wo 2010/077591 A2 I T IA0KO 0 OO RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

s . N
(19) World Intellectual Property Organization /g3 [} 11D 000 1.0 OO0 0 R
ernational Bureau v“ )
(43) International Publication Date \!/ (10) International Publication Number

8 July 2010 (08.07.2010)

WO 2010/077591 A2

(51) International Patent Classification:
AG61F 2/08 (2006.01)

(21) International Application Number:

PCT/US2009/066940

(22) International Filing Date:

7 December 2009 (07.12.2009)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:
61/120,898 9 December 2008 (09.12.2008) Us

Applicant (for all designated States except US): SMITH
& NEPHEW, INC. [US/US]; 150 Minuteman Road, An-
dover, MA 01810 (US).

1

(72)
(73)

Inventors; and

Inventors/Applicants (for US only): GRAF, Ben, K.
[US/US]; 135 N. Prospect Avenue, Madison, WI 53701
(US). BOJARSKI, Raymond, A. [US/US]; 32 Colleens
Way, Attleboro, MA 02706 (US). FERRAGAMO,
Michael, C. [US/US]; 143 S. Killingly Road, Foster, RI
02825 (US). ELLIS, Daniel, B. [US/US]; 23 David
Street, Holliston, MA 01746 (US).

Agents: HAINER, Norman, F., Jr. et al.,; 150 Minute-
man Road, Andover, MA 01810 (US).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: TISSUE REPAIR ASSEMBLY

(57) Abstract: The present disclosure relates to a tissue repair assembly. The assembly includes an interterence device and a fixa-
tion device coupled to the interference device, wherein the fixation device includes a coupling portion and a capturing pottion.
Other assemblies and methods are also disclosed.



WO 2010/077591 PCT/US2009/066940

TISSUE REPAIR ASSEMBLY
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a PCT International patent application claiming priority to U.S.
Patent Application Serial No. 61/120,898 filed on December 9, 2008, the disclosure of which is
incorporated herein by reference in its entirety.

BACKGROUND

FIELD OF TECHNOLOGY

[0002) The present disclosure relates generally to soft tissue repair, and more
specitically, devices and methods used for such repair.
RELATED ART

[0003] Current devices available for arthroscopic soft tissuc repair include suture
anchors, metal post and washer screws, and inferference screws, These devices provide
immediate fixation of the tissue to the bone with little postoperative activity modification,
However, the tissue must be delivered out of the body, stitched, and then re-inserted into a
previously drilled bone hole. This reinsertion can be done through a portal, but is very
technically demanding, precluding somc patients from being a candidate for this procedure.
Additionally, these devices don’t prevent the tissue from sliding past the device as (he device is
inserted into the bone hole and/or when repetitive loads are applied to the solt tissuc after
fixation. Slippage of the tissuc past the device may lead to decreased or failed fixation of the
tissue to the bone and thercfore an unsuccessful repair.

[0004] Therefore, a procedure is needed that is simple, reproducible, and that would

allow both beginner and experienced surgeons to perform the procedure. Simtlarly, the devices
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used m the procedure would be simplc to use, cost effective, and marketable to arthroscopic and
open surgery surgeons alike and configured to prevent the tissue from sliding past the devices.
SUMMARY

[0005] In one aspect, the present disclosure relates to a (issuc repair assembly. The
assembly includes an interference device and a fixation device coupled to the interference
device, wherein the fixation device includes a coupling portion and a capturing portion. In an
cmbodiment, the interference device includes threads on an outer surface of the interference
device. In another embodiment, the capturing portion includes a semi-circular shape. In yet
another cmbodiment, the capturing portion includes a first end having a hole and a second end
having a hole. In a further cmbodiment, the interference device includes a cannulation. In yet a
further embodiment, the capturing portion is a loop and includes a through hole. In an
embodiment, the capturing portion includes a top surface, a bottom surface, and at least two
grooves. In another cmbodiment, the capturing portion includes a through hole having a first
opening on the top surface and a sccond opening on the bottom surface. In yet another
embodiment, the capturing portion includes an opening and the interference device includes a
tip, the tip extending through the opening. In a further embodiment, the first opening includes a
rim surrounding the first opening. In yel a further embodiment, the capturing portion includes
four grooves.

[0006] In an embodiment, the interference device is configured for engagement with soft
tissue. In another embodiment, the fixation device is configured for engagement with soft tissue.
In yet another embodiment, the fixation device is configured for engagement with the bone. In a
further embodiment, the capturing device is open-ended. In yet a further embodiment, the

capturing device is closed-ended. In an embodiment, the fixation device includes a shapc
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memory malterial. In another embodiment, the coupling portion includes at least two legs. In yet
another embodiment, each leg includes two ends, wherein one end is coupled to the capturing
portion and the other end is coupled (o the interference device. In a further embodiment, the
coupling portion is coupled to the interfercnce device via a snap-(it connection.

[0007] In another aspect, the present disclosure relates to a tissue repair assembly. The
assembly includes an interference device and a fixation device coupled to the interference
device, whercin the fixation device includes a proximal end and a pointed distal end. In an
cmbodiment, the fixation device includes a channcl extending a partial length of the fixation
device. In another embodiment, the interference device includes a cannulation, whercin the
[ixation device is partially housed within the cannulation. In yet another embodiment, the
fixation device is coupled to the interference device via cngagement between surface features on
the fixation device and surface features on the interference device. In a further embodiment, the
fixation device includes a collar. In yet a further embodiment, the fixation device includes
multiple pointed distal ends.

[0008] In yet another aspect, the present disclosure relates to a fixation device. The
fixation device includes a basce portion having a first leg, a second leg, and a groove located
between the first and sccond legs; and a top portion extending from the basc portion. In an
embodiment, the deviee is cannulated. Tn another embodiment, both the first leg and the second
leg include a pointed end portion.

|0009] In a further aspect, the present disclosure relates to a tissue repair assembly. In an
cmbodiment, the assembly includes a fixation device having a base portion including a first leg,
a second leg, and a groove located between the first and second legs, and a top portion extending

from the base portion and an interference device coupled to the fixation device, In an



WO 2010/077591 PCT/US2009/066940

cmbodiment, the fixation device 1s cannulated. In another embodiment, the interference device
is cannulated. In yet another embodiment, the interference device is coupled to the top portion of
the fixation device. In yet another embodiment, the interference device includes threads on an
outer surface of the interference device. In a further embodiment, the interference device is
configured for rotary advancement into a target tissue.

[0010] In yet a further aspect, the present disclosure relates to a method of tissue repair.
The method includes preparing a hole in a bone; inserting soft tissuc into the hole via the use of a
fixation device; and inserting an interference device into the hole.

[0011] In an embodiment, the fixation device includes a base portion having a first leg, a
sccond leg, and a groove located between the legs, and a top portion extending from the base
portion. In another embodiment, the soft tissue is localed within the groove of the fixation
device when the sofl tissuc is advanced into the hole. In yet another embodiment, the method
further includes applying tension to the soft tissue prior to inserting the interference device into
the hole. In a further embodiment, inscrting the interference device into the hole fixates the soft
tissuc to the bone. In yet a further crabodiment, the interference device includes threads on an
outer surface ol the interference device. In an embodiment, the interference deviee is configured
for rotary advancement into the hole. In another embodiment, insertion of the interfercnce
device into the hole occurs via rotary advancement of the terference device into the hole.

[0012] In yet another embodiment, the soft tissuc includes a sleeve of woven or braided
material.  In a further embodiment, the fixation device engages the sleeve. In yel a further
embodiment, the fixation device engages the sleeve and the solt tissuc. In an embodiment, the
fixation device engages the sleeve, the soft tissue, and the bone. In another embodiment, the

fixation device engages the soft tissuc and the bone. In yet another embodiment, the interference
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device includes a cannulation and the interference device is inserted into the hole such that the
interference device is housed within the cannulation. In a further embodiment, the [ixation
device is coupled to the interference device via cngagement between surface featurcs on the
fixation device and surface features on the interference device. In yet a further embodiment, the
fixation device is coupled to the interference device via engagement between surface features on
the fixation device and surface features on the interference device. In an embodiment, the sleeve
1s coupled to the soft tissue via use of a suturc.

|0013] In an aspect, the present disclosurc relates to a method of tissue repair.  The
method includes preparing a hole in a bone; inserting a soft tissue into the hole; inserting an
interference device into the hole, the interference device including a cannulation; and inserting
the fixation device into the hole such that the fixation device is housed within the cannulation. In
an cmbodiment, upon insertion of the fixation device into the hole, the fixation device cngages
the soft tissue. In another embodiment, the fixation device engages both the soft tissue and the
bone.

[0014] Further areas of applicability of the present disclosure will become apparent from
the detailed description provided hereinafier. 1t should be understood that the dctailed
description and specific examples, while indicating the preferred embodiment of the disclosure,
are intended for purposes of illustration only and are not intended to limit the scope of the
disclosurc.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] The accompanying drawings, which are incorporated in and form a part of the

specification, illustrate the embodiments of the present disclosure and together with the written
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description serve 1o explain the principles, characteristics, and features of the disclosure. In the
drawings:

[0016] Fig. 1 shows a perspective view of a first tissue repair assembly of the present
disclosure.

[0017] Fig. 2 shows a perspective view of the tissue repair assembly of Fig. | during soft
lissue repair.

[0018] Fig. 3 shows a perspeclive view of a second tissue repair assembly of the present
disclosure,

[0019] Fig. 4 shows a perspective view of the tissue repair assembly of Fig. 3 during soft
tissue repair.

[0020] Figs. 5 shows a perspective view a third tissuc repair assembly of the present
disclosure.

[0021] Fig. 6 shows a perspeclive view of the tissue repair assembly of Fig. 5 during soft
tissuc repair.

[0022] Fig. 7 shows a cross-scctional view of a fourth tissue repair assembly of the
present disclosure.

[0023] Fig. 8 shows a perspective view of the tissuc repair assembly of Fig. 7 during soft
tissue repair,

[0024] Fig. 9A shows a perspeclive view a fifth tissue repair assembly of the present
disclosure.

[0025] Fig. 9B shows a perspective view of the fixation device of the tissuc repair

assembly of Fig. 9A,
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[0026] Fig. 10 shows a perspective view of the tissue repair assembly of 9A during soft
tissue repair.

[0027] Fig. 11 shows a perspective view of the fourth tissue repair assembly during soft
tissue repair wherein the soft tissue includes a sleeve,

[0028] Fig. 12 shows a perspective view of the fourth tissue repair assembly during sofl
tissue repair wherein the soft tissue strands include a sleeve.

[0029] Fig. 13A shows a perspective view of a sixth tissue repair assembly of the present
disclosure.

[0030] Fig. 13B shows a perspective view ol an alternative fixation device for use in the
sixth tissue repair assembly of Fig. 13A,

[0031] Fig. 14 shows a perspeclive view of a seventh tissue repair assembly of the
present disclosure.

[0032] Fig. 15 shows a perspective view of an cighth tissue repair assembly of the
present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0033] The following description of the preferred embodiment(s) is mcrely exemplary in
nature and s 1n no way intended to limit the disclosure, its application, or uses.

[0034] Fig. 1 shows a first tissue repair assembly 10 of the present disclosure. The
assembly 10 includes an interference device 11 having a tapered body 11a and a cannulation
11b. The body 11a includes a first portion 11¢ and a sccond portion 11d having threads 11e.
The assembly 10 also mcludes a fixation device 12 coupled to the interference device 11. The
fixation device 12 includes a coupling portion 12a and a capturing portion 12b. The coupling

portion 12a includes a shafl 12¢ and a coupler 12d. The coupler 12d includes an open-cnded
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shape, such as a semi-circular shape, and is configured to provide a snap-fit conncction to the
body 11a of the interference device 11. The capturing portion 12b also includes a semi-circular
shapc and has a first end 12e and a second end 12f. The first end 12¢ includes a first opening
12g and the second end 12f includes a second opening 12h. The first opening 12g is aligned
with the cannulation and is configured to house a guide wire, as will be further discussed below,
and the second opening 12h is configured to housc a suture, as will be further described below.

[0035] Fig. 2 shows the assembly 10 disposed on a guide wire 13. The guide wire 13 is
advanced into a bone tunnel 21, such as a tibial tunnel of a knee joint, and the asscmbly 10 is
disposed on the guide wire 13, such that the guide wire 13 is passed through the first opening
12g and the cannulation 11b. A soft tissue graft 30 rests on the capturing portion 12b with each
cnd 30a,30b of the graft 30 draped over the interference device 11. A suturc 14 may be used to
further capture the graft 30 on the capturing portion 12b by placing ends of the suture 14 through
openings 12g,12h, such that the suture 14 is placed over the tissue 30, and then tying the ends of
the suture 14. The assembly 10 and grafl 30 are advanced into the bone tunnel 21, via a dehivery
device (not shown). The threads 11e allow for compression of the graft 30 against the walls of
the bone tunnel 21.

[0036] Fig. 3 shows a second tissue repair assembly 40 of the present disclosure.  The
assembly 40 includes an interfercnce device 41 having a tapered body 41a and a cannulation
41b. The body 41a includes a first portion 41¢ and a second portion 41d having threads 41e.
The asscmbly 40 also includes a fixation device 42 coupled to the interference device 41. The
fixation device 42 includes a coupling portion 42a and a capturing portion 42b. The coupling
portion 42a includes a shalt 42¢ and a coupler 42d. The coupler 42d includes a semi-circular

shape and is configured to provide a snap-fit connection to the body 41a of the interference



WO 2010/077591 PCT/US2009/066940

device 41. The capturing portion 42b is in a closed-cnded shape, such as a loop, and includes a
through hole 42e configured for disposal of a soft tissue grafi.

[0037] Fig. 4 shows the assembly 40 located on a guide wirc 50. The guide wire 50 is
advanced into a bone tunnel 61, such as a tibial tunnel of a knec joint, and the assembly 40 is
disposcd on the guide wire 50, such that the guidc wire 50 is passcd through the cannulation 41b.
A soft tissue graft 70 is disposed through the hole 42e of the caturing portion 42b with each end
70a,70b of the graft 70 drapcd over the interference device 41. The assembly 40 and graft 70 are
advanced into the bone tunnel 61, via a delivery device (not shown). The threads 41e allow for
compression of the graft 70 against the walls of the bone tunnel 61.

[0038] Fig. 5 shows a third tissue repair assembly 80 of the present disclosure. The
assembly 80 includes an interference device 81 having a tapered body 81a having thrcads 8le
and a cannulation 81b. The assembly 80 also includes a fixation device 82 coupled to the
interference device 81. The fixation device 82 includes a coupling portion 82a and a capturing
portion 82b. The capturing portion 82b includes a top surface 82e, a bottom surface 82f, and a
through hole 82g. The through hole 82¢ includes a first opening 82h located on the top surface
82¢ and a sccond opening (not shown) located on the bottom surface 82f. A rim 82j surrounds
the first opening 82h and serves as the coupling portion 82a (o couple the fixation device 82 to
the interference device 81. The rim 82 includes a diameter equal {o an inner diameter of the
interference device 81. For the purposes of this disclosure, the capturing portion 82b includes
four grooves 82k-82ks. However, the capturing portion 82b may have less than four grooves,
such as the two grooves 82ky,82k; for housing of end portions of a sofl tissue graft, as will be
further described below. In addition, it is also within the scope of this disclosure for the rim 82j

to have a diameter fess than or greater than an inner diameter of the interference device 81.
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[0039] Fig. 6 shows the assembly 80 located on a guide wire 90. The guide wirc 90 is
advanced into a bone tunnel 101, such as a tibial tunnel of a knce joint, and the assembly 80 is
disposed on the guide wire 90, such that the guide wire 90 is passcd through the cannulation 81b
and the through hole 82g of the capturing portion 82b. A soft tissuc graft 200 rests on the
bottom surfacc 82f of the capturing portion 82b with cach end 200a,200b of the graft 200 draped
over the interference device 81 and housed in grooves 82k;, 82k;. The assembly 80 and graft
200 arc advanced into the bone tunnel 101, via a delivery device (not shown). The threads 8le
allow for compression of the graft 200 against the walls of the bone tunnel 101,

[0040] For the purposcs of Figs. 5 and 6, it is within the scopc of this disclosurc for the
capturing portion to not have grooves. Rather the sides of the capturing portion may be straight
such that the portion is in the shape ol a square. Other shapes are also within the scope of this
disclosure.

[0041] Fig. 7 shows a fourth tissue repair assembly 300 of the present disclosure. The
assembly 300 includes an interference device 301 having a tapered body 301a with threads 301e
and a cannulation 301b. The assembly 300 also includes a fixation device 302 disposed within
the cannulation 301b of the interference device 301, The fixation device 302 includes a
proximal end 302a, a pointed distal end 302b, and a channel 302¢ extending a partial length of
the fixation device 302,

[0042] Fig. 8 shows the assembly 300 being advanced into a bone tunnel 401, such as a
tibial tunnel of a knee joint. A delivery device (not shown) is inserled into the channel 302¢ and
the delivery device (not shown) is used to insert a soft tissuc graft 500 into the bone tunnel 401.
The soft tissuc gralt 500 rests on the pointed distal end 302b with cach end 500a,500b of the

graft 500 draped over the interference device 301. The assembly 300 and graft 500 are advanced
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mio the bone tunnel 401, via the delivery device (not shown) and the pointed distal end 302b
extends through the graft 500 and into bone 402. The threads 301e allow for compression of the
graft 500 against the walls of the bone tunnel 401,

|0043] Alicrnatively, the graft 500 is inserted into the tunnel 401, the fixation device 302
is inserted into the tunnel 401 such that the pointed distal end 302b engages the grafi, possibly
being inserted through the graft 500 and into the bone 402, and then the interference device 301
is inscried into the tunncl 401 such that the fixation device 302 is housed within the cannulation
301b and the ends 5002,500b of the graft 500 arc draped over the device 301, Insertion of the
interference device 301 into the tunnel 401 directly after inserting the tissue 500 into the tunnel
401 and subsequently inserting the fixation device 302 into the cannulation 301b such that the
pointed end 302b is inserted through the grafi 500 and possibly into the bone 402, is also within
the scope of the disclosure. The fixation device 302 may be of a variety of lengths and may
include surface featurcs that mate with surface features located within the cannulation 301h to
further couple the fixation device 302 to the interference device 301. The surface features may
include threads, barbs, ribs, or other surface fecatures known (o one of skill in the art and that
have the ability to further facilitate coupling between the fixation device 302 and the interference
device 301. It is also within the scope of this disclosure for the fixation device 302 and/or the
mterfercnce device 301 to be made out of a material, such as a shape memory material, that
expands or otherwise allows for further coupling between the devices 301,302 in response {0
body temperature or an external energy source.

[0044]  Fig. 9A shows a fifth tissuc repair assembly 600 of the present disclosure. The
assembly 600 includes an interference device 601 having a tapered body 601a with threads 601

and a camulation 601b. The assembly 600 also includes a fixation device 602 disposed within
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the cannulation 601b of the interference device 601. As shown in Fig. 9B, the fixation device
602 includes a first feg 602a, a second leg 602b, and a groove 602¢ located between the legs
6022,602b. The device 602 also includes a top portion 604 extending from the base portion 603.
As can be seen in Fig. 9A, the top portion 604 has a smaller diameter than the cannulation 601b
so as to allow the top portion 604 to be disposed within the cannulation 601b. In addition, the
device 602 is cannulated to allow passage of a guide wire 610 through both the interference
device 601 and the fixation device 602. As will be further described below, the legs 602a,602b
and the groove 602¢ cooperate to house soft tissue within the groove and fixatc the tissue within
a bone tunnel.  For the purposes of Figs. 9A and 9B, the fixation device 902 is U-shaped.
Howcver, the device may be V-shaped or have any other shape known o one of skill in the art.

10045] Fig. 10 shows the assembly 600 locatcd on the guide wire 610. The guide wire
610 is advanced into a bone tunnel 701, such as a tibial tunnel of a knee joint, and the assembly
600 is disposed on the guide wire 610, such that the guide wire 610 is passed through both the
interference device 601 and the fixation device 602, A soft tissue graft 800 rests between the
legs 6022a,602b with cach end 800a,800b of the graft 800 draped over the interference device
601. The assembly 600 and grall 800 arc advanced into the bone tunnel 701 together, via a
delivery device (not shown). The threads 601e allow for compression of the graft 800 against
the walls of the bone tunnel 701. Alternalively, the assembly 600 may be advanced into the
tunncl 701 such that the fixation device 602 is advanced into the tunnel 701 followed by
advancement of the interference device 601. Tn this manner, tension may be applied to the soft
tissue 800 prior to inserting the interference device 601 into the tunnel 701.

[0046] Figs. 11 and 12 show tissue repair assemblies 900 that are similar to the fourth

lissuc repair assembly 300 and mcthod shown in Figs. 7 and 8, albeit imcluding a sleeve of
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braided or woven material 1100 on the tissue 1000. As shown in Figs. 11 and 12, one strand or
multiple strands of tissue 1000 may be fixated within the tunnel 1200. While the slecve 1100 is
located between the ends 1000a,1000b, it is within the scope of this disclosure for the sleeve
1100 to be located anywhere along the length(s) of the strand(s) 1000 or over the entire strand(s)
1000 prior (o placing the tissue(s) 1000 within the bone tunnel 1200. Having the slceve 1100 on
the tissue(s), such as in Figs. 11 and 12, allows for maintaining the soft tissue(s) 1000 at the
tapered end 902 of the interference device 901 via inscrtion of the fixation device 903 throu gh at
lcast a portion of the sleeve 1100, thereby alleviating the need for the fixation device 963 (o be
inserted through the sofl tissue 1000. However, as shown in Figs. 11 and 12, it is also within the
scope of this disclosure for the fixation device 903 to be inserted through the solt tissue 1000 and
the sleeve 1100 or the soft tissue 1000, the sleeve 1100, and the bone 1201. Additionally, rather
than using one sleeve 1100 for all of the strands of tissuc 1000, as shown in Fig. 12, it is also
within the scope of this disclosure to have a sleeve 1100 located on each strand of tissuc 1000. A
flexible member, such as a suture, may be used to couple the sleeve 1100 to the tissue 1000.

[0047] Fig. 13A shows a sixth tissue repair assembly 1300 of the present disclosure that
is similar to the fourth tissue repair assembly 300 of Fig. 7. However, assembly 1300 includes a
collar 1303 located on the fixation device 1302. When the assembly 1300 is used to fixate soft
lissuc to bone via a method similar to the methed of Fig. 8, the collar 1303 further facilitates
maintenance of the location of the soft tissuc in front of, or at the tapered end of the interference
device 1301.

[0048] Fig. 13B shows an alternative fixation device 1302 for use with repair assembly
1300. Rather than having onc pointed distal end 1302b, the device may have multiple pointed

distal ends 1302b. This would allow the device 1300 to capture more of the tissue and therefore
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provide for increased fixation of the tissue to bone. For the purposes of Fig. 13B, the device
1300 includes only two pointed distal ends 1302b. However, it is within the scope of this
disclosure for the device 1300 to include more than two pointed distal ends 1302b.

[0049] Fig. 14 shows a seventh lissue repair assembly 1400 of the present disclosure that
is similar to the tissue repair assembly 10 of Fig. 1. However, instead of shaft 12e, the fixation
device 1600 includes a coupling portion 1600a having al least two legs 1600b. Each leg 1600b
has one end 1600c¢ coupled to the capturing portion 1600d and another end 1600e coupled to a
thread 1501 of the interference device 1500. For the purposes of this disclosure, each end 1600¢
includes a foot 1600f that allows for snap lock coupling of the foot 1600f to the thread 1501 and
therefore coupling of the fixation device 1600 {o the interference device 1500. The legs 1600b
arc tapered to accommodate the tapered end portion 1502 of the device 1500, [t is within the
scope of this disclosure for the legs 1600b (o be of different lengths such that one foot 16001 is
coupled to one thread 1501 and the other foot 16001 is coupled to a different thread 1501, It is
also within the scope of this disclosure for the coupling portion 1600a to have more than two
logs 1600b. The capturing portion 1600d is of a semi-circular shape so as to capture soft tissue
in a manner similar to how the capturing portion 12b of the assembly 10 of Figs. 1 and 2 capture
tissuc. However, the capturing portion 1600d may be of any other shape that would allow
capturing of the tissue and maintenance of it in front of or at the tapered end 1502 of ihe
interference device 1500 during and after repair. The ends 1600¢,1600e may be coupled to the
capturing portion 1600d and the interference device 1500 in any manner known to one of skill in
the art.

[0050] Fig. 15 shows an cighth tissue repair assembly 1700 of the present disclosure.

The assembly 1700 is similar to asscmbly 80 of Fig. 5. However, the interference device 1701 of
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assembly 1700 includes a tip 1703 that extends beyond the tapered end 1702 of the device 1701.
The fixation device 1704 is coupled to the interference device 1701 such that the tip 1703
extends through a center opening 1705 of the device 1704, During repair, soft tissuc is disposed
on the fixation device 1704 in a manner similar to how soft tissue is disposed on the fixation
device 82 of assembly 80 and shown in Fig. 6.

[0051] The assemblies 10, 40, 86, 300, 600, 900, 1300, 1400, 1700 of the present
disclosure, and cspecially the fixation devices 12, 42, 82, 302, 602, 903, 1302, 1600, 1704
maintain the location of the soft tissuc in front of, or at the tapered end of the interference device
11, 41, 81, 301, 601, 901, 1301, 1500, 1701 thercby preventing slippage of the tissuc past the
device 11, 41, 81, 301, 601, 901, 1301, 1500, 1701 during and after repair. This substantially
reduccs the possibility of a failed fixation of the tissue lo the bone, thercby leading to an
unsuccessful repair.

[0052] For the purposes of this disclosure, the fixation devices and the interference
devices arc made from a resorbable polymer material. However, a metal material and other non-
metal materials, cither resorbable or non-resorbable, are also within the scope of this disclosure.
In addition, the devices may be made via a molding process or other process known to onc of
skill in the art. The cannulations and channel may be formed during the molding process or after
the molding process by drilling. Furthermore, rather than containing threads, the outer surface of
the interfercnce device may include other surface features that would allow engagement of the
nterfercnce device with the bone tunnel and soft tissue. The threads allow for rotary
advancement of the assembly and the soft tissue graft into the tunnel. However, these other
surface featurcs may allow for other advancement, such as axial advancement, into the tunnel.

Also, the number of surface features may vary.
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[0053] In addition, the f{ixation devices may be coupled to the interference devices in
manners other than thosc described above. For the purposes of this disclosure, the method and
devices, described above, are used in arthroscopic knee repair. However, the method and
devices may be used in the repair of other soft tissue. The fixation devices may be of a variety of
lengths and may include surface features that mate with surface features located within the
cannulations to further couple the fixation devices to the interference devices. The surface
[eatures may include threads, barbs, ribs, or other surface features known to one of skill in the art
and that have the ability to further facilitale coupling between the fixation devices and the
interference devices. It is also within the scope of this disclosure for the fixation devices and/or
the interference devices to be made out of a material, such as a shape memory material, that
expands or otherwise allows for further coupling between the devices in response to body
temperature or an external energy source.

[0054] Furthermore, it is within the scope of Figs. 1, 3, and 14 for the fixation devices
12,42,1600 to be coupled to the interference devices 11,41,1500 via the use of a hole on the
fixation devices 12,42,1600 that at lcast the tapered ends 11d,41d,1502 are disposed within,
rather than using the shafts 12¢,42¢, couplers 12d,42d, and legs 1600b. Additionally, it is within
the scope of Figs. 1, 3, 5, and 14 for the fixation devices 12, 42, 82, 1600 (o be coupled to the
interference devices 11, 41, 81, 1500 via the use of a shalt that would extend from the coupling
portions 12a, 42a, 82a, 1600a to be houscd within the cannulations 11b, 41b, 81b of the
interference devices 11, 41, 81, 1500.

[0055] Additionally, it is within the scope of this disclosure for the top portion 604 of
fixation device 602 and fixation devices 903,1302 1o have a length that extends cither an entire

length or a partial length of the interference devices 301,601,901,1301.
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[0056] As various modifications could be made to the exemplary embodiments, as
described above with reference to the corresponding illustrations, without departing from the
scope of the disclosure, it is intended that all matter contained in the foregoing description and
shown in the accompanying drawings shall be interpreted as illustrative rather than limiting,
Thus, the breadth and scope of the present disclosure should not be limited by any of the above-
described exemplary embodiments, but should be defined only in accordance with the following

claims appended hercto and their equivalents.
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CLAIMS

What 1s claimed is:

l. A tissue repair assembly comprising:

an interfercnce device; and
a fixation device coupled to the interference device, the fixation device including a

coupling portion and a capturing portion.

2, The tissuc repair assembly of claim 1 wherein the interference device includes threads on
an outer surface of the interference device.

3. The tissue repair assembly of claim 1 wherein the capturing portion includcs a semi-
circular shape.,

4. The tissue repair assembly of claim 1 wherein the capturing portion includes a first end
having a hole and a sccond end having a holc.

5. The tissuc repair assembly of claim 1 whercin the interference device includes a
cannulation.

6. The tissue repair assembly of claim 1 wherein the capturing portion is a loop and includes
a through hole.

7. The tissue repair assembly of claim 1 wherein the capturing portion inctudes a top
surface, a bottom surface, and at Ieast two grooves.

8. The tissuc repair assembly of claim 7 wherein the capturing portion includes a through
hole having a first opening on the top surface and a second opening on the bottom surface.

9. The tssuc repair assembly of claim 8 wherein the first opening includes a rim

surrounding the first opening.
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10. The tissue repair assembly of claim 7 wherein the capturing portion includes four
grooves.
11. A tissuc repair assembly comprising:
an interference device; and
a fixation device coupled to the interference device, the fixation device including a
proximal end and a pointed distal end.
12. The tissue repait assembly of claim 11 wherein the fixation device includes a channel
extending a partial length of the fixation device.
13. The tissuc repair assembly of claim 11 wherein the interference device includes a
cannulation, the fixation device is partially housed within the cannulation.
14, A fixation device comprising:

a base portion including a first leg, a second leg, and a groove located between the first
and sccond legs; and

a top portion extending from the base portion.

15. The fixation device of claim 1 wherein the device is cannulated.

16. The fixation device of claim 14 wherein both the first leg and the second leg include a
pointed end portion.

17. A tissue repair assembly comprising:

a fixation device comprising a base portion including a first leg, a second leg, and a
groove located between the first and second legs, and a top portion extending from the base
portion; and

an interference device coupled Lo the fixation device.

18. The tissue repair assembly of claim 17 wherein the fixation device is cannulated.
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19. The tissue repair assembly of claim 17 wherein the interference device is cannulated.
20. The tissue repair assembly of claim 17 wherein the interfercnce device is coupled to the
top portion of the fixation device.
21. The tissue repair assembly of claim 17 wherein the interference device includes threads
on an outer surface of the interference device.
22, The tissue repair assembly of ¢laim 17 wherein the interference device is confi gured for
rotary advancement into a target tissuc.
23. A method of tissue repair comprising:

preparing a hole in a bone;

inserting a soft tissue into the hole via the use of a fixation device; and

mserting an interference device into the hole.
24. The method of claim 23 wherein the [ixation device comprises a base portion including a
[irst leg, a second leg, and a groove located between the legs, and a top portion extending
from the basc portion,
25. The method of claim 23 whercin the soft tissue is located within the groove of the
fixation device when the soft tissue is advanced into the hole.
26. The method of claim 23 further comprising applying tension to the soft tissuc prior to
inserting the interference device into the hole.
27. The method of claim 23 wherein inserting the interference device into the hole fixates the
soft tissue 1o the bone,
28. The method of claim 23 wherein the interference device includes threads on an outer

surlace ol the interference device.
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29. The method of claim 23 whercin the interference device is configured for rotary
advancement into the hole.

30. The method of claim 23 wherein insertion of the interference device into the hole occurs
via rotary advancement of the interference device into the hole.

31. The tissue repair assembly of claim | wherein the interference device is con figured for
engagement with soft tissue.

32. The tissue repair assembly of claim ! wherein the fixation device is con figured for
engagement with soft tissue.

33. The tissue repair assembly of claim 1 wherein the fixation device is configured for
engagement with bone.

34. The tissue repair assembly of claim | wherein the capturing device is open-ended.

35. The tissuc repair assembly of claim 1 wherein the capturing device is closed-ended.
36. The method of claim 23 wherein the sofl tissue includes a sleeve of woven or braided
malterial.

37. The method of claim 36 wherein the fixation device engages the sleeve.

38. The method of claim 36 wherein the fixation device engages the sleeve and the soft
tissue.

39. The method of claim 36 wherein the fixation device engages the sleeve, the soli lissuc,
and the bone.

40. The method of ¢laim 23 wherein the fixation device cngages the soft tissue and the bone.
41. The tissue repair assembly of claim 11 wherein the fixation device is coupled to the
interference device via engagement between surface features on the fixation device and

surface features on the interference device.
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42. A method of tissue repair comprising:

preparing a hole in a bone;

inserling a sofl tissuc inlo the hole;

inserting an interference device into the hole, the interference device includin ga
cannulation; and

inserting the fixation device into the hole such that the fixation device is housed within
the cannulation.
43. The method of claim 42 wherein upon inscrtion of the fixation device into the hole, the
fixation device engages the soft tissue.
44. The method of claim 43 wherein the fixation device engages both the soft tissue and the
bone.
45. The method of claim 23 wherein the interference device includes a cannulation and the
interference device is inserted into the hole such that the interference device is housed within
the cannulation.
46. The tissue repair assembly of claim 1 wherein the fixation device includes a shapc
memory malerial.
47. The method of claim 23 whercin the fixation device is coupled to the interference device
via engagement between surface features on the fixation device and surface features on the
interference device.
48. The method of claim 36 whercin the fixation device is coupled 1o the interference device
via engagement between surface features on the fixation device and surface features on the

interference device.
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49. The method of claim 36 wherein the sleeve is coupled 1o the soft tissuc via use of 2
suture.

50. The tissuc repair assembly of claim 11 wherein the fixation device includes a collar.

51. The tissue repair assembly of claim 1 wherein the coupling portion includes at least two
legs.

2. The tissue repair assembly of claim 51 whercin each leg includes two ends, wherein one
end is coupled to the capturing portion and the other end is coupled to the interference
device.,

33. The tissue repair assembly of claim 51 whercin the coupling portion is coupled to the
interference device via a snap-fit connection.

54. The tissue repair assembly of claim 7 whercin the capturing portion includes an opcning
and the interference device includes a tip, the tip extending through the opening,

55. The tissuc repair assembly of claim 50 wherein the fixation device includes multiple

pointed distal ends.
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