TORIC INTRAOCULAR LENS AND INTRAOCULAR-LENS INSERTION

INSTRUMENT

[Field]
[0001] The embodiments discussed herein relate to

a toric intraocular lens and an 1ntraocular 1lens

insertion apparatus.

[Background]

[0002] Intraocular lenses are widely wused to
replace opaque crystalline lenses of human eyes and to
compensate the refraction of the lenses in cataract
treatments. 1n an intraocular lens insertion surgery
for a patient with corneal astigmatism, an intraocular
lens that is capable of correcting the astigmatism,
what is called a toric intraocular lens, may be inserted
inlto 4an eyeball of CLhe patient. Whernt Lhe Loric
intraocular lens is inserted into the eyeball of the
patient, the toric axis of the intraocular lens needs
to be matched with the astigmatism axis of the cornea
of the patient.

[0003] Conventionally, a toric intraocular lens is
providedwith amark for indicating the toric axis. The
toric intraocular lens includes a lens body having a
predetermined refractive power and support portions
that are connected to the lens body and are provided
for holding the lens body inside of the eyeball. The
mark for indicating the toric axis is provided for the
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lens body near a connecting portion that connects with
the support portion. Alternatively, since 1t is
assumed that an intraocular lens insertion apparatus
is used to push the toric intraocular lens into the
eyeball, the lens body and the support portions of the
toric intraocular lens may be configured such that the
push direction of the toric intraocular lens 1is
parallel with the flat meridian of the toric
intraocular lens when the toric intraocular lens 1is
pushed by the intraocular lens insertion apparatus (See
Patent Literature 1, for example).

[0004] In a case of what is called one-piece type
toric intraocular lens, in which the lens body and the
support portions of the toric intraocular lens are made
of the same material, the thickness of the connecting
portion that connects the lens body with the support
portion tends to be larger than the thicknesses of other
portions of the lens in order to enhance the strength
of the support portion. In this case, since the opening
for ejecting the toric intraocular lens is configured
to be relatively small in the idintraocular lens
insertion apparatus, 1t 1is needed that the thick
connecting portion does not interfere with the movement
of the toric intraocular lens in the intraocular lens
insertion apparatus. Therefore, the relative
positions of the lens body and the support portions need
to be determined such that the positions of the support
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portions of the toric intraocular lens relative to the
push direction thereof are appropriate. 1In addition,
the cross section area of the lens body of the toric
intraocular lens in the direction of the optical axis
in the flat meridian direction differs from the cross
section area thereof in the steep meridian direction,
and the thickness of the lens body in the flat meridian
direction is larger than the thickness of the lens body
in the steep meridian direction. Thus, the relative
positions of the flat meridian direction and the steep
meridian direction relative to the push direction of
the toric intraocular lens also need to be determined
such that the relative positions do not interfere with
the movement of the toric intraocular lens in the
intraocular lens insertion apparatus.
[Citation List]
[Patent Literature]
[0005]

[PTL 1] JP-B-5771907
[Summary]
[Technical Problem]
[0006] However, 1n the toric intraocular lens as
described above, providing the mark for indicating the
toric axis near the connecting portion that connects
the lens body with the support portion means that the
connecting portion connects with the flat meridian

portion of the lens body. That is, since the thick



connecting portion connects with the flat meridian
portion, the thickness of the entire toric intraocular
lens becomes off-balance. When a toric intraocular
lens is configured such that the bias of the thickness
(in the flat meridian direction, in this case) exists,
a stable push of the toric intraocular lens may be
interfered because the tip of the toric intraocular
lens push member (plunger) of the intraocular lens
insertion apparatus may behave like escaping toward a
thinner portion of the toric intraccular lens when the
plunger pushes the toric intraocular lens.

[0007] In addition, even when the push direction
of the toric intraocular lens by the intraocular lens
insertion apparatus and the flat meridian direction of
the lens body of the toric intraocular lens are
configured to be parallel with each other and the
plunger is configured such that the tip of the plunger
contacts the thicker portion of the lens body of the
toric intraocular lens, the portion of the lens body
other than the portion in the flat meridian direction
becomes thinner than the portion in the flat meridian
direction. Again, a stable push of the toric
intraocular lens may be interfered because the tip of
the plunger may behave like escaping toward a portion
of the toric intraocular lens other than the portion
in the flat meridian direction when the plunger pushes
the toric intraocular lens.
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[0008] The technique of this disclosure has been
made in view of the above-mentioned circumstances, and
it is an object of this disclosure to provide a toric
intraocular lens which achieves a more stable push of
the toric intraocular lens by the intraoccular lens
insertion apparatus.

[Solution to Problem]

[0009] According to the embodiments described
herein, 1t 1s provided a toric intraocular 1lens
including a lens body having a flat meridian and a steep
meridian, a pair of support portions for positioning
the lens body in an eyeball, and connecting portions
for connecting the lens body and the support portions.
The toric intraocular lens is housed in an intraocular
lens 1insertion apparatus that includes a tubular
apparatus body having an insertion tube at a distal end
of the apparatus body for 1inserting the toric
intraocular lens into the eyeball and a plunger for
moving the toric intraoccular lens to a distal end of
the insertion tube. Each of the connecting portions
is arranged at a position where the connecting portions
face each other across a center of an optical axis of
the lens body. One end of the flat meridian of the lens
body is located at a position opposite to a position,
with respect to an axis that passes through the center
of the optical axis and connects the connecting
portions with each other, at which a tip of the plunger
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contacts a circumference of the lens body. An acute
angle between the flat meridian of the lens body and
an axis of the plunger along which the toric intraocular
lens is pushed by the plunger is larger than 0° and equal
to or smaller than 90°. With such a configuration,
since the tip of the plunger contacts a thinner portion
of the lens body, an axis shift that may occur when the
plunger pushes the toric intraocular 1lens can be
preferably prevented.

[0010] Preferably, the above toric intraocular
lens can be configured such that when the tip of the
plunger contacts the circumference of the lens body,
the acute angle is equal to or larger than an angle that
achieves that a line extending the flat meridian does
not intersect the plunger and equal to or smaller than
90°. Alternatively, the above toric intraccular lens
can be configured such that the acute angle is larger
than 10° and smaller than 80°. Alternatively, the
above toric intraocular lens can be configured such
that the acute angle is substantially equal to 45°. 1In
addition, the above toric intraocular lens can be
configured such that a mark is provided for each end
of the flat meridian on the lens body. Further, the
above toric intraocular lens can be configured such
that a tip of the support portion is located on an axis
that connects the marks with each other. More
preferably, the above toric intraocular lens can be
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configured such that an angle between the axis that
connects the connecting portions with each other and
the flat meridian is from 45°-10° to 45°+10°. In
addition, the toric intraocular lens can be housed in
advance 1in a housing member for housing the toric
intraocular lens of the intraocular lens insertion
apparatus.

[Advantageous Effects of Invention]

[0011] According to the technique disclosed herein,
it is possible to provide a toric intraocular lens which
achieves a more stable push of the toric intraocular
lens by the intraocular lens insertion apparatus.
[Brief Description of Drawings]

[0012] [FIG. 1] FIG. 1(a) and FIG. 1(b) are diagrams
schematically illustrating a configuration of a toric
intraocular lens according to one embodiment.

[FIG. 2] FIG. 2(a) and FIG. 2(b) are diagrams
schematically d1llustrating a configuration of an
intraocular lens insertion apparatus according to one
embodiment.

[FIG. 3] FIG. 3 1s a diagram schematically
illustrating a configuration of a nozzle body according
to one embodiment.

[FIG. 4] FIG. 4(a) and FIG. 4(b) are diagrams
schematically i1llustrating a configuration of a
positioning member according to one embodiment.

[FIG. 5] FIG. b5(a) and FIG. 5(b) are diagrams
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schematically illustrating a configuration of a plunger
according to one embodiment.

[FIG. 6] FIG. 6(a), FIG. 6(b), FIG. 6(c) and FIG.
6(d) are diagrams schematically illustrating a
configuration of a toric intraocular lens in a case where
an axis shift of a plunger occurs and 1in a case where
the axis shift of the plunger does not occur.

[FIG. 7] FIG. 7(a), FIG. 7(b), FIG. 7(c) and FIG.
7(d) are diagrams schematically 1llustrating a
configuration of a toric intraocular lens in another
case where an axis shift of a plunger occurs and in
another case where the axis shift of the plunger does
not occur.

[FIG. 8] FIG. 8(a) and FIG. 8(b) are diagrams
exemplifying a case where an axis shift of a plunger
occurs when the plunger pushes the toric intraocular
lens as illustrated in FIGS. 6(a) to 6(d) and FIGS. 7 (a)
to 7(d) and a case where the axis shift of the plunger
does not occur.

[FIG. 9] FIG. 9 1is a table illustrating a
verification result of whether an axis shift of a plunger
occurs when the plunger pushes the toric intraocular
lens as illustrated in FIGS. 6(a) to 6(d) and FIGS. 7 (a)
to 7(d).

[FIG. 10] FIG. 10(a) and FIG. 10(b) are diagrams
illustrating an example of a cross-sectional shape of
a toric intraocular lens with respect to the optical axis
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thereof according to one embodiment.

[FIG. 11] FIG. 11l(a) and FIG. 11 (b) are diagrams
illustrating another example of a cross~-sectional shape
of a toric intraocular lens with respect to the optical
axis thereof according to one embodiment.

[FIG. 12} FIG. 12 is a diagram illustrating yet
another example of a cross-sectional shape of a toric
intraocular lens with respect to the optical axis
thereof according to one embodiment.

[Description of Embodiments]

[0013] Hereinafter, embodiments of the present
invention are described with reference to drawings.
[0014] FIG. 1 schematically illustrates a
configuration of a toric intraocular lens 2 according
to the present embodiment. FIG. 1l(a) is a plan view
thereof and FIG. 1l(b) is a side view thereof. The
orientations regarding the toric intraocular lens 2 in
FIGS. 1(a) and 1(b) do not correspond to each other. The
toric intraocular lens 2 is what is called one-piece type
toric intraocular lens, in which the lens portion and
the support portion are made of the same material and
integrally molded, and the material of the lens is soft
acrylic material. The toric intraocular lens 2
includes a 1lens body 2a having a predetermined
refractive power and two elongated planate support
portions 2b that are connected to the lens body 2a and
are provided for holding the lens body 2a inside of the
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eyeball. The lens body 2a and the support portions 2b
are made of flexible resin material. 1In addition, the
lens body 2a and the support portions 2b are connected
with each other via the connecting portion Z2e.

[0015] As illustrated in FIG. 1(b), the connecting
portion 2e is formed to protrude in the shape of a tangent
from the circumference of the lens and to contact the
circumference of the lens body 2a in a predetermined
range. Further, in the present embodiment, a pair of
marks 2d Lhat face each other across the optical axis
O of the lens body 2a are provided in the vicinity of
the peripheral edge of the lens body 2a. A virtual line
connecting the marks 2d represents the flat meridian of
the lens body 2a, and a virtual line that is orthogonal
to the virtual line connecting the marks 2d at the
optical axis O represents the steep meridian of the lens
body 2a. Therefore, after an operator inserts the toric
intraocular lens 2 into the eyeball of the patient, the
operator <can adjust the position of the toric
intraocular lens 2 such that the steep meridian
direction of the cornea of the patient matches with the
flat meridian direction represented by the mark 2d of
the lens body 2a.

[0016] In the intraocular lens insertion apparatus
1l as described below according to the present embodiment
the toric intraocular lens 2 is set on the stage member
12 such that one of the two support portions 2b is
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disposed posterior to the lens body 2a and the other of
the two support portions 2b is disposed anterior to the
lens body 2a. It is noted that the support portion
disposed anterior to the lens body 2a is referred to as
the anterior support portion and the support portion
disposed posterior to the lens body 2a is referred to
as the posterior support portion.

[0017] A surface roughening 1s applied to the
support portions 2b of the toric intraocular lens 2
according to the present embodiment. Therefore, the
posture of the toric intraocular lens 2 can be stabilized
when the toric intraoccular lens 2 is pushed and moved
by the plunger 30. Specifically, when the toric
intraocular lens 2 is pushed and moved by the plunger
30, preferable friction force occurs between the support
portions 2b and the inner wall surface of the nozzle body
10 to prevent the toric intraocular lens 2 from rotating
in the nozzle body 10. In addition, since the surface
roughening is applied to the support portions 2b, the
support portions 2b are prevented from sticking to the
lens body 2a when the toric intraocular lens 2 is folded
in the nozzle body 10. Further, in the present
embodiment, since an optical surface 2c with a
relatively small curvature for smoothing the gradient
of the optical surface of the lens body 2a is provided
for a peripheral portion of the lens body 2a, that is,
a portion for connecting the lens body 2a with the
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support portion 2b as illustrated in FIG. 1(b), the
thickness of the lens at the center thereof and the cross
section area of the lens are decreased to achieve a thin
lens profile. The optical surface 2c may be configured
to be a flat profile.

[0018] Since the diameter of the optical portion on
the anterior surface in the area in which the connecting
porticon 2e contacts the circumference of the lens body
2a is configured to be slightly larger than the diameters
in other areas due to processing margin, the shape of
the optical portion on the anterior surface is slightly
oval (non circular). In addition, as for the optical
portion on the posterior surface, the diameter thereof
in the area in which the connecting portion 2e contacts
the circumference of the lens body 2a is configured to
be 10% larger than the diameters in other areas. That
is, the connecting portion 2e also has a portion that
functions as an optical 1lens surface. With such
configuration, the effective lens area can be as large
as posslible in a predetermined dimension defined for the
lens body Z2a. Generally, the diameter of the optical
portion of the lens body 2a in the area in which the lens
body 2a does not contact the connecting portion 2e ranges
from 5.5 mm to 7.0 mm.

[0019] FIG. 2 schematically illustrates a
configuration of the intraocular 1lens insertion
apparatus 1 used for inserting the toric intraocular
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lens 1into the eyeball according to the present
embodiment. FIG. 2(a) illustrates a plan view of the
intraocular lens insertion apparatus 1 in a state where
a stage 1id member 13 is opened. FIG. 2(b) illustrates
a side view of the intraoccular lens insertion apparatus
1 in a state where the stage 1lid member 13 is closed.
A nozzle body 10 of the intraocular lens insertion
apparatus 1 1s a tube member with an approximately
rectangular cross section. The nozzle body 10 includes
a rear end portion 10b with a wide opening formed at one
end of the nozzle body 10. The nozzle body 10 includes
a nozzle portion 15 and a distal end portion 10a that
are configured as a narrowed insertion tube 100 at the
other end of the nozzle body 10. As illustrated in FIG.
2(b), the opening of the distal end portion 10a is formed
into a bevel. The plunger 30 is inserted into the nozzle
body 10 and can be moved to-and-fro in the nozzle body
10.

[0020] In the descriptions hereinafter, the
direction extending toward the distal end portion 10a
from the rear end portion 10b of the nozzle body 10 is
assumed as the frontward direction, the direction
opposite to the frontward direction is assumed as the
rearward direction, the direction toward a viewer’ s side
with respect to a paper surface on which FIG. 2(a) is
drawn is assumed as the upward direction, the direction
opposite to the upward direction 1is assumed as the
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downward direction, the direction toward a viewer’s side
with respect to a paper surface on which FIG. 2(b) 1is
drawn 1is assumed as the leftward direction, and the
direction opposite to the leftward direction is assumed
as the rightward direction. 1In this case, the upward
direction corresponds to a direction toward a front side
along an optical axis of a lens body 2a described later,
the downward direction corresponds to a direction toward
a rear side along the optical axis of the lens body 2a,
the frontward direction corresponds to a direction
toward a front side in the push direction of the plunger
30, and the rearward direction corresponds to a
direction toward a rear side in the push direction of
the plunger 30.

[0021] A hold member 11 which projects in a plate
shape and on which a user hooks the user’s fingers when
the user pushes the plunger 30 toward the distal end side
of the nozzle body 10 is integrally formed on the nozzle
body 10 in the vicinity of the rear end portion 10b of
the nozzle body 10. In addition, the stage member 12
on which the toric intraocular lens 2 is to be set is
formed on the rear end side of the nozzle portion 15 of
the nozzle body 10. The stage member 12 is configured
to be opened toward an upper side of the nozzle body 10
by opening the stage 1id member 13. Further, the
positioning member 50 is mounted on the stage member 12
from below the nozzle body 10. With the use of the
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positioning member 50, the toric intraocular lens 2 is
stably positioned and held on the stage member 12 even
before the insertion apparatus 1s used (during
transportation).

[0022] That 1s, i1n the intraocular lens insertion
apparatus 1, at the time of manufacturing the
intraocular lens insertion apparatus 1, the toric
intraocular lens 2 is set on the stage member 12 such
that a front side along an optical axis 1s directed
upward in a state where the stage 1id member 13 is opened
and the positioning member 50 is mounted on the stage
member 12. Then, the intraocular lens 1insertion
apparatus 1 is commercially distributed with the stage
1id member 13 closed, and the intraocular lens insertion
apparatus 1 is sold. When the user uses the intraocular
lens insertion apparatus 1, the user insert a needle of
an injector which lubricant for the toric intraocular
lens is filled with into the stage member 12 through a
needle hole 20a of the insertion portion 20 and the
lubricant is injected therein. Then, the user removes
the positioning member 50 while holding the stage 1id
member 13 in a closed state and, thereafter, pushes the
plunger 30 toward the distal end side of the nozzle body
10.

[0023] Due to such an operation, the toric
intraocular lens 2 1is pushed to the nozzle portion 15
by the plunger 30, and the toric intraocular lens 2 is

15



ejected into the inside of the eyeball from the distal
end portion 10a. In the intraocular lens insertion
apparatus 1, the nozzle body 10, the plunger 30, and the
positioning member 50 are formed using a resin such as
polypropylene. Polypropylene has been proven as a
material used for medical apparatuses. In addition,
polypropylene is reliable in chemical resistance etc.
[0024] In addition, a check window 17 is provided
on a part of the stage 1lid member 13 by forming the part
to be thinner than the other parts. The exlent how thin
the check window 17 is formed on the stage 1lid member
13 can be appropriately determined based on the material
used for the stage 1lid member 13 and the visibility of
the toric intraocular lens checked from the check window
17. Further, since the check window 17 is formed, it
is expected that a sink that occurs when the stage 1id
member 13 is formed can be effectively reduced.

[0025] FIG. 3 is a plan diagram of the nozzle body
10. As described previously, in the nozzle body 10, the
Loric intraocular lens 2 is set on the stage member 12.
In such a state, the toric intraocular lens 2 is pushed
by the plunger 30, and is released from the distal end
portion 10a. Here, a through-hole 10c whose
cross-sectional shape changes corresponding to a change
in a profile of the nozzle body 10 is formed in the inside
of the nozzle body 10. In the release of the toric
intraocular lens 2, the toric intraocular lens 2 is
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deformed corresponding to a change in a cross-sectional
shape of the through-hole 10c formed in the inside of
the nozzle body 10, and is released after being deformed
into a shape which facilitates the entrance of the toric
intraocular lens 2 1into the incision formed in the
eyeball of the patient.

[0026] Further, the distal end portion 10a has an
obliquely cut shape, what is called bevel cut shape, such
that an upper region of the nozzle portion 15 extends
more toward a front side than a lower region of the nozzle
portion 15. The details of the distal end of the nozzle
portion 15 according to the present embodiment are
described later. The obliquely cut shape of the distal
end portion 10a may be formed by obliguely cutting the
distal end portion 10a so as to have a straight line shape
as viewed from a rightward and leftward direction or may
be formed by obliquely cutting the distal end portion
10a so as to have an outwardly bulging shape or a curved
surface shape.

[0027] A stage groove 12a having a width slightly
larger than a diameter of the lens body 2a of the toric
intraocular lens 2 is formed on the stage member 12. A
size of the stage groove 12a in a frontward and rearward
direction is set to be larger than a total size of the
toric intraocular lens 2 including the support portions
2b extending to both sides of the toric intraocular lens
2. In addition, a setting surface 12b as a surface on
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which the toric intraocular lens is placed is formed of
a bottom surface of the stage groove 12a. The position
of the setting surface 12b in an upward and downward
direction is set higher than the height position of a
bottom surface of the through-hole 10c formed in the
nozzle body 10, and the setting surface 12b and the
bottom surface of the through—-hole 10c are connected to
each other by a bottom inclined surface 10d.

[0028] The stage member 12 and the stage 1id member
13 are integrally formed with each other. A size of the
stage 1lid member 13 in the frontward and rearward
direction is set to be substantially equal to a size of
the stage member 12 in the frontward and rearward
direction. The stage 1id member 13 is connected to the
stage member 12 by a thin-plate-like connection member
14 which is formed in an extending manner toward the
stage 1id member 13 side from a side surface of the stage
member 12. The connection member 14 is formed 1in a
bendable manner at a center portion thereof, and the
stage 1lid member 13 overlaps with the stage member 12
from above by bending the connection member 14 so that
the stage 1lid member 13 is closed.

[0029] In the stage 1id member 13, ribs 13a, 13b for
reinforcing the stage 1id member 13 and for stabilizing
the position of the toric intraccular lens 2 are formed
on a surface of the stage 1id member 13 which faces the
setting surface 12b in an opposed manner in a 1id closed
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state. A guide projection 13c is formed on the stage
lid member 13 as an upper guide for the plunger 30.
Further, the needle hole 20a is formed in the stage 1id
member 13 as an insertion hole for injecting a hyaluronic
acid into the stage member 12 using an injector before
an operation of inserting the toric intraocular lens 2
into the eyeball is performed. The needle hole 20a is
a hole which connects the outside of the stage member
12 and the toric intraocular lens 2 housed in the stage
member 12 to each other when the stage 1id member 13 is
closed. A user inserts a needle of an injector through
the needle hole 20a before the insertion operation of
the toric intraocular lens 2 is performed, and supplies
hyaluronic acid that is a viscoelastic material to the
necessary position in the inside of the stage member 12.
[0030] The positioning member 50 is detachably mounted
on a lower side of the setting surface 12b of the stage
member 12. FIG. 4 illustrates a schematic
configuration of the positioning member 50. FIG. 4 (a)
is a plan diagram of the positioning member 50, and FIG.
4(b) i1s a left side diagram of the positioning member
50. The positioning member 50 1is formed as a body
separate from the nozzle body 10, and is configured such
that a pair of side wall portions 51, 51 is connected
to each other by a connecting portion 52. Holding
portions 53, 53 which extend and expand outwardly are
formed on the lower ends of the side wall portions 51,
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respectively.

[0031] A pair of first placing portions 54, 54 which
projects upward is formed inside of the respective side
wall portions 51, 51. 1In addition, first positioning
portions 55, 55 are formed on the outer peripheral sides
of the upper end surfaces of the first placing portions
54, 54 in a projecting manner. A distance between the
inside surfaces of the first positioning portions 55,
55 is set to be slightly larger than a diameter size of
the lens body 2a of the toric intraccular lens 2.
[0032] Further, a pair of second placing portions 56,
56 which projects upward 1is formed inside of the
respective side wall portions 51, 51. A height of the
upper surfaces of the second placing portions 56, 56 is
set to be substantially equal to a height of the upper
surfaces of the first placing portions 54, 54. In
addition, second positioning portions 57, 57 which
project further upward are formed on the outer portions
of the upper surfaces of the second placing portions 56,
56 such that the second positioning portions 57, 57
extend over the whole regions of the second placing
portions 56, 56 in the rightward and leftward direction.
A distance between the inside surfaces of the second
positioning portions 57, 57 is set to be slightly larger
than the diameter size of the lens body 2a of the toric
intraocular lens 2.

[0033] In addition, the third placing portion 58 on
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which a part of the anterior support portion of the
support portions 2b of the toric intraocular lens 2 is
formed inside of the respective side wall portions 51,
51. Further, the third positioning portion 59 which
projects further upward from the third placing portion
58 1is formed. A part of the anterior support portion
contacts the third positioning portion 59. Moreover,
the fourth placing portion 60 on which a part of the
posterior support portion of the support portions 2b of
the toric intraocular lens 2 is formed inside of the
respective side wall portions 51, 51. 1In addition, the
fourth positioning portion 61 which projects further
upward from the fourth placing portion 60 is formed. A
part of the posterior support portion contacts the
fourth positioning portion 61. As illustrated in FIG.
4(b), heights of the upper surfaces of the fourth placing
portion 60 and the fourth positioning portion 61 are set
to be substantially lower than the heights of the upper
surfaces of the first, second, and third placing
portions and the first, second, and third positioning
portions. On the other hand, anti-rotation wall
portions 62 for preventing an unnecessary rotation of
the positioning member 50 when the positioning member
is detached are provided on the outer side of the
respective side wall portions 51, 51.

[0034] The above-mentioned positioning member 50 is
assembled to the nozzle body 10 from below the setting
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surface 12b of the nozzle body 10. The setting surface
through-holes 12c¢c which penetrate the setting surface
12b in the thickness direction are formed in the setting
surface 12b of the nozzle body 10. The profiles of the
setting surface through-holes 12c have shapes slightly
larger than and substantially similar to the shapes of
the first to fourth placing portions or the shapes of
the first to fourth positioning members of the
positioning member 50 as viewed from above. When the
positioning member 50 is mounted on the nozzle body 10,
the first to fourth placing portions and the first to
fourth positioning portions are inserted into the
setting surface through-holes 12c frombelow the setting
surface 12b, and project upward from the setting surface
12b.

[0035] Then, in setting the toric intraocular lens 2
on the setting surface 12b, a bottom surface of an outer
peripheral portion of the lens body 2a is placed on the
upper surfaces of the first placing portions 54, 54 and
the upper surfaces of the second placing portions 56,
56. The position of the lens body 2a in a horizontal
direction (adirection horizontal to the setting surface
12b) is restricted by the first positioning portions 55,
55 and the second positioning portions 57, 57. Further,
each of the two support portions 2b of the toric
intraocular lens 2 is placed on the upper surface of the
third placing portion 58 and the upper surface of the
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fourth placing portion 60. Additionally, the position
of each of the two support portions 2b in the horizontal
direction is restricted by the third positioning portion
59 and the fourth positioning portion 61.

[0036] FIG. 5illustrates the schematic configuration
of the plunger 30. A length of the plunger 30 in the
frontward and rearward direction is set slightly larger
than that of thenozzle body 10. The plunger 30 is formed
of an operating member 31 which is disposed on a distal
end side and basically has a circular columnar shape,
and an insertion member 32 which is disposed on a rear
end side and basically has a rectangular rod shape. The
operating member 31 is configured to include a circular
columnar portion 31la having a circular columnar shape,
and a thin-plate-shaped flat portions 31b expanding in
the rightward and leftward direction from the circular
columnar portion 3la. FIG. 5(a) 1llustrates the
central axis CX of the operating member 31 (the circular
columnar portion 3la) of the plunger 30. The width
(thickness) of the distal end potion of the plunger 30
is generally from 0.5 mm to 2.0 mm. Since the strength
of the plunger becomes lower when the width becomes
smaller than this general width, the lens may not be
pushed in a stable manner. On the other hand, the size
of the incision for 1inserting the intraocular lens
becomes larger when the width becomes larger than this
general width, astigmatism what 1s called induced
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astigmatism may occur to adversely influence on the
patient’s visual performance.

[0037] A notch 31c is formed on a distal end portion
of the operating member 31. As can be understood from
FIG. 5(b), the notch 31c is formed in a groove-1ike shape
on the operating member 31 to open downward and penetrate
the operating member 31 in the rightward and leftward
direction. As can be understood from FIG. 5(b), a groove
wall disposed on a distal end side of the notch 31c is
formed of an inclined surface which extends downward as
the inclined surface extends toward the distal end side
of the operating member 31.

[0038] In addition, slits 31d, 31f are respectively
formed in the middle of the right and left flat portions
31b in the frontward and rearward direction and near the
rear end of the right and left flat portions 31b. The
slits 31d, 31f are formed in an approximately L-shape
by a combination of a cut extending in the rightward and
leftward direction of the flat portion 31b and a cut
extending in the frontward and rearward direction of the
flat portion 31b. 1In addition, movable segments 3le,
31lg are formed on the flat portion 31b by forming the
slits 31d, 31f. The movable segments 3le, 31g function
as what is called axis-shift prevention such that the
circular columnar member 3la is positioned at the center
in the rightward and leftward direction of the nozzle
bPody 10 when the plunger 30 moves in the nozzle body 10.
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Although two pairs of the movable segments 31le, 31g are
formed in the present embodiment, only one pair of the
movable segments or more than two pairs of the movable
segments can be formed instead.

[0039] The insertion member 32 has an approximately
H-shaped cross section as a whole, and a size of the
insertion member 32 in the rightward and leftward
direction and a size of the insertion member 32 in the
upward and downward direction are set slightly smaller
than those of the through-hole 10c formed in the nozzle
body 10. A disc-shaped pushing plate member 33 which
expands in the upward and downward direction as well as
in the rightward and leftward direction is formed on a
rear end of the insertion member 32.

[0040] A pawl portion 32a which projects toward an
upper side of the insertion member 32 and is movable in
the upward and downward direction due to elasticity of
a raw material of the plunger 30 is formed on a portion
of the insertion member 32 on a distal end side from the
center in the frontward and rearward direction. When
the plunger 30 is inserted into the nozzle body 10, an
engaging hole 10e illustrated in FIG. 3 which is formed
in the upper surface of the nozzle body 10 in a thickness
direction and the pawl portion 32a are engaged with each
other. With such engagement, the relative position
between the nozzle body 10 and the plunger 30 in an
initial state is determined. The position where the
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pawl portion 32a is formed and the position where the
engaging hole 10e is formed are set such that, in an
engaging state, a distal end of the operating member 31
is positioned behind the lens body 2a of the toric
intraocular lens 2 set on the stage member 12, and the
support portion 2b on a rear side of the lens body 2a
can be supported by the notch 31c from below. Further,
similar to the slits 31d, 31f, an approximately L-shaped
slit formed by a cut extending in the rightward and
lefltward direction and a cut extending in the frontward
and rearward direction can be formed on the insertion
member 32. Such a slit formed on the insertion member
32 also functions as axis-shift prevention of the
plunger 30.

[0041] FIGS. 6(a), 6(b), 6(c), 6(d), 7(a), 7T(b), T(c),
and 7(d) schematically illustrate prototype toric
intraocular lenses 110, 120, 130, 140, 150, 160, 170,
and 180 in the present embodiment, respectively. 1In
each of FIGS. 6(a), 6(b), 6(c), 6(d), 7(a), 7T(b), 7(c),
and 7(d), the axis corresponding to the central axis CX
of the plunger 30 when the toric intraocular lenses 110,
120, 130, 140, 150, 160, 170, and 180 are set on the stage
member 12 is the axis AX. Thus, the toric intraocular
lenses 110, 120, 130, 140, 150, 160, 170, and 180 are
pushed in the direction of the axis AX by the plunger
30 in the intraocular lens insertion apparatus 1. In
addition, the axis that is orthogonal to the axis AX on
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the plane that is perpendicular to the directions of the
optical axes of the toric intraocular lenses 110, 120,
130, 140, 150, 160, 170, and 180 (the plane that 1is
parallel to the plane of the paper) 1s the axis BX.
Further, the axis that passes through the center of the
optical axis of the lens body and connects the pair of
connecting portions with each other is the axis DX. And
the position on the circumference of the lens body at
which the tip of the plunger 30 contacts the lens body
is the position P. Moreover, the acute angle between
the flat meridian of the lens body and the axis (the axis
AX) in the push direction of the plunger 30 is 6.
[0042] In the present embodiment, as illustrated in
FIGS. 6(a), 6(b), 6(c), 6(d), 7(a), 7(b), 7(c), and 7(d),
marks 110d, 120d, 130d, 140d, 150d, 160d, 170d, and 180d
for indicating the directions of the flat meridian are
provided for the lens bodies 110a, 120a, 130a, 140a, 150a
160a, 170a, and 180a of the toric intraocular lenses 110,
120, 130, 140, 150, 160, 170, and 180 as is the case with
the mark 2d of the toric intraocular lens 2. The marks
110d, 120d, 130d, 140d, 150d, 160d, 170d, and 180d are
provided as a pair of marks near both ends of the flat
meridian of the lens bodies 110a, 120a, 130a, 140a, 150a,
160a, 170a, and 180a, respectively.

[0043] The thickness of each of the lens bodies 110a,
120a, 130a, 140a, 150a, 160a, 170a, and 180a on the plane
that is perpendicular to each of the optical axes of the
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lens bodies 110a, 120a, 130a, 140a, 150a, 160a, 170a,
and 180a becomes largest in the direction of the flat
meridian. The thickness of the lens body here means the
thickness of the lens body on the circumference (edge
thickness). And the thicknesses of each of the lens
bodies 110a, 120a, 130a, 140a, 150a, 160a, 170a, and 180a
in other directions that pass through the center of the
lens body become smaller than the thickness of the lens
body 1in the direction of the flat meridian. More
specifically, it is assumed for each of the lens bodies
110a, 120a, 130a, 140a, 150a, 160a, 170a, and 180a that
there i1is a line that overlaps the flat meridian and
passes through the center of the lens body on the plane
that is perpendicular to the optical axis. Further, it
is assumed that the 1line is rotated clockwise or
counterclockwise to overlap the virtual 1line DX
connecting the connecting portions of the respective
pair of connecting portions 110e, 120e, 130e, 140e, 150e
160e, 170e, and 180e of the lens bodies 110a, 120a, 130a,
140a, 150a, 160a, 170a, and 180a. 1In this case, as the
rotation angle from the direction of the flat meridian
becomes larger, the thickness of the each of the lens
bodies 110a, 120a, 130a, 140a, 150a, 160a, 170a, and 180a
in the direction of the rotated line becomes smaller to
reach a minimal wvalue. Then, the thickness becomes
larger as the direction that passes the center of the
respective lens bodies 110a, 120a, 130a, 140a, 150a,
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160a, 170a, and 180a becomes closer to the direction
represented by the wvirtual line DX connecting the
connecting portions of the respective pair of connecting
portions 110e, 120e, 130e, 140e, 150e, 160e, 170e, and
180e of the lens bodies 110a, 120a, 130a, 140a, 150a,
160a, 170a, and 180a.

[0044] In the present embodiment, the virtual line DX
connecting the connecting portions of the respective
pair of connecting portions 110e, 120e, 130e, 140e, 150e
160e, 170e, and 180e is defined as a line indicating that
the thickness of the lens body 2a reaches a maximal value
in that direction. The virtual line DX is not limited
to one of the lines illustrated in FIGS. 6(a), 6(b), 6(c)
o(d), 7(a), 7(b), 7(c), and 7(d) as long as the virtual
line DX passes through the center of the respective lens
bodies 110a, 120a, 130a, 140a, 150a, 160a, 170a, and 180a
and connects predetermined points of the respective
connecting portions 110e, 120e, 130e, 140e, 150e, 160e,
170e, and 180e with each other.

[0045] Therefore, as for the thickness of the lens body
110a of the toric intraocular lens 110 as illustrated
in FIG. 6(a), for example, when a line that overlaps the
axis AX and passes through the center of the lens body
110a rotates clockwise, the thickness reaches a maximal
value in the axis AX direction, reaches a minimal value
in a direction between the axis AX and the axis DX,
reaches amaximal value in the axis DX direction, reaches
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a minimal value in a direction between the axis DX and
the axis AX, and then reaches a maximal value in the axis
AX direction. That is, the thickness of the lens body
110a varies to reach maximal values and minimal values
between the flat meridian and the axis DX of the lens
body 110a. The thicknesses of the other lens bodies 120a
130a, 140a, 150a, 160a, 170a, and 180a are expected to
vary in a similar manner.

[0046] Next, the relations between the position of the
Loric inltraocular lenses 110, 120, 130, 140, 150, 160,
170, and 180 and the position of the plunger 30 in the
nozzle body 10 when the intraocular lens insertion
apparatus 1 is used to push the toric intraocular lenses
110, 120, 130, 140, 150, 160, 170, and 180 in the present
embodiment are described below with reference to FIG.
8(a) and FIG. 8(b). In FIG. 8(a) and FIG. 8(b), the
nozzle body 10 and the plunger 30 are represented by
broken lines and the toric intraocular lenses 110, 120
are represented by solid lines.

[0047] FIG. 8 (a) illustrates an example of the
relation between the position of the toric intraocular
lens 120 and the position of the plunger 30 in the nozzle
body 10 when the intraocular lens insertion apparatus
1 is used to insert the toric intraocular lens 120 into
the eyeball. As described above, the thickness of the
lens body 120a of the toric intraocular lens 120 reaches
a maximal value in the direction indicated by the virtual
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line connecting the. marks in the pair of marks 120d,
which i1s identical to the axis BX in FIG. 6(b), and in
the direction indicated by the axis DX. That is, the
position P at which the tip of the plunger 30 contacts
the lens body 120a in the nozzle body 10 corresponds to
a position between the two positions at which the
thickness of the lens body 120a reaches the maximal
value.

[0048] As a result, since the thickness of the lens
body 120a on both sides of the tip of the plunger 30 is
larger than the thickness of the portion at which the
tip of the plunger 30 contacts the lens body 120a to
prevent a shift of the position of the tip of the plunger
30 when the plunger 30 pushes the toric intraocular lens
120, the state in which the central axis CX of the plunger
30 and the push direction of the plunger 30 (the axis
AX direction) match with each other can be preferably
maintained.

[0049] In addition, FIG. 8(b) illustrates an example
of the relation between the position of the toric
intraocular lens 110 and the position of the plunger 30
in the nozzle body 10 when the intraocular lens insertion
apparatus 1 is used to insert the toric intraocular lens
110 into the eyeball. As described above, the thickness
of the lens body 110a of the toric intraocular lens 110
reaches a maximal value in the direction indicated by
the virtual line connecting the marks in the pair of
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marks 110d, which is identical to the axis AX in FIG.
6(a), and in the direction indicated by the axis DX.
That is, the position P at which the tip of the plunger
30 contacts the lens body 120a in the nozzle body 10
corresponds to the portion at which the thickness of the
lens body 120a reaches the maximal value.

[0050] As a result, since the thickness of the lens
body 110a on both sides of the tip of the plunger 30 is
smaller than the thickness of the portion at which the
tip of the plunger 30 contacts the lens body 110a when
the plunger 30 pushes the toric intraocular lens 110,
the possibility of a shift of the position of the tip
of the pluhger 30 from the position at which the
thickness of the lens body 120a reaches the maximal value
to either side of the position increases. In this case,
since the tip of the plunger 30 shifts as illustrated
in FIG. 8(b), the central axis CX of the plunger 30 does
not match with the push direction of the plunger 30 (the
axis AX direction). When the tip of the plunger 30
shifts as described above, the operations of using the
plunger 30 to push the toric intraocular lens 110 cannot
be performed stably and the operator’s operations may
be interfered.

[0051] FIG. 9 illustrates results of verification
tests to check whether the tip of the plunger 30 shifts
as described above when the plunger 30 is used to push
the intraocular lens 110, 120, 130, 140, 150, 160, 170,
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and 180 with the patterns of the flat meridian as
illustrated in FIGS. 6(a), 6(b), 6(c), 6(d), 7(a), 7(b),
7(c), and 7(d). Each number in the “YLENS” column
represents the sign attached to each toric intraocular
lens as described above. 1In addition, the word “NONE”
in the Y“AXIS SHIFT” column means that the toric
intraocular lens can be pushed by the plunger 30 with
the central axis CX of the plunger 30 and the push
direction (the axis AX direction) matchedas illustrated
in FIG. 8(a). The word “OCCUR” 1in the “AXIS SHIFT”
column means that the central axis CX of the plunger 30
and the push direction (the axis AX direction) do not
match with each other as illustrated in FIG. 8 (b) when
the toric intraocular lens is pushed by the plunger 30.
[0052] As illustrated in FIG. 9, a shift of the axis
of the plunger 30 does not occur in case of the toric
intraocular lenses 120, 130, 160, and 180. That is, when
the toric intraocular lenses 120, 130, 160, and 180 are
pushed by the plunger 30, the relation between the
position of the toric intraoccular lenses 120, 130, 160,
and 180 and the position of the plunger 30 in the nozzle
body 10 is that the central axis CX of the plunger 30
and the axis AX match with each other as illustrated in
FIG. 8(a). Referringto FIGS. 6(b), 6(c), 7(b), and 7 (d)
when one of the pair of marks indicating the flat
meridian (“EX” in the drawings) of the lens body of the
toric intraocular lens, that is one end of the flat

33



meridian 1s located on the opposite side of the axis
(axis DX) that passes through the optical center of the
lens body and connects the pair of connecting portions
with each other, with respect to the position (“P” in
the drawings) at which the tip of the plunger 30 contacts
the circumference of the lens body, and when the acute
angle (“"6” in the drawings) between the flat meridian
of the lens body and the axis (axis AX) representing the
push direction of the plunger 30 is larger than 0° and
equal to or smaller than 90°, it can be said that a shift
of the axis of the plunger 30 does not occur. In addition
when the thickness of the lens body on its circumference
is configured to reach a minimal value at the position
where the tip of the plunger 30 contacts the
circumference of the lens body, it can be assumed that
the axis shift can be preferably prevented since the
plunger 30 contacts a portion at which the thickness of
the lens body is smaller than the thickness of the other
portions of the lens body.

[0053] Moreover, a toric intraocular lens generally
needs to be adjusted with respect to the position
(direction) of the steep meridian 1in the eyeball
immediately after the toric intraocular lens is inserted
into the eyeball. However, when the toric intraocular
lens according to the embodiments as described above,
the angle of rotation of the toric intraocular lens for
the adjustment can be smaller and the surgery can be
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simplified. A reason 1is that since an incision can
reduce the corneal astigmatism in the surgery 1in
practice, the incision is often formed on the side of
the steep meridian of the cornea for inserting the toric
intraocular lens. 1In this case, the direction in which
the toric intraocular lens is inserted and the direction
of the steep meridian of the astigmatism match with each
other. Further, it is a common practice to rotate the
toric intraocular lens clockwise when the axis of the
flat meridian of the toric intraocular lens is adjusted
tomatch with the astigmatism axis. Therefore, when the
acute angle (“8” 1in the drawings) between the flat
meridian of the lens body and the axis (axis AX)
representing the push direction of the plunger 30 1is
larger than 0° and equal to or smaller than 90°, as
described in the present embodiment, the direction of
rotation for the position adjustment is the direction
in which the toric intraocular lens is rotated clockwise
immediately after the toric intraccular lens is inserted
into the eyeball of the patient, and the angle of the
rotation 1s an acute angle.

[0054] On the other hand, when the axis of the flat
meridian i1s located at the connecting portion of the
support portion, the amount of rotation for the
adjustment becomes larger than that in case of the acute
angle since the angle between the direction to be
adjusted and the axis indicated by the toric marks (axis
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of the flat meridian) is an obtuse angle. When the axis
representing the push direction and the axis of the flat
meridian are matched with each other, the amount of
rotation is assumed to become minimum ideally. However
it can be assumed in practice that the toric intraocular
lens 1s rotated clockwise more than necessary with
respect to an i1deal position when operations for
eliminating viscoelastic material or for establishing
the stability of the lens in the eyeball are performed.
In this case, since Lhe Ltoric intraccular lens needs to
be rotated almost 180° to bring the toric intraocular
lens back to the ideal position, there may be a risk at
increasing the amount of rotation to the maximum. Thus,
it is preferable in practice to arrange that the push
direction and the axis of the flat meridian do not match
with each other.

[0055] In addition, a shift of the axis of the plunger
30 occurs in case of the toric intraocular lenses 110,
140, 150, and 170 as illustrated in FIG. 9. That 1is,
when the toric intraocular lenses 110, 140, 150, and 170
are pushed by the plunger 30, the relation between the
position of the toric intraocular lenses 110, 140, 150,
and 170 and the position of the plunger 30 in the nozzle
body 10 is that the central axis CX of the plunger 30
is shifted from the axis AX as illustrated in FIG. 8 (b).
Referring to FIGS. 6(a), 6(d), 7(a), and 7(c), when one
of the pair of marks indicating the flat meridian (“EX”
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in the drawings) of the lens Dbody of the toric
intraocular lens, that is one end of the flat meridian
is located on the opposite side of the axis (axis DX)
that passes through the optical center of the lens body
and connects the pair of connecting portions with each
other, with respect to the position (“"P” in the drawings)
at which the tip of the plunger 30 contacts the
circumference of the lens body, or is located on the
position which overlaps the axis (axis AX) representing
the push direction of the plunger 30, and when the acute
angle (“0” in the drawings) between the flat meridian
of the lens body and the axis (axis AX) representing the
push direction of the plunger 30 is larger than 90° and
equal to or smaller than 180°, it can be said that a shift
of the axis of the plunger 30 occurs.

[0056] According to verifications of the push load for
pushing the toric intraocular lenses 110, 120, 130, 140,
150, 160, 170, and 180 by the plunger 300 when the
intraocular lens insertion apparatus 1 is used, the push
load has a tendency to increase in relation to the cross
section area of the folded toric intraocular lens 2 but
the variation of the push load do not become large. For
example, in case of a toric intraocular lens with the
columnar refractive power of +6.00D, the variation of
the push load is approximately 1N at most and it can be
assumed that the variation do not affect the surgery.
In addition, according to verifications of the
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impressions of the pushing by the plunger 30 targeting
at the clinicians who have sufficient experiences of
intraocular lens insertion surgeries, the results of the
verifications show that the clinicians can push the
plunger 30 with the same push feelings regardless of the
direction of the flat meridian. That is, even when the
flat meridian of the toric intraocular lenses 110, 120,
130, 140, 150, 160, 170, and 180 is configured to prevent
the shift of the axis of the plunger 30 in the present
embodiment, there is not a concern that the push load
for pushing the plunger 30 affects the operations in the
surgery.

[0057] Although the present embodiment is described
as above, the configurations of the lens, the insertion
member, and the 1like are not limited to those as
described above and various variations may be made
within the range that does not lose identity with the
technical idea of the above embodiment. For example,
it is more preferable that when the tip of the plunger
30 contacts the circumference of the lens body the acute
angle 6 is equal to or larger than the angle that achieves
that a line extending the flat meridian of the lens body
does not intersect the plunger 30, and egqual to or
smaller than 90°. In addition, in the present
embodiment, 1t 1s found that the wvariation of the
thickness (edge thickness) of the lens body on its
circumference becomes the largest in the middle between
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the flat meridian direction and the steep meridian
direction with respect to the angle around the optical
axis, that is at the position where 6 = 45°. 1In this
case, the edge thickness of the portion which the tip
of the plunger 30 contacts reaches a minimal value and
further the difference between the minimal value and the
edge thicknesses on both ends of the plunger 30 becomes
the largest. Therefore, the shift of the position of
the tip of the plunger 30 can be prevented effectively.
Moreover, there 1is a possibility that the mark
representing the flat meridian direction is placed at
a position shifted by +5° or -5° from the flat meridian
direction due to a manufacturing error when the toric
intraocular lens is manufactured. 1In light of the above
descriptions, the most preferable acute angle as
described above is 45°. Preferably, the acute angle is
equal to or larger than 10° and equal to or smaller than
80°. More preferably, the acute angle is substantially

o

45°, that is equal to or larger than 45°-5° and is equal
to or smaller than 45°+5°.

[0058] In addition, the angle between the axis (DX)
connecting the connecting portions with each other and
the flat meridian can be 45° in another embodiment. 1In
this case, the shape of the cross section of the toric
intraocular lens at a position where the 1lens 1is
connected with the pair of connecting portions 4is

similar to the shape of the cross section of a single
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focus intraocular lens having a refractive power similar
to the spherical equivalent power of the toric
intraoccular lens. Therefore, the mechanical
characteristics of the toric intraocular lens can be
configured similar to the mechanical characteristics of
the single focus intraocular lens. Such conformation
of the mechanical <characteristics means that the
stability of the toric intraocular lens in the eyeball
can be the same as the stability of the single focus
intraocular lens and means that stable surgery
performances can be achieved.

[0059] FIG. 10¢(a), FIG. 10(b), FIG. 11(a), FIG. 11 (b),
and FIG. 12 illustrate shapes of the cross sections of
the toric intraocular lens along the optical axis
thereof. 1In these figures, the 35 degree direction, the
45 degree direction, and the 55 degree direction are
directions on condition that the flat meridian direction
is the 0 degree direction and the steep meridian
direction is the 90 degree direction. FIG. 10(a), FIG.
10(b), FIG. 11l(a), FIG. 11(b), and FIG. 12 illustrate
examples of the cross sections of the toric intraocular
lens having an intraocular principal point refractive
power of +20.0D. 1In these figures, the horizontal axis
represents a distance r (mm) from the optical axis, the
vertical axis represents a distance 72 {(mm) from the
vertex of the back surface of the lens, the upper surface
represents the front surface (FC) of the lens having an

40



aspherical shape, and the lower surface represents the
back surface of the lens which includes the back surface
BC of the single focus lens and the toric surface. 1In
addition, the cross sections of the toric surfaces are
labelled with “TORIC(LARGE)", “"TORIC(MIDDLE)” and
“TORIC(SMALL)” in descending order with respect to the
columnar refractive power. AS illustrated in these
figures, although the shape of the single focus
intraocular lens and the shape of the toric intraocular
lens are different from each other in the steep meridian
direction and in the flat meridian direction, the
difference between these shapes 1in the 45 degree
direction is not a difference that may affect the
mechanical characteristics. It is desirable that the
axis DX is an axis connecting the midpoints of the arcs
that contact the connecting portion 2e and the lens body
2a or an axis connecting the midpoints of the arcs on
which the supporting portion 2b 1s connected with
connecting portion Z2e.

[0060] Further, the connecting portion of the toric
intraocular lens is configured to contact the
circumference of the lens body in a predetermined range,
and the connection by the connecting portion in the
predetermined range can be achieved without the
mechanical characteristics changed adversely. For
example, when the connecting portion of the toric
intraocular lens contacts the circumference of the lens
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body in a range from 45°-10° to 45°+10° and the cross
sections in the 35 degree direction and in the 55 degree
direction are compared, 1t can be said that the
difference between the cross section of the single focus
intraocular lens and the cross section of the toric
intraocular lens does not affect the mechanical
characteristics as 1is the case with the 45 degree
direction. The shape of the optical portion that
contacts the connecting portion can be configured such
that the above difference Dbecomes an optically
meaningful difference. In addition, the axis (DX)
connecting the connecting portions of the pair of
connecting portions can be arbitrarily set in the
predetermined range.

[0061] Regarding the direction in which the lens body
of the toric intraocular 1lens is folded in the
intraocular lens insertion apparatus, JP-B 5603326
appears to assume that the edge thickness in the 45
degree direction (45 degree direction with respect to
the flat meridian) of the toric intraocular lens as above
is the same as the edge thickness in the 45 degree
direction of the single focus intraocular lens and that
the lens body is folded in the 45 degree direction (45
degree direction with respect to the flat meridian) and
the folding can be achieved similar to the case of the
single focus intraocular lens which the toric
intraocular lens is manufacture bascd on. In the
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present embodiment on the other hand, since the push load
is related more or less to the cross section area of the
folded lens body as described above, the lens body is
folded in a direction that the cross section area can
be relatively smaller, that is in a direction that the
steep meridian is folded (with the flat meridian as the
center), the push load can be smaller and the possibility
that the lens and the insertion member may be damaged
can be decreased. In addition, the shift of the axis
of the plunger can be prevented when the user performs
the push operation in the present embodiment. As a
result, a more secure and more stable push operations
can be provided.

[0062] Further, when the connecting portion of the
toric intraocular lens 1is configured to contact the
circumference of the lens body in the predetermined
range, the mechanical characteristics can be preferably
maintained and the position of the flat meridian can be
adjusted in the range in which the connecting portion
and the circumference of the lens body contact each
other.

[0063] A variation of the above embodiment can be
provided such that the edge thickness in the 45 degree
direction with respect to the flat meridian for the toric
intraocular lens is not the same as the edge thickness
of the single focus intraocular lens, considering that
the edge portion of the lens body in the 45 degree
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direction is a portion overlapping with the connecting
portion for connecting with the support portion.
Alternatively, as disclosed 1in W02015/136997 A1,
optical characteristics can be added or the handling of
the lens can be improved by varying the edge of the lens
body around the optical axis in a non-sinusoidal manner
to achieve that the edge thickness in the 45 degree
direction with respect to the flat meridian differs from
the edge thickness of the single focus intraocular lens
the shape of which is the base shape of the toric
intraocular lens. Although it can be assumed that the
edge of the lens body i1is a mechanical edge that is the
edge surface of the shape itself of the lens body or an
optical edge that is the boundary between the optical
portion and the non-optical portion, namely
corresponding to the periphery of the portion
effectively functioning as a lens, the edge of the lens
body 1s assumed to be the optical edge in the present
embodiment.

[0064] Additionally, a variation of the above
embodiment can be provided such that the flat meridian
of the intraocular lens overlaps the line connecting the
tip of each support portion of the pair of support
portions in the state in which the intraocular lens is
compressed down to from ¢ 9 mm to ¢ 11 mm in the eyeball.
Since an intraocular lens is generally fixed on the side
of the retina with respect to the pupil, an operator can
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observe the lens only in an area that is smaller than
the size defined by the pupil diameter when the lens is
inserted into the eyeball. Therefore, the operator may
find it difficult to identify the position of the tip
of the support portion. However, since the pair of marks
representing the flat meridian are provided in an area
that is smaller than the size defined by the pupil
diameter and the tips of the support portions are
arranged on the line extending the pair of marks in the
present embodiment, the operator can precisely identify
the positions of the tips of thc support portions.

[0065] For example, when an conventional intraocular
lens 1is 1inserted into an eyeball and the posterior
capsule wrinkles, the operator finds it difficult to
identify the cause because the operator can do nothing
but guess the position of the tip of the support portion
from the position of the root part of the support portion
and cannot determine the area in which the support
portion 1s located. However, the operator can
precisely determine the area in which the support
portion is located in the present embodiment.
Therefore, the operator can examine the relation between
the posture of the intraocular lens and the wrinkles.
In addition, even when a crack occurs in the crystalline
capsule which the intraocular lens 1is fixed to, the
operator can easily adjust the tip of the support portion
not to be located toward the crack. Further, when the
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toric intraocular lens is a one-piece type lens in the
present embodiment and the toric intraocular lens 1is
rotated in the eyeball, the tip of the support portion
contacts the crystalline capsule. Thus, the
arrangement that the axis connecting the tips of the
support portions of the pair of support portions
overlaps the axis connecting the marks can improve the
stability of the movement of the lens in the eyeball.
[0066] Moreover, when the intraocular lens as
described above is manufactured, the relation between
the position of the support portion and the position of
the mark in the state that the intraocular lens 1is
compressed in the eyeball can be determined by placing
an intraocular lens of the same size, which is previously
manufactured, in a holder etc. with the inner diameter
of from ¢ 9 mm to ¢ 11 mm. Therefore, the intraocular
lens can be manufactured based on such information. 1In
a case where the deformation of the support portion due
to the compression in the eyeball is not significant,
the intraocular lens can be manufactured as illustrated
in FIG. 7(d) such that the flat meridian overlaps the
line connecting the tips of the support portions of the
pair of support portions in the state of the initial
shape of the intraocular lens (in the state that the
intraocular lens 1is not compressed).

[Reference Signs List]

[0067]
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1 intraocular lens insertion apparatus

2, 110, 120, 130, 140,

intraocular lens

2a, 110a, 120a, 130a,
lens body

2b, 110b, 120b, 130b,
support portion

2d, 1104, 120d, 130d,
mark

2e, 110e, 120e, 130e,
connecting portion

10 nozzle body

100 insertion tube

150,

140a,

140D,

140d,

14Q0e,
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160,

150a,

150D,

1504,

150e,

170, 180

160a,

160b,

160d,

160e,

170a,

170D,

170d,

170e,

toric

180a

180b

180d

180e



CLAIMS
What is claimed is:
1. A toric intraocular lens comprising a lens body
having a flat meridian and a steep meridian, a pair of
support portions for positioning the lens body in an
eyeball, and connecting portions for connecting the
lens body and the support portions, wherein

the toric intraocular lens 1is housed in an
intraocular lens insertion apparatus that comprises a
tubular apparatus body having an insertion tube at a
distal end of the apparatus body for inserting the toric
intraocular lens into the eyeball and a plunger for
moving the toric intraocular lens to a distal end of
the insertion tube,

each of the connecting portions is arranged at
a position where the connecting portions face each
other across a center of an optical axis of the lens
body,

one end of the flat meridian of the lens body is
located at a position opposite to a position, with
respect to an axis that passes through the center of
the optical axis and connects the connecting portions
with each other, at which a tip of the plunger contacts
a circumference of the lens body, and

an acute angle between the flat meridian of the
lens body and an axis of the plunger along which the
toric intraocular lens 1is pushed by the plunger 1is
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larger than 0° and equal to or smaller than 90°.

2. The toric intraocular lens according to claim 1,
wherein when the tip of the plunger contacts the
circumference of the lens body, the acute angle is equal
to or larger than an angle that achieves that a line
extending the flat meridian does not intersect the

plunger and equal to or smaller than 90°.

3. The toric intraococular lens according to claim 1,
wherein the acute angle is larger than 10° and smaller

than 80°.

4., The toric intraocular lens according to claim 1,

wherein the acute angle is substantially equal to 45°.

5. The toric intraocular lens according to any one
of claims 1-4, wherein a mark is provided for each end

of the flat meridian on the lens body.

6. The toric intraocular lens according to claim 5,
wherein a tip of the support portion is located on an

axis that connects the marks with each other.

7. The toric intraocular lens according to any one
of claims 1-6, wherein an acute angle between the axis
that connects the connecting portions with each other
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and the flat meridian is from 45°-10° to 45°+10°.

8. An intraocular lens insertion apparatus, wherein
the toric intraocular lens according to any one of
claims 1-7 is housed in advance in a housing member for
housing the toric intraocular lens of the intraocular

lens insertion apparatus.

50



