
WO 2011/126144PCT/JP2011/059131 DESCRIPTION OCULAR IMPLANT INSERTION
APPARATUS AND METHODS 5TECHNICAL FEILD      The present inventions relate
generally to apparatus and methods for inserting an ocular implant into an
eye. BACKGROUND ART 10There are a variety of instances where an ocular
implant is inserted into the anterior chamber, posterior chamber, cornea,
vitreous space and/or other portion of an eye. Exemplary ocular implants
include, but are not limited to, lenses, capsular tension rings, ocular
prosthesis and lamellar transplants. An intraocular lens (IOL), for
example, may be inserted into an aphakic eye that  15 has undergone a
cataract surgery or may be inserted into a phakic eye during a refractive
surgery. One type of lens is a foldable lens. Foldable lenses are formed
from soft material such as silicone, soft acrylic, or hydrogel and may
inserted into the eye through a small incision. Lens insertion apparatus,
which may be used to push a foldable lens into an eye through a small
diameter  20 insertion tube, generally include push-type apparatus and
screw-type apparatus. In both cases, the lens insertion apparatus may
include a plunger with a rod that is used to push the lens through the
insertion tube, and an operational portion that is used to drive the rod.
During use of push-type lens insertion apparatus, the operator presses  25
the operational portion against a resistance, such as the friction between
the lens and the inner wall of insertion tube, to move the rod and lens
through the insertion tube. One example of such an apparatus is disclosed
in Japanese Unexamined Pat. App. Pub. No. 2000-516487 (also published as
U.S. Pat. No. 5,766,181). Although such push-type apparatus are
advantageous in that they  30 may be operated with one hand, precise
control of the lens movement through the insertion tube can be difficult to
achieve because the pressure applied to the operational portion by the
operator must be balanced against frictional resistance. This can be
problematic because folded lenses, which are under a large load as they are
compressed through the insertion tube, especially in  



WO 2011/126144PCT/JP2011/059131 those instances where the optical portion
of the lens is thick or the insertion tube has a relatively small inner
diameter, spring back to their unstressed shape as they exit the insertion
tube. Unexpected release of the lens into the eye can, therefore, result in
damage to ocular tissue. Some push-type lens  5 insertion apparatus, such
as that disclosed in Japanese Unexamined Pat. App. Pub. No. H11-510711
(also published as PCT Pub. No. WO 96/37152), are configured such that the
resistance increases as the lens is pushed distally.        In screw-type
lens insertion apparatus, threads are used to connect the operational
portion to the main body. Rotation of the operational portion  10 results
in linear movement of the plunger rod and lens in the distal (or "lens
advancing") direction. With such apparatus, one example of which is
disclosed in Japanese Unexamined Pat. App. Pub. No. H11-506357 (also
published as PCT Pub. No. WO 96/28122), the travel distance of the plunger
rod can be easily controlled, thereby preventing the unexpected release of
the lens into  15 the eye. Screw-type lens insertion apparatus are,
however, more difficult to operate than push-type lens insertion apparatus
because operation of the screw-type lens insertion apparatus requires two
hands. Screw-type lens insertion apparatus are also structurally more
complicated. 20DISCLOSURE OF THE INVENTION Problem to be solved by the
invention       Attempts have also been made to harness the advantages of
the above-mentioned push and screw-type lens apparatus, while avoiding the
disadvantages, in a single apparatus. In the apparatus disclosed in
Japanese  25 Unexamined Patent Application Publication No. H5-103809, for
example, a rotating mechanism may be used to control the travel distance of
the plunger in a push-type apparatus. The ability of the apparatus to
switch from push-type operation to screw-type operation is, however,
dependent upon the behavior of the lens within the nozzle and may not be
available at the time  30 desired. Although the screw-type lens insertion
apparatus disclosed in Japanese Unexamined Patent Application Publication
No. 2003-210498 (also published as U.S. Pat. No. 6,666,871) may be operated
with both hands, or with only one hand, the operational portion or its
component for moving the plunger forward must be carefully operated to
prevent unintended rotation.  WO 2011/126144PCT/JP2011/059131 The
operational portion also rotates as it is pushed distally, which the
present inventor has determined is both distracting and unnecessary. 



Accordingly, the present inventor has determined while lens insertion
apparatus that can provide both push-type operation and screw-type
5operation are desirable, those currently available are susceptible to
improvement. Means for solving the problem An exemplary insertion apparatus
includes a main body defining a  10 longitudinal axis and a plunger,
movable relative to the main body, including a rod portion and an
operational portion rotatably mounted on the rod portion. One of the main
body and the plunger operational portion includes a helical slot and at
least one longitudinally extending clearance groove that intersects the
helical slot and the other of the main body and the operational portion  15
includes at least one protrusion that is sized and shaped to fit within the
helical slot and within the at least one longitudinally extending clearance
groove. There are a number of advantages associated with such an apparatus.
For example, such an apparatus is capable of switching between push-type
operation and screw-type operation when desired by the operator.  20 The
above described and many other features and attendant advantages of the
present inventions will become apparent as the inventions become better
understood by reference to the following detailed description when
considered in conjunction with the accompanying drawings. 25BRIEF
DESCRIPTION OF THE DRAWINGS        Detailed description of preferred
embodiments of the inventions will be made with reference to the
accompanying drawings.               FIG. 1 is a perspective view of a lens
insertion apparatus in accordance 30with one exemplary embodiment of a
present invention.        FIG. 2 is a perspective view of the plunger in
the exemplary lens insertion apparatus illustrated in FIG. 1.        FIG. 3
is a section view of the operational portion in the exemplary lens
insertion apparatus illustrated in FIG. 1. 



WO 2011/126144PCT/JP2011/059131       FIG. 4 is a side view of the proximal
portion of the plunger rod in the exemplary lens insertion apparatus
illustrated in FIG. 1.       FIG. 5 is a partial section view of the
proximal portion of the plunger in the exemplary lens insertion apparatus
illustrated in FIG. 1. 5FIG. 6 is another partial section view of the
proximal portion of the plunger in the exemplary lens insertion apparatus
illustrated in FIG. 1.       FIG. 7 is a perspective view of the exemplary
lens insertion apparatus illustrated in FIG. 1 with the plunger moved
distally.               FIG. 8 is a perspective view of a lens insertion
apparatus in accordance 10with one exemplary- embodiment of a present
invention.       FIG. 9 is a perspective section view of the main body in
the exemplary lens insertion apparatus illustrated in FIG. 8.       FIG. 10
is a perspective view of the plunger in the exemplary lens insertion
apparatus illustrated in FIG. 8. 15FIG. 11 is a side view of the proximal
portion of the plunger rod in the exemplary lens insertion apparatus
illustrated in FIG. 8.       FIG. 12 is a side view of the operational
portion in the exemplary lens insertion apparatus illustrated in FIG. 8. 



FIG. 13 is a partial section view of a lens insertion apparatus in
20accordance with one exemplary embodiment of a present invention. FIG. 14
is another partial section view of the exemplary lens insertion apparatus
illustrated in FIG. 13.       FIG. 15 is a section view of the operational
portion of the exemplary lens insertion apparatus illustrated in FIG. 13.
25FIG. 16 is an exploded, perspective, partial section view of a lens
insertion apparatus in accordance with one exemplary embodiment of a
present invention.       FIG. 17 is a perspective view of a lens insertion
apparatus in accordance with one exemplary embodiment of a present
invention. 30FIG. 18 is a perspective section view of the operational
portion of the exemplary lens insertion apparatus illustrated in FIG. 17.
FIG. 19 is a perspective view of the exemplary lens insertion apparatus
illustrated in FIG. 17 with the operational portion oriented for screw-type
operation.  WO 2011/126144PCT/JP2011/059131       FIG. 20 is a perspective
view of the exemplary lens insertion apparatus illustrated in FIG. 17 with
the operational portion oriented for push-type operation. 



FIG. 21 is a partial section view of a lens insertion apparatus in
5accordance with one exemplary embodiment of a present invention. FIG. 22
is a section view of an operational portion in accordance with one
exemplary embodiment of a present invention.       FIG. 23 is a partial
section view of a main body and an operational portion in accordance with
one exemplary embodiment of a present invention. 10FIG. 24 is a section
view of an operational portion in accordance with one exemplary embodiment
of a present invention.       FIG. 25 is a section view of an operational
portion in accordance with one exemplary embodiment of a present invention.
15s BEST MODES FOR CARRYING OUT THE INVENTIONS       The following is a
detailed description of the best presently known modes of carrying out the
inventions. This description is not to be taken in a limiting sense, but is
made merely for the purpose of illustrating the general  20 principles of
the invention. The present inventions are also applicable to a wide variety
of ocular implants which, as used herein, refers to any structure,
instrumentality or device that is placed into any ocular structure or
region. Ophthalmic lenses, capsular tension rings, ocular prosthesis and
lamellar transplants are examples of ocular implants. Although the
exemplary  25 implementations are described below in the context of
intraocular lens (104 the present inventions are also applicable other
types of ocular implants including those yet to be developed. For example,
the present inventions are applicable to other types of ophthalmic lenses.
Such lenses include, but are not limited to, intraocular contact lenses,
phakic 10Ls, and other lenses that 30may be inserted into the eye.
One example of lens insertion apparatus in accordance with at least some of
the present inventions is generally represented by reference numeral 1A in
FIG. 1. The exemplary lens insertion apparatus 1A, may be used to insert a
lens 2 (e.g., an 10L) into the eye and includes a lens placement 



WO 2011/126144PCT/JP2011/059131 portion 3A, a tapered insertion portion 4A,
a main body 5A and a plunger 6A. The lens 2 is loaded into the lens
placement portion 3A. The exemplary plunger 6A includes a rod 7A that
engages the lens 2 and an operational portion 8A. The exemplary plunger 6A
is also structured such that the rod 7A  5 may be moved in the distal
direction (identified by arrow X) and the proximal direction, along axis A,
through manual operation of the operational portion 8A. The tapered
insertion portion 4A includes a nozzle 9 at the distal end and a
through-hole 10 in communication with the lens placement portion 3A. During
the insertion procedure, the lens 2 is pushed through the lens placement
10 portion 3A, folded or otherwise compressed into a compact state in the
tapered insertion portion 4A, and then released into the eye by way of the
distal end of the nozzle 9. The lens 2 may be pushed by the plunger 6A,
depending on the specifics of the actual implementation, through the
insertion portion 4A and nozzle 9 and intO the eye or, in other
implementations, may be  15 pushed over the entire range of movement from
the lens placement portion 3A to the eye.      Although the present
inventions are not so limited, the exemplary lens insertion apparatus 1A is
a preloaded injector. The injector 1A is shipped with the lens 2 within the
lens placement portion 3A. 20The lens placement portion 3A in the exemplary
embodiment is located at the leading end of the main body 5A. More
specifically, the main body 5A is formed from a cylindrical member, and the
tapered insertion portion 4A is connected to the distal end of the main
body by way of the lens placement portion 3A. The exemplary insertion
apparatus 1A also includes a  25 longitudinally movable slider 11 with a
lens control mechanism and a lock mechanism. The lens control mechanism
(not shown) moves and deforms the lens 2 during the first stage of the
insertion procedure, while the lock mechanism (not shown) prevents the
plunger 6A from being moved distally until the slider 11 has been moved
distally. Additional details concerning  30 preloaded injectors that
include a slider with lens control and lock mechanisms may be found in, for
example, U.S. Patent Pub. No. 2010/0217273.       One or more protrusions
12A may be located near the proximal end of the exemplary main body 5A. In
the embodiment illustrated in FIGS. 1-7, there  WO
2011/126144PCT/JP2011/059131 



are two protrusions 12A (only one is visible). Referring to FIGS. 5 and 6,
a first protrusion is located on one side wall 14A of the main body 5A, and
oriented at an angle to axis A, and a second protrusion 12A is located on
the opposite side wall 14A. The protrusions 12A define a discontinuous male
screw thread  5 (or partial screw threads) and the surfaces of the
associated main body side walls 14A define the root of the screw thread(s).
The protrusions 12A, which cooperate with the helical slot 25A on
operational portion 8A in the manner described below, are axially offset
from one another by a distance equal to one-half of the pitch of the
helical slot 25A. 10The exemplary insertion apparatus 1A illustrated in
FIG. 1-7 also includes a hook (of "flange") portion 13 (FIG. 1) projecting
outwardly from the external surface of the main body 5A. The hook portion
1,3, which is located in the proximal half of the main body 5A, may be used
to engage fingers during push-type operation of the insertion apparatus 1A.
15The insertion apparatus 1A illustrated in FIGS. 1-7 may also be provided
with indicia that indicates when the relative orientation of the main body
5A and the plunger operational portion 8A is such that the operator can
switch from push-type operation to screw-type operation, or from the
screw-type operation to push-type operation, in the manner described below.
20 Referring to FIG. 1, the indicia consists of a first indicia portion 15
on the operational portion 8A and a second indicia portion 16A on the main
body 5A. The first indicia portion 15 is located on the external, distal
end surface of the operational portion 8A. The second indicia portion 16A
is provided on the external surface of the main body 5A near the proximal
end. In the illustrated  25 implementation, the first indicia portion 15 is
in the form of a triangle and the second indicia portion 16A is in the form
of a longitudinally extending linear mark. The functionality of the first
and second indicia portions 15 and 16A is discussed below. It should also
be noted that another set of first and second indicia portions 15 and 16A
may be located on the opposite sides (i.e., a  30 location offset by 180
degrees about axis A) of the main body 5A and operational portion 8A.
Turning to FIG. 2, the exemplary plunger 6A is configured such that force
applied to the operational portion 8A is transmitted to the rod 7A to push
the lens 2 in the distal direction. The rod 7A includes a distal rod
portion 20  WO 2011/126144PCT/JP2011/059131 and a proximal rod portion 21.
The distal rod portion 20 has an abutting surface 19 on its distal end that
engages the outer edge of the lens 2 during the insertion procedure. The
distal rod portion 20 and the proximal rod portion 21 may be integrally
formed (as shown) or separate structures that are  5 secured to one another
during assembly. The operational portion 8A is axially supported on the
proximal rod portion 21 of the rod 7A in such a manner that the operational
portion may move axially and rotationally relative to the rod, as is
described in greater detail below. 



The respective configurations of the exemplary main body 5A and  10
operational portion 8A, as well as the relationship between the two, are
such that rotational movement of the operational portion results in an
axial (or "longitudinal") driving force that moves the rod 7A proximally or
distally depending on the direction of rotation and, in the predefined
instances discussed below, force applied to the operational portion in the
axial (or  15 "longitudinal") direction drives the rod proximally or
distally depending on the direction of the force.       To that end, and
referring to FIG. 3, the operational portion 8A of the exemplary insertion
apparatus 1A includes an operational body 24, a helical slot 25A on the
inner surface of the operational body, one or more clearance  20 grooves
26A and a bearing portion 27A. The exemplary operational body 24 has
generally cylindrical shape. The distal end operational body 24 is open and
the bearing portion 27A is located at the proximal end. The helical slot
25A defines a female screw thread. The respective sizes, shapes and
orientations of the main body protrusions 12A and the operational body
helical  25 slot 25A are such that the helical slot may be screwed into
engagement with the protrusions and, once engaged, rotation of the
operational portion 8A will result in axial movement of the operational
portion. The one or more clearance grooves 26A are parallel to the lens
advancing axis A and, in the illustrated embodiment, extend longitudinally
over at least the entire length  30 (measured in the axial direction) of
the helical slot 25A. The number of clearance grooves 26A may correspond to
the number of main body protrusions 12A and, accordingly, there are two
clearance grooves 26A on the internal surface of the operational body 24.
The two clearance grooves 26A are identical and located on opposite sides
of the operational body 24, i.e.,  WO 2011/126144PCT/JP2011/059131 are
offset from one another by 180 degrees about the axis A, in the illustrated
embodiment. The clearance grooves 26A also pass through, i.e., repeatedly
intersect, the helical slot 25A. The respective sizes, shapes and
orientations of the main body protrusions 12A and the operational body
clearance grooves  5 26A are such that, when the clearance grooves and
protrusions are aligned with one another, the operational portion 8A may be
moved longitudinally without rotation thereof.       Referring to FIGS. 3
and 4, the bearing portion 27A is configured to connect to an axial support
portion 36 (discussed below) located on the  10 proximal rod portion 21.
The exemplary bearing portiOn 27A includes an insertion hole 30, an
inwardly protruding latching portion 31, and a cylindrical lumen 32. The
inwardly protruding latching portion 31 is located between the insertion
hole 30 and the cylindrical lumen 32. The end of the cylindrical lumen 32
is generally closed but for an opening 33 that is smaller in diameter
15than the cylindrical lumen. 



The axial support portion 36 is located on a proximal end surface 37 of the
proximal rod portion 21 of the rod 7A. In the exemplary embodiment
illustrated in FIGS. 1-7, the axial support portion 36 includes an axis
portion 38 and an engaging portion 39 that extends outwardly from the
proximal end  20 of the axis portion (note FIG. 4). The length of the axis
portion 38, i.e., the distance from the proximal end surface 37 to the
engaging portion 39, generally defines the axial distance over which the
latching portion 31 and, therefore, the operational body 24 may move
relative to the proximal rod portion 21 when the main body protrusions 12A
are located within the 25clearance grooves 26A (note FIGS. 5 and 6).
Referring to FIGS. 4 and 5, the operational portion 8A may be mounted on
the rod 7A by inserting the axial support portion 36 into the bearing
portion 27A by way of the insertion hole 30. The axis portion 38 will
compress as the  engaging portion 39 passes the latching portion 31, and
then return to its 30expanded state, thereby preventing removal of the
axial support portion 36 from the bearing portion 27A. As illustrated in
FIGS. 5 and 6, once mounted  onto the axial support portion 36 of the rod
7A, the operational portion 8A is axially movable along the axis portion 38
in the proximal-distal direction over a  range defined by the proximal end
surface 37 and the engaging portion 39,  WO 2011/126144PCT/JP2011/059131
and is also rotatable relative to the rod. The cylindrical body 32 of the
operational body 24 is sized to accommodate such movement of the
operational portion 8A. Additionally, as the diameter of the opening 33 is
smaller than that of the cylindrical body 32 and engaging portion 39, the
axial 5support portion 36 will not protrude through the end of the
operational body 24.      The respective configurations of the bearing
portion 27A and the axial support portion 36 are such that the operational
portion 8A can be both rotated relative to the rod 7A and moved a
predetermined distance axially relative to the rod. The predetermined
distance may be, at a minimum, the 



10 maximum distance that the operational portion 8A must travel proximally
(i.e., rearward) in the axial direction as the protrusions 12A move from
the helical slot 25A to the clearance grooves 26A due to rotation of the
operational portion. The distance will be a function of the pitch of the
helical slot 25A as well as the numbers of protrusions 12A and clearance
grooves 26A.  15 The protrusions 12A are located on opposite sides of the
exemplary main body 5A, i.e., are offset from one another by 180 degrees
about the axis A, and the clearance grooves 26A are located on opposite
sides of the exemplary operational body 24, i.e., are offset from one
another by 180 degrees about the axis A. As a result, one half-turn or less
of the operational  20 portion 8A is required to move the clearance grooves
26A to into alignment with the protrusions 12A. Therefore, the
above-mentioned predetermined distance requires at least half of the length
aspect of the pitch of the screw portion 25A. The exemplary lens insertion
apparatus 1A may be operated as follows.  25 First, viscoelastic material
is supplied to the lens placement portion 3A, which is preloaded with a
lens 2 that may be stored in a generally flat, unstressed state. The slider
11 is then moved forward, which causes the lens 2 to be pushed distally out
of the lens placement portion 3A and deformed into a predetermined shape.
After that, the rod 7A may be moved distally through  30 operation of the
operational portion 8A. Such operation may be rotation of the operational
portion 8A while the protrusions 12A are located within the helical slot 25
(i.e., screw-type), or may be pushing the operational portion distally when
the protrusions are located within the clearance grooves 26A (i.e.,
push-type).  WO 2011/126144PCT/JP2011/059131       With respect to
screw-type operation of the operational portion 8A, the operational portion
is moved distally until the proximal end of the helical slot 25 abuts the
protrusions 12A. At this point, the abutting surface 19 of rod 7A does not
abut the outer edge of the lens 2. The operational portion 8A may  5 then
be rotated clockwise to engage the protrusions 12A with the helical slot
25, and subsequent rotation will be translated into axial movement of the
operational portion and rod 7A. The distance that the operational portion
8A and rod 7A will move axially is a function of the pitch of the helical
slot 25A and the amount of rotation. The rod 7A will then engage the lens 2
and drive  10 the lens through the inside of the tapered insertion portion
4A, thereby further compressing the lens, as rotation of the operational
portion 8A continues. Screw-type operation may continue, if push-type
operation is not desired, until the rod 7A pushes the lens 2 through the
nozzle and into the eye. Turning to push-type operation, and as noted
above, push-type  15 operation may proceed when the protrusions 12A are
located within the clearance grooves 26A. The user may align the clearance
grooves 26A with the protrusions 12A, and proceed with push-type operation,
immediately after the slider 11 has been moved forward or after some degree
of screw-type operation has taken place. In order to switch from screw-type
operation to  20 push-type operation, the orientation of the operational
portion 8A relative to the main body 5A must be such that the clearance
grooves 26A are aligned with the protrusions 12A. This may be accomplished
by rotating the operational portion 8A counterclockwise or clockwise,
although counterclockwise is preferred because counterclockwise rotation
will not result 



25 in additional distal advancement of the lens and, as discussed below,
will not result in axial movement of the rod 7A in the proximal direction.
Once the clearance grooves 26A are aligned with the protrusions 12A, the
operational portion 8A (and rod 7A) may be advanced distally without
rotation of the operational portion by simply applying a pushing force to
the operational  30 portion. The operation portion 8A will not rotate on
its own. Also, the user will not be able to rotate the operation portion 8A
when the protrusions 12A are between slot-clearance groove intersections.
The pushing force may be applied, and the rod 7A moved forwardly, until the
lens 2 enters the eye through the distal end of the nozzle 9, or until the
user desires to switch to  WO 2011/126144PCT/JP2011/059131 screw-type
operation.       The clearance grooves 26A also prevent rotation of the
operational portion 8A unless and until the protrusions 12A are aligned
with a portion of the helical slot 25A and the operator demonstrates the
intent to switch to  5 screw-type operation, precisely when there is such
alignment, by applying rotational force to the operational portion. Absent
the application of rotational force to the operational portion 8A when the
protrusions 12A are aligned with a portion of the helical slot 25A, the
clearance grooves 26A will guide the protrusions 12A (and operational
portion 8A) in the axial direction and the 10operational portion will not
rotate.       It should also be noted here that, as discussed above and
illustrated in FIGS. 5 and 6, the respective configurations of the bearing
portion 27A and the axial support portion 36 are such that the operational
portion 8A may be moved a predetermined distance in the proximal direction
without moving the  15 rod 7A. The predetermined distance is sufficient to
accommodate the amount of rotation necessary to align the clearance grooves
26A with the protrusions 12A (i.e., one-half rotation or less in the
embodiment illustrated in FIGS. 1-7). As such, contact between the rod 7A
and the lens 2 may be maintained while the user switches from screw-type
operation to push-type operation.  20 Additionally, as the exemplary
clearance grooves 26A are formed parallel to the lens advancing axis A over
the entire length of the helical slot 25A, it is possible to switch from
screw-type operation to push-type operation, or from push-type operation to
screw-type operation, whenever the operator desires. The first and second
indicia portions 15 and 16A indicate, when aligned  25 with one another,
that the exemplary lens insertion apparatus 1A is susceptible to push-type
operation. Referring to FIG. 7, the first and second indicia portions 15
and 16A are located on the main body 5A and the operational portion 8A such
that the clearance grooves 26A are aligned with the protrusions 12A when
the first and second indicia portions are aligned with  30 one another. In
other words, when the user desires to employ push-type operation, the user
need only rotate the operational portion 8A (if necessary) until first and
second indicia portions 15 and 16A are aligned. The length and location of
the exemplary second indicia portion 1-6A insures that it will be visible
regardless of the position of the operational portion 8A. 



WO 2011/126144PCT/JP2011/059131       Another exemplary lens insertion
apparatus is generally represented by reference numeral 1B in FIG. 8.
Insertion apparatus 1B is similar to insertion apparatus 1A in many
respects and similar elements are represented by similar reference
numerals. For example, the insertion apparatus 1B includes  5 a main body
5B with a hook portion 51, and a plunger 6B (FIG. 10) with a rod 7B and an
operational portion 8B. Here, however, the insertion apparatus 1B is a
cartridge-based insertion apparatus instead of a preloaded insertion
apparatus. To that end, an exemplary cartridge 40 includes a lens placement
portion 3B, a tapered insertion portion 4B and a nozzle 9. A lens 2 (e.g.,
an  10 10L) may be folded and loaded into the cartridge 40, and the
cartridge then secured to an attachment portion 50 located near the distal
end of the main body 5B, at the time of the insertion procedure. The
plunger 6B pushes the lens 2 from the lens placement portion, through the
tapered insertion portion where it is further compressed, and then into the
eye by way of the nozzle 9.  15 The cartridge 40 may be removed from the
attachment portion 50 after the procedure.       Turning to FIG. 9, the
inner surface of the exemplary main body includes one or more protrusions
12B and one or more ribs 52. There are two protrusions 12B, located 180
degrees apart, on the inner surfaces of the main  20 body side walls 14B in
the illustrated implementation. The protrusions 12B define a partial female
screw thread and the surfaces of the associated main body side walls 14B
define the root of the screw thread. The protrusions 12B cooperate with the
operational portion 8B in the same manner as the protrusions and
operational portion described above. There are also two ribs  25 52,
located 180 degrees apart, on the inner surfaces of the main body side
Walls 14B in the illustrated implementation. The longitudinal orientation
of the ribs 52 in the illustrated embodiment is parallel to the lens
advancing axis A. The ribs 52 prevent rotation of the rod 7B, as discussed
below, while allowing the rod to move parallel to the lens advancing axis
A. 30As illustrated in FIGS. 10 and 11, the exemplary plunger rod 7B
includes a distal rod portion 20 and a proximal rod portion 53. One or more
guide grooves 54, in which the one or more ribs 52 reside, are located on
the exterior of the proximal rod portion 53. There are two guide grooves
54, located 180 degrees apart, on the inner surfaces of the main body side
walls  WO 2011/126144PCT/JP2011/059131 14B in the illustrated
implementation. The interaction between the ribs 52 and grooves 54 prevents
the rod 7B from rotating, while allowing the rod to move axially in the
proximal and distal directions. An axial support portion 36 is located on
the proximal end of the proximal rod portion 53. 



5Referring to FIG. 12, the exemplary operational portion 8B includes a
disk-shaped operational body 56 and a rod-shaped body 57. The operational
body 56 and rod-shaped body 57 may be integrally formed (as shown), or may
be separate structures that are secured to one another. The outer diameter
of the rod-shaped body 57 is substantially the same as that of the  10
proximal rod portion 53 (FIGS. 10 and 11). A helical slot 25B and one or
more clearance grooves 26B are formed in the outer surface of the
rod-shaped body 57, and a bearing portion 27B is located at the distal end
of the rod-shaped body. The helical slot 25B defines a female screw thread
and the respective sizes, shapes and orientations of the protrusions 12B
and the  15 helical slot 25B are such that the helical slot may be screwed
into engagement with the protrusions and, once engaged, rotation of the
operational portion 8B will result in axial movement plunger 6B. The one or
more clearance grooves 26B are parallel to the lens advancing axis A and,
in the illustrated embodiment, extend longitudinally over at least the
entire length  20 (measured in the axial direction) of the helical slot
25B. The number of clearance grooves 26B may correspond to the number of
main body protrusions 12B and, accordingly, there are two clearance grooves
26B on the external surface of the rod-shaped body 57. The clearance
grooves 26B in the illustrated embodiment are located on opposite sides of
the rod-shaped body  25 57, i.e., are offset from one another by 180
degrees about the axis A. The clearance grooves 26B also pass through,
i.e., repeatedly intersect, the helical slot 25B. The respective sizes,
shapes and orientations of the main body protrusions 12B and the
operational body clearance grooves 26B are such that, when the clearance
grooves and protrusions are aligned with one  30 another, the operational
portion 8B may be moved longitudinally, without rotation thereof.       The
exemplary bearing portion 27B includes the insertion hole 30, latching
portion 31, and cylindrical body 32 described above. The bearing portion
27B (FIG. 12) and axial support portion 36 (FIG. 11) operate in the  WO
2011/126144PCT/JP2011/059131 manner describe above with reference to FIGS.
5 and 6 to facilitate axial movement of the operational portion 8B relative
to the rod 7B. Such axial movement, in turn, facilitates switching from
screw-type operation to push-type operation, or from push-type operation to
screw-type operation,  5 whenever the operator desires, as is also
described above. To that end, and referring to FIG. 8, the exemplary
insertion apparatus 1B is provided with first and second indicia 15 and 16B
on the main body 5B and operational portion 8B that may be used to align
the main body protrusions 12B and clearance grooves 26B in the manner also
'described above. Another set of first and  10 second indicia portions 15
and 16B may be located on the opposite sides (i.e., locations offset by 180
degrees about axis A) of the main body 5B and operational portion 8B in
some implementations. Alternatively, because the clearance grooves 26B are
visible during use and can be aligned with the second indicia 16B, the
first display portion may be omitted. 15Turning to FIGS. 13-15, a lens
insertion apparatus that, for example, is 



otherwise identical to the lens insertion apparatus 1A illustrated in FIGS.
1-7 in form and operation may be configured such that the locations of the
one or more protrusions, the one or more clearance grooves, and the helical
slot are reversed. The exemplary lens insertion apparatus 1C illustrated in
FIG. 13-15  20 includes, for example, a main body 5C and a plunger 6C. The
plunger 6C includes a rod 7C and an operational portion 8C. The rod 7C
includes a distal rod portion (not shown), a proximal rod portion 21 and an
axial support portion 36. The operational portion 8C includes an
operational body 24 and a bearing portion 27C. The insertion apparatus 1C
also includes a lens placement 25portion, tapered insertion portion, and
nozzle, which are not shown.       Here, however, the operational portion
8C includes one or more protrusions 12C. There are two protrusions 12C,
located 180 degrees apart on the inner surface of the operational body 24,
in the illustrated implementation. The protrusions 12C define a partial
male screw thread and  30 the inner surface of the operational body 24
defines the root of the screw thread. A helical slot 25C and one or more
clearance grooves 26C are formed on the outer surface of the main body 5C.
The helical slot 25C defines a female screw thread and the respective
sizes, shapes and orientations of the protrusions 12C and the helical slot
are such that the protrusions may be  WO 2011/126144PCT/JP2011/059131
screwed into engagement with the helical slot and, once engaged, rotation
of the operational portion 8C will result in axial movement plunger 6C. The
one or more clearance grooves 26C are parallel to the lens advancing axis A
and, in the illustrated embodiment, extend longitudinally over at least the
entire  5 length (measured in the axial direction) of the helical slot 25C.
The number of clearance grooves 26C may correspond to the number of main
body protrusions 12C and, accordingly, there are two clearance grooves 26C
on the external surface of the main body 5C. The clearance grooves 26C in
the illustrated embodiment are located on opposite sides of the main body
5C, i.e.,  10 are offset from one another by 180 degrees about the axis A.
The clearance grooves 26C also pass through, i.e., repeatedly intersect,
the helical slot 25C. The respective sizes, shapes and orientations of the
operational portion protrusions 12C and the main body clearance grooves 26C
are such that, when the clearance grooves and protrusions are aligned with
one another, the 15operational portion 8C may be moved longitudinally
without rotation thereof.      Another exemplary lens insertion apparatus
is generally represented by reference numeral 1D in FIG. 16. Lens insertion
apparatus 1D is substantially similar in form and operation to the lens
insertion apparatus 1 B illustrated in FIGS. 8-12 and similar elements are
represented by similar reference  20 numerals. For example, the insertion
apparatus 1D is cartridge-based and includes a main body 50 with a hook
portion 51, and a plunger 6D with a rod 7D and an operational portion 8D.
Here, however, the inner surface of the exemplary main body 5D includes a
helical slot 25D, one or more clearance grooves 26D, and one or more guide
grooves 54D. The clearance and guide  25 grooves 26D and 54D may be
combined into single grooves (as shown) or may be separate grooves. With
respect to the plunger 6D, the rod 7D includes a distal rod portion 20 and
a proximal rod portion 53 with one or more ribs 52D that reside in the
guide groves 54D. The operational portion 80 has a disk-shaped operational
body 56 and a rod-shaped body 57 that may be 



30 connected to one another in the manner described above (i.e., with a
bearing portion and axial support portion). One or more protrusions 12D are
carried on the outer surface of the rod-shaped body. The operational body
56 and rod-shaped body 57 may be integrally formed (as shown), or may be
separate structures that are secured to one another.  WO
2011/126144PCT/JP2011/059131       In the illustrated embodiment, there are
two ribs (or "rails" or "mechanical keys") 52D, located 180 degrees apart,
and there are two guide grooves 54D, also located 180 degrees apart, that
together prevent rotation of the rod 7D while allowing the rod to move
parallel to the lens advancing axis A.  5 There are also two protrusions
12D, located 180 degrees apart. The protrusions 12D define a partial male
screw thread and the surface of the rod-shaped body 57 defines the root of
the screw thread. The helical slot 25D defines a female screw thread and
the respective sizes, shapes and orientations of the protrusions 12D and
the helical slot 25D are such that the  10 protrusions may be screwed into
engagement with the helical slot and, once engaged, rotation of the
operational portion 8D will result in axial movement plunger 6D. The one or
more clearance grooves 26D are parallel to the lens advancing axis A and,
in the illustrated embodiment, extend longitudinally over at least the
entire length (measured in the axial direction) of the helical slot  15
25D. There are two clearance grooves 26D, offset from one another by 180
degrees, in the illustrated embodiment. The clearance grooves 26D also pass
through, i.e., repeatedly intersect, the helical slot 25D. The respective
sizes, shapes and orientations of the main body protrusions 12D and the
clearance grooves 26D are such that, when the clearance grooves and
protrusions are  20 aligned with one another, the operational portion 80
may be moved longitudinally without rotation thereof.      The embodiments
illustrated in FIGS. 1-16 each include two protrusions that are 180 degrees
apart and two clearance grooves that are 180 degrees apart. The present
inventions are not, however, so limited. For  25 example, there may be one,
three, four or more of each. For example, there may be four spaced
protrusions, offset by 90 degrees, which follow the pitch of the associated
helical slot.      Turning to FIGS. 17-20, the exemplary lens insertion
apparatus 1E illustrated therein is substantially similar to the insertion
apparatus 1A  30 described above with reference to FIGS. 1-7 in form and
operation. With respect to the similarities, the insertion apparatus 1E
includes, among other things, a main body 5E and a plunger 6E with a rod 7E
and an operational portion 8E. The main body 5E has a hook portion 13E, an
annular wall 14E and a plurality of protrusions 12E. There is also a lens
placement portion, a  WO 2011/126144PCT/JP2011/059131 



tapered insertion portion, and a nozzle, which are not shown. The rod 7E
has a distal rod portion (not shown) and a proximal rod portion 21. The
operational portion 8E has an operational body 24E, a helical slot 25E,
clearance grooves 26E and a bearing portion 27E that is connected to an
axial support portion as 5is described above.       Turning to the
differences between lens insertion apparatus 1A and lens insertion
apparatus 1E, lens insertion apparatus 1E has a plurality of protrusions
12E that are spaced circumferentially and axially on the main body 5E. The
protrusions define a male screw thread. The protrusions 12E are  10 aligned
in four linear rows in the axially direction, which are parallel to axis A,
and adjacent rows are circumferentially offset by 90 degrees. The inner
surface of the operational portion 8E has four clearance grooves 26E that
are separated by axially extending protrusions 28E. During screw-type
operation of the lens operational portion 8E, rotation of the operational
portion while the  15 protrusions 12E are in the helical slot 25E is
translated into axial movement of the operational portion and rod 7E. The
user may switch to push-type operation by aligning the clearance grooves
26E with the rows of protrusions 12E. To that end, the operational portion
8E also has a window 29E, which is aligned with one of the protrusions 28E,
that allows the user to determine  20 whether the clearance grooves 26E and
the rows of protrusions 12E are aligned. In the orientation illustrated in
the FIG. 19, for example, the main body protrusions 12E are aligned with
the operational portion protrusions 28E, thereby limiting operatiomto
screw-type operation, and some of the main body protrusions are visible the
window 29E. It should also be noted that the  25 window 29E makes it easier
to grip the operational portion 8E during screw-type operation. Conversely,
the orientation illustrated in FIG. 20 is 90 degrees offset from the
orientation illustrated in FIG. 19. Here, the four clearance grooves 26E
are aligned with the four rows of protrusions 12E, thereby enabling
push-type operation, and no protrusions 12E are visible through the
30window 29E.       Yet another exemplary lens insertion apparatus is
generally represented by reference numeral 1A-1 in FIG. 21. Insertion
apparatus 1A-1 is essentially identical to the insertion apparatus 1A
described above with reference to FIGS. 1-7. Here, however, there is a
plurality of axially spaced  WO 2011/126144PCT/JP2011/059131 protrusions
12A on one or both sides of the main body 5A. The spacing is equal to the
pitch of the associated helical groove 25A. One advantage of the use of
rows of multiple axially spaced protrusions 12A, both here and the
apparatus illustrated in FIGS. 17-20, is that it increases the stability of
the  5 movement of the operational portions during screw-type and push-type
operation.       The exemplary protrusions discussed above have shapes
corresponding to a portion of a screw thread. In other embodiments, which
may be otherwise identical to any of the embodiments described above, the 



10 protrusions may be other shapes such as, for example, semispherical,
elliptical or other curved shapes. By way of example, the exemplar
operational portion 8C-1 illustrated in FIG. 22 includes one or more
hemispherical projections 12C-1 and the exemplary main body 5A-1
illustrated in FIG. 23 includes one or more semi-ellipsoidal projections
12A-1. Such curved shapes  15 make the transition from one type of
operation (e.g., screw-type) to the other (e.g., push-type) easier and less
abrupt. Alternatively, or in addition, the intersections between the
helical slot and the one or more clearance grooves may include curved
corners in embodiments that may be otherwise identical to any of the
embodiments described above. As illustrated for example in FIG.  20 24,
operational portion 8A-2 includes curved corners 41 at the intersections of
the helical slot 25A and the one or more clearances grooves 26A. Here too,
the curved shape makes the transition from one type of operation to the
other easier and less abrupt. The present inventions are not limited to the
exemplary embodiments  25 described above. By way of example, but not
limitation, the number of protrusions (or rows of protrusions) may or may
not be equal to the number of the clearance grooves. The number of
clearance grooves may be greater than the number of protrusions in those
instances where the numbers are not equal. Also, although the pitches of
the helical slots are constant in the embodiments  30 described above, the
pitches may vary along the axial length of the slots. The pitch of the slot
may be smaller near the proximal end of the operational portion, for
example, so that operational portion controls the travel distance of the
lens more accurately as the lens is passing through the distal end of the
insertion portions. For example, the operational portion 8A-3 in FIG. 25
WO 2011/126144PCT/JP2011/059131 includes a helical slot 25A-3 with a pitch
that is smaller near the proximal end of the operational portion. The
orientation of the helical slots may also be reversed so that
counterclockwise rotation of the results in distal movement of the
operational portion. 5Numerous other modifications and/or additions to the
above-described preferred embodiments would be readily apparent to one
skilled in the art. It is intended that the scope of the present inventions
extends to all such modifications and/or additions. 10  WO
2011/126144PCT/JP2011/059131 



Claims 1.An ocular implant insertion apparatus, comprising: a main body
defining a longitudinal axis; 5a plunger, movable relative to the main
body, including a rod portion and an operational portion rotatably mounted
on the rod portion; wherein                  one of the main body and the
operational portion includes a helical slot and at least one longitudinally
extending clearance groove that 10intersects the helical slot; and
the other of the main body and the operational portion includes at least
one protrusion that is sized and shaped to fit within the helical slot and
within the at least one longitudinally extending clearance groove. 152.An
ocular implant insertion apparatus as claimed in claim 1, further
comprising:              an implant placement portion associated with the
main body and configured to hold an ocular implant. 203.An ocular implant
insertion apparatus as claimed in claim 2, wherein the implant placement
portion is permanently secured to the main body.        4. An ocular
implant insertion apparatus as claimed in claim 2, 



25wherein the Implant placement portion comprises a cartridge.        5. An
ocular implant insertion apparatus as claimed in claims 1 to 4, wherein the
operational portion is mounted on the rod portion such that the operational
portion is longitudinally movable a predetermined distance relative 30to
the rod portion.        6. An ocular implant insertion apparatus as claimed
in claim 5, wherein the predetermined distance is equal to a pitch of the
helical slot.  WO 2011/126144PCT/JP2011/059131        7. An ocular implant
insertion apparatus as claimed in claims 1 to 6, wherein             the at
least one longitudinally extending clearance groove comprises first and
second clearance grooves; and 5the at least one protrusion comprises first
and second protrusions.        8. An ocular implant insertion apparatus as
claimed in claims 1 to 6, wherein 



10the at least one longitudinally extending clearance groove comprises
first and second clearance grooves; and             the at least one
protrusion comprises first and second axially extending rows of
protrusions. 159.An ocular implant insertion apparatus as claimed in claims
Ito 8, further comprising:             first indicia on the operational
portion and second indicia on the main body positioned such that the at
least one clearance groove and at least one protrusion are aligned when the
first and second indicia are aligned. 20        10. An ocular implant
insertion apparatus as claimed in claims 1 to 8, further comprising:
a window extending through the operational portion and positioned such that
the at least one clearance groove and at least one 25protrusion are aligned
when the window is aligned with the at least one clearance groove.
11. An ocular implant insertion apparatus as claimed in claims 1 to 10,
wherein the helical slot defines an axial length and a pitch and the pitch
is 30substantially constant over the axial length. 



12. An ocular implant insertion apparatus as claimed in claims 1 to 10,
wherein the helical slot defines an axial length and a pitch and the pitch
is not substantially constant over the axial length.  WO
2011/126144PCT/JP2011/059131 13.An ocular implant insertion apparatus as
claimed in claims 1 to 12, wherein the at least one protrusion defines a
shape corresponding to a partial screw-thread. 5        14. An ocular
implant insertion apparatus as claimed in claims 1 to 12, wherein the at
least one protrusion defines a curved shape.        15. An ocular implant
insertion apparatus as claimed in claims 1 to 1014, wherein the helical
slot and the at least one longitudinally extending clearance groove define
a plurality of curved corners at the intersections thereof.        16. An
ocular implant insertion apparatus as claimed in claims 1 to 1515, wherein
the operational portion will move axially in response to the 



application of axial force thereto when the at least one protrusion is
within the at least one clearance groove.        17. An ocular implant
insertion apparatus as claimed in claims 1 to 2016, wherein the operational
portion will move rotationally and axially in response to the application
of rotational force thereto when the at least one protrusion is within the
helical slot.        18. An ocular implant insertion apparatus as claimed
in claims 1 to 2517, wherein the operational portion will not move
rotationally in response to the application of rotational force thereto
when the at least one protrusion is within the clearance groove between
portions of the helical slot.        19. An ocular implant insertion
apparatus as claimed in claims 1 to 3018, wherein the ocular implant
comprises a lens.        20. An ocular implant insertion apparatus as
claimed in claim 19, wherein the lens comprises an intraocular lens.  WO
2011/126144PCT/JP2011/059131        21. A method of operating an ocular
implant insertion apparatus that 



includes main body and a plunger with a plunger rod and an operational
portion rotatably mounted on the plunger rod, the method comprising the
steps of: 5advancing the plunger rod in a first axial direction in response
to the application of rotational force in a first direction to the
operational portion when a protrusion is located within a helical slot; and
advancing the plunger rod in the first axial direction, without rotation of
the operational portion, in response to the application of axial force 10to
the operational portion when the protrusion is located within a clearance
groove.        22. A method as claimed in claim 21, further comprising the
step of: moving the operational portion in a second axial direction,  15
without moving the plunger rod, in response to the application of
rotational force in a second direction to the operational portion when the
protrusion is located within the clearance groove.        23. A method as
claimed in claims 21 to 22, further comprising the 20step of: advancing a
lens in the first direction with the plunger. 


