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TISSUE REPAIR

CROSS REFERENCE TO RELATED APPLICATION

This application relates to U.S. Patent 7,153,312, which is incorporated herein by 

reference.

5 TECHNICAL FIELD

This description relates to tissue repair.

BACKGROUND

One area in the body where soft tissue is surgically reattached to bone is the 

attachment of a rotator cuff tendon to the humerus. The rotator cuff tendons have areas of

10 low blood supply. With an increased blood supply, a tissue, such as a tendon, can repair 

and maintain itself better and faster. Thus, areas of poor blood supply in the rotator cuff 

make these tendons difficult and slow to heal following an injury, such as a tear to the 

supraspinatus muscle or the subscapularis muscle. In such a tear, part of the tendon is 

pulled away from the bone. Because of the poor blood supply, rather than attempting to

15 allow an injured rotator cuff to heal on its own, a physician often recommends that the 

tendon be surgically repaired to better fix the position of the cuff to the bone to prevent 

further damage and improve the environment for healing. For example, the physician may 

attempt to fix the tendon to the bone using a fixation member such as a retainer or an 

anchor. One example of a fixation member is disclosed in U.S. Patent No. 4,741,330 (the

20 Hayhurst patent).

Other areas in the body also have tissue that can be surgically reattached to bone 

when tom from the bone or can be surgically repaired when a tear forms in the tissue. 

These areas include, for example, the biceps tendon, the lateral collateral ligament in the 

knee, the medial collateral ligament in the knee, the meniscus in the knee, the popliteal

25 ligament in the leg, and the labrum tendon in the knee.

Fibrous tissue wounds, such as muscle, ligament, and cartilage tears, can be 

repaired arthroscopically using flexible members such as sutures. Traditionally, to close a 

fibrous tissue wound, a surgeon would insert two suture needles into the tissue with sutures
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attached, thread the sutures across the wound, and then tie knots to fix the free ends of the 

sutures within the tissue.

To simplify the wound closure procedure and to improve fixation, various types of 

fixation members have been developed. One example of a fixation member in the form of 

5 a retainer is disclosed in the Hayhurst patent. In the Hayhurst patent, one end of a flexible 

member is fixed to a resiliently-deformable, bar-shaped retainer. The retainer is loaded 

into the bore of a hollow needle and deployed into or against the fibrous tissue. The 

surgeon then threads the flexible member across the wound and tensions a free end of the 

suture to pull the wound closed. When the surgeon tensions the suture, the bar in the

10 retainer becomes oriented transversely to the suture hole, holding the suture in place.

U.S. Patent No. 6,024,758 (Thai) describes a two-part captured loop knotless suture 

anchor assembly which includes a suture anchor with a snag device and a catch and loop 

device.

U.S. Patent No. 6,641,596 (Lizardi) describes a knotless suture anchor system for

15 anchoring tissue to bone that includes a suture anchor configured to radially expand into 

bone, a first loop of suture attached to a. distal end of the suture anchor, a suture needle, 

and a second loop of suture thread attached to the needle and interlocked with the first loop 

of suture thread.

SUMMARY

20 In one general aspect of the invention, a tissue repair device comprises:

a closed loop of multifilament flexible material, wherein the loop is knotless and 

includes a contact portion in which ends of the multifilament flexible material are 

interwoven and form a blended region having a uniform or homogenous composition when 

sufficient energy to melt or liquefy the ends is supplied to the ends of the multifilament

25 flexible material;

a rigid fixation member having a structure that defines first and second through 

holes, the first through hole receiving a first part of the closed loop of multifilament 

flexible material and the second through hole receiving a second part of the closed loop of 

multifilament flexible material; and
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a flexible member slidably received through the material of the closed loop and 

having an end that passes through an opening defined in a second fixation member and 

passes through a region of the flexible member that has not been passed through the second 

fixation member to form a second, knotless closed loop to secure the second fixation

5 member to the flexible member.

Implementations of this first aspect of the invention can include one or more of the 

following features. For example, the ends of the multifilament flexible material can be 

thermally fused together within the contact portion. The ends of the multifilament flexible 

material can be melt-formed within the contact portion. The second fixation member can 

10 be rigid and the rigid fixation members may comprise essentially the same shape and/or 

substantially the same overall size.

In another general aspect, a tissue repair device comprises:

a closed loop of multifilament flexible material, wherein the loop is knotless and 

includes a contact portion in which ends of the multifilament flexible material are

15 interwoven and form a blended region having a uniform or homogenous composition when 

energy sufficient to melt or liquefy the ends is supplied to the ends of the multifilament 

flexible material;

first and second rigid fixation members, the first fixation member having a 

structure defining first and second through holes, the first through hole receiving a first 

20 part of the closed loop of multifilament flexible material and the second through hole 

receiving a second part of the closed loop of multifilament flexible material, and the 

second fixation member having a structure defining an opening; and

a flexible member slidably received through the material of the closed loop and 

having an end that passes through the opening in the second fixation member and passes 

25 through a region of the flexible member that has not been passed through the second 

fixation member to form a second, knotless closed loop to secure the second fixation 

member to the flexible member.

Implementations of this aspect of the invention may include that the ends of the 

multifilament flexible material are thermally fused together within the contact portion. 

30 The fusing can be without applying a filler material to the ends of the flexible material.

The tissue repair device of either aspect of the invention can include any of the 

following implementations.
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The multifilament flexible material can be made of polymer-based compound.

The multifilament flexible material can be braided or twisted.

Filaments of one end of the multifilament flexible material can be received through 

filaments of another end of the multifilament flexible material to interweave the ends

5 together.

The first and second fixation members can be configured to be held at an outer 

surface of the tissue after deployment.

The first and second fixation members can be formed as retainers that do not 

include threads or screw forms on their outer surfaces to facilitate holding of the fixation 

10 members to tissue.

The flexible member can be slidably received through the contact portion of the 

closed loop of material. The contact portion may comprise a Chinese trap.

The closed loop acts as a pulley that reduces pinching of the flexible member 

between the tissue and the fixation member during deployment. Additionally, the pulley 

15 design enables the flexible member to slide relative to the fixation member without being 

impeded by the edges of the fixation member or by the tissue when the fixation member is 

deployed in tissue.

DESCRIPTION OF DRAWINGS

Various embodiments of tissue repair device according to the invention will now 

20 be described by way of example only, with reference to the accompanying drawings, in 

which:

Fig. 1A is a perspective view of a tissue repair device.

Fig. IB is an illustration of the tissue repair device of Fig. 1 A, shown mending a 

tear in soft tissue.

25 Fig. 1C is a perspective view of the tissue repair device of Fig. 1 A, shown mending

a tear in soft tissue.

Fig. 2 is a side cross-sectional view of a fixation member and a loop of the tissue 

repair device of Fig. 1 A.

Figs. 3A-3C are side perspective views showing formation of a retaining element 

30 that can be formed in the tissue repair device of Fig. 1 A.
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Fig, 4 is a flow chart of a procedure for forming the loop in the tissue repair device 

ofFig. 1A.

Figs. 5A-5E show perspective views of the multifilament flexible material that is 

formed into the loop in the procedure ofFig. 4.

5 Fig. 6 is a perspective view of another implementation of a tissue repair device.

Fig. 7 is an illustration of a closure device for use in attaching soft tissue to bone.

Fig. 8 is a perspective view of delivery device for inserting a closure device into 

soft tissue.

Fig. 9 is a side view of the delivery device of Fig. 8.

10 Like reference symbols in the various drawings may indicate like elements.

DETAILED DESCRIPTION

Referring to Figs. 1A-1C and 2, a tissue repair device 100 includes a closed loop 

105 of multifilament flexible material. The loop 105 is knotless, that is, the loop 105 is 

formed without tying ends of the multifilament flexible material together into a knot. The 

15 multifilament flexible material is a material suitable for implantation into hard or soft 

human tissue and it may be absorbable or nonabsorbable. The multifilament flexible 

material has two or more fibers or strands that are twisted or otherwise interlinked about 

each other. The multifilament flexible material can contain three or more fibers or strands 

braided or intertwined together. The multifilament flexible material is capable of being 

20 flexed or bent. The loop 105 is closed, with a first end of the multifilament flexible 

material contacts a second end of the multifilament flexible material to form a contact 

portion 110.

The tissue repair device 100 also includes a fixation member 115 defining a cavity 

120, which is a hollowed out portion or through hole, that receives a part 125 of the loop 

25 105. As shown, the fixation member 115 can also include a second cavity 130 that

receives another part 135 of the loop 105. The fixation member 115 can be made of any 

rigid material suitable for implantation into hard or soft human tissue. For example, the 

fixation member 115 can be made of a biocompatible plastic, a biocompatible metal, or a 

bioabsorbable polymer.



C:\NRPortbt\DCCVTXB\4647389_l DOC-lQ/2/2012
20

06
26

18
43

 
03

 O
ct

 2
01

2

-6-

The fixation member 115 can be formed as a retainer that is transferred through a 

tear 160 in tissue 165 and held at an outer surface 170 of the tissue 165 after deployment, 

as shown in Figs. IB and 1C.

The fixation member 115 can be formed as any anchor or a screw that is drilled or

5 driven into the tissue during deployment, such as, for example, anchor 270 shown in Fig.

7. Referring to Fig. 7, soft tissue 262 is secured to bone 264, a suture 266 is attached to a 

first anchor member 270 and a second anchor member 272. Suture 266 has a first end 274 

fixed to anchor member 270, a second free end 276, and a slip knot 268. In an anchor or 

screw form, the fixation member 115 can include one or more threads on its outer surface

10 to facilitate holding of the fixation member 115 to the tissue. However, a knotless loop

105 can be used to secure suture to the anchor 270. Such anchor or screw forms are 

particularly adapted for use in hard tissue such as bone. Alternatively, the fixation member 

115 can be formed with a generally cylindrical shape for receipt within a delivery device, 

such as a needle. The fixation member 115 can have a fin extending from its generally

15 cylindrical shape.

The tissue repair device 100 also includes a flexible member 140, for example, a 

suture, that traverses the loop 105. As shown in Figs. 1A and IB, the flexible member 140 

traverses the loop 105 by being passed through an interior 145 of the loop 105 that is 

bounded by or enclosed by the loop 105 and the fixation member 115. The flexible

20 member 140 is a material suitable for implantation into hard or soft human tissue and it 

may be absorbable or nonabsorbable in the tissue after implantation. For example, the 

flexible member 140 can be made of a natural material, such as, for example, collagen, 

surgical silk, surgical cotton, or surgical steel. As another example, the flexible member 

140 can be made of a synthetic material, such as, for example, a polymer or nylon.

25 Referring also to Figs. 3A-3C, the tissue repair device 100 includes a second

fixation member 150 through which the flexible member 140 is passed, and a retaining 

element 300, for example, a slip knot in the flexible member 140. The flexible member 

140 is passed through the fixation member 150 by threading the flexible member 140 

through a hole within the fixation member 150 and then attaching an end of the flexible

30 member 140 to a region of the flexible member 140 that has not been threaded through the 

fixation member 150. The retaining element 300 permits the flexible member 140 to be 

pulled in the direction of arrow 305 and pass through the retaining element 300, thus



C:\NRPortbf\DCC\TXBU647389_1 DOC-IO/2/2012
20

06
26

18
43

 
03

 O
ct

 2
01

2

-7-

reducing the distance between the fixation member 115 and the fixation member 150 and 

causing sides of the tear 160 to come into contact with each other. The retaining element 

300 prevents an increase in distance between the fixation member 115 and the fixation 

member 150 to prevent the sides of the rear 160 from coming apart after coming in contact 

5 with each other.

Additional examples of the fixation members 115, 150, the retaining element 300, 

and the flexible member 140 can be found in U.S. Patent 7,651,509.

Referring to Figs. 4 and 5A-5E, a procedure 400 is performed to form the loop 105.

Initially, a first end 510 of the multifilament flexible material 500 is inserted or passed

10 through the cavity 120 of the fixation member 115 (step 405). If desired, the multifilament 

flexible material 500 can be inserted through the second cavity 130 of the fixation member 

fixation member 115. After insertion, the first end 510 of the material 500 is brought into 

contact with a second end 505 (step 410). To facilitate thermal fusion, the ends 505, 510 

can be interwoven into each other to make contact, as shown in Fig. 5B. In this case, the

15 fibers of the end 505 are interwoven with the fibers of the end 510. For example, the end

505 can be inserted between fibers of the end 510, as shown in Fig. 5B. As another 

example, the end 505 can be inserted through an interior of a “Chinese trap” formed at the 

end 510, as shown in Fig. 5C. A Chinese trap includes a woven or braided cylinder having 

a pair of ends defining openings that expand and contract as the cylinder is pushed

20 inwardly or pulled outwardly, respectively. The ends 505, 510 can be secured in the 

openings by pulling on the free ends and reducing the openings to secure the ends 505, 510 

firmly therein.

The initial reaction by the person wearing the finger trap is to remove the fingers 

outward, but this only tightens the trap, making escape difficult. The solution to escaping 

25 the trap is to push the ends inward toward the middle, which enlarges the openings and 

frees the fingers, before slowly twisting them out of the trap so as not to trigger the 

tightening reflex

Next, energy is supplied to the ends 505, 510 until the temperature of the ends 505, 

510 raises to the point that the material in the ends 505, 510 melts or liquefies (step
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415). At this point, the ends 505, 510 blend together to form a blended region, that is, a 

uniform or homogenous composition, e.g., that is melted-formed. Energy is supplied to 

the ends 505, 510 using, for example, thermal energy, ultrasonic energy, laser light, or 

electrical arc discharge. The ends 505, 510 can be inserted in a suitable energy supplying 

apparatus, depending on the way in which energy is provided to the ends 505, 510. For 

example, if the energy supplied is thermal energy, the ends 505, 510 can be locally heated 

using a heater element such as an electrical resistance heater element in the form of a thin 

film of an alloy. The heater element can create heat by other means, such as by 

induction, irradiation, or a chemical reaction. The blended region is allowed to cool to 

form a solid blended composition in the contact portion 110 (step 420). The ends 505, 

510 can be chemically bonded together, such as with an adhesive or through another 

intermediate bonding agent.

The multifilament flexible material can be any material that is able to melt or 

liquefy upon application of an energy that raises its temperature and to solidify upon 

cooling such that the multifilament flexible material forms a blended region. Examples 

of materials having these properties include nylon, metals (such as titanium or steel), and 

polymer-based compounds, such as polyester fiber, polypropylene, polybutester, 

polyglactin, poliglecaprone, and polydioxanone. Another material that may have these 

properties is natural silk protein produced by spiders. The multifilament flexible material 

500 can be any length and diameter that enables passage through the fixation member 

615 and subsequent thermal fusion. For example, in one implementation in which the 

flexible material 500 is a type 0 size, the material 500 is about 4-12 mm long and has a 

diameter of about 0.4 mm.

The procedure 400 produces a contact portion 110 that has a yielding strength that 

is equivalent to or near to the United States Pharmacopoeia (USP) Standards value for a 

particular size of suture. For example, for a USP type 0 size suture, the yielding strength 

of the contact portion is about 12-13 pounds.

Referring to Fig. 6, in another implementation, a tissue repair device 600 includes 

a closed loop 605 of multifilament flexible material, similar in design to the loop 105 

described above. The loop 605 is closed, thus, a first end of the multifilament flexible 

material contacts a second end of the multifilament flexible material to form a contact

8
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portion 610. One or more of the ends of the multifilament flexible material may include a 

Chinese trap.

The tissue repair device 600 also includes a fixation member 615 defining a cavity 

620 that receives a part 625 of the loop 605, as discussed above with respect to Fig. 2. The 

5 tissue repair device 600 also includes a flexible member 640 that traverses the loop 605.

As shown, the flexible member 640, in this implementation, traverses the loop 605 by 

passing through the contact portion 610 of the multifilament flexible material rather than 

passing through the interior of the loop 605. In this way, the flexible member 640 freely 

moves through the contact portion 610. For example, if the contact portion 610 includes a 

10 Chinese trap, then the flexible member 640 would pass directly through the Chinese trap.

Referring again to Figs. IB and 1C, the loop 105, 605 acts like a pulley through 

which the flexible member 140, 640 can freely slide to facilitate deployment of the fixation 

member 115, 615 into tissue 165. The pulley design reduces pinching of the flexible 

member 140, 640 between the surface 170 of the tissue 165 and the fixation member 115, 

15 615 during deployment. Additionally, the loop 105 reduces friction between the flexible

member 140, 640 and the fixation member 115,615, thus enabling the flexible member 

140, 640 to slide without being impeded by the edges of the fixation member 115, 615 or 

by the tissue 165 when the fixation member 115, 615 is deployed in tissue 165. Other 

pulley designs are shown in U.S. Patent 7,153,312. The device 100 or 600 can be

20 delivered to the tissue 165 using a delivery device, such as, for example, the delivery 

device 200 shown in Figs. 8 and 9 and further described in detail in U.S. Patent 7,153,312.

Other implementations are within the scope of the following claims.

For example, the multifilament flexible material or the contact portion may include 

a growth factor, such as, for example, an angiogenic factor. The multifilament flexible

25 material or the contact portion may be loaded with a bioactive material, a stimulant, or any 

substance that promotes healing of the tissue.

Throughout this specification and the claims which follow, unless the context 

requires otherwise, the word "comprise", and variations such as "comprises" and 

"comprising", will be understood to imply the inclusion of a stated integer or step or group 

30 of integers or steps but not the exclusion of any other integer or step or group of integers or 

steps.
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The reference in this specification to any prior publication (or information derived 

from it), or to any matter which is known, is not, and should not be taken as an 

acknowledgment or admission or any form of suggestion that that prior publication (or 

information derived from it) or known matter forms part of the common general

5 knowledge in the field of endeavour to which this specification relates.
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CLAIMS

1. A tissue repair device comprising:

a closed loop of multifilament flexible material, wherein the loop is knotless and 

includes a contact portion in which ends of the multifilament flexible material are 

interwoven and form a blended region having a uniform or homogenous composition when 

sufficient energy to melt or liquefy the ends is supplied to the ends of the multifilament 

flexible material;

a rigid fixation member having a structure that defines first and second through 

holes, the first through hole receiving a first part of the closed loop of multifilament 

flexible material and the second through hole receiving a second part of the closed loop of 

multifilament flexible material; and

a flexible member slidably received through the material of the closed loop and 

having an end that passes through an opening defined in a second fixation member and 

passes through a region of the flexible member that has not been passed through the second 

fixation member to form a second, knotless closed loop to secure the second fixation 

member to the flexible member.

2. The tissue repair device of claim 1, wherein the ends of the multifilament flexible 

material are thermally fused together within the contact portion.

3. The tissue repair device of claim 1, wherein the ends of the multifilament flexible 

material are melt-formed together within the contact portion.

4. The tissue repair device of any one of the preceding claims, wherein the second 

fixation member is rigid and the rigid fixation members comprise essentially the same 

shape.

5. The tissue repair device of any one of the preceding claims, wherein the second 

fixation member is rigid and the rigid fixation members comprise substantially the same 

overall size.
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6. A tissue repair device comprising:

a closed loop of multifilament flexible material, wherein the loop is knotless and 

includes a contact portion in which ends of the multifilament flexible material are 

interwoven and form a blended region having a uniform or homogenous composition when 

energy sufficient to melt or liquefy the ends is supplied to the ends of the multifilament 

flexible material;

first and second rigid fixation members, the first fixation member having a 

structure defining first and second through holes, the first through hole receiving a first 

part of the closed loop of multifilament flexible material and the second through hole 

receiving a second part of the closed loop of multifilament flexible material, and the 

second fixation member having a structure defining an opening; and

a flexible member slidably received through the material of the closed loop and 

having an end that passes through the opening in the second fixation member and passes 

through a region of the flexible member that has not been passed through the second 

fixation member to form a second, knotless closed loop to secure the second fixation 

member to the flexible member.

7. The tissue repair device of clai m 6, wherein the ends of the multifilament flexible 

material are melt-formed together within the contact portion.

8. The tissue repair device of any one of the preceding claims, wherein the 

multifilament flexible material is made of polymer-based compound.

9. The tissue repair device of any one of the preceding claims, wherein the 

multifilament flexible material is braided.

10. The tissue repair device of any one of the preceding claims, wherein the 

multifilament flexible material is twisted.
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11. The tissue repair device of any one of the preceding claims, wherein filaments of 

one end of the multifilament flexible material are received through filaments of another 

end of the multifilament flexible material to interweave the ends together.

12. The tissue repair device of any one of the preceding claims, wherein the first and 

second fixation members are configured to be held at an outer surface of the tissue after 

deployment.

13. The tissue repair device of any one of the preceding claims, wherein the first and 

second fixation members are formed as retainers that do not include threads or screw forms 

on their outer surfaces to facilitate holdi ng of the fixation members to tissue.

14. The tissue repair device of any one of the preceding claims, wherein the flexible 

member is slidably received through the contact portion of the closed loop of material.

15. The tissue repair device of claim 14, wherein the contact portion comprises a 

Chinese trap.

16. A tissue repair device substantially as herein described with reference to the 

accompanying drawings.
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