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TISSUE HOLDING DEVICES AND METHODS FOR MAKING THE SAME

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the benefit of U.S. Provisional Application

Serial No. 60/798,806 filed on May 4 , 2006.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to tissue holding devices, and more

particularly to tissue holding devices and methods for making the same that

are particularly suited for tissue reinforcement, approximation and/or

repositioning, or for securing tissue to implantable prostheses.

2 . Background Discussion

Sutures have been used for many decades for wound closure and/or

tissue approximation in a variety of medical applications. More recently,

barbed sutures have been gaining attention for various medical applications

as well. Barbed sutures typically have a series of "barbs" that extend

outwardly from the suture, with the objective being that such barbs increase

the holding strength of the suture and/or eliminate the need for knot tying.

In most barbed sutures that exist in the marketplace, the barbs are

formed by cutting into the suture shaft with a blade of some sort. A n

exemplary barbed suture 10 of this type is illustrated in Fig. 1. For each barb

11 that is cut into the suture shaft 12, the end of the cut area, or base 13 of

the barb acts as a weak lever that allows the barb to bend backwards under



stress. In addition, the diameter of the suture Di is reduced along the area

into which a barb has been cut (as illustrated at D2) , which greatly reduces

the tensile strength of the suture. Cutting into the suture shaft to form the

barbs also has another disadvantage in that the number, size and geometry

of the barbs is limited. This is so because the spacing between the barbs,

the barb length etc. are greatly constrained by the size of the original suture

because the cuts begin to interfere with one another and/or adversely affects

the mechanical strength of the suture. There are also size limitations on

what can be achieved with such a barbed suture. For example, as the barb

size decreases, the size of the tooling necessary to cut the barbs becomes

very small and precise, and thus very difficult to manufacture. Further, as

the suture diameter decreases, cutting a barb into a very small cross-section

decimates the strength of the suture due to the resultant thin core.

Other means for creating suture-like products have been suggested.

For example, U.S. Patent Publication No. 2004/0060410 and WO

2006/005144 make reference to other processes such as injection molding,

stamping and laser cutting. U.S. Patent Publication No. 2003/0149447 also

suggests stamping, progressive die cutting, injection molding, and chemical

etching as methods to produce barbed sutures out of a flat material. Each of

these suggested methods has its drawbacks. For example, injection

molding is a process by which liquid material is injected into a die until the

material fills the die, and is then allowed to cool. The sample is

subsequently ejected from the die. With this method, however, because the

material is first melted to allow for injection into the die, any mechanical

strength due to molecular orientation (i.e., such as that seen in a polymer

that has been extruded) is mainly lost. Significant thermal treatment such as

that experienced in injection molding, decreases the amount of molecular

orientation as the chains are able to rearrange into a more random structure.



The loss of molecular orientation can adversely affect mechanical properties

such as yield strength and bending modulus, which adversely affects the

holding strength of the suture. In addition, there is a limitation on the size

and shape of the devices that can be made by injection molding. Capillary

forces will limit the ability to fill a mold in small areas, long run areas, and

intricate geometries. Also, injection molded parts suffer from issues such as

warpage and shrinkage.

The publications mentioned above also suggest stamping and die

cutting as alternative methods for forming such products. Die cutting is

simply the process of cutting shapes from sheets by pressing a shaped

knife-edge into one or more layers of sheeting. Stamping is a more general

term to denote sheet material press-working. It typically involves impressing

a material with some mark or figure. Because these processes only make

imprints in, or "cookie cut" shapes in a given material, they cannot be used to

create intricate 3-dimensional geometries. Further, die cutting or stamping

processes do not promote material flow to fill in a double-female die cavity.

The present invention described herein provides new processes for

forming tissue holding devices that overcome the disadvantages of the

processes described above. Further, the present invention provides various

tissue holding devices having unique geometries achievable using the

methods described herein.

SUMMARY OF THE INVENTION

A method is provided for forming a tissue holding device having a

predetermined shape suitable for use in surgical applications. The method

includes providing a first set of dies each having a top surface having a

recess therein sized and shaped such that, when the recesses face and are
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aligned with one another, a first mold cavity is formed therebetween,

providing a polymeric feedstock material, placing the feedstock material

between opposing top surfaces of the first set of dies, and with the feedstock

material therebetween, pressing the top surfaces of the first set of dies

together until substantially in contact with one another so that the feedstock

material deforms to fill the first mold cavity formed therebetween to thereby

form a pre-form having a shape of the first mold cavity. The method further

includes providing a second set of dies each having a top surface having a

recess therein sized and shaped such that, when the recesses face and are

aligned with one another, a second mold cavity is formed therebetween.

The second mold cavity defines the predetermined shape of the tissue

holding device. The pre-form is placed between opposing top surfaces of

the second set of dies, and with the pre-form therebetween, the method

further includes pressing the top surfaces of the second set of dies together

until substantially in contact with one another so that the pre-form deforms to

fill the second mold cavity formed therebetween to thereby form the tissue

holding device having the predetermined shape. The predetermined shape

includes a core extending along a length thereof, and a plurality of tissue

holding elements extending outwardly therefrom along at least a portion of

the length.

In various embodiments the core may have an outermost dimension

of less than or equal to 0.02 inches, the plurality of tissue holding elements

may have a length less than or equal to 0.2 inches, and/or at least first and

second tissue holding elements positioned opposite one another at

substantially the same location along the length of the core.

In yet another embodiment, the plurality of tissue holding elements

may extend outwardly from the core at an angle, and the tissue holding

device may further include a web-like portion extending between an inner



side of the tissue holding elements and the core, where the web-like portion

is thinner than the tissue holding element.

Also provided is a method for forming a tissue holding device having a

predetermined shape suitable for surgical applications, including the steps

of providing first and second female dies each having respective first and

second top surfaces with first and second recesses formed therein, wherein

the first and second recesses are sized and shaped such that, when aligned

with one another, they together form a mold cavity defining the

predetermined shape. The predetermined shape includes a core extending

along a length thereof, and a plurality of tissue holding elements extending

outwardly from the core. The method further includes providing a polymeric

feedstock material, placing the feedstock material between the top surfaces

of the first and second dies, and with the feedstock material therebetween,

pressing the top surfaces of the first and second dies together until the top

surfaces of the first and second dies are substantially in contact with one

another and the recesses of the first and second dies substantially aligned to

form the mold cavity, so that the feedstock material deforms and fills the

cavity therebetween to thereby form the tissue holding device having the

predetermined shape.

Various embodiments may further include a core having an outermost

dimension less than or equal to 0.02 inches, a plurality of tissue holding

elements having a length less than or equal to 0.2 inches, and/or a plurality

of sets of first and second tissue holding elements, wherein for each set the

first and second tissue holding elements are positioned substantially

opposite one another at substantially the same location along the length of

the core.

Also provided are tissue holding devices produced in accordance with

the method described above, wherein the core of the tissue holding device



has a cross-sectional shape including opposing upper and lower outwardly

curved sides and opposing first and second substantially flat lateral sides.

The device may further have the plurality of tissue holding elements

extending outwardly from the first and/or second lateral sides. In other

embodiments of the device, the tissue holding elements may have a length

less than or equal to 0.2 inches, and/or the core may have an outmost cross-

sectional dimension of less than or equal to 0.02 inches.

In another device produced in accordance with the method described

above, at least one of the plurality of tissue holding elements has a web-like

portion extending between an inner side of the tissue holding element and

the core. In various other devices produced in accordance with the methods

described above, the device may include at least one tissue holding element

having an inner side having a recess therein, and/or a core having a cross-

section that increases in size along at least a portion of the length of the

device.

Finally, yet another method is provided for forming a tissue holding

device having a predetermined shape suitable for use in surgical

applications. The method includes providing a polymeric feedstock material,

using a first set of dies, press forming the polymeric feedstock material into a

pre-form, and providing a receiver plate and a stripper plate each having a

top surface with a recess formed therein having a three-dimensional shaped

such that, when the recesses are aligned and facing one another, a cavity is

formed therebetween capable of receiving therein the pre-form and having a

substantially complementary shape as that of the pre-form. The stripper

plate further has a opening therethrough for receiving a punch. The method

further includes aligning the receiver and stripper plates and placing the pre

form in the cavity formed therebetween, providing a punch having a punch

element having an outer periphery substantially identical to an outer



periphery of the predetermined shape of the tissue holding device, and

having a three dimensional surface contour substantially complementary to a

top surface of a portion of the pre-form to be punched, and pressing the

punch element through the top die and into the pre-form to thereby create

the tissue holding device of the predetermined shape. The predetermined

shape of the tissue holding device includes a core extending along a length

thereof, and a plurality of tissue holding elements extending outwardly

therefrom along at least a portion of the length.

The pre-form may further have a central portion and first and second

enlarged distal ends, with the punch element pressing into only the central

portion of the pre-form.

Various tissue holding devices produced in accordance with this

method are also provided. Embodiments of such tissue holding devices may

further include a core having an outermost cross-sectional dimension of less

than or equal to 0.02 inches, the tissue holding elements having a length

less than or equal to 0.02 inches, and/or a core having a cross-sectional

shape including upper and lower outwardly curved sides and opposing first

and second substantially flat lateral sides. In the latter embodiment, the

plurality of tissue holding elements may further extend outwardly from the

first and/or second lateral sides.

In yet another embodiment, the device further includes a plurality of

sets of first and second tissue holding elements, wherein for each set the

first and second holding elements are positioned substantially opposite one

another at substantially the same location along the length of the core.

In other alternative embodiments, the core may have a substantially

uniform cross-section along its length, or may increase in cross-section

along at least a portion of its length.



In yet another embodiment, at least one of the plurality of tissue

holding elements has an inner side having a recess therein.

Finally, in yet another embodiment, the length of the tissue grasping

elements may increases along at least a portion of the length of the tissue

holding device.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side view of an exemplary prior art suture having barbs

cut therein;

Figures 2a-2c illustrate an exemplary die assembly that can be used

in connection with the present invention;

Figures 3a-3g illustrate feedstock material at various stages during

the formation of a tissue holding device according to exemplary methods of

the present invention, and various cross-sectional shapes at such stages;

Figures 4a-4b illustrate an exemplary compound profile

forming/cutting punch and receiver assembly;

Figures 5a and 5b illustrate an exemplary rotary die assembly;

Figure 6 illustrates an exemplary barbed suture formed by cutting as

previously known;

Figures 7-9b illustrate various configurations of tissue holding devices

according to the present invention; and

Figure 10 is an exemplary illustration of molecular orientation and

optimization thereof.



DETAILED DESCRIPTION OF THE INVENTION

Before explaining the present invention in detail, it should be noted

that the invention is not limited in its application or use to the details of

construction and arrangement of parts illustrated in the accompanying

drawings and description. The invention as illustrated may be implemented

or incorporated in other embodiments, variations and modifications, and may

be practiced or carried out in various ways.

Referring first to Figs. 2a-c and 3 , methods for press forming tissue

holding devices according to the present invention will now be described in

detail. Figs. 2a-2c illustrate first 20 and second 2 1 female dies that together

form a die assembly 22 used to form a material into the desired shape using

some type of press, such as a hydraulic or pneumatic press or the like. As

illustrated in Figs. 2a and 2b, the top surfaces 20a, 21a of the first and

second dies each have a recess 20b, 2 1b therein having a configuration

resembling a portion of the desired tissue holding device to be produced.

When the top surfaces are aligned and brought in contact with one another,

the recesses together form a cavity or mold in the shape of the desired

tissue holding device. The feedstock material, or material to be formed into

the tissue holding device, is typically a solid polymeric material having any

suitable cross-section, such as circular, elliptical, rectangular, square etc.,

and having a length necessary for the given application. The material is

placed between the first and second dies as shown in Fig. 2c, and the dies

closed and forcibly pressed together by a suitable press as described above.

Guide pins 23 or the like are typically used to ensure that the proper



orientation is maintained between the first and second dies. During the

pressing process, the pressure causes material to move into and fill all

portions of the die cavities, even any intricate geometries that may exist.

The dies 20, 2 1 may be compound dies that perform more than one

operation in a single stroke of a press. For example, a given set of dies may

simultaneously form the tissue holding device and trim excess flash material

away by means of pinching, cutting, shearing or the like. The dies and/or the

material can be heated to a temperature that aids in material flow, but does

not significantly compromise the mechanical properties as occurs with

injection molding. In other words, the temperature used will be such that the

material softens, but molecular orientation is not completely lost and

therefore, the strength and stiffness of the material are not significantly

compromised. Softening the material may allow the use of lower pressures

during processing and reduce the amount of flash on the finished samples.

In fact, some thermal treatments may even improve the "functional"

properties of the material. For example, an annealing treatment may be

used to relieve stresses and toughen the material.

Figs. 3a-3f illustrate a similar method using multiple dies. A suitable

feedstock material 25, such as a polymeric material having a generally

rectangular cross section, is shown in Figs. 3a and 3b. First and second

female dies 26, 27 having cavities shaped as shown in Fig. 3d, are press fit

together as described above to cause the polymeric material 25 to take the

new shape 25a shown in Figs. 3c and 3d, which has a rhombohedral-like

cross-section, with a curved top 24a and bottom 24b portions. A second set

of dies 28, 29 is then used to form the material into the final shape 25b as

shown in Figs. 3e and 3f, and to trim off excess material if desired. The use

of multiple sets of dies allows for shaping a given feedstock into a more

desirable shape from which to form the final device shape. A s indicated



above, the dies can be compound dies and the dies and/or material may be

heated to aid in material flow into the die cavities. The use of multiple sets of

dies can serve to limit the amount of heat and/or pressure needed relative to

forming with only one set of dies.

In yet another method, a first set of dies is used to form the pre-form

in a similar manner as described above, then, instead of using a second set

of dies, a compound profile forming/cutting punch and receiver assembly

100 (as shown in Figs. 4a and 4b) is subsequently used to profile cut or

shear the final shape out of the pre-form. The cross-sectional shape of the

pre-form may differ from the cross-sectional shape of the final product. In a

preferred embodiment illustrated in Figs. 3g and 4b, the cross-sectional

shape of the pre-form 600 may have more of an "I-beam" shape with a

central portion 62 and first and second enlarged distal ends 6 1a , 6 1b. By

"enlarged distal ends" what is meant is that the distal ends are enlarged as

compared to the adjacent section of the central portion, but are not

necessarily larger than the entire central portion. For example, as shown in

Fig. 3g, the thickness t of the enlarged distal ends is greater than the

thickness t2 of the adjacent portion of the central portion 62, but is

substantially similar to (and may be larger than) the thickness t3 at the center

of the central portion. These enlarged ends assist in aligning and holding

the pre-form in place within the stripper plate 101 and profile receiver 103

during the subsequent punching step as described below. Providing an

angled transition zone 64 (i.e., at a 45 degree angle) can also improve

holding and alignment of the pre-form.

The stripper plate 101 and receiver plate 103 similarly have recesses

70a, 70b therein that together, when aligned, form a cavity therebetween.

This cavity is capable of receiving the pre-form without exerting any

significant forces on the pre-form. Thus, the recesses include portions 6 10a,



6 10b (Fig. 4b) that are complementary to the first and second enlarged distal

ends 61a, 6 1b of the pre-form, which aid in aligning the pre-form, and

minimizing movement of the pre-form during punching. The stripper plate

101 further includes an opening 72 therethrough designed to receive the

punch as will be described further and having a complementary shape.

The profile punch 102 has an outer periphery 74 that is designed to

define the outer periphery of the final product, as can best be seen in Fig.

4a. This outer periphery defines both the shape of the central core 77 and

tissue grasping elements 78 in the final product. Further, the distal end 615

(Fig. 4b) of the punch has a unique three-dimensional recess 616 therein

that is substantially complementary to the top surface 617 of the central

portion of the pre-form that is to be punched. This three-dimensional aspect

minimizes deformation of the pre-form during the final step as the profile

punch 102 punches out the material. Finally, a width w i of the punch 102 is

preferably less than or equal to a width w2 of the central portion of the pre

form so that pre-form can be aligned and held firmly in place at the enlarged

distal ends during the final punching step. As is well known in the art, the

final punching step is performed by passing the punch element 618 through

the complementary opening 72 in the stripper plate, into the pre-form, and

preferably further through a complementary shaped opening 72a in the

receiver plate, thereby punching out the final product. The advantages of

this method are that it may be easier to use a compound profile

forming/cutting punch as the final step instead of a forming die, to thereby

limit the amount of heat and pressure that is needed. This method may also

reduce the amount of flash produced.

Finally, press-forming or compound profile punching according to the

present invention may also be accomplished using a rotary forming or rotary

through punch and receiver process, similar to a radial forging-type process,



for example, whereby the first 42 and second 44 female dies are circular in

shape and have mold recesses or cavities 46, 48 formed in the outer

circumference, and rotate in compression against one another to form the

material into the desired shape as is illustrated in Figs. 5a and 5b. This

process has the advantage of permitting production of a continuous device,

or one having discrete portions with and without tissue holding elements.

As indicated previously, the above-described methods have distinct

advantages over other known methods in that they enable production of

tissue holding devices having superior mechanical properties, and also

enable production of a tissue holding devices having tissue holding elements

of virtually any geometry. With cut barbed sutures, every barb is carved into

the suture shaft thereby adversely affecting the holding and tensile strength

of the suture at the location of the barb, and providing extensive limitations

on the barb geometry and configuration. For example, it is undesirable to

place cut barbs 650 opposite one another along the suture shaft, as shown

in Fig. 6 , since such a configuration doubles the reduction in the suture shaft

at that location, as can be seen in comparing the suture shaft diameter s -\ to

the suture shaft diameter S at the location of the barbs. Further, intricate

geometries are not possible with cutting, and are limited with injection

molding due to the limitations on flowability and the reduction in mechanical

properties brought about by this method.

With the above-described methods, there are no barbs cut into the

core diameter, but rather there are tissue holding means or elements, such

as protrusions, extensions or the like, extending outwardly from an intact

core, which may be of any circular or non-circular cross-sectional shape The

tissue holding elements can readily be place opposite one another, for

example as shown in Fig. 3e, as there is no reduction in the cross-sectional

area of the core. Not only is reduction in tensile strength of less concern



with press-forming, but it also allows for greater flexibility in suture size

selection, since the original suture diameter or cross-section need not be

greater than desired to accommodate for any reduction associated with

cutting into the suture core or shaft.

Another tissue holding device according to the present invention is

illustrated in Figs. 7-8. Multiple tissue holding elements 30 extend outwardly

from suture shaft 3 1, with each element further including a web-like portion

32 extending between the inner side 36 of the tissue holding element and

the suture shaft. Preferably, this web-like portion is thinner than the main

tissue holding element 30. The web-like portion 32 allows the tissue holding

elements to fold against the suture shaft during insertion into tissue or other

material, but also serves to reinforce the strength of the tissue holding

element and provide resistance against peeling back of the tissue holding

element. This can greatly increase the holding strength for a given suture

diameter and configuration of the tissue holding element 30. Each tissue

holding element may also be configured with a radiused tip 34 to reduce

tissue irritation and the like while still maintaining holding ability. Further, the

web-like portion 32 may be continuous or non-continuous. For example, a

section 32a nearest the base may be eliminated leaving only a strip 32b of

the web-like portion between the tissue holding element and the shaft or

core 3 1 .

In the configuration described above, with or without the web-like

portions, the suture may have a core diameter 35 of approximately 0.005-

0.035 inches, and preferably 0.014 inches. The central core of the device

may also be of any other suitable cross-section, such as the exemplary

embodiment illustrated in Fig. 3f. In this embodiment, opposing upper and

lower sides 45a, 45b are curved, whereas opposing lateral sides 43a, 43b

are substantially flat or straight. The width w and length I are each



preferably in the range of 0.006-0.020 inches, and more preferably

approximately 0.012 inches. For purposes of this disclosure, the term

"outermost dimension" refers to the largest dimension that can be measured

across the cross-section of the core. The length L (see Fig. 7) of the tissue

holding elements may be 0.010-0.20 inches, and preferably approximately

0.030-0.065 inches. Although the tissue holding elements 30 illustrated in

Fig. 7 are substantially conical in shape, any other suitable configuration

may also be used, such as pyramidal, cylindrical etc. In a preferred

embodiment, the base 37 or proximal end of the main tissue holding element

30 has a diameter of approximately 0.006-0.05 inches, and a tip 38 or distal

end has a diameter of approximately 0.001-0.006 inches. Further, although

the illustrated embodiment shows tissue holding elements at approximately

180 degrees spacing about the circumference of the suture shaft (opposite

sides), any other suitable spacing (i.e., 120 degree spacing) may also be

achieved with the methods described herein . Tissue holding element angle

α may be any suitable angle between 1 and 90 degrees, with a currently

preferred embodiment being approximately 52 degrees. Finally, the spacing

between successive barbs on a given side of the suture may be

approximately 0.01-0.1 inches, and preferably approximately 0.030 inches.

The tissue holding devices described herein may be formed of any

material suitable for press-forming and suitable for implantation into the

body. A preferred material is polypropylene or polyvinylidene fluoride

(PVDF). Other suitable polymeric materials include absorbable materials

such as polydioxanone, polyglactin, polyglycolic acid, copolymers of

glycolide and lactide, polyoxaesters, poliglecaprone etc., or non-absorbable

materials such as polypropylene, polyethylene, polyvinylidene fluoride

(PVDF), polyesters, polyethylene terephthalate, glycol-modified polyethylene

terephthalate, polytetrafluoroethylene, fluoropolymers, nylons etc. and the



like, or copolymers of combinations thereof, including combinations of

absorbable and non-absorbable materials. In addition, metals or ceramics

may be suitable for certain applications, such as instances where specific

strength or corrosion resistance is necessary. Yet another embodiment

allows for the addition of fibers, such as glass fibers, to a polymeric material

to provide reinforcement and subsequent increased mechanical properties.

Finally, shape memory metals or polymers could be used that, for example,

maintain the tissue holding elements in a collapsed position during normal

room temperatures, but that return to an uncollapsed position when exposed

to body temperature.

Referring now to Figs. 9a and 9b, the tissue holding elements 900

may be configured to better facilitate folding against the suture shaft 901

during insertion by providing a notch, recess or the like 902 on the inner side

903 thereof, preferably in proximity to the proximal end 904 of the tissue

holding element as shown. The recessed area may decrease tissue trauma

by allowing the tissue holding elements to "fold" during insertion. Further,

the tissue holding elements 900 may be formed with a reinforced or wider

proximal end as shown to provide added strength and to help prevent

peeling back of the tissue holding element.

The devices of the present invention may also incorporate a variety of

additional features such as a tapered leading end 1100 having a smaller

cross-section at the distal end 1101 to lessen resistance and tissue trauma

during insertion. The device of Fig. 9b further has a gradually increasing

outer dimension x (distance between distal tips of opposing or nearly

opposing tissue holding elements) along the length or a portion of the length

from the leading end 1101 toward the distal end 1105. This feature similarly

serves to facilitate insertion of the device into tissue. In addition, the device

of Fig. 9b may include one or more recesses 1106 behind the tissue holding



elements designed and positioned such that the tissue holding element fold

backward at least partially into the recess when the device is drawn through

tissue, which serves to reduce the outer cross-sectional profile and therefore

facilitate insertion, minimize tissue trauma, and minimize the channel formed

in the tissue.

Another advantage of devices formed according to the methods

described above is that such devices can readily take advantage of

molecular orientation and the properties that such orientation imparts to the

final product. For example, the feedstock material can be provided in a

sheet 1000 such as that shown in Fig. 10. With a polymeric material, the

sheet may be constructed so as to have a particular molecular orientation,

such as one that is primarily in the direction of arrow A . If a high tensile

strength is desired in the end product, the feedstock may be cut out of the

sheet in that same direction, such as is shown by reference numeral 1002. If

the holding strength of the tissue grasping devices is the most important, the

feedstock could be cut as shown by reference numeral 1004.

As is apparent from the description above, the use of press-forming or

compound profile punching to form tissue holding devices is highly

advantageous in that it can be used to achieve virtually any three-

dimensional configuration without regard to intricate geometries of the tissue

holding elements, without regard to positioning of the tissue holding

elements, without concern as to reducing the tensile strength of the suture,

and without adversely affecting the structural integrity of the original

feedstock material.

It will be apparent from the foregoing that, while particular forms of the

invention have been illustrated and described, various modifications can be

made without departing from the spirit and scope of the invention.



Accordingly, it is not intended that the invention be limited, except as by the

appended claims.



CLAIMS

What is claimed is :

1. A method for forming a tissue holding device having a predetermined

shape suitable for use in surgical applications, comprising:

providing a first set of dies each having a top surface having a recess

therein sized and shaped such that, when the recesses face and are aligned

with one another, a first mold cavity is formed therebetween;

providing a polymeric feedstock material;

placing the feedstock material between opposing top surfaces of the

first set of dies;

with the feedstock material therebetween, pressing the top surfaces of

the first set of dies together until substantially in contact with one another so

that the feedstock material deforms to fill the first mold cavity formed

therebetween to thereby form a pre-form having a shape of the first mold

cavity;

providing a second set of dies each having a top surface having a

recess therein sized and shaped such that, when the recesses face and are

aligned with one another, a second mold cavity is formed therebetween, the

second mold cavity defining the predetermined shape of the tissue holding

device;

placing the pre-form between opposing top surfaces of the second set

of dies;

with the pre-form therebetween, pressing the top surfaces of the

second set of dies together until substantially in contact with one another so

that the pre-form deforms to fill the second mold cavity formed therebetween

to thereby form the tissue holding device having the predetermined shape,

wherein the predetermined shape includes a core extending along a length



thereof, and a plurality of tissue holding elements extending outwardly

therefrom along at least a portion of the length.

2 . The method according to claim 1, wherein the core has an outermost

dimension of less than or equal to 0.02 inches.

3 . The method according to claim 2 , wherein the plurality of tissue

holding elements have a length less than or equal to 0.2 inches.

4 . The method according to claim 1, wherein the plurality of tissue

holding elements include at least first and second tissue holding elements

positioned opposite one another at substantially the same location along the

length of the core.

5 . The method according to claim 1, wherein the plurality of tissue

holding elements extend outwardly from the core at an angle, and wherein

the tissue holding device further includes a web-like portion extending

between an inner side of the tissue holding elements and the core, wherein

the web-like portion is thinner than the tissue holding element.

6 . A method for forming a tissue holding device having a predetermined

shape suitable for surgical applications comprising:

providing first and second female dies each having respective first

and second top surfaces with first and second recesses formed therein,

wherein the first and second recesses are sized and shaped such that, when

aligned with one another, they together form a mold cavity defining the

predetermined shape, wherein the predetermined shape includes a core



extending along a length thereof, and a plurality of tissue holding elements

extending outwardly from the core;

providing a polymeric feedstock material;

placing the feedstock material between the top surfaces of the first

and second dies;

with the feedstock material therebetween, pressing the top surfaces of

the first and second dies together until the top surfaces of the first and

second dies are substantially in contact with one another and the recesses

of the first and second dies substantially aligned to form the mold cavity, so

that the feedstock material deforms and fills the cavity therebetween to

thereby form the tissue holding device having the predetermined shape.

7 . The method according to claim 6 , wherein the core has an outermost

dimension less than or equal to 0.02 inches.

8 . The method according to claim 7 , wherein the plurality of tissue

holding elements have a length less than or equal to 0.2 inches.

9 . The method according to claim 6 , wherein the plurality of tissue

holding elements include a plurality of sets of first and second tissue holding

elements, wherein for each set the first and second tissue holding elements

are positioned substantially opposite one another at substantially the same

location along the length of the core.

10. A tissue holding device produced in accordance with the method of

claim 6 , wherein the core of the tissue holding device has a cross-sectional



shape comprising opposing upper and lower outwardly curved sides and

opposing first and second substantially flat lateral sides.

11. The device according to claim 10 , wherein the plurality of tissue

holding elements extend outwardly from the first and/or second lateral sides.

12. The device according to claim 10, wherein the tissue holding

elements have a length less than or equal to 0.2 inches.

13. The device according to claim 10, wherein the core has an outmost

cross-sectional dimension of less than or equal to 0.02 inches.

14. A device produced in accordance with the method of claim 6 , wherein

at least one of the plurality of tissue holding elements has a web-like portion

extending between an inner side of the tissue holding element and the core.

15 . A device produced in accordance with the method of claim 6 , wherein

at least one of the plurality of tissue holding elements has an inner side

having a recess therein.

16 . A device produced in accordance with the method of claim 6 , wherein

the core has a cross-section that increases in size along at least a portion of

the length of the device.

17. A method for forming a tissue holding device having a predetermined

shape suitable for use in surgical applications, comprising:

providing a polymeric feedstock material;



using a first set of dies, press forming the polymeric feedstock

material into a pre-form;

providing a receiver plate and a stripper plate each having a top

surface with a recess formed therein having a three-dimensional shaped

such that, when the recesses are aligned and facing one another, a cavity is

formed therebetween capable of receiving therein the pre-form and having a

substantially complementary shape as that of the pre-form, the stripper plate

further having a opening therethrough for receiving a punch;

aligning the receiver and stripper plates and placing the pre-form in

the cavity formed therebetween;

providing a punch having a punch element having an outer periphery

substantially identical to an outer periphery of the predetermined shape of

the tissue holding device, and having a three dimensional surface contour

substantially complementary to a top surface of a portion of the pre-form to

be punched;

pressing the punch element through the stripper plate and into the

pre-form to thereby create the tissue holding device of the predetermined

shape;

wherein the predetermined shape of the tissue holding device

includes a core extending along a length thereof, and a plurality of tissue

holding elements extending outwardly therefrom along at least a portion of

the length.

18. The method according to claim 17, wherein the pre-form has a central

portion and first and second enlarged distal ends, and wherein the punch

element presses into only the central portion of the pre-form.



19. A tissue holding device produced in accordance with the method of

claim 17, wherein the core has an outermost cross-sectional dimension of

less than or equal to 0.02 inches.

20. The tissue holding device according to claim 19, wherein the tissue

holding elements have a length less than or equal to 0.02 inches.

2 1 . The tissue holding device according to claim 19, wherein the core has

a cross-sectional shape comprising upper and lower outwardly curved sides

and opposing first and second substantially flat lateral sides.

22. The tissue holding device according to claim 2 1, wherein the plurality

of tissue holding elements extend outwardly from the first and/or second

lateral sides.

23. The tissue holding device according to claim 22, further comprising a

plurality of sets of first and second tissue holding elements, wherein for each

set the first and second holding elements are positioned substantially

opposite one another at substantially the same location along the length of

the core.

24. The tissue holding device according to claim 19, wherein the core has

a substantially uniform cross-section along its length.

25. The tissue holding device according to claim 19, wherein the core

increases in cross-section along at least a portion of its length.



26. The tissue holding device according to claim 19, wherein at least one

of the plurality of tissue holding elements has an inner side having a recess

therein.

27. The tissue holding device according to claim 19, wherein a length of

the tissue grasping elements increases along at least a portion of the length

of the tissue holding device.
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