§)ét51\9é dhgmpile,
intraocular optical system Fig. 20 is a graph

anth%@l\@ NG {80 EANHRIH e hHoyIRRY kdle IHeSMIEARY el pbier
l[ines/mm in the cases where the spherica

d1§{¥£99deﬁs|ﬁﬁsaﬁﬁ“hﬁh%fé“f@QEHbQﬁvéf@sﬁiaced with
enpl oyi ng the reference power distributions Ma and M

eacq{ &P €sL8at husly thleacess L\f\éiﬂgeagﬂgﬁﬂid G tAXtBe SPtical
hereof bei ng decentred by O mmw th respect to the

ax1043tb§altr?e<lﬁn9&at&&1akr dQaul @4 10Bkiscadmsystem Fig.
21 is a graph show ng the contrasts when the

Fig. 22 is a graph showing the contrasts when the
spatial frequency £ is 100 lines/mm, in the cases where
the spherical intraocular lens as a comparative example,
and the intraocular lenses employing the reference power
distributions Ma and Mb are respectively placed, with
each optical axis thereof being decentred by 0.5 mm with
respect to the optical axis of the intraocular optical
system.

Fig. 23 is a graph showing the relation between the
amount of decentration and the contrast when the spatial
frequency f is 50 lines/mm, in the cases where the
spherical intraocular lens as a comparative example, and
the intraocular lenses employing the reference power
distributions Ma and Mb are respectively placed decentred

with respect to the optical axis of the intraocular

optical system.
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spatial frequency f is 100 Iines/mm in the cases
where the spherical intraocular |lens as a conparative
exanple, and the intraocul ar |enses enploying the
reference power distributions Ma and Mo are
respectively placed, with each optical axis thereof
being aligned with the optical axis of the

i ntraocul ar optical system Fig. 22 is a graph show ng

the £opt ragtss WeR-4H8 s5PRLhal theeduanayi dnivedhBen the
lines/TT in the cases where the spherica

amd i £ 28¢Ul A £ & £BS 3 ar ENRYALF ¥§teXAEN etheaRBdEal
I ntraocul ar | enses enploying the reference power

erfpeEhibutd ons %Oanﬁlﬁ@s?h% Jrespeghieval ys fbagedbrav the
each optical axis thereof being decentred by 0.5 nmm

spiiiNcanespeclad Qulile 2BhisCak é%é’mﬁﬁrﬁ\?j‘.\b@té}a@ﬁfﬂl@, and
optical system Fig. 23 is a graph showi ng the

thd © Atian Lgf ¥een dike s aBRWIoPindeedrd ras Fereaite t Pewer
contrast when the spatial frequency f is 50 |ines/mm

aidfribetGases mhekad Mo éﬁ@efEQQedﬁﬁﬁé@?ub@hééwsoﬁﬁset
a conparative exanple, and the intraocular |enses

wiGTPLRVIUE ¢ heor @i efpe iRAWerax diStord biih & 0R% te dod 1 e
are resSpectively placed decentred wth respect to the

optoPthgalsax¢ emof the intraocular optical system 40
Fig. 247is a graph showing the relation between the

amoupt gof ,8f f el @ndgliagn eINbiISta YHER Gt BB eSRBAeH of the
frequency f is 100 lines/mm in the cases where the
reference power distribution.
Fig. 26 is a diagram showing the modes of adjustment
patterns in the invention of the present application.
Fig. 27 is a graph showing the relation between the
amount of decentration and the contrast when the spatial
frequency £ is 50 lines/mm, in the cases where the
intraocular lens according to the Embodiment 2 of the
present invention (intraocular lens employing the power
distribution Mbm;), the spherical intraocular lens, and
the intraocular lens employing the reference power
distribution Mb are respectively placed decentred with
respect to the optical axis of the intraocular optical
system.
Fig. 28 is a graph showing the relation between the
amount of decentration and the contrast when the spatial

frequency £ is 50 lines/mm, in the cases where the

intraocular lens (Msm;) in which the adjustment pattern
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spherical intraocular lens as a conparative exanpl e,
and the intraocul ar | enses enploying the reference
power distributions Ma and Mo are respectively pl aced
offset wth respect to the optical axis of the
intraocular optical system Fig. 25 is a diagram of
expl aini ng the nodes of the reference power
distribution. Fig. 26 is a diagram show ng the nodes

of @k pRdiyst BeRlackPlletRS i o baYant hem OlertdBoying the
present application. Fig. 27 is a graph show ng the
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1nﬂfh$8§1%€i5§%n%eraend he e i ¢ AQEHBLAN Y 8RS REHH HbPEniPthe
the Enmbodi ment 2 of the “present invention

ref(éﬁéﬁégcﬁb%rerl QNS ©APh AN IJie TRYE M, dirst FeRYdOPively
e spherical intraocular l'ens, and the

pld&gcﬁa@&é'jaﬁrtrl&f'swff'ﬁl19&!‘55Q0tth3:0r el @3pei BAMCExis of the
di stribution Mo are respectively placed decentred wth

lngﬁg@gg&dﬁ)5@@1QQQ(§§S§éh§ of the intraocul ar opti cal
system 28 is a graph showing the relation

bet vxefﬁ t@@ i 8P YHaPh Q@sﬁmhrgath@nrari%ﬂﬁ@nqo@we%tn the
when the spatial = frequency f is 50 lines/mm in the

amAAFeSo ML EehhG at ﬂ&ﬁa&ﬁal fhel 898t )wHdn WhENs hheial
adj ustment pattern 4i of Type ml is added to the

frddJliéARGUIsari §€89 enpl Oyt t hen ERECIRIKEsPAWIre the
di stribution of Type M3, the spherica

intraocular lens (Mgjm;) in which the adjustment pattern
of Type m; is added to the intraocular lens employing the
reference power distribution of Type My, the spherical
intraocular lens, and the intraocular lens employing the
reference power distribution of Type My, are respectively
placed decentred with respect to the optical axis of the
intraocular optical system.

Fig. 30 is a graph showing the relation between the
amount of decentration and the contrast when the spatial
frequency £ is 50 lines/mm, in the cases where the
intraocular lens (Mims) in which the adjustment pattern
of Type ms is added to the intraocular lens employing the
reference power distribution of Type M,, the spherical
intraocular lens, and the intraocular lens employing the
reference power distribution of Type M; are respectively

placed decentred with respect to the optical axis of the

intraocular optical system.
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intraocul ar lens, and the intraocul ar |ens enploying

the reference power distribution of Type M3 are

respectively placed decentred with respect to the

optical axis of the intraocular optical system Fig.

29 is a graph show ng the relation between the anount

of decentration and the contrast when the spatia

frequency f is 50 lines/mm in the cases where the

| ntraogul ar 4 ens oCMUHLS i 8, WAGCPR Ehee Rl Ust eIl + th

patter%' oj; l1§§pegnfl |ssadde£ﬂ%’o t%e ?ntraocul ar %ﬁg ©

2 Rk d 08 R8T RS £ 66 o & $ LRIV LU Afh Y ial

amo%ﬁif’t! ?’ﬁe sp‘%eri cal let'l; ntraocu ar” ens,asﬁgl’l ?ﬂ]eocf érsﬁ?atla
fredid @@ U'ff'”iée$6 TR Oy Rf , t K& Eﬁé%%]%féﬂsp Were the

I stribution of Type M4 are respectively place

int,q:eé:c?@ﬁﬁ.sl‘}a\ﬁfietrps rm 6C)t IEI? ‘Lll?gfgpttglocéa!a@j(ﬁétﬂfer;@%attern

intraocular optical system i's a graph show ng

of ?Rg)er ﬁ‘l'(,aijsOQdE%'iiW‘E%nth'éeitniaca'}]né&%uﬁfard%%@ %ﬂﬂ%%‘y@ﬂ% the

contrast when the spa requency f 1s

. ; he. . | _
refl(ém§%o'v{éf &1%2%23}1%@53 U}e Tﬁ}ﬂérﬁg)g?lc%&pés%ﬂ%e?écal

whi ch t ust nent pattern

int%@@éugaﬂ henidt L3Qe Yhal i'ne&sasgﬁllgw ﬁ%rﬂ“aelmﬂf&?&ﬁ@c@he

power distribution of Type M, e spherica

reééﬁéﬁ@&%@%e‘reﬁi’s @f‘ﬁbh@%drﬂb@‘i‘%éﬁﬁq I gpg cERIWE MBvely
t he T re

ref'erence power distributionof Type ML a

1arcee3d79tﬁiré¥ﬁ.lt¥:e 'vghcgﬁ despaieqd i _&)%Snlof&&lt Qx'ﬁ.@igf the

optical axis o I ntraocul ar optical system

intldbcdialrS S 01aRA sfpwag the relation between the

Fig. 32 is a graph showing the relation between the
amount of decentration and the contrast when the spatial
frequency f is 50 lines/mm, in the cases where the
intraocular lens (Mym3) in which the adjustment pattern
of Type m; is added to the intraocular lens employing the
reference power distribution of Type M;, the spherical
intraocular lens, and the intraocular lens employing the
reference power distribution of Type M; are respectively
placed decentred with respect to the optical axis of the
intraocular optical system.

Fig. 33 is a diagram showing that the optical axis
of the intraocular lens is decentred from the optical

axis of the eyeball.

Description of Numeral

[0040]
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amount of decentration and the contrast when the
spatial frequency f is 50 lines/mm in the cases
where the intraocular lens (MnB) in which the

adj ustnment pattern of Type n6 is added to the

i ntraocul ar lens enploying the reference power

di stribution of Type ML, the spherical intraocular
| ens, and the intraocular |ens enploying the

ref elr@ngﬁt;}%vgeé g5§trdé}g§| ?Eo Type ML are

respectively T aced entre mﬁth respect to the
optigal paxig t bt r 4 F

32 |g§aAgf¥ag‘h sﬁo%ﬁnéﬁ%e@%’; g?ftgo%etgm}ée§¥t%tﬁ§g%n%%ﬂter
of decergration and the contrast when the spatia
frequency f is 50 lines/mm in the cases where the
intragcylarn dens (MinB) in which the adjustnent
pattern of Type nB is added to the intraocul ar | ens
enpl oying the reference power distribution of Type
ML, the spherical intraocular lens, and the

i ntraocul ar | ens enploying the reference power

di stribution of Type ML are respectively placed
decentred with respect to the optical axis of the

i ntraocul ar optical system Fig. 33 is a diagram
showi ng that the optical axis of the intraocular |ens
is decentred fromthe optical axis of the eyeball
Description of-Nuneral. [0040] -C) 10 Intraocul ar
lens (1QL)
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11 Aregion in the vicinity of an optical center 0 12
Cornea Claing ---------------------- [1] An
intraocular lens in which deterioration in contrast is
suppressed when an optical axis of the intraocular
lens inserted into an eye is decentred from an
optical axis of an eyeball, by enploying such a power
di stribution as respectively having at |east one
positive power deviatiqmtegikon having a |arger power
than that represented by a reference power
distribution and at |east one negative power

devi ation region having a smaller power than that

(17 eP&senhed - h b r af &I ENeR ROVEY awerf &Lseaoinn #n
b7 the

region in the vicinity o center

co 599%'@@&@5%@@&%;1%”@{ 65%1 feéﬁ[ﬂ%e JPVEhe

I'stribution elng set to cancel erica

1nf¥§%5@&g&nfgh§xqﬂgé Wﬂ?g Hhﬁ |gﬁr guhﬁadégghtféd from

Inserted into the eye e I nt ocu | ens

an %gx;&%ﬂgakgscb%'gh efMB% b?aéme%§{Epr§bh'Xepower

evi ation regi on an t he negatlve power

ai <&V BhicQd o §Q Pesg @tfbéi&}' ﬁ&v&‘ﬁ%‘ ar Péast%”oﬁe%éitlve

regi on centering ound an~opti cal” axis

pov\}%}ér&@gg_l éﬁ”fe% Q)‘Hq{é?glgg g §.. gr %wef’ml_eﬁghnthat

centr reglon as a su stantl y cPrediar shape

redS0E ERIRG s puld e PRLGAl, ks BAW G BukdYHSana at

least one negative power deviation region having a
smaller power than that represented by the reference
power distribution in a region in the vicinity of the
center of the intraocular lens, assuming that the
reference power distribution being set to cancel a
spherical aberration of cornea when the intraocular lens
is inserted into the eye.

[2] The intraocular lens according to Claim 1, wherein
each of the positive power deviation region and the
negative power deviation region is a circular region or
an annular region centering around an optical axis.
[3] The intraocular lens according to Claim 1 or 2,
wherein the central region has a substantially circular
shape centering around the optical axis having a radius
not less than 0.7 mm and not more thanm 1.75 mm.

[4] The intraocular lens according to any one of claims

1 to 3, wherein a mean value of power deviation amounts
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not less than 0.7 mmand not nore than 1.75 nm [ 4 ]
The intraocular I ens according to any one of clains 1
to 3, wherein a nmean val ue of power devi ation anmounts
4 froma reference power of the positive power
deviation region is not less than 0. 1- diopte.r and
not than 0.8 diopter , and a nean val ue of power'

devi ati on amounts fromof a ref erence power of the

frogr?%tfe\!fe QUE!e dS¥iatd YE 1891 sk AL 1]5\g§§411 han, Palion
Ioter and not nore than , 2t ter, 0,8 F3

region is not less than 0.1 diopter and not more than
0.8 diopter, and a mean value of power deviation amounts
from of a reference power of the negative power deviation

region is not less than 0.1 diopter and not more than

0.8 diopter.
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