INTRAOCULAR LENS INJECTOR

Technical Field
[0001]
The present invention relates to an intraocular lens injector used for

injecting an intraocular lens into an eye.

Description of related Art
[0002]

As one of a cataract surgery, it is widely practiced to extract a white
cloudy lens by ultrasonic emulsification and suction and then inject the
intraocular lens into the eye. Further, in recent years, in order to realize
minimally invasive cataract surgery with less burden on an eye, a one-piece
type intraocular lens made of a soft material such as silicone elastomer or
soft acrylic is injected into the eye in a small folded state. The one-piece
type intraocular lens has an optical portion that performs a lens function
and a pair of support portions that extend from the optical portion, and an
entire intraocular lens is made of a flexible material.

[0003]

Further, as an intraocular lens injector for handling the one-piece
type intraocular lens, there is an injector having a function of folding an
intraocular lens so as to embrace a pair of support portions with an optical
portion in order to improve operability for a surgeon to inject the
intraocular lens as much as possible (for example, see patent document 1).
In this type of intraocular lens injector, it is necessary to fold the optical

portion roundly in a state that tip end parts of the respective support
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portions are set on a surface of the optical portion. Further, conventional
intraocular lens injectors include the one having a pushing member which
pushes out an intraocular lens and which folds the intraocular lens when the

intraocular lens is pushed out by the pushing member.

Prior Art Document

Patent Document

[0004]

[Patent Document 1] Japanese Unexamined Patent Publication No.

2011-255029

Summary of the Invention
Problem to be solved by the Invention
[0005]

However, the conventional intraocular lens injector involves a
problem that when the intraocular lens is pushed out by the pushing member,
the tip end part of the support portion is caught in an edge of the optical
portion or the like, and the tip end part of the support portion is not set
smoothly on the surface of the optical portion.

[0006]

A main object of the present invention is to provide an intraocular
lens injector capable of surely placing the tip end part of the support
portion on the surface of the optical portion when the intraocular lens is

folded so as to embrace the support portion with the optical portion.

Means for solving the Problem




[0007]
(First aspect)

According to a first aspect, there is provided an intraocular lens
injector configured to inject an intraocular lens having an optical portion
and a pair of support portions extending from the optical portion into an eye,
including:

an injector main body having a lens setting portion on which the
intraocular lens is set;

a holding portion that holds a tip end part of a front support portion
of the pair of support portions, which is disposed in front of the lens setting
portion; and

a displacement mechanism for displacing the optical portion
relatively downward with respect to the front support portion held by the
holding portion.

(Second aspect)

According to a second aspect, there is provided the intraocular lens
injector of the first aspect, including:

a pushing member that pushes out the intraocular lens from the lens
setting portion by moving in a direction of a central axis of the injector
main body, and

the displacement mechanism including a guide mechanism that
guides the optical portion so as to pass under the holding portion when the
pushing member pushes out the intraocular lens.

(Third aspect)
According to a third aspect, there is provided the intraocular lens

injector of the second aspect, wherein the holding portion has a housing
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portion for detachably housing a tip end part of the front support portion,
and is configured so that the tip end part of the front support portion is
disengaged from the housing portion when the optical portion passes under
the holding portion by being pushed by the pushing member.

(Fourth aspect)

According to a fourth aspect of the present invention, there is
provided the intraocular lens injector of the second aspect, wherein the
guide mechanism includes a first guide portion formed on a lower surface
of the holding portion in a state of being inclined with respect to a
horizontal surface, and a second guide portion formed in a state of being
inclined in the same direction as the first guide portion at a position facing
the first guide portion.

(Fifth aspect)

According to a fifth aspect of the present invention, there is
provided the intraocular lens injector of the fourth aspect, wherein the
pushing member has a rod portion that pushes out the intraocular lens while
being displaced downward along the inclination of the second guide
portion.

(Sixth aspect)

According to a sixth aspect of the present invention, there is
provided the intraocular lens injector of any one of the first to fifth aspects,
which is a pre-load type in which the intraocular lens is preset on the lens
setting portion.

(Seventh aspect)
According to a seventh aspect of the present invention, there is

provided the intraocular lens injector of any one of the first to sixth aspects,
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wherein the intraocular lens is set on the lens setting portion in a no-load

state.

Advantage of the Invention
[0008]

According to the present invention, when folding the intraocular
lens so as to embrace the support portions with the optical portion, the tip
end part of the support portions can be securely set on the surface of the

optical portion.

Brief description of the drawings
[0009]

FIG. 1 is a perspective view showing an overall structure of an
intraocular lens injector according to an embodiment of the present
invention.

FIG. 2 is a side sectional view showing the overall structure of the
intraocular lens injector according to an embodiment of the present
invention.

FIG. 3(A) is a plan sectional view showing a structure of an
essential part of an intraocular lens injector according to an embodiment of
the present invention, and FIG. 3(B) is a side sectional view showing this
essential part structure.

FIG. 4(A) is a perspective view for describing a shape of a
protruding guide formed in a moving direction of a rod portion, (B) is a
view showing a cross-sectional shape at the top portion of the protruding

guide, and (C) is a view showing a cross-sectional shape of the rod portion
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passing through the protruding guide.

FIGS. 5(A) to 6(D) are views showing time-sequentially a state of a
movement of a pushing member in accordance with a rotation operation of
the operation portion.

FIG. 6(A) to 6(D) are views showing time-sequentially a state in
which the tip end part of the rod portion is displaced in the vertical
direction in conformity with the shape of the protruding guide.

FIG. 7(A) is a perspective view showing a cross-sectional shape at
the top portion of the protruding guide, and FIG. 7 (B) is a front view
thereof.

FIG. 8(A) is a perspective view showing a cross-sectional shape of a
top portion of a protruding guide, and FIG. 8(B) is a front view thereof.

FIG. 9(A) to 9(D) are plan sectional views time-sequentially
showing the movement of the intraocular lens pushed out by the pushing
member.

FIG. 10(A) to 10(D) are side sectional views time-sequentially
showing a state in which the intraocular lens is pushed out by the pushing
member.

FIG. 11(A) to 11(D) are perspective views time-sequentially
showing the movement of the intraocular lens pushed out by the pushing

member.

Detailed Description of the Invention

[0010]
Embodiments of the present invention will be described hereafter in

detail, with reference to the drawings.
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In the embodiment of the present invention, explanation will be

given in the following order.

1. Structure of an intraocular lens injector

2. Method for assembling the intraocular lens injector
3. Operation of the intraocular lens injector

4. Effect of the embodiment

5. Modified example, etc.

[0011]

<1. Structure of an intraocular lens injector>

FIG. 1 is a perspective view showing an overall structure of an
intraocular lens injector according to an embodiment of the present
invention, and FIG. 2 is a side sectional view showing the overall structure
of the intraocular lens injector according to an embodiment of the present
invention. Further, FIG. 3(A) is a plan sectional view showing a structure
of an essential part of an intraocular lens injector according to an
embodiment of the present invention, and FIG. 3(B) is a side sectional view
showing this essential part structure.

[0012]

An intraocular lens injector 1 shown in the figure is provided as a
disposable product, and is used when injecting the intraocular lens into the
eye. The intraocular lens injector 1 roughly includes an injector main
body 2, an operation portion 3, an injection tube 4, and a pushing member 5.
Each part of the intraocular lens injector 1 is made of resin. The
intraocular lens injector 1 is of a preload type in which an intraocular lens
is preset. In the preload type intraocular lens injector 1, the intraocular

lens is preset on the lens setting portion described later in the stage of

7



shipping the intraocular lens injector 1 from a factory.
[0013]

In this embodiment, in order to clarify a relative positional
relationship and a direction of movement and the like of each part of the
intraocular lens injector 1, X1 direction is set as a tip end side (front side),
X2 direction is set as a rear end side (rear side), Y1 direction is set as a left
side (left side), Y2 direction is set as a right side (right side), Z1 direction
is set as an upper side (upper side), and Z2 direction is set as a lower side
(lower side). Among them, the X1 direction and the X2 direction
correspond to a direction of a central axis of the intraocular lens injector 1
(hereinafter also referred to simply as a "central axis direction"), and the
Y1 direction and the Y2 direction correspond to a width direction (left-right
direction) of the intraocular lens injector 1, and the Z1 direction and the Z2
direction correspond to a height direction (vertical direction) of the
intraocular lens injector 1. Further, a plane parallel to the X1 direction,
the X2 direction, the Y1 direction and the Y2 direction is set as a horizontal
plane, and a plane perpendicular to the horizontal plane is set as a vertical
plane. Reference symbol J in the figure indicates the central axis of the
intraocular lens injector 1.

[0014]
(Injector main body)

The injector main body 2 is formed in a tubular shape as a whole.
A hollow portion that allows the movement of the pushing member 5 in the
X1 direction and the X2 direction is formed inside of the injector main
body 2. A lens setting portion 6 is provided at a tip end part of the

injector main body 2. The lens setting portion 6 is formed so as to
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protrude forward from an outer circumferential wall on a lower side of the
injector main body 2. The intraocular lens 7 is set on the lens setting
portion 6. A central axis J of the intraocular lens injector 1 coincides with
each central axis of the injector main body 2, the operation part 3, and the
injection tube 4.

[0015]

In this embodiment, as an example, one-piece type intraocular lens
7 made of a soft material such as silicone elastomer or soft acrylic is to be
handled. The intraocular lens 7 has an optical portion 8 that performs an
optical function and a pair (two) support portions 9a, 9b extending
outwardly from the outer peripheral edge of the optical portion 8 in an arc
shape. The optical portion 8 is formed in a circular shape in plan view.
Each of the pair of support portions 9a, 9b is formed in an elongated arm
shape. In FIG. 2, the notation of the intraocular lens 7 is omitted.

[0016]

Here, a structure of the lens setting portion 6 will be described in
detail with reference to FIGS. 3 and 4.

A protruding guide 11 is formed on the lens setting portion 6. The
protruding guide 11 is formed in a trapezoidal shape (mountain shape) in a
side view in a state in which a part of the lens setting portion 6 is protruded
upward. FIG. 4(B) is a sectional view of a place where the protruding
guide 11 is formed when viewed from the central axis direction (front).
As can be seen from this figure, a recessed groove 12 is formed on the place
where the protruding guide 11 is formed. The protruding guide 11
includes an upward inclined portion 1la, a non-inclined top portion 11b,

and a downward inclined portion 11c with a gentler slope than the inclined
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portion 11a. As shown in FIG. 4(A), the protruding guide 11 is an upward
inclined portion 1la in the beginning from the rear end side to the tip end
side of the intraocular lens injector 1, and after passing through the top
portion 11b, it becomes a gentle downward inclined portion 11c. A depth
of the groove 12 becomes the deepest at the top portion 11b of the
protruding guide 11, and the abovementioned FIG. 4(B) shows the
cross-section of the top portion 11b.

Reference numeral 2a in FIGS. 4(A) and 4(B) shows a part of the
injector main body 2 virtually cut out, and a part of the injector main body
2 is not shaped as shown in the figure. This point is the same for FIGS. 6
to 8.

[0017]

Further, a pair of right and left recessed grooves (not shown) are
formed in the lens setting portion 6. The pair of recessed grooves are
formed on the left and right side walls defining the lens setting portion 6 of
the injector main body 2 so as to face each other. When the intraocular
lens 7 is set on the lens setting portion 6, the pair of recessed grooves are
engaged with a part of the outer peripheral edge of the optical portion 8§,
thereby restricting the vertical movement of the optical portion 8.

[0018]

The holding portion 14 is formed in a state of partially protruding a
left side wall portion of the left and right side wall portions partitioning the
lens setting portion 6. A part of the lower surface of the holding portion
14 is an inclined surface 14a (see FIG. 3(B)). The inclined surface 14a of
the holding portion 14 is formed on a lower surface of the holding portion

14 as an example of a "first guide portion". In contrast, the
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abovementioned downward inclined portion 11c¢ of the protruding guide 11
is formed on the lens setting portion 6 as an example of a "second guide
portion". The first guide portion and the second guide portion described
here, constitutes a guide mechanism for guiding the optical portion 8 so as
to pass under the holding portion 14 when the intraocular lens 7 set on the
lens setting portion 6 is pushed out by the pushing member 5.

[0019]

The inclined surface 14a is formed to be inclined with respect to the
horizontal plane. Specifically, the inclined surface 14a is inclined so that
a front side is lower than a rear side of the inclined surface 14a with respect
to the horizontal surface. Further, the inclined surface 14a is disposed to
face the inclined portion 11c of the protruding guide 11 in a vertical
direction. The inclined surface 14a and the inclined portion 1lc are
inclined in the same direction.

[0020]

Further, a housing portion 15 is formed in the holding portion 14.
The housing portion 15 detachably houses the tip end part of the support
portion 9a when the intraocular lens 7 is set on the lens setting portion 6.
The housing portion 15 is formed in a recessed shape in a state of opening
upward and rightward at a right end part of the upper surface of the holding
portion 14.

[0021]

Further, on the tip end side of the lens setting portion 6, an opposing
distance between the left and right side wall portions defining the lens
setting portion 6 is gradually narrowed, for delivering the optical portion 8

of the intraocular lens 7 to the injection tube 4 in a state of being slightly
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rounded by the left and right side wall portions.
[0022]

The intraocular lens 7 is set on the lens setting portion 6 having the
abovementioned structure, in a state in which one of the support portions 9a
is disposed in front of the lens setting portion 6 and the other support
portion 9b is disposed behind the lens setting portion 6. Therefore, one
support portion 9a corresponds to a "front support portion" and the other
support portion 9b corresponds to a "rear support portion". Further, in the
lens setting portion 6, the optical portion 8 of the intraocular lens 7 is set
(placed) substantially horizontally on the top portion 11b of the protruding
guide 11.

[0023]

Further, as shown in FIG. 3(A), in a state in which the intraocular
lens 7 is set on the lens setting portion 6, a part of the holding portion 14
and a part of the optical portion 8 overlap in a planar manner. Specifically,
a part of the outer peripheral part of the optical portion 8 overlaps on the
inclined surface 14a of the holding portion 14. Further, in a state in which
the intraocular lens 7 is set on the lens setting portion 6, the movement of
the support portion 9a in the central axis direction and the movement of the
support portion 9a toward the front and rear are respectively restricted by
housing the tip end part of the support portion 9a in the housing portion 15
of the holding portion 14.

[0024]
(Operation portion)
The operation portion 3 is coaxially connected to the rear end part

of the injector main body 2. In this connected state, the operation portion
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3 is supported so as to be rotatable around the central axis of the injector
main body 2. The operation portion 3 is formed into a tubular shape. A
plurality of protrusions 3a are formed on the outer peripheral surface of the
operation portion 3. Each protrusion 3a is formed in parallel to a
longitudinal direction of the operation portion 3. The operation portion 3
is a portion rotated by a user such as an operator when the intraocular lens 7
is pushed out using the pushing member 5. At this time, by forming a
plurality of protrusions 3a on the outer periphery of the operation portion 3,
the fingers of the user are caught in the protrusions 3a, and therefore it is
easy to rotate the operation portion 3.

[0025]

As shown in FIG. 2, a first screw portion 3b is formed on the inner
peripheral surface of the operation portion 3. The first screw portion 3b
constitutes a female screw. The first screw portion 3b is formed
substantially throughout the central axis direction of the operation portion
3. An abutting portion 3¢ is formed at a rear end part of the operation
portion 3. The abutting portion 3¢ is formed by bending inward so as to
narrow an opening diameter of the rear end part of the operation portion 3.
The abutting portion 3¢ is a portion where the rear end part of a plunger
portion 17 abuts so that the plunger portion 17 does not protrude rearward
from the rear end part of the operation portion 3.

[0026]
(Injection tube)

An injection tube 4 functions to guide the intraocular lens 7 set on

the lens setting portion 6 into an eye in a state that the intraocular lens 7 is

folded into a small size when the intraocular lens 7 is injected into the eye.
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The injection tube 4 integrally has a hollow injection tube main body 4a
and a narrow tubular nozzle portion 4b. The injection tube 4 is attached to
a tip end part of the injector main body 2. In this attachment state, the
lens setting portion 6 of the injector main body 2 is housed in the injection
tube main body 4a of the injection tube 4.

[0027]

An injection portion 4c¢ is formed on an upper wall of the insertion
tube main body 4a. The injection portion 4c¢ is provided for injecting a
viscoelastic substance (for example, sodium hyaluronate etc.). The
viscoelastic substance injected from the injection portion 4c is discharged
to the vicinity of the intraocular lens 7 set on the lens setting portion 6,
thereby supplying the viscoelastic substance to the intraocular lens 7. The
injection of the viscoelastic substance is performed before pushing out the
intraocular lens 7 by the pushing member 5.

[0028]

The diameter of the tip end side of the injection tube main body 4a
is gradually decreased. The nozzle portion 4b is formed at the tip end part
of the injection tube 4. The tip end part of the nozzle portion 4b opens
with an oblique incision. Therefore, the opening of the nozzle portion 4b
faces obliquely downward. The tip end part of the nozzle portion 4b is a
portion to be inserted into an incisional wound of the eyeball when the
intraocular lens 7 is injected into the eye using the intraocular lens injector
1.

[0029]
(Pushing member)

The pushing member 5 is provided movably in the central axis
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direction of the injector main body 2. The pushing member 5 functions to
push out the intraocular lens 7 form the lens setting portion 6 by moving in
the central axis direction of the injector main body 2. At this time, the
pushing member 5 moves in the hollow portion formed by the injector main
body 2, the operation portion 3, and the injection tube 4.

[0030]

The pushing member 5 has the plunger portion 17 and a rod portion
18. The plunger portion 17 and the rod portion 18 may constitute the
pushing member 5 in a unitary structure, or the plunger portion 17 and the
rod portion 18 may have separate structures and they may be mutually
assembled to constitute the pushing member 5. The plunger portion 17 is
disposed relatively rearwardly, and the rod portion 18 is disposed relatively
forward in the direction of the central axis of the intraocular lens injector 1.
[0031]

The plunger portion 17 is formed into a rod shape. In the initial
state before use, the plunger portion 17 is disposed in a state of being
inserted into the operation portion 3 so as not to protrude from the rear end
part of the operation portion 3. A second screw portion 17a is formed at
the rear end part of the plunger portion 17. The second screw portion 17a
constitutes a male screw. The second screw portion 17a is engaged with
the first screw portion 3b inside of the operation portion 3. When the
intraocular lens injector 1 is used, the operation portion 3 is operated so as
to rotate around the central axis of the injector main body 2, thereby
moving the entire pushing member 5 in a forward direction. A movement
start position of the plunger portion 17 at that time is uniquely determined

by abutting the rear end part of the plunger portion 17 against the abutting
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portion 3¢ of the operation portion 3.
[0032]

The rod portion 18 is provided for folding the intraocular lens 7 into
a predetermined shape by pushing out the intraocular lens 7 forward which
is set on the lens setting portion 6, and in this state, releasing the
intraocular lens 7 from the opening of the nozzle portion 4b of the injection
tube 4. The rod portion 18 is formed in a rod shape thinner than the
plunger portion 17. The rod portion 18 is configured to be elastically
deformable so as to have moderate flexibility. A first contact portion 18a
and a second contact portion 18b are formed at the tip end part of the rod
portion 18. When the intraocular lens 7 is pushed out by the rod portion
18, the first contact portion 18a comes into contact with the support portion
9b and the second contact portion 18b comes into contact with the optical
portion 8. The upper end portion of the second contact portion 18b
protrudes like a canopy so as to grip the edge of the optical portion 8. On
the lower surface of the rod portion 18, a protrusion 19 is formed as shown
in FIG. 4 (C). The protrusion 19 is formed on a place closer to a rear end
side of the rod portion 18 than the place where the first contact portion 18a
and the second contact portion 18b are formed, so as to avoid this place, in
a longitudinal direction of the rod portion 18.
[0033]
<2. Method for assembling the intraocular lens injector>

Next, a method for assembling the intraocular lens injector 1 will be
described.

First, after preparing the members (2, 3, 4, 5) constituting the

intraocular lens injector 1, the pushing member 5 is attached to the

16



operation portion 3. Specifically, the tip end opening part of the operation
portion 3 is engaged with the rear end part of the plunger portion 17 of the
pushing member 5 so as to cover this opening part, so that the operation
portion 3 is rotated. Thereby, the first screw portion 3b formed on the
inner peripheral surface of the operation portion 3 and the second screw
portion 17a provided at the rear end part of the plunger portion 17 are
engaged with each other. Therefore, when the operation portion 3 is
rotated while restricting the rotation of the pushing member 5, the plunger
portion 17 is inserted into the operation portion 3 in accordance with the
rotation of the operation portion 3. At this time, the operation portion 3 is
rotated until the rear end part of the plunger portion 17 abuts against the
abutting portion 3¢ of the operation portion 3.

[0034]

Next, the injector main body 2 is attached to the operation portion 3.
At this time, the rod portion 18 of the pushing member 5 is inserted into the
hollow portion of the injector main body 2. Thereby, the tip end parts
(18a, 18b) of the rod portion 18 are disposed slightly in front of the lens
setting portion 6.

[0035]

Next, the separately prepared intraocular lens 7 is set on the lens
setting portion 6 of the injector main body 2. At this time, the optical
portion 8 of the intraocular lens 7 is placed substantially horizontally on
the top portion 11b of the protruding guide 11. Further, one support
portion 9a is disposed in front of the lens setting portion 6, where the tip
end part of the supporting portion 9a is housed in the housing portion 15 of

the holding portion 14.
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[0036]

In the state in which the intraocular lens 7 is set on the lens setting
portion 6 as described above, the intraocular lens 7 is set in a no-load state.
The no-load state refers to a state in which almost no load (pressure) is
applied to the intraocular lens, that is, a state in which the intraocular lens
maintains its original shape. The original shape of the intraocular lens
refers to the shape in the stage of finishing manufacturing the intraocular
lens.

[0037]

Next, the injection tube 4 is attached to the tip end part of the
injector main body 2. Thus, the assembly of the intraocular lens injector 1
incorporating the intraocular lens 7 is completed. For the structure for
connecting the injector main body 2 and the operation portion 3 and the
structure for connecting the injector main body 2 and the injection tube 4,
for example, the structure described in the specification of Japanese Patent
Application No. 2014-55761 and drawings (Japanese Patent Application
Laid-open No. 2015-177845) may be adopted, or any other connecting
structure may be adopted.

[0038]
<3. Operation of the intraocular lens injector>
Next, the operation of the intraocular lens injector 1 will be
described.
[0039]
(Movement of the pushing member)
First, the operation of the pushing member 5 will be described when

the operation portion 3 is rotated.
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When the operation portion 3 is rotated in one direction, the pushing
member 5 moves forward by the engagement between the first screw
portion 3b and the second screw portion 17a. At this time, the plunger
portion 17 of the pushing member 5 moves straight in the central axis
direction of the injector main body 2 while engaging with the hollow
portion of the injector main body 2. Further, the pushing member 5 moves
as shown in FIGS. 5(A) to 5(D) in accordance with the rotation operation of
the operation portion 3.

[0040]

FIG. 5(A) shows a stage in which the tip end part of the rod portion
18 of the pushing member 5 is advanced to the tip end part of the lens
setting portion 6, and FIG. 6(B) shows a stage in which the tip end part of
the rod portion 18 is advanced to the injection tube main body 4a of the
injection tube 4. Further, FIG. 5(C) shows a stage in which the tip end
part of the rod portion 18 is advanced to the nozzle portion 4b of the
injection tube 4, and FIG. 5(D) shows a stage in which the tip end part of
the rod portion 18 protrudes forward from the nozzle portion 4b of the
injection tube 4.

[0041]
(Movement of the tip of the rod portion)

When the pushing member 5 is moved as described above, the tip
end part of the rod portion 18 of the pushing member 5 is vertically
displaced in conformity with the shape of the protruding guide 11, due to
elastic deformation of the rod portion 18 itself. This state will be
described with reference to FIGS. 6(A) to (D).

[0042]
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First, when the pushing member 5 starts to move forward in
accordance with the rotation operation of the operating portion 3, as shown
in FIG. 6(A), the tip end parts (parts indicated by reference numerals 18a
and 18b) of the rod portion 18 are displaced upward along the upward
inclined portion 1la of the protruding guide 11. Next, the tip end part of
the rod portion 18 reaches the top portion 11b of the protruding guide 11 as
shown in FIG. 6(B).

[0043]

Next, as shown in FIG. 6(C), the tip end part of the rod portion 18 is
displaced downward in accordance with the downward inclined portion 11c¢
of the protruding guide 11. At this time, the sectional shape at the top
portion 11b of the protruding guide 11 is as shown in FIGS. 7(A) and 7(B).
Namely, after the tip end part of the rod portion 18 has passed through the
top portion 11b of the protruding guide 11, a part of the protrusion 19
formed on the lower surface of the rod portion 18 enters the groove 12 of
the protruding guide 11. Thereby, the tip end part of the rod portion 18
can be displaced downward according to the downward inclined portion 11¢
of the protruding guide 11.

[0044]

Next, as shown in FIG. 6(D), the tip end part of the rod portion 18
moves forward after moving downward along the inclined portion 11c of
the protruding guide 11. At this time, the sectional shape at the top
portion 11b of the protruding guide 11 is as shown in FIGS. 8(A) and 8(B).
Namely, after the tip end part of the rod portion 18 has passed through the
inclined portion 11c of the protruding guide 11, all of the protrusions 19

formed on the lower surface of the rod portion 18 enter the groove 12 of the
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protruding guide 11. Thereby, the tip end part of the rod portion 18 can be
advanced forward by avoiding the interference between the protruding
guide 11 and the rod portion 18.

[0045]

(Movement of intraocular lens)

Further, when the pushing member 5 is moved as described above,
the intraocular lens 7 set on the lens setting portion 6 is pushed forward by
the rod portion 18 of the pushing member 5. Such a state will be described,
using plan views of FIG. 9(A) to 9(D), a side sectional view of FIGS. 10(A)
to 10(D), and a perspective view of FIGS. 11(A) to 11(D).

[0046]

First, when the pushing member 5 starts moving forward in
accordance with the rotation operation of the operation portion 3, the tip
end part of the rod portion 18 comes into contact with the support portion
9b and subsequently the optical portion 8 (see FIGS. 9(A), 10(A) and
11(A)). Specifically, the first contact portion 18a of the rod portion 18
comes into contact with the support portion 9b first and then the second
contact portion 18b of the rod portion 18 comes into contact with the
optical portion 8.

At this time, the first contact portion 18a of the rod portion 18
pushes the support portion 9b forward while keeping in contact with the
support portion 9b, thereby bending the entire support portion 9b toward
the optical portion 8 in a substantially U-shape. Further, the tip end part
of the support portion 9b rides on the first contact portion 18a and in this
state the tip end part of the rod portion 18 is displaced upward along the

upward inclined portion 1la of the protrusion guide 11. Then, when the
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tip end part of the rod portion 18 reaches the top portion 11b of the
protruding guide 11, the second contact portion 18b comes into contact with
the edge of the optical portion 8. Further, the tip end part of the support
portion 9b rides on the surface of the optical portion 8.

[0047]

Next, the tip end part of the rod portion 18 pushes the entire
intraocular lens 7 forward while coming into contact with the support
portion 9b and the optical portion 8 (see FIGS. 9(B), 10(B) and 11(B)). At
this time, the tip end part of the rod portion 18 advances along the top
portion 11b of the protruding guide 11 while gripping the edge of the
optical portion 8 using the second contact portion 18b. Thereby, the
optical portion 8 of the intraocular lens 7 is pushed out from the top portion
11b of the protruding guide 11 to the inclined portion 11c. The optical
portion 8 thus pushed out is tilted obliquely along the inclined portion 11c
on the downward side of the protruding guide 11.

[0048]

Meanwhile, the entire support portion 9a is bent by the movement of
the optical portion 8 while the tip end part of the support portion 9a is
housed in the housing portion 15 of the holding portion 14. The reason
why the support portion 9a is bent in this way is as follows.

First, the tip end part of the support portion 9a is restricted from
moving forward by being housed in the housing portion 15 of the holding
portion 14. Therefore, even if the optical portion 8 is pushed by the rod
portion 18 and moves forward, the tip end part of the support portion 9a is
caught in the housing portion 15 and is fixed thereto. Accordingly, when

the optical portion 8 is pushed forward at the tip end part of the rod portion
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18, a force in a direction opposite to the pushing direction is applied to the
support portion 9a. Therefore, the support portion 9a is gradually bent
according to the movement of the optical portion 8.

[0049]

Next, the tip end part of the rod portion 18 pushes the entire
intraocular lens 7 further forward while coming contact with both the
support portion 9b and the optical portion 8 (see FIGS. 9(C), 10(C) and
11(C) ). At this time, the tip end part of the rod portion 18 is displaced
downward along the inclined portion 11c of the protruding guide 11 while
gripping the edge of the optical portion 8 using the second contact portion
18b. Then, the optical portion 8 moves obliquely downward while being
guided by the downward inclined portion 11¢ of the protruding guide 11 and
the inclined surface 14a of the holding portion 14 opposed thereto.
Meanwhile, the support portion 9a is bent to a greater extent by the
movement of the optical portion 8 while its tip end part is caught in the
housing portion 15 of the holding portion 14. Specifically, the entire
support portion 9a is bent toward the optical portion 8 so as to form a
substanﬁally U-shape. At this time, due to the oblique downward
movement of the optical portion 8 described above, the position of the
optical portion 8 relative to the position of the support section 9a is
relatively displaced downward.

[0050]

Next, when the optical portion 8 passes under the holding portion 14
by the pushing operation of the rod portion 18, the tip end part of the
support portion 9a is detached from the housing portion 15 of the holding

portion 14 (see FIGS. 9(D), 10(D) and 11(D)). At this time, the tip end
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part of the support portion 9a detached from the housing portion 15 rides on
the surface of the optical portion 8 which is passing under the holding
portion 14. Further, the optical portion 8 with the tip end part of the
support portion 9a ridden thereon, is gradually deformed by being pushed
by the left and right side wall portions of the lens setting portion 6, and a
base end side portion of the support portion 9a also comes into contact with
one side wall portion of the lens setting portion 6. Thereby, shape
restoration of the support portion 9a is suppressed. Therefore, the support
portion 9a is maintained in the state of being bent in a substantially
U-shape without returning to an original shape, and the tip end part of the
support portion 9a is kept on the surface of the optical portion 8.

[0051]

Thereafter, the intraocular lens 7 is pushed out into the injection
tube 4 by the movement of the rod portion 18. At that time, the optical
portion 8 of the intraocular lens 7 is rounded from the left and right by the
inner wall of the injection tube main body 4a having a tapered shape, and is
finally folded so as to embrace the pair of support portions 9a, 9b. The
intraocular lens 7 thus folded is pushed out from the nozzle portion 4b of
the injection tube 4 by the rod portion 18. At this time, the intraocular
lens 7 can be injected into the eye by pushing out the intraocular lens 7
from the opening of the nozzle portion 4b in a state in which the nozzle
portion 4b of the injection tube 4 is inserted into the incisional wound of
the eyeball.

[0052]
<4. Effect of the embodiment>

According to an embodiment of the present invention, one or more
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effects described below are obtained.
[0053]

(1) In the embodiment of the present invention, the tip end part of
the support portion 9a of the intraocular lens 7 set on the lens setting
portion 6 of the injector main body 2 is held by the holding portion 14, and
a displacement mechanism for relatively displacing the optical portion 8
downward with respect to the support portion 9a. Therefore, the tip end
part of the support portion 9a can be securely placed on the surface of the
optical portion 8.

[0054]

(2) In the embodiment of the present invention, a guide mechanism
(11 ¢, 14 a) is provided for guiding the optical portion 8 so as to pass under
the holding portion 14 when the intraocular lens 7 is pushed out from the
lens setting portion 6 by the pushing member 5. Therefore, the optical
portion 8 can be relatively displaced downward using the pushing operation
of the pushing member 5.

[0055]

(3) In the embodiment of the present invention, the housing portion
15 for housing the tip end part of the support portion 9a is provided in the
holding portion 14, and when the optical portion 8 passes under the holding
portion 14 by being pushed by the pushing member 5, the tip end part of the
support portion 9a is detached from the housing portion 15. Therefore, by
using the pushing operation of the pushing member 5, the tip end part of the
support portion 9a can be detached from the housing portion 15 and placed
on the surface of the optical portion 8 while bending the support portion 9a

toward the optical portion 8.
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[0056]

(4) In the embodiment of the present invention, the preload type
intraocular lens injector 1 is adopted, in which the intraocular lens 7 is
preset on the lens setting portion 6. Therefore, a user using the
intraocular lens injector 1 is not required to perform a setting work of
setting the intraocular lens 7 each time. Therefore, it is possible to reduce
a burden on the user in cataract surgery.

[0057]

(5) In the embodiment of the present invention, the intraocular lens
7 is set on the lens setting portion 6 of the injector main body 2 in a no-load
state, and therefore, even if the preload type intraocular lens injector 1
incorporating the intraocular lens 7 therein, is stored for a long period of
time, the shape of the intraocular lens 7 is not affected. Accordingly,
there is no possibility that the restorability of the shape of the intraocular
lens 7 to be inserted into the eye is impaired by using the intraocular lens
injector 1.

[0058]
<5. Modified example, etc.>

The technical scope of the present invention is not limited to the
embodiments described above but includes various modifications and
improvements within the scope of deriving specific effects obtained by the
constituent features of the invention and combinations thereof.

[0059]

For example, in the abovementioned each embodiment, the preload

type intraocular lens injector 1 is given as an example. However, the

present invention is not limited thereto, and the present invention may be
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applied to an intraocular lens injector of the type in which the user using
the intraocular lens injector sets the intraocular lens each time.
[0060]

Further, in the abovementioned each embodiment, the pushing
member 5 is moved forward by the rotating operation of the operation
portion 3. However, the present invention is not limited thereto, and it is
also acceptable to adopt a structure in which the pushing member is pushed

directly using a finger.

Description of Signs and Numerals

1 Intraocular lens injector

2 Injector main body

3 Operation portion

4 Injection tube

5 Pushing member

6 Lens setting portion

7 Intraocular lens

8 Optical portion

9a Support portion (front support portion)
9b Support portion (rear support portion)

11 Protruding guide
11a Inclined portion
11b Top portion

llc Inclined portion
14 Holding portion

15 Housing portion
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18

Rod portion
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CLAIMS

1. An intraocular lens injector configured to inject an intraocular
lens having an optical portion and a pair of support portions extending from
the optical portion into an eye, comprising:

an injector main body having a lens setting portion on which the
intraocular lens is set;

a holding portion that holds a tip end part of a front support portion
of the pair of support portions, which is disposed in front of the lens setting
portion; and

a displacement mechanism for displacing the optical portion
relatively downward with respect to the front support portion held by the

holding portion.

2. The intraocular lens injector according to claim 1, comprising:

a pushing member that pushes out the intraocular lens from the lens
setting portion by moving in a direction of a central axis of the injector
main body, and

the displacement mechanism comprising a guide mechanism that
guides the optical portion so as to pass under the holding portion when the

pushing member pushes out the intraocular lens.

3. The intraocular lens injector according to claim 2, wherein the
holding portion has a housing portion for detachably housing a tip end part
of the front support portion, and is configured so that the tip end part of the

front support portion is detached from the housing portion when the optical
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portion passes under the holding portion by being pushed by the pushing

member.

4. The intraocular lens injector according to claim 2, wherein the
guide mechanism includes a first guide portion formed on a lower surface
of the holding portion in a state of being inclined with respect to a
horizontal surface, and a second guide portion formed in a state of being
inclined in the same direction as the first guide portion at a position facing

the first guide portion.

5. The intraocular lens injector according to claim 4, wherein the
pushing member has a rod portion that pushes out the intraocular lens while
being displaced downward along the inclination of the second guide

portion.

6. The intraocular lens injector according to any one of claims 1 to 6,
which is a pre-load type in which the intraocular lens is preset on the lens

setting portion.

7. The intraocular lens injector according to any one of claims 1 to 6,

wherein the intraocular lens is set on the lens setting portion in a no-load

state.
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