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FIG. 1
(57) Abstract: A surgical instrument (10) for use in vitreoretinal surgeries is described. The surgical instrument includes a pair of 
pincers (13,14) resiliently biased toward an opened configuration and being movable toward each other into a closed configuration 
to engage a membrane. Each pincer may include a rounded grasping edge (22). The grasping edges may include a textured surface 
(50) operable to induce a capillary effect between a membrane and the forceps to promote adhesion therebetween.
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SURGICAL INSTRUMENT WITH ADHESION OPTIMIZED EDGE CONDITION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No. 61/943,805, filed 

February 24, 2014, which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure generally relates to surgical instruments, and in particular to a 

forceps instrument for use in vitreoretinal surgeries having an adhesion-optimized edge condition 

to enhance the grasping and peeling of retinal membrane layers during a vitreoretinal procedure.

BACKGROUND

[0003] Vitreoretinal surgical procedures have been developed for restoring, preserving, and 

enhancing vision in patients suffering from a variety of injuries and/or age-related degenerative 

conditions. For example, vitreoretinal procedures, including vitrectomy procedures are used to 

repair damage to a patient’s eye due to conditions such as macular degeneration, diabetic 

retinopathy, diabetic vitreous hemorrhage, detached retinas, as well as to repair complications 

from cataract surgeries and for removal and repair of damage due to foreign bodies within the 

patient’s eye. Atraumatic peeling of internal limiting membranes (“ILM”) within the patient’s 

eye increases the chance of a successful vitreoretinal surgical procedure. These membrane 

peeling or membranectomy procedures generally remove portions of a surface or upper layer 

ILM covering the retina to remove damaged tissue and inhibit the growth of scar tissue across 

the macula of the patient’s eye, and to reduce traction of the ILM to the underlying retina.

[0004] Typically, to perform a peeling procedure, the surgeon will use an extremely fine forceps, 

under high magnification, to try to grasp and gently peel away the ILM layer from the retina. 

Diamond dusted or other treated probes or instruments are used to scrape or pull the retinal tissue 

or an ILM layer into a condition where it can be grasped by the forceps for grasping and peeling 

of the ILM layer. Such an operation, however, is extremely delicate and requires a significant 

degree of precision as there is a danger of pressing and/or pinching too deeply into the ILM and 

underlying retinal tissue during such a peeling operation. This can result in possible infection, 

bleeding, retinal detachment, and damage of the underlying retina layer that can facilitate 

cataract progression. Typically, recurrence of epiretinal membranes forming across the macula
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9 generally occurs in approximately ten percent of patients following an initial vitreoretinal 

surgery involving such membrane peeling procedures.

[0004a] A reference herein to a patent document or any other matter identified as prior art, is 

not to be taken as an admission that the document or other matter was known or that the 

5 information it contains was part of the common general knowledge as at the priority date of 

any of the claims.

[0004b] Where any or all of the terms "comprise", "comprises", "comprised" or "comprising" 

are used in this specification (including the claims), they are to be interpreted as specifying the 

presence of the stated features, integers, steps or components, but not precluding the presence 

10 of one or more other features, integers, steps or components.

SUMMARY

[0005] Briefly described, the present disclosure generally is directed to a surgical instrument 

with an adhesion optimized edge condition. According to one aspect, the disclosure describes 

15 a forceps including a body, pincers extending from a first end of the body, a grasping edge 

formed at distal end of at least one of the pincers, and a textured surface formed along at least 

a portion of the grasping edge. The pincers may be movable between an open configuration 

and a closed configuration. The textured surface may be configured to generate a capillary 

action with a contacted membrane as the pincers are moved into the closed configuration.

20 [0006] Another aspect of the disclosure encompasses a vitreoretinal forceps that includes a

pair of spaced resilient pincers movable between an open configuration and a closed 

configuration, a textured surface formed along a distal end of each pincer comprising a 

plurality of cavities disposed at spaced intervals. The textured surface is configured to 

generate adhesion with a membrane adjacent to the pincers. The adhesion being formed by the 

25 membrane filling the plurality of cavities.

[0006a] According to an aspect, the invention provides a forceps comprising: a body; a first

pincer and a second pincer extending from a first end of the body, the first pincer and the

second pincer movable between an open configuration and a closed configuration, each of the

first pincer and the second pincer comprising: a longitudinally extending portion; a hook-

30 shaped curved portion formed at a distal end of the longitudinally extending portion, the hook­

shaped curved portion curved inwardly and terminating with a grasping surface, the grasping

surface of the first pincer and the grasping surface of the second pincer facing each other; an
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end surface formed along a distal side of the hook-shaped curved portion, the end surface 

formed adjacent to the grasping surface; a grasping edge extending between the grasping 

surface and the end surface; and a textured surface formed along at least a portion of the end 

surface, the textured surface configured to generate a capillary action with a contacted

5 membrane as the pincers are moved into the closed configuration, wherein the grasping edge 

of each of the first pincer and the second pincer defines a rounded surface such that the end 

surface, the grasping edge and the grasping surface define a continuous surface.

[0006b] According to an aspect, the invention provides a vitreoretinal forceps comprising: a 

pair of spaced resilient pincers movable between an open configuration and a closed

10 configuration, each of the pair of pincers comprising: a longitudinally extending portion; a 

hook-shaped curved portion formed at a distal end of the longitudinally extending portion, the 

hook-shaped curved portion curved inwardly and terminating with a grasping surface, the 

hook-shaped curved portion comprising: an inwardly extending portion; and a curved portion 

disposed between the inwardly extending portion and the longitudinally extending portion, the

15 grasping surface of each of the pincers facing each other; an end surface formed along the 

inwardly extending portion, the end surface formed adjacent to the grasping surface; a rounded 

grasping edge extending between the grasping surface and the end surface; and a textured 

surface formed along the end surface of each pincer comprising a plurality of raised 

protrusions disposed at spaced intervals, the textured surface configured to generate a capillary

20 action with a contacted membrane adjacent to the pincers as the pincers are moved into the 

closed configuration, and wherein the grasping edge of each of the first pincer and the second 

pincer defines a rounded surface such that the end surface, the grasping edge and the grasping 

surface define a continuous surface; wherein the textured surface is not formed along the 

longitudinally extending portion of the pincers.

25 [0006c] According to an aspect, the invention provides a forceps comprising: a body; a first

pincer and a second pincer extending from a first end of the body, the first pincer and the 

second pincer movable between an open configuration and a closed configuration, each of the 

first pincer and the second pincer comprising: a longitudinally extending portion; a hook­

shaped curved portion formed at a distal end of the longitudinally extending portion, the hook-

30 shaped curved portion curved inwardly and terminating with a grasping surface, the grasping 

surface of the first pincer and the grasping surface of the second pincer facing each other, the 

hook-shaped curved portion comprising: an inwardly extending portion; and a curved portion
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9 disposed between the inwardly extending portion and the longitudinally extending portion; an 

end surface formed along the inwardly extending portion and disposed adjacent to the grasping 

surface; a grasping edge extending between the grasping surface and the end surface; and a 

textured surface formed along at least a portion of the end surface and not extending along the 

5 longitudinally extending portion, the textured surface configured to generate a capillary action 

with a contacted membrane as the pincers are moved into the closed configuration; wherein 

the grasping edge of each of the first pincer and the second pincer defines a rounded surface 

such that the end surface, the grasping edge and the grasping surface define a continuous 

surface.

10 [0007] The various aspects may include one or more of the following features. The capillary

action may be generated by the textured surface that substantially matches the adhesion of the 

membrane. The surface topography of the textured surface may be substantially non-uniform. 

A distal end of at least one of the pincers includes a rounded grasping edge. The rounded 

grasping edge may include a radius within the range of approximately 500 nm to

15 approximately 30,000 nm. A distal tip of at least one of the pincers may include a chamfered 

tip with an angle of between about 250 and 45'. The textured surface may include an array of 

apertures and a plurality of peaks disposed between the apertures.

[0008] The various aspects may also include one or more of the following features. The 

textured surface may include a series of irregularly formed projections with the cavities 

20 defined therebetween. The cavities defined between the projections may be substantially non­

uniform. The plurality of cavities may include an array of apertures, and wherein the textured 

surface further comprises a plurality of peaks formed between the apertures.

2b
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[0009] Various features, objects and advantages of the present disclosure will become apparent 

to those skilled in the art upon a review of the following detailed description, when taken in 

conjunction with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a perspective illustration of an example implementation of a forceps with an 

adhesion-optimized edge condition.

[0011] FIG. 2 is a top view of the example forceps shown in FIG. 1.

[0012] FIG. 3 is a detail view of distal ends of the pincers shown in FIG. 2.

[0013] FIG. 4 is a partial cross-sectional view of example pincers engaging an ILM in which the 

engaging edges and engaging surface include a textured surface.

[0014] FIG. 5 is a detail view of a portion of the textured surface shown in FIG. 4.

[0015] FIGs. 6-9 are detail views of other example textured surfaces.

[0016] FIG. 10 is a top view of another example forceps.

[0017] FIG. 11 is a detail view of a distal end of one of the pincers of the example forceps shown 

in FIG. 10.

[0018] FIG. 12 is a side view of the distal end of the pincers of the example forceps shown in 

FIG. 10.

[0019] FIGs. 13-14 are detail views of the distal ends of the pincers of other example forceps.

[0020] FIG. 15 a perspective view of another example forceps.

[0021] FIG. 16 shows a side view of a portion of the pincers shown in FIG. 15.

[0022] FIG. 17 is a top view of the example forceps shown in FIG. 15 in an open configuration.

[0023] FIG. 18 is a top view of the example forceps shown in FIG. 15 in a closed configuration.

[0024] Those skilled in the art will appreciate and understand that, according to common 

practice, the various features of the drawings discussed below are not necessarily drawn to scale, 

and that the dimensions of various features and elements of the drawings may be expanded or 

reduced to more clearly illustrate the example implementations of the present disclosure 

described herein.
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DETAILED DESCRIPTION

[0025] The present disclosure describes various example implementations of surgical 

instruments configured to remove an internal limiting membrane (“ILM”). Particularly, the 

disclosure describes example vitreoretinal forceps for use in vitreoretinal surgical procedures. In 

particular, the disclosure describes vitreoretinal forceps adapted for use in vitrectomy or 

membrane peeling procedures in which the ILM, or other membranes, are engaged and peeled 

away from the retina. The vitreoretinal forceps are optimized such that an amount of force 

applied to the ILM by the forceps and/or a depth the forceps are pressed into the ILM is 

substantially minimized while, at the same time, is sufficiently engaging the ILM for removal 

from the retina. Consequently, the vitreoretinal forceps are operable to remove the ILM while 

reducing the potential for damage or injury to the underlying retinal tissue.

[0026] Referring to EIGs. 1 through 3, the forceps 10 may include an elongated body 11. In 

some instances, the elongate body 11 may be formed from a pair of body sections 12A and 12B. 

The body sections 12A, 12B may be coupled together to form a unitary body structure. In other 

implementations, the elongated body 11 may be a unitary body. The elongated body 11 may be 

formed from any of a variety of materials. Particularly, the elongated body 11 may be formed 

from a medical grade material. Lor example, the elongated body 11 may be formed from a 

metal, such as titanium or stainless steel, nickel-titanium alloys or “Nitinol,” or other similar 

alloy materials. Additionally, the elongated body 11 may be formed from a polymer, such as a 

medical grade plastic; synthetics materials (e.g., synthetic fibers or synthetic diamond); or 

composite materials. Also, the forceps 10 may be an instrument that is disposable after a single 

use. Alternately, the forceps 10 may be sterilizable and, thus, reusable.

[0027] Referring to PIGs. 2 and 3, the forceps 10 also includes a pair of pincers 13 and 14. The 

pincers 13, 14 include distal ends 17 that have a curved portion defining a hooked or C-shaped 

configuration. The curved nature of the distal ends 17 of the pincers 13,14 permits the engaging 

surfaces 27 to be offset inwardly from the remainder of the pincers 13, 14. Purther, with the 

distal ends 17 having a curved portion, the engaging surfaces 27 may be aligned with each other 

so as to substantially engage when the pincers 13, 14 are moved into the closed configuration. 

[0028] Grasping surfaces 27 are defined at the distal end 17 of the pincers 13, 14. The grasping

surfaces 27 are adapted to engage the ILM or other membranes. Also, grasping edges 22 may

4
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also be important in engaging and grasping the ILM or other membranes. The grasping edges 22 

are a portion of an exterior surface of the pincers 13, 14 disposed between the grasping surfaces 

27 and end surface 15. The pincers 13, 14 also include outer surfaces 26 that extend from end 

surfaces 15 along curvatures 19 of the pincers 13, 14. One or more of the grasping surfaces 27, 

the grasping edges 22, and the outer surfaces 26 may be enhanced to facilitate and/or optimize 

gripping and adhesion of the ILM or other membranes thereto.

[0029] The grasping edges 22 may be radiused or include a portion that is radiused. In some 

instances, a curvature of at least a portion of the grasping edges 22 may have a radius of 50 nm 

to 30,000 nm. However, in other instances, the radius may be larger or smaller than the 

indicated range. Additionally, in some instances, the exterior surface 15 may also be enhanced 

to promote adhesion with the ILM or other membranes.

[0030] The configuration of the grasping edge 22 provides for improved grasping of membranes, 

such as the ILM. For example, a radius of the grasping edge 22 (or a portion thereof) within the 

range identified above provides for enhanced grasping of the membrane. In some instances, the 

enhanced grasping reduces a force that must be applied to the membrane via the forceps in order 

to successfully grasp and remove the membrane. Consequently, risks associated with engaging, 

grasping, and removing membranes may be reduced. Further, as explained below, the grasping 

edges 22 may also include a textured surface. The textured surface further enhances adhesion of 

a membrane, thereby further reducing forces required to engage the membrane with the forceps. 

Again, the reduced forces further improve performance of the forceps and further reduces 

potential risks, e.g., harm to underlying tissues, associated with grasping and removal of 

membranes.

[0031] FIG. 4 shows a detail view of the distal ends 17 of the pincers 13, 14. Particularly, FIG. 4 

shows the grasping surfaces 27 and the grasping edges 22 engaged with ILM 60. In the 

illustrated example, the grasping surfaces 27 and the grasping edges 22 include a textured 

surface 50.

[0032] The enhanced surface may be textured or otherwise formed with a roughened or 

patterned surface. The grasping surfaces 27 and, in some instances, both the grasping surfaces 

27 and the grasping edges 22 are adapted to induce large adhesion forces on membranes engaged 

therewith. The textured surface 50 provides the grasping surfaces 27 and/or the grasping edges 

22 with a surface condition that is optimized for engaging and grasping the ILM 60 or other

5
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membranes, for example, during a peeling operation. In still other implementations, one or more

of the exterior surfaces 15, the outer surfaces 26, or one or more portions of these surfaces may

also include a textured surface, such as textured surface 50, to enhance adhesion between the

surface and a membrane.

[0033] FIG. 5 is a detail view of the textured surface 50 shown at location A in FIG. 4. In the 

example shown in FIG. 5, the texture surface 50 includes a plurality of recesses or apertures 

(collectively referred to hereinafter as recesses 63). The plurality of recesses 63 may be 

substantially uniformly distributed over the intended surfaces, for example, one or more of the 

grasping surfaces 27, grasping edges 22, and exterior surfaces 15. In some implementations, two 

or more of the recesses 63 may have a spacing 64 of approximately 100 gm and a depth 65 of 

approximately 6 gm. In other instances, though, the spacing 64 may be greater or less than 100 

gm. Further, the depth 65 of recesses 63 may be greater or less than 6 gm. For example, in 

some instances, the space 64 and depth 65 of the plurality of recesses 63 may be selected based 

on a particular type of membrane to be engaged, the sensitivity of the membrane, or based on 

other considerations.

[0034] The textured surface 50 may have other surface features. For example, FIG. 6 shows a 

detail cross-sectional view in which the textured surface 50 has a plurality of raised protrusions 

66. In some instances, two or more of the protrusions 66 may be separated with a spacing 64 of 

approximately 100 gm. Further one or more of the protrusions 66 may have a height 67 of 

approximately 6 gm. In other instances, though, the spacing 64 may be greater or less than 100 

gm. Further, the height 67 of protrusions 66 may be greater or less than 6 gm. For reasons 

similar to those explained above, the spacing 64 and height 67 of the protrusions 66 may be 

selected based on characteristics of the membrane to be grasped or other consideration associated 

with the membrane, such as location, proximity to other sensitive tissues, or other aspects related 

to the membrane.

[0035] While FIGs. 5 and 6 show example features formed on and/or in the textured surface 50, 

the scope is not so limited. For example, in some instances, the textured surface 50 may include 

a plurality of grooves. FIG. 7 shows a portion of textured surface 50 in which a plurality of 

grooves 68 are formed. In some instances, two or more of the grooves 68 may be separated by 

100 gm. Also, one or more of the grooves 68 may have a depth of 6 gm. However, as explained 

above, the spacing and depth of the grooves may vary.

6
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[0036] FIG. 8 shows an example textured surface 50 with a plurality of ridges 69. The ridges 69 

may extend alone one or more portions of the surface, such as one or more of the grasping 

surfaces 27 or grasping edges 22. Spacing and heights of some of the ridges 69 may be similar 

to the spacing and heights described above, such as the spacing 64 and height 67. In some 

implementations, the textured surface 50 may have a random texture. For example, as shown in 

FIG. 9, the textured surface 50 may include a random distribution of surface features. For 

example, the textured surface 50 may include a random network of ridges, grooves, recesses, 

protrusions, or any combination thereof. Similar to the example textured surfaces described 

above, the textured surface 50 shown in FIG. 9 configured based on characteristics of the 

membrane to be grasped.

[0037] In still other implementations, the textured surface 50 may include two or more different 

textures described herein in a substantially uniform arrangement. In other implementations, the 

textured surface 50 may include two or more of the textures described herein in a substantially 

random arrangement. Further, the textured surface 50 may include substantially all of a single 

type of texture in which the dimensions and/or spacing of the features vary along the textured 

surface 50. In still other implementations, the texture surface 50 may include a plurality of the 

textures described herein in which the sizes and/or spacing of the textures vary along the textured 

surface 50. For example, the selection and/or arrangement of the textures may be selected so that 

the adhesion forces generated by the textured surface 50 is optimized for a type of membrane for 

which grasping is desired.

[0038] Further, the textured surface 50 may have a root mean squared (RMS) surface roughness 

of 1 to 10 microns (i.e., 1 x 10’6 m to 10 x 10’6 m). However, in other instances, the RMS 

surface roughness may be greater or less than 1 to 10 microns. The surface roughness of the 

textured surface 50 may vary based on characteristics of the membrane, such as one or more of 

the considerations described above.

[0039] The textured surface 50 may be formed using a variety of techniques. For example, the 

textured surfaces 50 may be formed by etching, electro-polishing, laser texturing, or other 

roughening or texturing techniques. As a result, in some implementations, the grasping edges 

22, grasping surfaces 27, exterior surfaces 15, outer surfaces 26 or any combination thereof may 

be provided with a surface roughness that is operable to induce a capillary effect, fostering 

adhesion between a membrane, such as the upper layer 61 of the ILM 60, and the grasping edges 

7
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22, grasping surfaces 27, exterior surfaces 15, or outer surfaces 26 of the pincers 13, 14, as 

illustrated in FIG. 4. Thus, an optimized gripping or adhesive edge condition is created that 

enables enhanced gripping and/or adhesion between the forceps 10 and the ILM 60 with a 

minimal engaging force being applied to the ILM 60, as well as the underlying retina 62. The 

enhanced gripping provides for improved peeling of the membrane while substantially reducing 

the risk of damage to an underlying tissue.

[0040] As shown, for example, in FIGs. 1, 2, 10, 15, 17, and 18, the pincers 13 and 14 of the 

forceps 10 generally diverge or spread outwardly from their proximal ends 16 toward their distal 

ends 17 defining an open configuration. The pincers 13, 14 may be biased in the open 

configuration. For example, bias of the pincers 13, 14 into the open configuration may be 

provided by a natural or inherent resilience of a material from which the pincers 13, 14 and/or 

the elongated body 11 is formed.

[0041] The pincers 13, 14 are moveable into a closed configuration in which the distal ends 17 

of the pincers 13, 14 are brought towards each other. In some instances, the distal ends 17 come 

into contact in the closed configuration. For example, in some implementations, the grasping 

surfaces 27 and/or the grasping edges 22 come into contact when the pincers 13, 14 are in the 

closed configuration. In other instances, the distal ends 17 of the pincers 13, 14 come into a 

close relationship such that the grasping surfaces 27 and/or the grasping edges 22 are directly 

adjacent to each other without contacting in the closed configuration, as shown, for example, in 

FIG. 3. In the closed configuration, the grasping surfaces 27 may be utilized for engaging and/or 

grasping a flap or other portion of a top layer 61 of the ILM. As such, the forceps 10 may be 

utilized to peel of the ILM 60 away from the retina 62.

[0042] In other implementations, such as the examples shown in FIGs. 10 through 12, tips 21 of 

the pincers 13, 14 may taper in the distal direction. For example, in some instances, the tips 21 

of the pincers 13, 14 may taper in two directions, as shown in FIGs. 10 and 12. In other 

instances, the taper of the tips 21 of the pincers 13, 14 may be in only a single direction. For 

example, the tips 21 of the pincers 13, 14 may taper distally in a first direction (e.g., as shown in 

FIG. 10) and not in a second direction (e.g., as shown in FIG. 12) or vice versa.

[0043] FIG. 13 shows a detail view of distal ends of example pincers 13, 14. The pincers 13, 14 

include grasping edges 22 that include inwardly protruding tips 23. The grasping edge 22 of the 

pincers 13, 14 may also include recesses 35. Thus, in some implementations, the grasping edges

8
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22 of the pincers 13,14 may be symmetrical. In other implementations, the grasping edges 22 of

the pincers 13, 14 may be asymmetrical. FIG. 14 shows grasping edges 22 of pincers 13, 14 that

are asymmetrical. For example, the grasping edge 22 of pincer 13 may include a protrusion 36

that is received within a recess 37 of the grasping edge 22 of pincer 14.

[0044] Similar to the examples described above, the pincers 13, 14 shown in FIGs. 13 and 14 

may also include a textured surface, such as one or more of the textured surfaces 50 described 

above, on one or more of the grasping edges 22, the end surfaces 15, or outer surfaces 26.

[0045] Referring again to FIGs. 10-12, the distal ends of the pincers 13, 14 may also include a 

rounded distal surface 32. FIG. 11 shows a detail of location B in FIG. 10 that shows the 

rounded distal surface 32. The rounded distal surface 32 may have a radius of curvature radius 

so as to define a shape corresponding to a shape of the retina. Further, the grasping edges 22 

may extend continuously along the curved tip 21 of the pincers, as shown in FIG. 12. In the 

examples shown in FIGs. 10-12, the curved tips 21 define a reduced area for grasping a 

membrane, such as the ILM. In some implementations, one or more of the rounded distal 

surfaces 32, the grasping edges 22, or the grasping surfaces 27 may include a textured surface, 

such as one or more of the textured surfaces described above.

[0046] FIGs. 15-18 illustrate another example forceps 10. As shown in FIG. 16, the tips 21 may 

be chamfered so as to define an angle 0 between grasping edges 22 and longitudinal axis 43. In 

some instances, the angle 0 may be approximately 25° to 45°. However, the angle 0 may be any 

desired angle. The grasping surfaces 27 of the pincers 13, 14 may be substantially flat.

[0047] In addition, as illustrated in FIG. 17, the exterior surfaces 15 of the pincers 13, 14 may 

also be formed at an angle φ. In some instances, the angle φ of the exterior surfaces 15 relative 

to the grasping surfaces 27 may be approximately 25° to 45°. However, the angle φ of the outer 

side surfaces 44 may be disposed at an angle greater or smaller than this range. As explained 

above, one or more of the grasping edges 22, grasping surfaces 27, or exterior surfaces 15 may 

include a texture, such as one or more of the textured surfaces 50 described above.

[0048] A shape of the grasping edges 22, the grasping surfaces 27, the exterior surfaces 15, 

and/or the outer surfaces 26 may be selected to further enhance the grasping performance of the 

pincers 13, 14. For example, the geometries of one or more of these features may be selected to 

enhance grasping performance. Further, the geometry of these features as well as the textured 

surface(s) 50 applied to one or more of the features may also be selected to enhance (e.g.,
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optimize) capillary action, thereby enhancing (e.g., maximizing) adhesion between the forceps 

10 and a particular membrane. Characteristics of the membrane, such as elasticity and thickness 

of the membrane, may also be considered in selecting a textured surface 50.

[0049] Enhanced attraction between the forceps 10 and a membrane, such as the ILM, results in 

an enhanced or increased capillary force to cause a membrane (e.g., the top layer of the ILM) to 

flow around or about the surface features of the textured surface 50 and into the gap formed 

between the grasping surfaces 27. This enhanced capillary effect in turn increases and/or 

enhances the adhesion force between the forceps 10 and the ILM 60. At the same time, the 

enhanced capillary effect enables ILM peeling to be performed with a reduction in pressure 

applied to the ILM and underlying tissues as well as minimization of scraping forces being 

applied to the ILM and underlying retina by the forceps 10 when gripping and peeling of the 

ILM. Consequently, the risk of injury to the underlying tissues, such as the retina, is 

substantially reduced during a peeling operation.

[0050] Referring to FIG. 18, in some implementations, after an incision 51 is made in the upper 

layer 61 of the ILM 60, the forceps 10 may be used to scrape and engage a flap 52 formed by the 

incision 51 or other portion of the ILM 60 for peeling. As the grasping edges 22 are moved into 

engagement with the ILM 60 at an incision site 55, an outer sleeve 56 of the forceps 10 may be 

moved relative to the forceps 10 in the direction of arrow 57. FIGs. 2, 17, and 18 illustrate 

operation of the sleeve 56. The sleeve 56 engages the pincers 13, 14 and urges the pincers 13, 14 

into their closed configuration. Consequently, the pincers 13, 14 close and engage the ILM 60. 

Referring to FIG. 18, as the pincers 13, 14 are urged toward their closed configuration, the 

grasping edges 22 alone or in combination with one or more of the grasping surfaces 27, exterior 

surfaces 15, or outer surfaces 26 of the pincers 13, 14 engage and scrape or urge a portion of the 

ILM 60 inwardly. The ILM 60 is pulled and pinched between the grasping edges 22. Thereafter, 

the forceps 10 can be used to pull or peel the ILM 60 away from the underlying retina 62. The 

underlying retina 62 is unaffected and remains substantially untouched, thereby minimizing the 

damage thereto. When peeling has been completed, the sleeve 56 may be moved in the direction 

of arrow 58. As a result, the sleeve 56 disengages the pincer 13, 14 and the inherent bias of the 

pincers 13, 14 into the open configuration causes the pincers 13, 14 to return to the open 

configuration, releasing the ILM.

10
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[0051] The foregoing description generally illustrates and describes various example 

implementations of the present disclosure. It will, however, be understood by those skilled in the 

art that various changes and modifications can be made to the above-discussed construction 

without departing from the spirit and scope of the disclosure. It is also intended that all matter 

5 contained in the above description or shown in the accompanying drawings shall be interpreted 

as being illustrative, and not to be taken in a limiting sense. Furthermore the scope of the present 

disclosure shall be construed to cover various modifications, combinations, additions, alterations, 

etc., to the above-described examples, which shall be considered to be within the scope of the 

present disclosure. Accordingly, various features and characteristics of the present disclosure as 

10 discussed herein may be selectively interchanged and applied to other illustrated and non­

illustrated implementations of the disclosure, and numerous variations, modifications, and 

additions further can be made thereto without departing from the spirit and scope of the present 

disclosure as set forth in the appended claims.
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The claims defining the invention are as follows:

1. A forceps comprising:

a body;

a first pincer and a second pincer extending from a first end of the body, the first pincer 

and the second pincer movable between an open configuration and a closed configuration, 

each of the first pincer and the second pincer comprising:

a longitudinally extending portion;

a hook-shaped curved portion formed at a distal end of the longitudinally extending 

portion, the hook-shaped curved portion curved inwardly and terminating with a grasping 

surface, the grasping surface of the first pincer and the grasping surface of the second pincer 

facing each other;

an end surface formed along a distal side of the hook-shaped curved portion, the end 

surface formed adjacent to the grasping surface;

a grasping edge extending between the grasping surface and the end surface; and

a textured surface formed along at least a portion of the end surface, the textured 

surface configured to generate a capillary action with a contacted membrane as the pincers are 

moved into the closed configuration,

wherein the grasping edge of each of the first pincer and the second pincer defines a 

rounded surface such that the end surface, the grasping edge and the grasping surface define a 

continuous surface.

2. The forceps of claim 1, wherein the textured surface comprises a plurality of 

protrusions and valleys formed therebetween defining a surface topography, and wherein the 

capillary action is operable to cause the membrane to be accepted into the valleys.

3. The forceps of claim 2, wherein the surface topography of the textured surface of each 

of the first pincer and the second pincer is non-uniform.

4. The forceps of claim 1, wherein the textured surface of each of the first pincer and the 

second pincer comprises an array of apertures and a plurality of peaks disposed between the 

apertures.

5. The forceps of any one of claims 1 to 4, wherein the rounded grasping edge of each of 

the first pincer and the second pincer comprises a radius within the range of approximately 

500 nm to approximately 30,000 nm.
12
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6. The forceps of any one of claims 1 to 5, wherein a distal tip of at least one of the first 

pincer and the second pincer comprises a chamfered tip with an angle of between about 25° 

and 45°.

7. A vitreoretinal forceps comprising:

a pair of spaced resilient pincers movable between an open configuration and a closed 

configuration, each of the pair of pincers comprising:

a longitudinally extending portion;

a hook-shaped curved portion formed at a distal end of the longitudinally 

extending portion, the hook-shaped curved portion curved inwardly and terminating with a 

grasping surface, the hook-shaped curved portion comprising:

an inwardly extending portion; and

a curved portion disposed between the inwardly extending portion and 

the longitudinally extending portion, the grasping surface of each of the pincers facing each 

other;

an end surface formed along the inwardly extending portion, the end surface 

formed adjacent to the grasping surface;

a rounded grasping edge extending between the grasping surface and the end 

surface; and

a textured surface formed along the end surface of each pincer comprising a plurality 

of raised protrusions disposed at spaced intervals, the textured surface configured to generate a 

capillary action with a contacted membrane adjacent to the pincers as the pincers are moved 

into the closed configuration, and

wherein the grasping edge of each of the first pincer and the second pincer defines a 

rounded surface such that the end surface, the grasping edge and the grasping surface define a 

continuous surface;

wherein the textured surface is not formed along the longitudinally extending portion 

of the pincers.

8. The vitreoretinal forceps of claim 7, wherein the textured surface comprises a series of 

cavities.

9. The vitreoretinal forceps of claim 8, wherein the cavities defined between the 

projections are non-uniform.
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10. The forceps of any one of claims 1 to 9, wherein the textured surface comprises a 

plurality of raised protrusions.

11. The forceps of claim 10, wherein a height of the plurality of raised protrusions is 

approximately 6 pm.

12. The forceps of claim 10, wherein a height of the plurality of raised protrusions is less 

than 6 pm.

13. The forceps of any one of claims 10 to 12, wherein a separation spacing between two 

or more of the raised protrusions is less than 100 pm.

14. A forceps comprising:

a body;

a first pincer and a second pincer extending from a first end of the body, the first pincer 

and the second pincer movable between an open configuration and a closed configuration, 

each of the first pincer and the second pincer comprising:

a longitudinally extending portion;

a hook-shaped curved portion formed at a distal end of the longitudinally extending 

portion, the hook-shaped curved portion curved inwardly and terminating with a grasping 

surface, the grasping surface of the first pincer and the grasping surface of the second pincer 

facing each other, the hook-shaped curved portion comprising:

an inwardly extending portion; and

a curved portion disposed between the inwardly extending portion and the 

longitudinally extending portion;

an end surface formed along the inwardly extending portion and disposed adjacent to 

the grasping surface;

a grasping edge extending between the grasping surface and the end surface; and

a textured surface formed along at least a portion of the end surface and not extending 

along the longitudinally extending portion, the textured surface configured to generate a 

capillary action with a contacted membrane as the pincers are moved into the closed 

configuration;

wherein the grasping edge of each of the first pincer and the second pincer defines a
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rounded surface such that the end surface, the grasping edge and the grasping surface define a 

continuous surface.

15. The forceps of claim 14, wherein the textured surface comprises a plurality of 

protrusions and valleys formed therebetween defining a surface topography, and wherein the 

capillary action is operable to cause the membrane to be accepted into the valleys.

16. The forceps of claim 15, wherein the surface topography of the textured surface of 

each of the first pincer and the second pincer is non-uniform.

17. The forceps of claim 14, wherein the textured surface of each of the first pincer and the 

second pincer comprises an array of apertures and a plurality of peaks disposed between the 

apertures.

18. The forceps of any one of claims 14 to 17, wherein a distal tip of at least one of the 

first pincer and the second pincer comprises a chamfered tip with an angle of between about 

25° and 45°.
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