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METHODS AND APPARATUS FOR INSERTING AN INTRAOCULAR LENS INTO AN 
EYE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to apparatus and methodology for inserting an 

intraocular lenses (IOL) into an eye.  

[0002] The human eye is susceptible to numerous disorders and diseases, a number of 

which attack the crystalline lens. For example, cataracts mar vision through cloudy or opaque 

discoloration of the lens of the eye. Cataracts often result in partial or complete blindness. A 

damaged crystalline lens can be removed and replaced with an intraocular lens, or IOL.  

[0003] An IOL is implanted in the eye, for example, as a replacement for the natural 

crystalline lens after cataract surgery or to alter the optical properties of (i.e., provide vision 

correction to) an eye in which the natural lens remains. IOLs often include a disk-like optic 

typically including an optically clear lens. Many IOLs also include at least one flexible 

fixation member or haptic which extends radially outward from the optic and becomes affixed 

in the eye to secure the lens in position. Implantation of IOLs into the eye involves making 

an incision in the eye. To reduce trauma and to speed healing, it is advantageous to minimize 

the size the incision.  

[0004] The optics may be constructed of rigid biocompatible materials such as 

polymethyl methacrylate (PMMA) or deformable materials such as silicone polymeric 

materials, acrylic polymeric materials, hydrogel polymeric materials, and the like.  

Deformable materials allow the IOL to be rolled or folded for insertion through a small 

incision into the eye. A substantial number of instruments have been proposed to aid in 

inserting such a foldable lens in the eye. In a popular apparatus, the optic is folded into a 

hard-shelled taco and pushed through an insertion tube, progressively compressing the IOL to 

fit through the incision.  

[0005] The two primary IOL materials are silicone and acrylic. Silicone IOLs are more 

pliable and can be compressed to pass through smaller insertion tubes without unduly 

stressing the insertion tube or IOL, or requiring excessive push force which can violently 

expel the IOL from the cartridge. Acrylic lenses are indicated for some patients and are 

inserted in much the same way as silicone IOLs, although generally using larger insertion 

tubes with larger bore diameters to mitigate the problems caused by the lower flexibility of 
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the acrylic. Because the insertion tubes are larger, the incision sizes are also necessarily 

larger.  

[0006] In view of the foregoing, there is a continued need in the art for beneficial 

advancements in IOL insertion apparatus and methodology.  

SUMMARY OF THE INVENTION 

[0007] According to one aspect of the invention, an apparatus for inserting an intraocular 

lens (IOL) into an eye includes a load chamber for receiving the IOL and a handpiece. The 

load chamber is preferably disposed to receive the IOL and for delivery of the IOL into the 

eye of a subject. The load chamber is preferably contained within a separate housing or 

cartridge that is attached by a practitioner as part of a surgical procedure. Alternatively, the 

load chamber may be a part of the handpiece or be contained within a separate housing or 

cartridge that is mounted to the handpiece prior to shipment to the practitioner. In the latter 

case, the housing or cartridge is preferably preloaded with the IOL prior to shipment. The 

load chamber includes a hollow passage with an ejection port through which an IOL is 

passable.  

[0008] The handpiece includes a body member that may be configured for receiving the 

load chamber, an injector rod that is receivable by the body member, and a drive mechanism.  

The injector rod is longitudinally movable within the load chamber and has a distal portion 

that is adapted to contact the IOL when positioned within the hollow passage. The drive 

mechanism is configured to longitudinally or linearly oscillate the injector rod in the body 

member when a rotational force is applied about a longitudinal axis in a single direction.  

Accordingly, the IOL is incrementally urged, for example, in discrete increments, by the 

injector rod into an eye.  

[0009] One advantage of the incremental urging is the reduction or elimination of the 

possibility of the injector rod engaging with the IOL or engaging the IOL by an amount that is 

greater than a predetermined limit. For example, in the latter case, when the injector rod tip is 

moved a distal increment and is pushed beyond the edge of the IOL, e.g., by advancing the 

rod tip about 0.10 inch, then the injector rod is subsequently moved away from the IOL by a 

proximal increment, e.g., by retracting the rod tip by about 0.05 inch. Accordingly, the 

proximal movement of the injector rod tip allows the IOL to recover to a certain extent under 

its own resiliency.  
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[0010] According to another aspect of the invention, the drive mechanism may include 

one or more bosses disposed on the body member and a drive member operatively coupled 

with the injector rod. The drive member may include a corresponding number of annular 

races for engaging with the bosses when the injector rod is at least partially received in a 

through channel of the body member.  

(00111 Other features and advantages of the present invention will become apparent to 

those skilled in the art from a consideration of the following detailed description taken in 

conjunction with the accompanying drawings.  

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0012] FIG. 1 is a perspective view of an apparatus for inserting an intraocular lens (IOL) 

into an eye according to a number of embodiments; 

[00131 FIG. 2 is an exploded view of the apparatus, particularly illustrating an 

embodiment in which a drive member is operatively coupled to an injector rod; 

[0014] FIG. 3 is a fragmentary cross-sectional view of a drive member, a body member, 

and an injector rod, particularly illustrating of an initial step of a drive mechanism moving an 

injector rod longitudinally under a rotational force; 

[0015] FIGS. 4A and 4B illustrate steps subsequent to that shown in FIG. 3; 

[0o016] FIGS. 5A and 5B illustrate steps subsequent to that shown in FIGS. 4A and 4B; 

[0017] FIG. 6 illustrates a drive member according to a number of embodiments; 

[0018] FIG. 7 graphically illustrates discrete distal and proximal increments of 

longitudinal movement of an injector rod caused by a some of the embodiments of a drive 

mechanism; 

[0019] FIG. 8 is a fragmentary cross-section view of a drive member, a body member, 

and an injector rod, particularly illustrating of an initial step of a drive mechanism moving an 

injector rod longitudinally under alternating longitudinal and rotational forces; 

[0020] FIGS. 9A and 9B illustrate steps subsequent to that shown in FIG. 8; 

[0021] FIG. 10 illustrates a step subsequent to that shown in FIGS. 9A and 911B; 

[0022] FIGS. 11A and 11B illustrate steps subsequent to that shown in FIGS. 10; 
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[0023] FIG. 12 illustrates a drive member operatively coupled with an injector rod 

according to a number of embodiments; 

[0024] FIG. 13 is a fragmentary cross-sectional view of a body member and an injector 

rod according to some of the embodiments in which the injector rod translates; 

[0025] FIG. 14 is a perspective view illustrating the embodiment of FIG. 13; 

[0026] FIG. 15 is a perspective view of a cartridge and an IOL; 

[0027] FIGS. 16A and 16B are a partial cross-sectional views illustrating a tip of an 

injector rod entering a cartridge and contacting an IOL according to some of the 

embodiments; 

[0028] FIG. 17 illustrates an embodiment of an apparatus inserting an IOL into an eye; 

[0029] FIG. 18 is a fragmentary cross-section view of a handpiece shown according to 

alternative embodiments; and 

[0030] FIG. 19 is a fragmentary cross-sectional view of a torque release mechanism for a 

handpiece.  

DETAILED DESCRIPTION OF THE INVENTION 

[0031] Referring to FIGS. 1 and 2, an apparatus 100 for inserting an intraocular lens 

(IOL) 102 into an eye includes a handpiece 104 and a cartridge 106 containing a load 

chamber 107 (see also FIG. 15) for receiving the IOL 102. In a number of embodiments, the 

handpiece 104 may include a body member 108 and an injector rod 110. In other 

embodiments, the handpiece 104 may additionally include a drive mechanism 112 which, in 

turn, may include a drive member 114 that is operatively coupled to the injector rod 110.  

[0032] With additional reference to FIG. 3, the body member 108 may include a 

longitudinal through channel 116. In addition, the drive mechanism 112 may include one or 

more bosses 118 disposed on the body member 108 and projecting into the channel 116, and a 

corresponding number of annular races 120 disposed on the drive mechanism 112. In the 

embodiment illustrated in the figures, the drive mechanism 112 includes a pair of bosses 118a 

and 118b and a pair of races 120a and 120b. In embodiments in which the drive mechanism 

112 and the injector rod 110 are unitary, the annular race 120 may be described as being 

disposed on the injector rod 110 itself.  
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[0033] For the purposes of this description, the word boss is used to describe any type of 

structure that is configured to slidingly engage with a race, a thread, a groove, a channel, or 

similar structure. In addition, the word race is used to describe any type of channel-, thread-, 

or groove-like structure. Although the drive mechanism 112 may include a plurality of bosses 

and races, the drive mechanism 112 may include only a single boss and/or race. The various 

embodiments are often described herein in the singular for ease of language. Further, as 

shown in FIG. 1, the apparatus 100 may be described as having a longitudinal axis A with a 

distal direction D and a proximal direction P.  

[0034] As shown in FIG. 3, the races 120 are configured to engage with the bosses 118, 

respectively, when the injector rod 110 is at least partially received in the channel 116. With 

additional reference to FIG. 4A, in a number of embodiments, the race or races 120 are 

configured so that when the drive member 114 is rotated in a single direction about a 

longitudinal axis A, as indicated by arrow R, the injector rod 110 moves longitudinally in a 

first direction as indicated by arrow Ld in FIG. 3 and moves longitudinally in a second 

direction as indicated by arrow Lp in FIG. 4A that is opposite to the first direction Ld. The 

race or races 120 may also be configured so that with continued rotation in the single 

direction R, the injector rod 110 moves longitudinally in the first direction again as indicated 

by arrow Ld as shown in FIG. 5A.  

[0035] More specifically and with reference to FIG. 6, in some of the embodiments, each 

of the races 120 may include a plurality of distal sections 122 in which the race 120 moves 

the drive mechanism 112 in the distal direction when the drive member 114 is rotated in a 

single direction (e.g., as indicated by arrow R in FIGS. 3-5), and a plurality of proximal 

sections 124 in which the race 120 moves the drive mechanism 112 in the proximal direction 

when the drive member 114 is rotated in the same single direction (e.g., as indicated by arrow 

R in FIGS. 3-5). Approximately one half of the distal and proximal sections 122 and 124 in a 

typical embodiment are illustrated in FIG. 6, with approximately an equal number of distal 

and proximal sections 122 and 124 being disposed on the other side of the drive mechanism 

112 not shown in FIG. 6.  

[0036] In other embodiments, each of the races 120 may also include an initial section 

126 and a final section 128 in each of which the race 120 moves the drive mechanism 112 in 

the proximal direction when the drive member 114 is rotated in the same single direction 

(e.g., as indicated by arrow R in FIGS. 3-5). As shown in the embodiment of FIG. 6, the 
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pitch of the race 120 in the distal and proximal sections 122 and 124 may be greater than the 

pitch of the race 120 in the initial and final sections 126 and 128. Alternatively, the pitch of 

the race 120 in the distal and proximal sections 122 and 124 may be less than or equal to the 

pitch of the race 120 in the initial and final sections 126 and 128.  

[00371 In a number of embodiments, the distal and proximal sections 122 and 124 may 

successively alternate at predetermined or discrete increments about the drive mechanism 

112, for example, approximately 90-degree increments about the drive mechanism 112. In 

such embodiments, the slope of the distal sections 122 may be greater than the slope of the 

proximal sections 124 (as illustrated in FIG. 6). In other embodiments, the predetermined or 

discrete increments about the drive mechanism 112 may be different for the distal and 

proximal sections 122 and 124. For example, the distal sections 122 may comprise 120

degree increments, while the proximal sections 124 may comprise 60-degree increments. In 

such embodiments, the slope of the distal sections 122 and the proximal sections 124 may be 

configured to be approximately equal. Those skilled in the art will appreciate other 

configurations of the distal and proximal sections 122 and 124 not specifically shown but that 

cause the injector rod to move distally and proximally as described above. For instance, in 

order to vary the pattern of longitudinal motion of the drive mechanism 112 as the drive 

member 114 is turned, the predetermined increments about the drive mechanism 112 may 

vary over one or more revolutions around the race 120 as compared to the predetermined 

increments over the remaining revolutions around the race 120. For example, over the first 

three revolutions around the race 120, the predetermined increment for the distal and 

proximal sections 122 and 124 may each be 90 degrees, while over the remaining revolutions 

around the race 120, the predetermined increment for the distal and proximal sections 122 

and 124 may each be 120 degrees and 60 degrees, respectively. Additionally, in contrast to 

FIG. 6, the angle, relative to the longitudinal axis A, of one or more of the individual race 

portions within the distal and/or proximal sections 122 and 124 may differ from remaining 

race portions within the distal and proximal sections 122 and 124.  

[0038] For the purposes of this description the word discrete refers to a magnitude or a 

distance that is fixed, predetermined, or indexed but that is not determined, set, or varied by 

user intervention, judgment, or "feel" during a surgical procedure Those skilled in the art will 

appreciate that a discrete distance thus described may vary slightly due to manufacturing 

tolerances.  
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[0039] Accordingly, with additional reference to FIG. 7, when the race 120 is engaged 

with the boss 118 and a rotational force is applied about the axis A such that the drive 

member 114 and mechanism 112 are rotated in a single rotational direction R (for example, 

clockwise when viewed from proximal side P, as shown in FIG. 3), the injector rod 110 

moves distally an initial predetermined discrete increment Si. When the boss 118 moves 

relatively within the race 120 beyond a first one of a plurality proximal inflection points 130 

as shown in FIG. 4B and moves into a first one of the proximal sections 124, the injector rod 

110 moves proximally a first predetermined proximal increment Dpl. With continued rotation 

in direction R, when the boss 118 moves relatively within the race 120 beyond a first one of a 

plurality of distal inflection points 132 as shown in FIG. 5B, and moves into a subsequent 

first one of the distal sections 122, the injector rod 110 moves distally a first predetermined 

distal increment Ddl.  

[0040] For purposes of this description, the term proximal inflection point 130 is used to 

describe a point in the race 120 at which the injector rod 110 changes from distal movement 

to proximal movement with continued rotation of the drive member 114, and the term distal 

inflection point 132 is used to describe a point in the race 120 at which the injector rod 110 

changes from proximal movement to distal movement with continued rotation of the drive 

member 114.  

[0041] The back-and-forth or oscillating movement of the injector rod 110 continues with 

continued rotation of the drive member 114 in the single rotational direction R through 

successive distal and proximal sections 122 and 124 of the race 120, thereby resulting in 

successively alternated predetermined discrete or indexed distal and proximal increments Dd2, 

Dp2, Dd3, Dp3, Dd4, ... , Dd(n-1), and Dp,,, with n being the number of proximal sections 124 in 

the plurality of proximal sections 124. Continued rotation of the drive member 114 in the 

rotational direction R may then result in a final predetermined discrete increment Sf through 

the final section 128 of the race 120.  

[0042] As shown in FIG. 7, in a number of embodiments, the race 120 may be configured 

so that the discrete proximal increments Dp are larger than the discrete distal increments Dd.  

For example, the race 120 may be configured so that the distal increments Dd are 

approximately twice as large as the proximal increments Dp. Accordingly, this oscillating 

incremental longitudinal movement in the distal direction may be described as a two-steps
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forward, one-step-backward-type of movement. Alternatively, the distal increments Dd may 

be greater than or less than twice as large as the proximal increments Dp. For instance, the 

distal increments Dd may be between 2 and 5 times as large as the proximal increments Dp, or 

even larger. In certain embodiments, there may be a limit as to how close in magnitude the 

proximal increments Dp may be to the distal increments Dd, for instance to prevent the races 

120 from crossing one another. In yet other embodiments, distal increments Dd, the proximal 

increments Dp, or both the distal and proximal increments Dd, Dp, may varying in size along 

the drive mechanism 112. For example, the proximal increments Dpi and Dp2 may be one 

half as large as the distal increment Dpl, while the proximal increments Dp3 through Dpn may 

be one quarter as large as the distal increment Dp1.  

[0043] The race 120 may be configured so that the injector rod 110 moves from an initial 

distance do to a total distance dr in the distal direction under a continuous rotational force R 

in a single direction. From the position dr, rotation of the drive member 114 in an opposite 

rotational direction (e.g., counter-clockwise) will reverse the movement in the proximal 

direction. This movement of the injector rod 110 in relation to an IOL is described in more 

detail below.  

[0044] Preferably, the distal and proximal sections 122 and 124 of the race 120 are 

disposed along one portion of the drive mechanism 112, as illustrated in FIG. 6, providing a 

single portion along the race 120 wherein the injection rod moves in the reciprocating or 

oscillatory motion illustrated in FIG. 7 by the successive distal and proximal increments Dd, 

Dp. Alternatively, portions of the distal and proximal sections 122 and 124 may disposed at 

different locations along the drive mechanism 112 so as to provide a reciprocating or 

oscillatory motion at various locations along the race 120. For example, a first set of distal 

and proximal sections 122 and 124 spanning one or more revolutions of the race 120 may 

disposed along a first portion of the race 120, while a second set of distal and proximal 

sections 122 and 124 spanning one or more revolutions of the race 120 may disposed along a 

second portion of the race 120. In such embodiments, a third portion of the race 120 may be 

disposed between the first and second portions of the race 120 such that the third portion has 

a pitch that is similar to that of the race 120 over the initial section 126 and/or a final section 

128. Alternatively, the third portion of the race 120 may a different pitch or configuration.  

For instance, the third portion of the race 120 may be configured to run parallel to the 

longitudinal axis A.  
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[0045] In certain ophthalmic applications, the distal increments Dd and the proximal 

increments Dp are preferably less than about 0.5 inches, more preferably less than about 0.25 

inches, and even more preferably less than about 0.1 inches to about 0.05 inches. In other 

embodiments at least one of distal increments Dd and the proximal increments Dp are greater 

than about 0.5 inches. In one particularly useful embodiment, the distal increments Dd are 

approximately 0.10 inches and the proximal increments Dp are approximately 0.05 inches. In 

other applications, outside of ophthalmic applications, the distal increments Dd and the 

proximal increments Dp may be within these ranges or outside these ranges, depending upon 

the magnitude of reciprocating motion that is desired for a particular application. For 

example, the drive mechanism may be part of a MEMS or nanotechnology device, in which 

case the distal increments Dd and the proximal increments Dp are preferably within a range 

more suited to the size of the particular device, for instance in a range of about 1 micron to 

about 500 microns or in a range of about 1 nanometer to about 1000 nanometers. In other 

embodiments and/or applications the distal increments Dd and the proximal increments Dp are 

much larger than those already mentioned, for example in the range of about one-half inch to 

about 12 inches or in a range of about 1 foot to about 6 feet or more.  

[0046] In certain embodiments, the drive mechanism 112 may also move the injector rod 

110 longitudinally in the distal and/or proximal directions as the result of an axial force or 

forces, or under a combination of axial and rotational forces. More specifically, as shown in 

FIG. 8, the race 120 is engaged with the boss 118, a longitudinal force F may be axially 

applied to the drive member 114, thereby causing the drive member 114 and mechanism 112 

to rotate in a rotational direction T about axis A relative to the body member 108 and causing 

the injector rod 110 to move in a first direction, i.e., distally, as shown by arrow L. The 

injector rod 110 moves distally to a first point at which the injector rod 110 is prevented from 

further rotation and, therefore, further longitudinal movement. This first brake point is the 

point at which the boss 118 is positioned in the first one of the plurality of distal inflection 

points 132 defined between the initial section 126 of the race 120 and the first one of the 

distal sections 124 of the race, can be seen in FIGS. 9A and 9B. At this first one of the distal 

inflection points 132, and at all subsequent distal inflection points 132, the drive member 114 

will not rotate regardless of the magnitude of the longitudinal force F applied. Accordingly, 

the injector rod 110 is prevented from moving distally.  
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[0047] To move the injector rod 110 proximally the first discrete proximal increment Dpi 

as shown in FIG. 7, a rotational force R may be applied as shown in FIG. 10 in the same 

direction as the rotational direction T, thereby causing the injector rod 110 to move 

proximally as shown by arrow L. At the subsequent proximal inflection point 130 as can be 

seen in FIGS. 11A and 11B, the longitudinal force F may once again be applied, thereby 

causing the drive member 114 to rotate in the same rotational direction T and to move distally 

the first discrete distal increment Ddl. By alternating the longitudinal and rotational forces F 

and R in this manner, the injector rod 110 moves incrementally in the distal direction as 

shown in FIG. 7.  

[0048] The longitudinal movement of the injector rod 110 may be a translation or may 

also be a rotation. More specifically, in embodiments in which the drive mechanism 112 is 

fixed to or unitary with the injector rod 110, then rotation of the drive member 114 will cause 

a rotation of the injector rod 110 as well, along with the longitudinal movement thereof. In 

unitary embodiments in which the drive mechanism 112 may be considered as a proximal 

portion of the injector rod 110, the injector rod 110 may be described as including the annular 

race 120, with a rotation of the injector rod 100 causing a longitudinal movement of the 

injector rod 110.  

[0049] In embodiments in which the injector rod 110 is operatively coupled to the drive 

mechanism 112 in an independently rotating manner, then rotation of the drive member 114 

will cause a translation of the injector rod 110 with essentially minimal or no rotation. For 

example, with reference to FIGS. 2 and 12, the injector rod 110 may include a distal end 134 

adapted to contact an IOL 102 and a proximal end 136 for engaging with the drive 

mechanism 112. The drive mechanism 112 may include a longitudinal channel or recess 138 

with a seat 140 adapted to rotatingly receive the proximal end 136 of the injector rod 110. A 

pin 142 may be provided to retain the injector rod 110 by being received in an annular 

channel 144 thereof. Accordingly, the injector rod 110 is able to rotate relative to the 

mechanism 112 and the drive member 114. Other mechanisms or means may alternatively be 

used to couple the drive mechanism 112 to the injector rod 110 so that the mechanism 112 

and the drive member 114 are able to rotate independently of the injector rod 110.  

[0050] To prevent at least the distal portion 134 of the injector rod 110 from rotating 

during longitudinal movement, a retaining structure may be provided. For example, as shown 
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in FIGS. 13 and 14, the body member 108 may include a pin 146 disposed transversely across 

the channel 116, and the injector rod 110 may include a chamfer 148 along a longitudinal 

portion thereof for engaging with the pin 146. Accordingly, when the drive member 114 is 

rotating to incrementally drive the injector rod 110, any rotation of the injector rod 110 is 

dampened or prevented by the pin 146 and the chamfer 148, thereby resulting in only a 

translation of the injector rod 110.  

[0051] For the purposes of this description, translate is used to describe a change in the 

position of the injector rod 110 in space without substantial rotation. Depending upon the 

tolerance of a manufactured handpiece 104, there may be an initial slight rotation of a few 

degrees prior to the chamfer 148 engaging the pin 146 and a slight rotation of a few degrees 

when the chamfer 148 disengages with the pin 146. In addition, the termnn oscillate is used to 

describe the linear or longitudinal back-and-forth motion of the injector rod 110 in the distal 

and proximal directions.  

[0052] Utilization of the apparatus 100 is now described. As shown in FIG. 15, the 

cartridge 106 may include a hollow passage 150 with an ejection port 152. An IOL 102 may 

be loaded in the cartridge 106 as known in the art by drawing a pair of tabs 154 together, 

thereby folding the IOL 102 therein, similar to a hard-shelled taco. The IOL 102 is then 

passable through the hollow passage 150 and out of the port 152.  

[0053] When loaded with an IOL 102, the cartridge 106 may be loaded into a distal 

portion 156 of the body member 108, for example, through a slot 158. The drive mechanism 

112 may then be actuated to cause the injector rod 110 to incrementally move in the distal 

direction. As shown in FIG. 16A, in a number of embodiments, the cartridge 106 may 

include a chamfered lip 162 on a proximal edge 164 thereof. Accordingly, when a tip 160 of 

the distal portion 134 of the injector rod 110 reaches the cartridge 106, the tip 160 is urged 

upwardly by the lip 162, thereby producing an interference fit between the distal portion 134 

of the injector rod 110 and a wall 166 of the hollow passage 150 of the cartridge 106. In 

other words, the resultant downward force of the distal portion 134 biases the tip 160 against 

the wall 166. In other embodiments, the cartridge 106 may be configured so that the tip 160 

is not biased.  

[0054] In certain embodiments, the IOL 102 is loaded into the cartridge 106 by a 

practitioner as part of a surgical procedure for delivering the IOL 102 into the eye of a 
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subject. In other embodiments, the cartridge 106 may be preloaded with the IOL 102 prior to 

shipment to the practitioner. In yet other embodiments, the apparatus 100 may not include a 

separate cartridge 106 but rather may incorporate the load chamber 107 into the handpiece 

104. An example of such an embodiment is provided in U.S. Patent Application Serial No.  

11/056,501, entitled "Front Loading IOL Insertion Apparatus and Method of Using," the 

entire disclosure of which is incorporated herein by reference.  

[00551 As the drive mechanism 112 is continued to be actuated, the tip 160 of the injector 

rod 110 contacts an edge 168 of the IOL 102, as shown in FIG. 16B. In a number of 

embodiments, it may be beneficial for the tip 160 to contact the IOL 102 at the wall 166 

because the edge 168 of the IOL tends to locate at that position. When the injector rod 110 

moves a distal incremental Dd, the IOL 102 is urged distally in the passage 150. However, in 

contrast with conventional appliances in which the injector rods tended to "ride up" over the 

edge 168 and, thereby, become engaged with the IOL, the subsequent proximal increment Dp 

of the injector rod 110 backs the tip 160 away from the IOL 102, minimizing the chance of 

engaging the IOL. During the proximal increment, the IOL 102 may then at least partially 

restore any deformation caused by the tip 160 during the previous distal increment under its 

own resiliency. The longitudinal linear oscillation of the injector rod 110 discretely and 

incrementally urges the IOL through the passage 150.  

[00561 In a number of embodiments, the tip 160 of the injector rod 110 may be beveled 

or, alternatively, configured in a concave manner as shown in FIG. 16B. Accordingly, as the 

rod 110 moves distally and contacts the IOL 102, the tip 160 is urged outwardly or 

downwardly against the wall 166.  

[00571 According to a number of embodiments, to minimize or prevent engagement with 

a typical acrylic IOL, the drive mechanism 112 may be configured so that the distal 

increments Dd are approximately 0.10 inch and the proximal increments Dp are approximately 

0.05 inch. In other embodiments, the drive mechanism 112 may be configured so that the 

distal increments Dd are approximately 0.050 inch and the proximal increments Dp are 

approximately 0.025 inch. Generally speaking, the distal increment Dd may be about twice as 

large as the proximal increment Dp, although other ratios may be alternatively used.  

[0058] The port 152 of the cartridge 106 may be positioned in an eye 170 as shown in 

FIG. 17 according to known procedures. The continued actuation of the drive mechanism 
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112 as described above results in the injector rod 110 urging the IOL 102 through the 

cartridge 106 and toward the eye 170.  

[0059] Those skilled in the art will understand that the preceding exemplary embodiments 

of the present invention provide the foundation for numerous alternatives and modifications 

thereto. For example, as shown in FIG. 18, the drive mechanism 112 may be configured so 

that the annular race 120 is disposed on an inner wall of the body member 108 of the 

handpiece 104, with the boss 118 being disposed on the drive mechanism 112.  

[0060] In other embodiments, the drive mechanism 112 may include an electro

mechanical drive means such as a motor to actuate the drive member 114. In other 

embodiments, a control circuit may monitor, for example, torque so that the proximal 

increment is triggered when torque reaches a threshold.  

[0061] Alternatively, a mechanical device 180 for actuating in response to torque may be 

provided as shown in FIG. 19. The device 180 may include a cap-like housing 182 with a slot 

184 and a compression spring 186. A boss 188 may be disposed on the drive member 114 so 

that when the housing 182 is received over a proximal end of the drive member 114, the boss 

188 is received in the slot 184 at position A. In operation, when the housing 182 is rotated, 

any increase in torque on the drive member 114 will cause the boss 188 to slide in the slot 

184 as indicated by the arrow, thereby compressing the spring 186. When the torque reaches 

a predetermined level as determined by the selected spring 186, the boss 188 will be located 

at position B, and will then be forced to position C by the force of the spring 186, thereby 

causing the drive member 114 to snap or move proximally the distance between positions B 

and C. The slot 184 may be repeated annularly in the housing 182 so that this process may 

repeat.  

[0062] These and other modifications are also within the scope of the present invention.  

Accordingly, the present invention is not limited to that precisely as shown and described 

above but by the scope of the appended claims.  
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CLAIMS 

What is claimed is: 

1. An apparatus for inserting an intraocular lens (IOL) into an eye, the apparatus 

comprising: 

a load chamber for receiving an IOL and including a hollow passage with an ejection 

port through which the IOL is passable and which is defined as having a longitudinal axis 

with a distal direction toward the ejector port and a proximal direction away from the ejector 

port; and 

a handpiece including: 

a body member; 

an injector rod that is receivable by the body member and that is longitudinally 

movable within the hollow passage, the injector rod having a distal 

portion adapted to contact the IOL when positioned within the hollow 

passage; and 

a drive mechanism that longitudinally oscillates the injector rod in the body 

member when a rotational force is applied about the longitudinal axis 

in a single direction.  

2. The apparatus of claim 1 wherein a drive assembly moves the injector rod in 

increments that are greater in the distal direction than in the proximal direction.  

3. The apparatus of claim 1 wherein the body member includes a through channel 

and the drive mechanism includes: 

a boss disposed on the body member; and 

a drive member operatively coupled with the injector rod and including an annular 

race for engaging with the boss when the injector rod is at least partially received in the 

channel of the body member.  

4. The apparatus of claim 3 wherein the drive mechanism includes a plurality of 

bosses disposed on the body member; 

the drive member including a correspondingly plurality of annular races for 

respectively engaging with the plurality of bosses when the injector rod is at least partially 

received in the channel of the body member.  
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5. The apparatus of claim 3 wherein the race is configured such that when the race is 

engaged with the boss and the drive member is rotated in the single direction, the injector rod: 

moves distally a distal increment; and 

moves proximally a proximal increment; 

wherein the distal increment is greater than the proximal increment.  

6. The apparatus of claim 5 wherein the race is further configured such that when the 

race is engaged with the boss and the drive member is rotated in the single direction, the 

injector rod: 

moves distally a plurality of distal increments; and 

moves proximally a plurality of proximal increments; 

wherein: 

the distal increments are successively alternated with the proximal increments; and 

each of the distal increments is greater than each of the proximal increments.  

7. The apparatus of claim 6 wherein the race is further configured such that when the 

race is engaged with the boss and the drive member is rotated in the single direction, the 

injector rod moves distally an initial increment prior to a first one of the proximal increments.  

8. The apparatus of claim 6 wherein the race is further configured such that when the 

race is engaged with the boss and the drive member is rotated in the single direction, the 

injector rod moves distally a final increment after a last one of the proximal increments.  

9. The apparatus of claim 6 wherein the race is further configured such that the distal 

increments are approximately equal in magnitude and the proximal increments are 

approximately equal in magnitude.  

10. The apparatus of claim 6 wherein the race is further configured such that the distal 

increments are approximately twice as large as the proximal increments.  

11. The apparatus of claim 1 further comprising a cartridge in which the load chamber 

is disposed and which is receivable by the handpiece.  

12. The apparatus of claim 11 wherein the IOL is preloaded in the load chamber.  

13. The apparatus of claim 12 wherein the cartridge is preloaded in the handpiece.  
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