TORI C OPHTHALM C LENS

[ Fi el d]

[0001] The present invention relates to a toric
ophthalmc lens for astigmatism correction.

[ Background]

[ 0002] Exampl es of ophthal mc | enses for asti gmati sm
correction include eyegl asses, contact |enses, and
i ntraocul ar |l enses. These ophthal mc | enses have an
optical surface called toric surface. The toric
surface indicates a surface shape of a lens, curvature
radi uses of at | east two meri di ans of whicharedifferent,
| i ke a rugby ball or a side surface of a doughnut. The
| ens including the toric surface is called toric | ens
(annul ar | ens).

[ 0003] A difference is caused in refractive power

of thelensbythetoricsurfaceindirectionsorthogonal

to each other set on the surface. Astigmatismcan be
correctedusingthedifferenceintherefractive power.

A technique for more flexibly designing a shape of a
| ens surface and atechni que for stabilizing aposition
of anintraocul ar | ensinaneye have been proposed (PTL
1 and 2). A technique for configuring a connecting
portion of an optical portion and a supporting portion
to advant ageously suppress occurring of a secondary
cataract has also been proposed (PTL 3). A technique

for defining a toric surface with a formula has al so



been proposed (PTL 4).
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[ Summar y]
[ Technical Problem
[ 0005] However, in a conventional ophthalm c | ens
for astigmati smcorrection, it is not assumed that the
thickness of an edge of the lens is controlled.
Therefore, it is likely that the thickness of the edge
hi nder s desi gn of anintraocul ar | ens fromthe vi ewpoi nt
of secondary cataract prevention. That is, it is
desired that the edge thickness is equal to or | arger
than a predeterm ned thickness fromthe vi ewpoi nt of
t hesecondary cat aract prevention. However, thecenter

t hi ckness of thelensislargeif alens shapeis simly

deci ded based on the edge thickness. Ther ef ore,
insertion through a small incision is difficult. It
is likely that a burden during the insertion is
I ncreased.

[ 0006] A technique according to the present

di scl osure has been made i n vi ewof the above-descri bed

circumstances, and an obj ect of the present di scl osure



is to realize a toric ophthalmc Iens that makes it

possible to design a lens contributing to secondary
cataract prevention wi thout deteriorating a degree of

freedomof | ens design, that is, atoric ophthalmc | ens
t hat has an edge having thickness with which asecondary
cataract prevention effect can be expected and does not

have an unnecessarily | arge center thickness.

[ Solution to Probl em|

[ 0007] In a toric ophthalmc lens of the present

di scl osure, in a top view of an optical portion, a
substantially flat portionhavingasubstantiallyfixed
edge thickness of the optical portion is provided to
overlapasteepmeridianof atoricsurfaceof theoptical

portion. Consequently, inthe past, thereis aconcern
that the edge thickness in a steep meridian direction
decreases and, if a supporting portion is provided in
a portion where the edge thickness decreases, a force
for pressing the optical portion against a posterior

capsule in an eye cannot be stably obtained. However,

withthetoricophthal mclensof thepresent disclosure,

evenif thesupportingportionisprovidedintheportion,
since a predeterm ned edge thickness is secured, the
force for pressing the optical portion against the
posterior capsul e can be stably obtained. Lens design
havi ng a hi gher degree of freedomis possible fromthe
vi ewpoi nt of preventing asecondary cataract. The edge

t hi ckness of the substantially flat portionis smaller



than the edge thickness of the optical portion
over | apping a flat meridian of thetoric surfaceinthe
top view and is | arger than the edge thickness of the
optical portion overl apping the steep meridian of the
toric surface in the top view when the substantially
flat portion is formed as the toric surface.

[ 0008] Further, the substantially flat portion may
be formed by replacing a region of the toric surface
where thicknessis small er than a predeterm ned m ni mum
thickness in the toric ophthalmc Iens with a pl ane,
the thickness of which is the mnimumthickness. The
substantially flat portion may be formed as a gentle
i nclined surface or a curved surface or a formobt ai ned
by combi ni ngtheinclinedsurfaceandthecurvedsurface.
[0009] Inatop viewof an optical portion of atoric
ophthal mc |l ens, a substantially flat portionin which
an edge thickness h(r) of the optical portion in a
position where a distance froma lens center is r is

gi ven by Expressions (1) and (2) may be provided.

[ Math. 1]

h(HZH - - - (1)

[ Math. 2]
H(High) < H < H(Low) - - - (2)

wherein, H(Hi gh) represents an edge thickness of a

portion overlapping a steep meridian of the toric



ophthal m c | ens and H Low) represents an edge t hi ckness
of a portion overlapping a flat meridian of the toric
ophthalmc lens. His equivalent to a predeterm ned
m ni mum t hi ckness.

[0010] A sectional shape in any meridian direction
on a |l ens surface of the toric ophthalmc | ens may be
represented by an expression including:

[ Mat h. 3]

CI"2

7 =
1+[1-c*r (k+D)}*

+ A0y + BOF* . .. (3)

wherein, c represents a paraxial curvatureinthetoric
ophthalmc | ens, r represents a di stance fromthe | ens
center of thetoricophthalmclens, krepresentsaconic
constant of asurfacerotationally symmetrical toalens
optical axis in the toric ophthalmc lens, ¢, r, and
k are common concerning ameridiandirectiononthelens
surface, and A(q) and B(q) are given by Expressions (4)
and (5).

[ Mat h. 4]
A(9)=a2xcos2¢9+a2ysin26’ < (4)
[ Math. 5]
B(@)=a,, cos’ O+a,,,, cos’Osin’ @ +a,, sin" @ . . . (5)

wherein, H(Hi gh) represents an edge thickness of a
portion overl apping the steep meridian when the toric

ophthal m c I ens is desi gned usi ng Expressions (4) and



(5) and H(Low) represents an edge thi ckness of a portion
over |l appingtheflat meridianwhenthetoricophthalmc
| ens is designed using Expressions (4) and (5).

[0011] Further, inatop viewof thetoricophthal mc
|l ens, width of the substantially flat portion in a
directionfroman edge toward al ens center of thetoric
ophthalmc | ens may be set to 0.05 mmor more and 0.5
mm or less. In the top view of the toric ophthalmc
| ens, a range of an angle in which the substantially
flat portionis formed viewed fromthe | ens center of
the toric ophthalmc | ens may be set to 20° or more and
70° or less across the steep meridian (10° or more and
35° or less with respect to the steep meridian). 1In
general, an optical portion diameter of an intraocul ar
lens is f5 mmto 7 mm  Therefore, in the top view of
thetoric ophthalmclens, widthL of the substantially
flat portioninthe direction fromthe edge toward t he
| ens center of the toric ophthalmc I ens may satisfy
a condition (1/100 of the opti cal portion
di ameter)£LE(1/ 10 of the optical portion diameter).
[0012] In a toric ophthalmc |lens of the present
di scl osure, inatopviewof anoptical portion, asurface
conti nuous to an edge of the optical portionandatoric
surface of the optical portionmay be provided. An edge
t hi ckness of the optical portion on the continuous
surface may be substantially fixed. The continuous

surface may be provided to overlap a steep meri di an of



the toric surface of the optical portion.

[ Advant ageous Effects of Invention]

[0013] According to the technique of the present
di scl osure, it ispossibletorealizeatoricophthal mc
| ens i ncluding an edge t hat makes it possi bl e to design
a lens contributing to secondary cataract prevention
wi t hout deterioratingadegreeof freedomof | ens desi gn.

[Brief Description of Drawi ngs]

[0014]
[Fig. 1] Figs. 1(a) to (c) are schematic
di agramsillustratinganexanmpleof aconventional toric

i ntraocul ar | ens.

[Fig. 2] Fig. 2 is a graph illustrating an
example of a change in an edge thickness of the
conventional toric intraocul ar | ens.

[Fig. 3] Figs. 3(a) to (c) are schematic
di agrams il lustrating an exampl e of atoricintraocul ar
| ens according to an enmbodi ment.

[Fig. 4] Fig. 4 is a graph illustrating an
exanmpl e of a change in an edge thickness of the toric
i ntraocul ar | ens according to the embodi ment.

[Fig. 5] Fig. 5 is a schematic diagram
illustrating an example of a toric intraocular |ens
according to a modification.

[Fig. 6] Fig. 6 is a schematic diagram
illustrating an example of a toric intraocular |ens

according to another modification.



[ Descri ption of Embodi ment s]

[0015] An embodi ment of the present invention is
expl ai ned below. Note that a toric intraocular |ens
is explained in the foll owing explanation. However,
the present invention is not |imted to the toric
i ntraocul ar  ens andcan al sobe appliedtovarioustoric
ophthal mc | enses such as an eyegl ass | ens.

[0016] In the toric intraocular lens, a difference
Is caused in refractive power of the lens by a toric
surfaceindirections orthogonal to each other (afirst
meridiandirectionand asecond meridiandirection) set
onthe surface. Astigmatismcan be corrected usingthe
difference in the refractive power. 1In general, the
di fference in the refractive power is called columar
reflective power. Onthe toric surface, a meridianin
a direction in which the refractive power is large is

call ed steep meridian and a meridian in adirectionin

which the refractive power is small is called fl at
meri di an.

[0017] First, a technique serving as a prem se of
the present i nventionisexplained. Inthisembodi ment,

a lens surface is defined by the foll owi ng Expression
(6) to manufacture an intraocular |lens. Note that a
first term of Expression (6) defines a |ens surface
rotationallysymmetrical withrespect toanoptical axis
of thelens. Second and subsequent terns defineatoric

surface.



[ Math. 6]

2
cr
Z= o+
1+[1 =22k + D))"
. (6)

a, X* +asz2 +a, X'+ azXzszY2 +a4yY4 +...

wherein, c represents a curvature of areference pl ane
of therotational symmetry of the lens beforethetoric
surface defined by the second and subsequent terms of
Expression (6) is added. X and Y represent distances
froma lens center in a first direction and a second
di rection, for exanmpl e, distances fromthe | ens center
in a steep meridian direction and a flat meridian
direction. |In Expression (6), r represents a di stance
in aradial direction (r?=X2+Y2), k represents a conic
constant of the reference plane of the rotational
symmetry beforethetoric surface defined by second and
subsequent terms of Expression (6) is added, and c, r,
and k are common inthe Xdirection and the Ydirection.
In Expression (6), arepresents a parameter for addi ng
the toric surface. The second and subsequent ter ms of
Expression (6) represent terms at the ti me when ( X?+Y?)"
(n=1, 2, ... ) is developed. Coefficients of thesecond
and subsequent respective terms represent parameters
for adding thetoric surface. Notethat the first term
of Expression (6) is an exanmple of a predeterm ned
definitional equation for defining a |l ens surface of
rotational symmetry with respect to the optical axis

of the lens. The first term may be another equati on



I f the equationis anequationdefiningthelens surface
equi valent to the first term of Expression (6).
[0018] Thel ens surfacecanbedefinedover theentire
| ens when t he above expressionis used. Consequently,
it is possible to define the | ens surface with a high
degree of freedomcomparedwi ththepast. Inparticular,
a shapeinadirection (e.g., adirectionin which X=Y)
ot her thanthe XdirectionandtheYdirectionthat cannot
be defi ned by the conventi onal expressi on as expl ai ned
above can also be freely defined.

[0019] The first termof Expression (6) is the same
formas anexpressi onof aspherical | ens or anexpressi on
of an aspherical I|ens by only a conic constant.
Therefore, whenthe toric intraocul ar | ens is designed
using Expression (6), a base shape of the toric
i ntraocul ar Il ens can be a rotationally symmetric | ens
as inthe past. Therefore, thetoric intraocul ar | ens
manuf actured by perform ngl ens desi gnusi ng Expressi on
(6) can be | oaded in a conventional inserter as well
wi t hout a problem

[0020] Not et hat a met hod of settinganedgethickness
ina45° direction of alens to the same edge thickness
as an edge thickness of therotationally symmetric |l ens
has been proposed in the past. However, the edge
thickness can be cal cul ated only after parameters of
the toric surface are determ ned. On the other hand,

in the designing method using Expression (6) of this
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embodi ment, it is unnecessary to calculate the edge
thickness if a coefficient of X2Y2("i) (where j is a
natural number other than n) is set to O or azqx=-azqy,
azqxazpy=0 (p and g are natural numbers). It is possible
to design a shape having the edge thickness in the 45°
direction equivalent to the edge thickness of the
rotationally symmetric | ens.

[0021] When a lens is manufactured by a so-call ed
mol di ng method, it is necessary to consider a change
in alens shape due to contraction of alens materi al .
By designing the |ens using Expression (6) in this
embodi ment, if a base shape of the lens is the same as
the shape of the rotationally symmetric |ens, a
contraction percentage can be regarded as equi val ent
to the contraction percentage of the rotationally
symmetric | ens. Therefore, according to the |ens
desi gning method in this embodi ment, it is possibleto
more efficiently evaluate the contraction percentage
than a conventi onal met hod for evaluating the
contractionpercentagewiththetoricintraocul ar | ens,
which is a non-rotationally symmetric | ens.

[0022] Si nce paraxial curvatures in the Xdirection
and the Y direction can also be easily cal cul ated as
expl ained bel ow, cal cul ation of paraxial refractive
power i s al soeasy. Therefore, itispossibletoeasily
cal cul at e par axi al power fromt hefuncti onof Expression

(6). ByusingExpression(6), it is possibletocontro

11



spherical aberrations in the X direction and the Y
directionof thetoricintraocul ar I ens. By perform ng
thel ens dei gnusing Expression (6) inthis way, adegree
of freedomof parameters for definingthetoric surface
of thetoricintraocular lensincreases. |t ispossible
to design a lens surface shape for more suitably
correcting various aberrations than in the past.
[0023] Subsequently, concerni ng Expression (6), an
expressionformul aof asectional shapeinanydirection
(at an angle q) of an optical surface of the lens is
derived. As an exanmple, the case of maxi mum order of
4th order is considered. |If x=rcosqg and y=rsing in
Expression (6), Expression (6) istransformedto obtain
Expression (7) as follows.

[ Mat h. 7]

Cl"z

Z = ;
1+[1-c?r? (k+1))*
2
cr 2 22 2 4 2 Dt - 4 4
= —+(a,, cos® O+a,, sin” O)r- +(a,, cos” B+a,,,, cos” @sin” G+a,, sin” O)r
Lel-c2r2 (k1% 7 ” ) e ”

er®

ST G yF O B (D)

2 2 4 2y2 4
+a, X +a2yY +a, X +amyX Y +a4),Y

Her ei n,

[ Math. 8]

A(6) =a,, cos’ +a,, sin” @, B(8) = a,, cos* 0+a,,,, cos’ @sin’ O +a,, sin* @

[ Math. 9]
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1
A(9) = E[azgg + ayy, + (a2x - azy) cos 29] ,

1
B(0) = g[(3a4x + Az, + 3a4y) + 4(a4,x — a4y) cos 20 + (a4,x = Qxoy t a4y) cos 46]

[0024] As it is seen from Expression (7), if
Expression (6) is used, a sectional shape in any
direction (any q) onthelens surface can be represented
by a general optical surface definitional equation. It
I's possibleto easily performcompari son with a design
val ue and an optical simulation in any cross section
of an actually manufactured | ens.

[0025] An exampleinwhichthetoricintraocul ar | ens
i's designed using the prem se techni que of the present
i nvention by using one of Expressions (6) and (7) is
expl ai ned. Note that, in this explanation, a toric
surface is formed as an optical surface of aridge type
(convex upward).

[0026] Fig. 1 is a schematic diagramillustrating
an exampl e of an optical portion 100 of a conventi onal
toric intraocular |ens. Note that, in Fig. 1,
illustration of a supporting portion of the toric
i ntraocular lens is omtted. 1In the optical portion
100illustratedinFig. 1, it is assumedthat an XY pl ane
ort hogonal to the optical axis of the optical portion
I's set and an X axis and a Y axi s are orthogonal to each
other. A Z axis orthogonal to the XY plane is set.

ThicknessinaZ-axisdirectionat anedge of the optica

13



portion corresponds to an edge thickness.

[0027] Figs. 1(a) and (b) aresideviews of theoptica
portion 100. Fig. 1(c) isaviewof theoptical portion
100 viewed froma negative side of the Z axis, that is,
an optical surface 104 side toward a positive side of
the Z axis, that is, an optical surface 103 side.
[0028] As il lustratedinFig. 1(c), on both surfaces
of the optical portion 100 of the conventional toric
i ntraocul ar | ens, optical surfaces103and104 areformed
over theentireregionsonthe XY plane, that i s, regions
froma lens center 101 (the origin O of the XY pl ane)
to an edge 102. Inthis embodi ment, the optical surface
103 has a spherical shape or an aspherical shape and
does not have a toric surface. On the other hand, the
optical surface 104isatoricsurface. Asillustrated
in Fig. 1(a), at the edge 102 of the optical portion
100, a thin portion 105 having a small edge thickness
compared with an edge thickness of other portions is
formed. A direction in which the thin portion 105 is
formed when vi ewed fromthe | ens center 101 corresponds
toanextendingdirectionof aso-calledsteep meridian.
Note t hat the steep meri di an overl aps the XaxisinFig.
1(c).

[0029] In Fig. 2, an exampl e of a change in the edge
t hi ckness in an angle direction viewed fromthe | ens
center 101 of the optical portion 100 is illustrated.

A vertical axis Z (mm) indicates a sag on the optical

14



surface 104. |Inagraphof Fig. 2, adirectionin which
an angle (f; unit: °) of a horizontal axisis 0°and 180°
isaflat meridiandirectionof theoptical portion 100.
Adirectioninwhichthe angleis 90°is asteep meridian
direction of the optical portion 100. A change in the
edge thickness in a range in which the angle is 180°
to 360° is the same as a change in the edge thickness
inarangeinwhichtheangleis0°to180°. Asillustrated
in Fig. 2, the edge thickness of the optical portion
100 is the smallest in the steep meridian direction.
[0030] Therefore, in the case of |ens design for
providi ng a supporting portioninthethinportion 105,
t he supporting portionis connectedto aportion having
a small edge thickness. Therefore, thereis aconcern
that a force for pressing the optical portion against
a posterior capsul e cannot be stably obtained. It is
i kely that the |l ens design is not considered to be
desirabl e |l ens design fromthe vi ewpoi nt of preventing
a secondary cataract.

[0031] On the other hand, an exanple of an opti cal
portion 200 of the toric intraocul ar | ens accordingto
this embodi ment is schematically illustrated in Fig.
3. As in Fig. 1, in Fig. 3, illustration of the
supporting portion of the toric intraocular lens is
omtted. Asinthe optical portion 100, inthe optical
portion 200, it is assumed that an XY pl ane orthogonal

to the optical axis of the optical portion is set and
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an X axis and a Y axis are orthogonal to each other.
A Z axis orthogonal to the XY plane is set. Thickness
inaZ-axis direction at an edge of the optical portion
corresponds to the edge thickness. Figs. 3(a) and (b)
are side views of the optical portion 200. Fig. 3(c)
isaviewof theoptical portion200viewedfromanegative
side of the Zaxis, that is, an optical surface 204 si de
toward a positive side of the Zaxis, that i s, an opti cal
surface 203 side. Note that, in Fig. 3, as in Fig. 1,
the optical surface 203 has a spherical shape or an
aspherical shape and does not have atoric surface. On
the other hand, the optical surface 204 is a toric
surface.

[ 0032] In the optical portion 200 of the toric
i ntraocular lensinthis embodi ment, acenter thickness
inalens center 201 (an origin O of the XY plane) is
equi val ent to a center thickness inthelens center 101
of the optical portion 100 of the conventional toric
i ntraocul ar | ens. However, a substantially fl at
portion (hereinafter referredtoas "flat portion") 205
havi ng a substantially fixed edge thickness is formed
at anedge 202. Thefl at portion205isformedtoinclude
an edge overl apping a steep meri di an when vi ewed from
the I ens center 201. Note that, as in Fig. 1(c), in
Fig. 3(c), the steep meridian overlaps the X axis.
Therefore, inthis embodi ment, as illustrated in Fig.

3(c), at the edge 202, two fl at portions 205 are formed
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around one | ens surface 204 of the optical portion 200.
The fl at portions 205 are formed to overl ap the X axi s
and sandwi ch the |l ens center 201 in a top view of the
optical portion 200. Note that the flat portion 205
I's an exampl e of the surface continuous to the edge of
the optical portionandthetoricsurface of the optical
portion in a top view of the optical portion.

[ 0033] AsillustratedinFig. 3(a), anedgethickness
in a position of a radius r fromthe | ens center 201
in the flat portion 205 is represented as h(r). By
appropriately deciding h(r), a range of an angle f in
whi ch the flat portion 205 is formed viewed fromthe
| ens center 201 and width L of the flat portion 205 in
an X-axis direction (aradial direction of the optical
portion) are decidedinatopviewof theoptical portion
200 illustratedinFig. 3(c). (Sincethetoricsurface
of the optical surface 204 is defined, if the edge
t hi ckness h(r) is decided, an intersection |line of the
toric surface of the optical surface 204 and a pl ane
of thefl at portion205isdecided.) Inthisembodi ment,
as an example, a m nimum edge thickness Hin the fl at
portion 205 is set to satisfy 0.01 mmEH- H(hi gh) £0. 05
mm. Concerning a region where the edge thickness h(r)
is smaller than H, h(r) may be set to satisfy h(r)=H.
In this embodi ment, the toric lens flat portion 205 is
provi ded such that the shape of the toric lens flat

portion 205 is symmetrical with respect to the X axi s,
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that is, the steep meridian.

[0034] In this embodi ment, as expl ained above, if
t heedgethicknessh(r)intheflat portion205isdecided,
the plane shape of the flat portion 205 is decided.
However, inthis embodi ment, the pl ane shape of the fl at
portion 205 may be deci dedfirst (preferentially). For
exampl e, the angle f at an end portion E of the fl at
portion 205 may be set to satisfy 55°£f£80°. Then, a
range of an angle (an angle width) in which the fl at
portion is formed viewed fromthe I ens center of the
toric intraocular lens is 20° to 70° across the steep
meridian (10° to 35° on one side with respect to the
steep meridian). The width L in the X-axis direction
of thefl at portion205may beset tosatisfy0.05mmELEOD. 5
mm. In general, an optical portion diameter of an
intraocular lens is f5 nmto 7 mnm  Therefore, in the
top view of the toric ophthalmc I ens, the width L of
the flat portion in a direction fromthe edge toward
the l ens center of thetoric ophthal mc | ens may be set
to satisfy a condition (1/100 of the optical portion
di ameter) £LE(1/ 10 of theoptical portiondiameter). In
these cases, the edge thickness h(r) is decided by
determ ni ng a range of an angl e (an angl e wi dth) of the
flat portion 205 or the width L of the flat portion 205.
[ 0035] The edge thickness h(r) in the flat portion
205 is set to be smaller than an edge thickness on the

flat meridian side of the optical portion 200 and | arger
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t han an edge thickness of the flat portion 205 formed
as the toric surface of the optical portion 100. By
setting the edge thickness h(r) in this way, the edge
thickness on the flat meridian side of the optical

portion 200, that is, an edge thickness of a portion
over |l apping the Y axis can be set the same as the edge
t hi ckness in the conventional optical portion 100.

Therefore, according to this embodi ment, only the edge
thickness of the flat portion 205 is controlled and
control of edge thicknesses of the other portions does
not have to be considered. Therefore, it is easy to
control the edge thickness of the flat portion 205 of
the optical portion 200.

[0036] An exanmpl e of a change in an edge thickness
in an angle direction viewed fromthe | ens center 201
of the optical portion 200 is illustrated in Fig. 4.

I nagraphof Fig. 4, anangle (f; unit: °) of ahorizont al

axis and a sag (Z; unit: mm of a vertical axis are the
same as those in Fig. 2. In the example illustrated
in Fig. 4, the edge thickness of the optical portion
200 is fixed in arange of 70° to 110° across the steep
meridian direction (f=90°). That is, the flat portion
205 is formedinthis range. Note that, inthe example
illustrated in Fig. 4, the angle f in Fig. 3 is 70°.

[0037] Therefore, inthe case of | ens designin which
t he supporting portionis provided inthe flat portion

205, unlike the lens design in which the supporting
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portionisprovidedinthethinportion1l05o0f theoptical
portion 100, the edge thickness is secured as a
predeterm ned thickness. Therefore, a force of the
supportingportionpressingtheoptical portionagai nst
the posterior capsule is stably obtained. The |ens
design contributes to prevention of a secondary
cat aract.

[0038] Inthis embodi ment, when the optical portion
200 of thetoric intraocular Il ens is designed using one
of Expressions (6) and (7) descri bed above, conditions
by the followi ng Expressions (8) and (9) are added.
[ Mat h. 10]

h(F)ZH - - - (8)

[ Math. 11]

H(Highy< H <H(Low) - - - (9)

That is, inthisembodi ment, whentheoptical portion
200 of thetoricintraocular lensis designed using one
of Expressions (6) and (7) descri bed above, intheregion
where the edge thickness h(r) is smaller than H, h(r)
is set tosatisfy h(r)=H. H(Hi gh) is an edge thickness
of a portion overl apping the steep meridian (the X axis
in the figure) of the optical portion 200 desi gned as
the conventi onal optical portion100. H(Low) is anedge
t hickness of a portion overl apping the flat meridian

(the Y axis in the figure) of the optical portion 200
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desi gned as the conventional optical portion 100. H
i's equivalent to the predeterm ned m ni mumthi ckness.
[ 0039] In the configuration of the optical portion
of the conventional toric intraocular |ens, when the
edge thickness decreases, it is |likely that designing
of the toric intraocular lens is hindered from the
vi ewpoi nt of secondary cataract prevention. However,
according tothis embodi ment, by designing the opti cal
portion 200 usi ng one of Expressions (6) and (7) based
on the conditions described above, it is possible to
realize the optical portion of the toric intraocul ar
| ens further contributing to the secondary cataract
prevention than in the past.

[ 0040] Thetoricintraocular lensinthis embodi ment
may be manufactured by a nmolding method or a cutting
met hod. However, machining of the toric surface is
desirably performed by a | athe capable of moving a
machi ning tool in an optical axis direction while
synchroni zi ng the machi ni ng tool with rotating speed.
Note that, inthis embodi ment, the exampleis expl ai ned
in which the optical surface 204 is the toric surface
and the optical surface 203 is the spherical surface
or theaspherical surface. However, theconfigurations
of optical surfaces to which the present inventionis
applied are not imted to this. The optical surface
204 may include an aspherical toric surface. Both of

the optical surface 203 and t he optical surface 204 may
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include toric surfaces. When both of the optical
surface 203 and the optical surface 204 are toric
surfaces andthe steep meridianis comontothe optical
surface 203 and the optical surface 204, the edge
t hi ckness h(r) is a difference between the thickness
in the steep meridian of the optical surface 203 and

the thickness of the flat portion 205.

[0041] The above i s the expl anation concerning this
embodi ment. However, the configuration of the toric
i ntraocular lens is not limted to the enmbodi ment

expl ai ned above. Various changes are possible within
a range in which identity with the technical idea of
the present i nventionis not | ost. For exanmple, inthe
design of the toric intraocul ar | ens expl ai ned above,
as indicated by modifications explained below,
expressions ot her than Expressions (6) and(7) descri bed
above may be used. In that case, the conditions
i ndi cated by Expressions (8) and (9) descri bed above
may be addedandset. Therangesof therespectiveval ues
of the angle f, thewidth L, and the edge thickness h(r)
inthe embodi ment expl ai ned above are only exanmpl es and
arenot meant tolim¢t thevaluestotheranges expl ai ned
above. Further, inthe embodi ment expl ai ned above, in
thetopviewof theoptical portion 200, thefl at portion
205 is formed to be symmetrical with respect to the X
axis. However, the flat portion 205 does not have to

be symmetrical with respect to the X axis if the fl at
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portion205isformedtooverlapthe steep meridian(the
Xaxis) of thetoric surface of the optical portion 200.
The portion of the flat portion 205 may be formed as
a gentleinclined surface or a curved surface or a form

obt ai ned by combi ningtheinclinedsurfaceandthecurved

surface.
[0042] Wth such a designing method for the toric
i ntraocular lens, it is possible to design the toric

i ntraocul ar ensinwhich, inthetopviewof theoptica
portion, the surface (the flat portion 205) conti nuous
tothe edge of the optical portionandthetoric surface
of the optical portionis provided, the edge thickness
of the optical portion on the continuous surface is
substantially fixed, and the continuous surface is
provided to overlap the steep meridian of the toric
surface of the optical portion.

[0043] Modi fi cati ons of the enmbodi ment i ndicated
above are explained below. In the follow ng
explanation, a steep meridian direction of a toric
intraocular lens is set as an X direction and a fl at
meri dian directionof thetoricintraocular lensis set
as a Y direction. However, X and Y may be opposite.
Not et hat detai |l s of derivati onof expressi ons expl ai ned
bel oware describedinthe patent |literatures descri bed
above. Therefore, explanation of the details is
omtted. Exampl es of expressions for defining the

conventional toric surface include Expression (10)
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representing a shape of alens cross section by a pl ane
i ncluding an X axi s and an optical axis and Expression
(11) representing a lens cross section by a plane
including a Y axis and the optical axis. In the
expressions, Rx and Ry respectively represent a
curvature radius of thelens cross section by the pl ane
includingthe Xaxis andtheoptical axis andacurvature
radi us of the lens cross section by the plane including
the Y axis and the optical axis. Note that Rx*Ry. 1In
the expressions, cx and cy respectively represent a
curvature of the lens cross section by the plane
includingthe Xaxis andtheoptical axis andacurvature
of the |l ens cross section by the plane including the
Y axi s and t he optical axis, where cx=1/Rx and cy=1/Ry.
In the expressions, kx and ky respectively represent
aconicconstant inthe Xdirection and a coni c const ant
inthe Ydirection. Notethat thereis the description
of kx'ky in PTL 4 (Japanese Patent No. 4945558).

[ Mat h. 12]

Z, =\2Rx—(+k)x* . . . (10)

[ Mat h. 13]

Z,=\2R,y~(1+k)y - - (1 1)

[0044] Exampl es of expressions used for design of
the conventional toric intraocular Ilens include

Expressions (12) and (13) instead of Expressions (10)
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and (11). Note that Rx*Ry. There is the description

of kx'ky in Japanese Patent No. 4945558.

[ Mat h. 14]
VA xz/R" +Zc x/
x: ; « . e (1 2)
I+ 1-(+k)x>/RE T
[ Mat h. 15]
Y’ IR, J
z, +chy <o e (13)

1+ 1=k RS

[0045] When Expressions (10) and (11) or Expressi ons
(12) and (13) are used, shapes of |ens cross sections
inthe XdirectionandtheYdirectioncanonly bedefined
and a sectional shape of the entire Il ens cannot be
defi ned.

[0046] Alternatively, there is also a method of

designing the toric intraocul ar | ens using Expression

(14).
[ Mat h. 16]
2 T 2 2
20-0) = (c, cc2)s76+§:y sin” O)r —
1+\/l-(l+kx)cxr‘cos 0-(+k)c,r sin"0 (14)
[0047] When the toric intraocular lens is designed

usi ng Expressions (10) to(14) descri bed above, the edge
thicknessinthesteepmeridiandirectionof theoptical
portion is secured at the predeterm ned thickness as
intheembodi ment descri bedabove by addi ngthecondition

of Expressions (8) and (9) to design the toric
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i ntraocul ar | ens. Consequently, it is possible to
perform | ens design contributing to prevention of a
secondary cataract.

[0048] Partially enlarged views showing schematic
configurations of toric intraocular | enses 300 and 400
according to the modifications of the enmbodi ment
expl ai ned above are illustratedinFigs. 5and 6. Note
t hat components not illustrated in Figs. 5 and 6 are
the same as t he components of thetoricintraocul ar | ens
200 explained above. Therefore, illustration and
det ai |l ed expl anati on of the components areomtted. In
the toric intraocul ar | enses 300 and 400 according to
the modi fications, a curved surface portion 305 and an
inclined portion 405 are respectively formed instead
of the flat portion 205 of the toric intraocul ar | ens
200 explained above. Li ke the flat portion 205
expl ai ned above, the curved surface portion 305 and the
inclined portion 405 are not portions formed for the
pur pose of exerting an aberration correcting function
of thetoricintraocular | ensunliketheoptical surface
204. In this regard, not only the flat portion 205
expl ai ned above but also the inclined portion 405 can
be considered to be the portion including the surface
continuous to the edge of the optical portion and the
toric surface of the optical portion. Further, the
curvedsurfaceportion305includingasurfacedifferent

from the optical surface 204 in terms of an optica

26



function can also be considered to be the portion
i ncluding the surface continuous to the edge of the
optical portion and the toric surface of the optical
portion.

[ 0049] Inthis way, when the toric intraocul ar | ens
300 in which the curved surface portion 305 is formed
or thetoricintraocular | ens 400 in whichtheinclined
portion 405 is formed is adopted, as in the toric
i ntraocul ar | ens 200, the edge thickness i s secured at
the predeterm nedthickness. Therefore, aforce of the
supportingportionpressingtheoptical portionagai nst
the posterior capsule can be stably obtained. Lens
design contributes to prevention of a secondary
cat aract .

[ 0050] Further, with the designing methods for the
toric intraocul ar | enses 200, 300, and 400, it is also
possi bl e to expect an effect that the center thickness
of the optical portioncanbeset smaller thanthecenter
thickness in the design of the conventional toric
i ntraocular |ens 100 when the edge thickness is
determ ned. That is, with the designing method
according to the embodi ment expl ai ned above, even if
the center thickness of the optical portion is set
smal l er than the center thickness in the design of the
conventional toric intraocular lens, it is considered
possi bl e to secure the edge thickness expl ai ned above.

[ Reference Signs List]
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[ 0051]

200
202
205

Optical portion
Edge

Fl at portion
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CLAI MS

What is claimed is:

1 A toric ophthal mc | ens, wherein, in a top view
of an optical portion, a substantially flat portion
having a substantially fixed edge thickness of the
optical portionis providedto overlap a steep meri di an

of a toric surface of the optical portion.

2 The toric ophthal mc I ens according to claima1,
wherein the edge thickness of the substantially fl at
portionissmaller thanthe edgethickness of theopti cal
portionoverl appingaflat meridianof thetoricsurface
in the top view and is |l arger than the edge thickness
of the optical portion overl apping the steep meridi an
of the toric surface in the top view when the
substantially flat portion is formed as the toric

sur f ace.

3 The toric ophthal mc | ens according to claiml or
2, wherein the substantially flat portionis formed by
replacing aregionof thetoric surface where thickness
is smaller than a predeterm ned m ni mum thickness in
the toric ophthalmc lens with a plane so that the

t hi ckness of the regi on becomes the m ni mumt hi ckness.

4 A toric ophthalmc |Iens, wherein

in atop view of an optical portion of the toric
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opht hal mc | ens, a substantially flat portionin which
an edge thickness h(r) of the optical portion in a
position where a distance froma lens center is r is

gi ven by Expressions (1) and (2) is provided,

[ Mat h. 1]
h()ZH - - - (1)

[ Mat h. 2]
H(High) < H < H(Low) - - - (2)

wherein, H(Hi gh) represents an edge thickness of a
portion overlapping a steep meridian of the toric
ophthal mc | ens and H Low) represents an edge t hi ckness
of a portion overlapping a flat meridian of the toric

ophthal mc | ens.

5 The toric ophthalmc I ens according to claim4,
wher ei n

a sectional shape in any meridian direction on a
| ens surface of thetoricophthalmclensisrepresented
by an expression including:

[ Math. 3]

CI"2

Z= + A + B@Or* . . .
i ayE O BO) 3

wherein, crepresents a paraxial curvatureinthetoric
ophthal mc I ens, r represents a di stance fromthe | ens

center of thetoricophthalmclens, krepresentsaconic
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constant of asurfacerotationallysymmetrical toalens
optical axis in the toric ophthalmc lens, ¢, r, and
k are common concerning the meridian direction on the

| ens surface, and A(q) and B(q) are gi ven by Expressi ons

(4) and (5):

[ Mat h. 4]
A(9)=a2xcos2¢9+a2ysin26’ < (4)
[ Mat h. 5]
B(0)=a,, cos' O+a,,, cos’Osin’ @+a,, sin* 6 . . . (5)

wherein, H(Hi gh) represents an edge thickness of a
portion overl apping the steep meridian when the toric
ophthal m c I ens is desi gned usi ng Expressions (4) and
(5) and H(Low) represents an edge t hi ckness of a portion
overl appingtheflat meridianwhenthetoricophthalmc

| ens is designed using Expressions (4) and (5).

6 The toric ophthal mc | ens according to any one of
claims 1 to 5, wherein, in a top view of the toric
ophthal mclens, widthof thesubstantiallyflat portion
inadirectionfroman edge toward a |l ens center of the

toric ophthalmc lens is 0.05 mmor more and 0.5 mm

7 The toric ophthalmc | ens according to any one of
claims 1 to 5, wherein, in a top view of the toric

ophthal mcl ens, widthof thesubstantiallyflat portion

31



inadirectionfroman edge toward a |l ens center of the
toric ophthalmc lens is 1/100 or more of an optical

portion di ameter and 1/10 or | ess of the optical portion

di ameter.
8 The toric ophthal mc | ens according to any one of
claims 1 to 7, wherein, in a top view of the toric

ophthalmc lens, a range of an angle in which the
substantially flat portionis formedviewedfromalens
center of the toric ophthalmc lens is 20° or more and

70° or | ess across the steep meridian.

9 A toric ophthalmc |Iens, wherein

inatop viewof an optical portion, a continuous
surface contiguous to an edge of the optical portion
and atoric surface of the optical portionis provided,

an edge thickness of the optical portion on the
conti nuous surface is substantially fixed, and

the conti nuous surface is provided to overlap a
steep meridian of the toric surface of the optica

portion.
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