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SUTURE ANCHORS

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of and priority to U.S. Provisional Patent

Application No. 60/660,499, filed March 10, 2005.

BACKGROUND

1. Technical Field

The technical field relates to tissue repair and, in particular, relates to
cannulated and uncannulated suture anchors for securing tissue to bone.

2. Background of Related Art

Suture anchors are typically used to secure lengths of suture relative to various
body parts. In one class of particular application, suture or bone anchors are used to position
and secure a length of suture relative to bone. For example, suture anchors are used to secure
portions of tissue adjacent a bone surface. A conventional method involves implanting a
suture anchor into bone and using the suture attached to the suture anchor to secure tissue
adjacent to the bone. This method finds particular application in various forms of
reconstructive surgery.

In an alternative use of a suture anchor, the suture anchor and associated
suture can be used to secure torn or damaged ligaments, relative to bone. In this method,
typically, a longitudinal bore is drilled into bone and a suture anchor is positioned within the
drilled bore. The suture anchor may be secured within the bore via a wedging, threading
and/or use of adhesive. Once the suture anchor has been secured to a proper depth within the
drilled bore in bone, an end of the suture may be secured to a ligament and the ligament

drawn adjacent the bone thereby reattaching the ligament is to the bone.
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While the described methods of utilizing suture anchors to secure tissue and/or
ligaments to bone are known in the art, there exists a need for a multi-component suture

anchor capable of adjusting the length and tension of the suture on associated tissue.

SUMMARY

Accordingly, in one preferred embodiment of the present disclosure, a suture
anchor includes an outer sleeve having a longitudinal throughbore with leading and trailing
ends and an insert positionable within the longitudinal throughbore of the outer sleeve. The
insert defines at least one suture track for slidably supporting a suture whereby opposed free
ends of the suture extend from the at least one suture track through the longitudinal
throughbore to extend beyond the trailing end of the outer sleeve to be tensioned and secured
relative to the tissue. The insert preferably includes a pair of suture tracks for supporting a
pair of sutures. The suture tracks may incorporate channels formed in an outer surface of the
insert. Alternatively, the suture tracks may include openings extending through the insert.
The openings may be radially spaced in side by side relation or longitudinally spaced along
the insert.

The insert may be operatively connected to the outer sleeve whereby rotation
of the outer sleeve causes corresponding rotation of the insert. A preferred insert includes a
shaft and a relatively enlarged leading tip. The shaft is receivable within the longitudinal
throughbore of the outer sleeve. The leading tip has a dimension greater than a
corresponding dimension of the longitudinal throughbore to be external of the outer sleeve.
The leading tip may define a conical portion. Alternatively, the insert is entirely positioned
within the longitudinal throughbore of the outer sleeve. In this embodiment, the outer sleeve
has at least one longitudinal slot at a distal end thereof such that the insert is positionable

within the throughbore and the slot.
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The present disclosure also relates to a suture anchor system. A preferred
suture anchor system includes a suture anchor having an outer sleeve with an external thread
and an insert at least partially positioned within the outer sleeve, and an anchor driver adapted
to install the suture anchor in tissue. The insert of the suture anchor has a pair of suture
tracks for slidably supporting a pair of sutures whereby the sutures are looped relative to the
suture tracks with respective suture end portions extending through the outer sleeve and out
the trailing end thereof. The anchor driver includes a driver shaft and a driver tip. At least
the driver shaft has a pair of longitudinal recesses defined in an outer surface thereof for
reception of respective suture end portions extending from the outer sleeve. The driver tip is
operatively engageable with the outer sleeve of the suture anchor whereby rotational
movement of the anchor driver causes corresponding rotational movement of the outer sleeve
and advancement of the suture anchor into the tissue.

The insert of the suture anchor includes a longitudinal bore extending
therethrough for reception and passage of a guide wire. Similarly, the anchor driver may
include a longitudinal bore therethrough for reception and passage of a guide wire.

The system may include a guide wire punch for facilitating entry of a guide
wire into the tissue. The guide wire punch includes a punch shaft defining a longitudinal
bore for reception and passage of a guide wire and an impactor cap mountable to the punch
shaft. The impactor cap has an internal pin dimensioned to be received within the
longitudinal bore of the punch shaft when the impactor cap is mounted to the punch shaft
whereby advancement of the impactor cap onto the punch shaft causes the internal pin to
engage and drive the guide wire into the tissue. The impactor cap may be tethered to the
punch shaft with a tether line. In this embodiment, the impactor cap and the tether line are

formed of a polymeric material.
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BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the presently disclose cannulated suture anchor are
described herein with reference to the drawings, wherein:

FIG. 1 is a perspective view of a cannulated suture anchor and associated
suture anchor driver;

FIG. 2 is an enlarged area of detail of FIG. 1;

FIG. 3 is a perspective view of the cannulated suture anchor assembled with
sutures and a guide wire;

FIG. 4 is a perspective view of the cannulated suture anchor with parts
separated illustrated the threaded outer member and the insert;

FIG. 5 is another perspective view of the cannulated suture anchor;

FIG. 6 is a cross-sectional view taken along the line 6-6 of FIG. 5;

FIG. 7 is a cross-sectional view taken along the line 7-7 of FIG. 5;

FIG. 8 is an end view of the insert of the cannulated suture anchor;

FIGS. 9-10 are side cross-sectional views of the threaded outer member of the
cannulated suture anchor;

FIG. 11 is an end view of the threaded outer member of the cannulated suture
anchor;

FIG. 12 is a perspective view of the cannulated suture anchor with parts
separated and assembled with sutures and a guide wire;

FIG. 13 is a cross-sectional view of the cannulated suture anchor with sutures
and guide wire;

FIG. 14 is a perspective view partially shown in section of a cannula and a

guide wire punch installing a guide wire in tissue;
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FIG. 15 is a view similar to the view of FIG. 14 illustrating the guide wire
punch removed leaving the guide wire extending through the cannula;

FIG. 16 is a perspective view of the suture anchor mounted to a suture driver
and being advanced over the guide wire;

FIG. 17 is a perspective view, partially shown in section, of the suture driver
and mounted suture anchor advanced within a cannula;

FIG. 18 is a view of the suture anchor and associated sutures installed through
tissue and within bone;

FIG. 19 is a perspective view of an alternate embodiment of the cannulated
suture anchor;

FIG. 20 is a perspective view of the cannulated suture anchor of FIG. 19 with
parts separated;

FIG. 21 is another perspective view of the cannulated suture anchor with parts
separated;

FIG. 22 is a cross-sectional view of the insert of the suture anchor taken along
line 22 -- 22 of FIG. 21;

FIG. 23 is a cross-sectional view of the insert of the suture anchor taken along
line 23-23 of FIG. 21;

FIG. 24 is an end of view of the insert;

FIG. 25 is a perspective view of the cannulated suture anchor, with parts
separated, assembled with associated sutures and guide wire;

FIG. 26 is a cross-sectional view of the assembled suture anchor including
sutures and guide wire;

FIG. 27 is a perspective view of a further alternate embodiment of a

cannulated suture anchor;
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FIG. 28 is a perspective view of the suture anchor of FIG. 27 with parts
separated;

FIG. 29 is a further perspective view of the suture anchor with parts separated;

FIG. 30 is a cross-sectional view of the suture retaining insert taken along line
30-30 of FIG. 29;

FIG. 31 is a cross-sectional view of the suture retaining insert taken along line
31-31 of FIG. 29;

FIG. 32 is a cross-sectional view of the threaded outer member taken along
line 32 -32 of FIG. 28;

FIG. 33 is a cross-sectional view of the threaded outer member taken along
line 33-33 of FIG. 28;

FIG. 34 is an end view of the threaded outer member;

FIG. 35 is a perspective view of the suture anchor with parts separated
including associated sutures and guide wire;

FIG. 36 is a cross-sectional view of the assembled suture anchor including
associated sutures and guide wire;

FIG. 37 is a perspective view of a non-cannulated suture anchor in accordance
with another embodiment of the present disclosure;

FIGS. 38-39 are perspective views with parts separated of the suture anchor of
FIG. 37 illustrating the threaded outer member and the insert;

FIG. 40 is a side view of the insert of the suture anchor;

FIG. 41 is a cross-sectional view taken along the line 41-41 of FIG. 40;

FIG. 42 is an end view of the non-cannulated suture anchor;

FIG. 43 is a perspective view illustrating the suture anchor being assembled

with sutures;
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FIG. 44 is a perspective view illustrating the suture anchor being positioned on
an anchor driver;

FIG. 45 is a perspective view, partially shown in section, illustrating the suture
anchor being inserted into bone;

FIG. 46 is a perspective view illustrating the suture anchor with the sutures
being tensioned,;

FIG. 47 is a perspective view illustrating tissue being secured by the sutures
and the suture anchor;

FIG. 48 is a perspective view illustrating the sutures being knotted to secure
the tissue;

FIG. 49 is a perspective view of another embodiment of a non-cannulated:
suture anchor;

FIG. 50-51 are perspective views with parts separated of the suture anchor of
FIG. 49 illustrating the threaded outer member end of the insert;

FIG. 52 is a cross-sectional view of the insert taken along line 52-52 of FIG.
51;

FIG. 53 is a cross-sectional view of the insert taken along line 53-53 of FIG.
51;

FIG. 54 is an end view of the insert;

FIG. 55 is a cross-sectional view of the threaded outer member taken along
line 55-55 of FI1G. 50;

FIG. 56 is a cross-sectional view of the threaded outer member taken along
line 56-56 of FIG. 50;

FIG. 57 is an end view of the threaded outer member;



WO 2006/099109 PCT/US2006/008547

FIG. 58 is a perspective view illustrating the suture anchor being assembled
with sutures;

FIG. 59 is a cross-sectional view illustrating the suture anchor being
assembled with sutures;

FIG. 60 is a perspective view of an additional embodiment of the suture
anchor of the present disclosure;

FIG. 61 is a perspective view of yet another embodiment of the suture anchor
of the present disclosure;

FIG. 62 is a perspective view of a suture anchor system in accordance with the
principles of the present disclosure including a suture anchor, anchor driver and guide wire;

FIG. 63 is a perspective view of the outer sleeve of the suture anchor of the
suture anchor system of FIG. 62;

FIG. 64 is a side plan view of the outer sleeve of the suture anchor;

FIG. 65 is an axial plan view of the outer sleeve of the suture anchor;

FIGS. 66-67 are side plan views of the insert of the suture anchor;

FIG. 68 is a side plan view of the guide wire punch of the suture anchor
system of FIG. 62;

FIGS. 69-70 are side plan views in partial section of the guide wire punch;

FIG. 71 is an enlarged plan view of the proximal end portion of the

punch shaft of the guide wire punch of FIG. 68;

FIG. 72 is a perspective view of the impactor cap of the guide wire punch of
FIG. 68 and;

FIG. 73 is a side cross-sectional view of the impactor cap of FIG. 72;

FIG. 74 is a side plan view of the driver of the suture anchor system of FIG.

62;
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FIG. 75 is an enlarged perspective view of the driver tip of the driver of
FIG.74;
FIG. 76 is a cross-sectional view of the driver tip of the driver taken along line
76-76 of FIG. 74;
FIG. 77 is a side plan view of an alternate embodiment of a guide wire punch;
FIG. 78 is a perspective view of an impactor cap of the guide wire punch; and
FIG. 79 is a side cross-sectional view illustrating the impactor cap mounted to
the punch shaft.

DETAILED DESCRIPTION OF EMBODIMENTS

A cannulated suture anchor is disclosed herein along with a suture anchor
driver in order to install the cannulated suture anchor over a guide wire and into a bore
predrilled in bone. Thereafter, sutures can be attached to tissue and adjusted through the
suture anchor so as to cinch the tissue to the proper tension relative to the adjacent bone.

Referring now to FIG. 1, there is disclosed a suture anchor system 10
including a suture anchor driver 12. Suture anchor driver 12 is substantially similar to that
disclosed in U.S. provisional pateﬁt application Serial No. 60/564,249, filed on April 21,
2004 and entitled HERCULON ANCHOR AND APPLIER, except that the presently
disclosed suture anchor driver 12 includes a throughbore extending completely through the
suture anchor driver 12 in order to advance suture anchor driver 12 over a guide wire. Suture
anchor driver 12 generally includes a handle 14 having an elongate drive shaft 16 extending
distally from handle 14. A suture anchor mount 18 extends distally from drive shaft 16 in
order to support a cannulated suture anchor 20 for insertion into a bore in bone.

Referring for the moment to FIG. 2, cannulated suture anchor 20 is mounted

on a distal end of anchor mount 18 and is configured to receive a suture 22 partially through
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cannulated suture anchor 20. Proximal tension on suture 22 retains suture anchor 20 on
anchor mount 18.

Referring now to FIG. 3, as shown, a guide wire 24 extends completely
through cannulated suture anchor 20. Additionally, a plurality of sutures 22 enter and exit
cannulated suture anchor 20.

Cannulated suture anchor 20 generally includes an insert 26 and a threaded
outer member 28. Cannulated suture anchor 20 is preferably formed of a bio-compatible
material such as for example, stainless steel, titanium, etc. Additionally, cannulated suture
anchor 20 may be formed of a bio-absorbable or re-sorbable material.

Threaded outer member 28 includes a plurality of circumferential threads 30
along the length of threaded outer member 28. At a distal most end of threaded outer
member 28, threads 30 are interrupted by cutting edges 32 which facilitates cutting into a
bore in bone as cannulated suture anchor 20 in rotated into the bone. It should be noted that
threads 30 are generally of constant pitch and relatively constant diameter along the length of
threaded outer member 28. Threaded outer member 28 also includes a longitudinal
throughbore 34 extending completely through hollow bore body portion 28 for receipt of
insert 26.

Referring now to FIGS. 4-8, insert 26 includes a conical nose cap 36 and a
proximal portion or shaft 38 which extends proximally from the nose cap 36. A bore 40
extends completely through insert 26 for receipt of guide wire 24. Proximal portion or shaft
38 includes a pair of opposed alignment fins 42 which are configured to engage
corresponding slots 43 (FIG. 9) in threaded outer member 28. In order to support sutures 22,
proximal portion 38 is also provided with a pair of opposed suture guides 44 which are
configured to allow suture 22 to enter cannulated suture anchor 20 and exit cannulated suture

anchor 20 at a proximal portion thereof. This enables one end of the suture to be attached to

10
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tissue and, when installed in bone, the opposed ends of suture 22 may be tensioned so as to
draw the tissue adjacent or within a bore in bone. Suture guides 44 generally include a pair
of opposed suture tracks 46 which each include a pair of sides 48 and an arcuate distal end
50. Suture 22 extends along suture tracks 46 by lying against sides 48 and curving around
arcuate distal end 50.

Suture tracks 46 may be parallel, preferably, suture track sides 48 taper from a
greatest distance at the distal end to a smaller distance at a proximal end to facilitate free
movement of the suture within cannulated suture anchor 20. It should be noted that the
maximum diameter dimension of proximal portion 38 is at all times less than the maximum
outer diameter of nose cap 36.

Referring now to FIGS. 9-11, proximal threads 54 of threads 30 are preferably
provided with curved atraumatic surfaces 56 to prevent excessive cutting of threads 30 within
a bore in bone, which would tend to weaken the securement of cannulated suture anchor 20
within a predrilled bore in bone. As noted above, while threads 30 are generally of constant
diameter throughout the length of threaded outer member 28, it should be noted that the
interrupted cutting edges 32 would tend to reduce the diameter of any threads 30 formed
therein. As shown in FIGS. 10 and 11, a proximal most end 58 is generally sectioned in half
at the proximal end of threaded outer member 28.

Referring now to FIGS. 12 -18, the assembly and operation of use of
cannulated suture anchor 20 to secure tissue within or adjacent a bore in a bone, by means of
suture 22 extending therethrough, will now be described. With particular reference to FIGS.
12-13, the assembly of cannulated suture anchor 20 will now be described. Initially, a pair of
sutures 22 are threaded through threaded outer member 28 and extend along sides 48 of
suture tracks 46 around arcuate distal end 50 of suture track 46 and back proximally around

opposing sides 48 of suture tracks 46. This free end of the suture is then again passed
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through bore 34 in threaded outer member 28 to leave two ends of the same suture 22
extending around suture guides 44 with the free ends of the suture extending out of the
proximal end of bore 34.

For illustrative purposes, guide wire 24 is shown extending through bore 34 in
threaded outer member 28 and bore 40 in insert 26. In this manner, cannulated suture anchor
20 can be advanced along with suture 22 and into a bore in bone using guide wire 24 as a
guide into the bore in bone.

In operation, suture anchor system 10 can be used to install cannulated suture
anchor 20 into a bone B having over lying tissue T. Sutures 22 would be then used to secure
tissue T to bone B, as shown. In an alternative preferred embodiment, not illustrated,
cannulated suture anchor 22 can be used to be installed in a bore in bone and sutures 22 used
to attach a ligament into the bore in bone.

Referring to FIG. 14, initially, a cannula 60 is provided included a housing 62
and a sleeve 64 extending distally from body portion 62. Cannula 60 has a throughbore 66
extending completely therethrough for receipt of the various instruments.

In order to position or initially install guide wire 22 through tissue T and into
bone B there is provided a guide wire punch 68 having a t-shaped handle 70 and an elongate
shaft 72 extending distally from handle 70. A conical punch tip 74 is formed on the distal
end of elongate shaft 72 to advance guide wire punch 68 through tissue and into bone. Guide
wire punch 68 also has a guide wire throughbore 76 extending completely therethrough. In
use, guide wire punch 68 having a guide wire 22 extending therethrough is advanced through
bore 66 of cannula 60 and forced through tissue T and bone B such that a distal end 78 of
guide wire 22 is driven into bone B. Once distal end 78 of guide wire 22 has been inserted
into bone B, guide wire punch 68 can be removed from cannula 60 leaving guide wire 22

extending through cannula 60 as shown in FIG. 15.

12
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Referring now to FIG. 16, guide wire 22 is then threaded through suture
anchor system 10 such that suture anchor system 10 including cannulated suture anchor 20
can be advanced over guide wire 22 towards tissue T. As shown in FIG. 17, driver 12 can be
used to force suture anchor 20 through tissue T and adjacent bone B. Thereafter, driver 12 is
rotated such that cannulated suture anchor 20 is driven into bone B. As noted hereinabove,
cannulated suture anchor 20 includes interrupted cutting edges 32 which facilitate cutting a
bore in bone B as cannulated suture anchor 20 is rotated therein.

Once cannulated suture anchor 20 has been installed in bone B, guide wire 24
can be removed through suture anchor system 10. Suture anchor driver 12 can then be
disengaged from cannulated suture anchor 20. Preferably, this is accomplished by slight
release on the tension of sutures 22 which held cannulated suture anchor 20 on anchor mount
18. Thereafter, driver 12 can be completely removed through cannula 60 and cannula 60 can
be removed through the tissue leaving cannulated suture anchor 20 installed in the bone with
sutures 22 extending out a proximal end of cannulated suture anchor 20 and through tissue, as
shown in FIG. 18. At this point, a further step would be to knot sutures 22 such that tissue T
is secured to bone B. Alternatively, one free end of each individual suture could be secured
adjacent tissue T and the opposed free end of suture 22 pulled in the direction of arrows A to
draw the opposed ends of suture in the direction of arrows B as the suture 22 is pulled within
cannulated suture anchor 20 and around suture guides 44.

Notably, in an alternative use not shown, cannulated suture anchor 20 would
be installed in a bore pre-drilled in bone. Once installed, one free end of each suture would
be attached to an end of a ligament and as the opposed free ends of the suture are tensioned to
draw suture through cannulated suture anchor 20 and around suture guides 44, the ligament
would be drawn into the bore in bone B to thereby secure the ligament within the bore or

bone B. A further additional advantage of cannulated suture anchor 20 is that by tensioning
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the free end of the suture attached to a ligament, the proper tension of the ligament with the
bore in bone B may be achieved.

Referring now to FIGS. 19 - 26, and initially to FIGS. 19 and 20, there is
disclosed an alternate embodiment of a cannulated suture anchor which is particularly suited
for insertion in a predrilled bore within bone. Cannulated suture anchor 80 generally includes
a threaded outer member 82 and an insert 84, insertable within a throughbore 86 formed in
threaded outer member 82. Throughbore 86 extends completely through threaded outer
member 82 in a manner similar to that of cannulated suture anchor 20 described hereinabove.
Threaded outer member 82 includes continuous threads 88 formed around threaded outer
member 82. Threads 88 are generally of constant diameter and pitch. A plurality of cutting
edges 90 are formed at a distal section of threads 88 to facilitate cutting into a bore formed in
bone. It should be noted that when a bore is formed in bone for use with cannulated suture
anchors disclosed herein, the bore is preferably of a slightly subdiameter to the threads such
that interrupted cutting edges 90 cut a threaded surface into the bore of the bone to secure the
cannulated suture anchor therein.

As shown in FIG. 19, assembled suture anchor 80 is configured to receive a
guide wire 24 completely therethrough. Additionally, as with the prior embodiment, pairs of
sutures 22 can extend into cannulated suture anchor 80 and out the proximal end in the same
manner described hereinabove with cannulated suture anchor 10.

Referring to FIGS. 20 - 24, insert 84 is provided without an enlarged conical
tip as was provided with insert 26 described hereinabove. The lack of a conical tip is not
deemed disadvantageous in this particular embodiment, as it is designed to go into a
relatively large diameter bore formed in bone and need not avail itself of the guiding function

of the conical tip of insert 26 described hereinabove. Insert 84, includes alignment fins 94
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formed on opposed sides of insert 84, as well as a pair of suture guides 96, again formed on
opposed sides of insert 84.

Suture guides 96 differ from those previously described in that sides 98 of
suture guides 96 are generally parallel to each other. An arcuate distal end 100 is provided on
suture guide 96 such that sides 98 and arcuate distal end 100 define a suture track 102 about
which sutures 22 can be positioned or looped. Insert 84 also includes a throughbore 92
formed completely therethrough for receipt of guide wire 24. As best seen in FIG. 19, a
distal end 104 of insert 84, when assembled with threaded outer member 82, is recessed
within a distal end 106 of threaded outer member 82.

As best seen in FIGS. 21 - 23, a proximal end 108 of insert 84 is flush. This is
in contrast to a proximal end of the prior insert where the proximal ends of the suture guide
44 do not extend all the way to the proximal end of insert 26.

Referring to FIGS. 25 - 26, it can be seen that when cannulated suture anchor
80 is assembled, sutures 22 extend through bore 86 in threaded outer member 82. Sutures 22
are looped about suture guides 96 such that one portion of suture 22 extends along one side
98 of suture guide 96 and continues around arcuate distal end 100 to return up an opposed
side 98 of suture guide 96. As noted above, sides 98 and arcuate distal end 100 define a
suture track 102 formed in suture guides 96.

As best seen in FIG. 26, bore 86 of threaded outer member 82 and bore 92 of
insert 84 form a continuous throughbore for receipt of guide wire 24. While not specifically
shown, in use, a bore in bone would be drilled to a diameter slightly less than the outer
diameter of threads 88 and guide wire 24 inserted into the bore formed in bone. Thereafter,
utilizing a driver similar to driver 12 described hereinabove, cannulated suture anchor 80
would be advanced over guide wire 24 and into the bore formed in bone. Cannulated suture

anchor 80 is inserted into the bone by rotating driver 12 in the manner described hereinabove
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with suture anchor assembly 10. Once cannulated suture anchor 80 has been positioned at the
proper depth within a bore formed in bone, proximal ends of pairs of sutures 22 can be
attached to a ligament and the opposed ends of suture 22 pulled or tensioned to draw the
ligament into the bore in bone. Thereafter, the free ends of the suture would be tied off or
tightened, or otherwise fixed relative to suture anchor 80 to secure the ligament within a bore
formed in bone,

It should be noted that in all disclosed embodiments disclosed herein, the
dimensional differences between the respective suture tracks and the internal diameter of the
bore formed in the threaded outer member allow free movement of the suture through the
threaded outer member and around the suture tracks, so as to draw tissue towards the suture
anchor by tensioning opposed ends of the suture 22.

Referring now to FIGS. 27-36, there is disclosed a further alternate
embodiment of a cannulated suture anchor 110 which, similar to cannulated suture anchor 80,
is particularly configured for use within a predrilled bore formed in bone. Cannulated suture
anchor 110 generally includes a threaded outer member 112 and an insert 114 positionable
within threaded outer member 112.

Threaded outer member 112 includes threads 116 formed about an outer
surface thereof. As with prior embodiments, threads 116 are preferably of a constant
diameter and pitch. A pair of cut-outs or slots 118 is formed at a distal end of threaded outer
member 112 to receive insert 114. Threaded outer member 112 includes a throughbore 120
which extends completely through threaded outer member 112 for receipt of guide wire 24
and sutures 22.

Specifically referring to FIGS. 28 - 31, insert 114 includes a throughbore 122
for receipt of guide wire 24 therethrough. Unlike prior embodiments, insert 114 does not

include any alignment tabs formed thereon. However, insert 114 is substantially the same
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diameter or width as threaded outer member 112. Insert 114 includes partial threads 124
formed on sides of insert 114. When insert 114 is inserted into slots 118 of threaded outer
member 112, threads 124 of insert 114 along with threads 116 of threaded outer member 112
forms a continuous threaded surface. Insert 114 also includes a distally extending projection
126, through which insert bore 122 extends. The areas existing between distally extending
projection 126 and threads 124, define a pair of opposed suture tracks 128 about which
sutures 22 may be positioned.

Similar to cannulated suture anchor 80, a distal end 130 of insert 114 is
slightly recessed within throughbore 120 relative to a distal end 132 of threaded outer
member 112 when assembled. Referring to FIGS. 32-34, as noted above, threaded outer
member 112 includes a throughbore 120 which is of substantially constant diameter. Threads
116 are interrupted at a distal end of threaded outer member 112 by slots 118. These
interruptions are not provided for the purpose of forming cutting edges as with prior
embodiments, but to receive insert 114 such that threads 124 of insert 114 form a continuous
outer threaded surface of cannulated suture anchor 110. As with prior embodiments, the
outer edges 134 of threads 124 are preferably atraumatic or rounded such that there is
minimal cutting into bone as cannulated suture anchor 110 is threaded into bone.

Referring now to FIGS. 35-36, cannulated suture anchor 110 is assembled in
substantially a similar manner to cannulated suture anchor 80 described hereinabove.
Specifically, sutures 22 are inserted through a bore 120 in threaded outer member 112 and
looped about suture tracks 128 formed in insert 114. The free ends of suture 22 are then
threaded back out through throughbore 120 such that both free ends of each suture extend
proximally from throughbore 120. Once the sutures 22 have been properly positioned on
insert 114, insert 114 is assembled to threaded outer member 112 by positioning the insert

from a distal location within slots 118.
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As specifically shown in FIG. 36, cannulated suture anchor 110, similar to
cannular suture anchors described hereinabove, is configured to be advanced over a guide
wire 24. It should be noted that the dimensional differences between the areas defined by
suture tracks 128 and the inner diameter of throughbore 120 are sufficient such that the
sutures may freely slide within throughbore 120 and about suture tracks 128. In use,
cannulated suture anchor 110 is used in a substantially similar manner to that described
hereinabove with respect to cannulated suture anchor 80.

Referring to FIGS. 37-48 and initially to FIGS. 37-38, there is disclosed a two-
part, non-cannulated suture anchor 140 which generally includes a threaded outer member
142 and an insert 144 positionable within threaded outer member 142. Threaded outer
member 142 includes a continuous outer thread 146 having interrupted cutting edges 148 at a
distal end thereof. Threads 146 are generally of constant pitch throughout. Threaded outer
member 142 additionally includes a hexagonal bore 150 for receipt of insert 144.

Insert 144 is provided to receive a pair of sutures and generally includes a
conical tip 152 having a shaft 154 extending proximally from conical tip 152. A proximal
end of shaft 154 is preferably has a tapered end 156. Insert 144 is provided with a pair of
suture tracks 158A and 158B for receipt of a suture therearound. Suture tracks are provided
such that a suture is disposed in the tracks can be tensioned or moved within suture anchor
140 in order to draw tissue adjacent bone after suture anchor 140 is installed in the bone.

Referring now to FIGS. 39-42, suture track 158A is defined by an opposed
pair of longitudinal slots 160A and 160B formed in shaft 154. Similarly, suture track 158B is
defined by longitudinal slots 162A and 162B formed in shaft 154. It should be noted that
slots 160A and B are preferably parallel to each other and slots 162A and B are preferably
parallel to each other. It should be further noted that slots 160A and B are longitudinally

parallel to slots 162A and B.
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Slots 160 A and B communicate with each other through a crossbore 164.
Similarly, slots 162A and B are in communication with each other through a crossbore 166.
As best shown in FIG. 41, crossbores 164 and 166 extend parallel to each other through shaft
154. Additionally, crossbores 164 and 166 are located at the same longitudinal location along
shaft 154. Shaft 154 has a hexagonal cross-section to mate with the hexagonal bore 150 of
threaded outer member 142 to prevent any rotation of insert 144 relative to threaded outer
member 142 during the tensioning of sutures.

Hexagonal bore 150 is also provided to engage a hexagonal driver at its
proximal end.

Referring to FIG. 43, in order to assembly two-part, non-cannulated suture
anchor 140 prior to use, a pair of sutures 168 and 170 are positioned through hexagonal bore
150 and crossbores 162 and 164. Specifically, a first free end 172A of suture 168 is threaded
through bore 150 and through crossbore 164 and back out bore 150, as shown. Suture 168
also includes a second free end 172B for attachment to tissue. Similarly, suture 170 is
installed by inserting a free end 174 A through bore 150 and through crossbore 156, such that
first free end 174A extends back out of hexagonal bore 150. Suture 170 is also provided with
a second free end 174B for attachment to tissue.

Referring to FIG. 44, once the sutures have been threaded through suture
anchor 140, insert 144 can be drawn into hexagonal bore 150 of threaded outer member 142,
Proximal tension on sutures 168 and 170 retain insert within threaded outer member 142. In
a specific embodiment, free ends 172 A and B and free ends 174 A and B of sutures 168 and
170, respectively, are then threaded through the interior of a hexagonal driver 176.

Referring now to FIGS. 45-48, in use, a bore B2 is predrilled in bone B1 and
driver 176 is used to position conical tip 152 of suture anchor 140 initially within the bore.

Thereafter, driver 176 is rotated such that interrupted cutting edges 148 of threads 146 cut a
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thread into the bone to secure suture anchor 140 within the bone. Once suture anchor 140 has
been secured in bone, free ends 172B and 174B are knotted together through tissue T ata
knot K1. Thereafter, the opposing free ends 172A and 174A are tensioned to draw tissue T
against bone B by pulling on sutures 168 and 170, as best shown in FIG. 46.

In one method of use, as best seen in FIGS. 47-48, free ends 172A and 174A
are then threaded or positioned through tissue, preferably using a suture needle, and tensioned
and knotted at a knot K2 to thereby secure the tissue T to bone B.

While the illustrated use of suture anchor 140 shows the attachment of a flat
section of tissue to the surface of a bone B, in an alternative method of use, a longitudinal
bore would be cut or drilled into bone B longer than the length of suture anchor 140. The
assembled suture anchor 140 would then be inserted deep into the bore in bone and free ends
172B and 174B could be attached to one or more ligaments. Once the ligaments have been
attached, the sutures 168 and 170, the opposing free ends 172A and 174A are tensioned to
draw the ligaments deep into the bore drilled in bone. This is particularly useful when
experimenting with the correct tension on the ligament during surgery, as the depth of the
ligament and the bore of bone can be adjusted by tensioning sutures 168 and 170.

Referring now to FIGS. 49 - 50, there is disclosed an alternate embodiment of
a two part non-cannulated suture anchor. Suture anchor 180 generally includes a hollow
body 182 and an insert 184 insertable into hollow body 182. Hollow body 182 is formed
with a thread 186 extending circumferentially therearound and includes interrupted cutting
edges 188 formed at a distal end of threads 186. Cutting edges 188, as with cutting edges
described hereinabove, assist in threading suture anchor 180 into bone. Insert 184 generally
includes a smooth atraumatic conical tip 190 having a shaft 192 extending proximally
therefrom. Shaft 192 has a hexagonal cross section so as to mate with the hexagonal cross

section of a bore 189 formed in hollow body 182.
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As shown, shaft 192 has a pair of proximally extending ears 194 and 196
which together define a slot 198 therebetween. This is to provide a recessed suture track at
the proximal end of shaft 194 as will be discussed in more detail hereinbelow. Shaft 192
additionally includes a throughbore 200 and a pair of partial channels 202 and 204 extending
proximally from throughbore 200. Channels 202 and 204, along with corresponding channels
formed in an inner surface of hollow body 182 and with shaft throughbore 200 define a suture
track for receipt and permit movement of a suture therethrough.

Referring to FIGS. 51-54, each ear 194 and 196 includes a hole 206 and 208
for receipt of a pin 210 therethrough. Pin 210 is provided to act as a turn around point for a
suture positionable within slot 198, With reference to FIGS. 51 and 55-57, hollow body 182
is provided with a pair of partial channels 212 and 214 formed along an inner surface of bore
189. Partial channels 212 and 214 extend from a proximal end of hollow body 182 distally to
a point short of the distal end of hollow body 182. Specifically, the distal most end of partial
channels 212 and 214 are positioned to correspond to the position of throughbore 200 formed
in insert 184. In this manner channels 202 and 204 combine with channels 212 and 214 to
form a complete circumferential channel extending proximally within each side of cannulated
suture anchor 180 for slidable receipt of a suture therethrough.

Referring now to FIGS. 58-59, in order to assembly suture anchor 180 prior to
use, sutures need to be positioned through hollow body 182 and within the suture tracks
defined by insert 184. As with prior embodiments, shaft 192 is provided with a tapered
proximal end 216 to facilitate insertion of shaft 182 within bore 189 of hollow body 182.
Initially, a first suture 218 having free ends 220 A and B is inserted through bore 189 in
hollow body 182 such that the suture passes around pin 210 and extends proximally within
slot 198 defined by ears 194 and 196. As best shown in FIG. 59, suture 218 follows a

generally radially inner suture track or path within suture anchor 180. A second suture 222
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having free ends 224 A, B is also positioned through bore 189 of hollow body 182.
Specifically, suture 222 extends along partial channel 212 in hollow body 182 and through
throughbore 200 in shaft 192 and back proximally along partial channel 214 in hollow body
182. As noted above, channels 202 and 204 in shaft 192 cooperate with partial channels 212
and 214 in hollow body 182 to form a complete circumferential channel for receipt and
passage of suture 222. Again as best seen in FIG. 59, suture 222 takes a generally radially
outward suture track or path through suture anchor 180 relative to the path taken by suture
218.

The use of suture anchor 180 to be installed into bone and to secure tissue
adjacent or within bone is substantially similar to that described hereinabove with respect to
prior embodiments and will not be described further herein.

FIGS. 60-61 illustrate further embodiments of suture anchor 250. In FIG. 60,
the outer body 252 is provided with an uninterrupted circumferential thread 254 which
extends the length of the anchor 250. Four longitudinally extending bores 256, 258, 260 and
262 are formed in the outer body 252 and are configured to receive sutures therein. As in
previous embodiments, the sutures are looped with the suture ended extending proximalty.

A substantially square cavity 264 is defined in a distal end of the outer body and
accommodates the suture loops. Outer body 250 further defines a guidewire bore 266
oriented longitudinally and extending adjacent bores 256, 258, 260 and 262. The guidewire
bore 266 is configured to facilitate placement of the suture anchor 250 over a guidewire.

FIG. 61 shows a suture anchor 250 that is substantially similar to the suture
anchor of FIG. 60 with the exception that the thread 254 is interrupted by cutting edges 270
which facilitates cutting into bone. The cavity 272 defined in the distal end of the outer body

252 is substantially circular rather than square.
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Referring now to FIGS. 62 -76, there is illustrated a suture anchor system in
accordance with one preferred embodiment of the present disclosure. Suture anchor system
300 includes several components, namely, suture anchor 302, guide wire punch 304, anchor
driver 306 and guide wire 308. In FIG. 62, suture anchor 302 is shown mounted to anchor
driver 306 with guide wire 308 extending through the suture anchor 302 and the anchor
driver 306. Guide wire punch 304 is shown in FIG. 68.

With reference now to FIGS. 63-67, taken in conjunction with FIG. 62, suture
anchor 302 includes outer sleeve 310 and insert 312 which is at least partially positionable
within the outer sleeve 310. Outer sleeve 310 defines outer wall 314 having longitudinal bore
316 extending therethrough. Outer wall 310 has a continuous helical thread 318. Helical
thread 318 has removed or cut out portions 320 which define cutting edges 322. Cutting
edges 322 assist in advancing suture anchor 302 within bone. Outer wall 310 further defines
leading and trailing ends 324, 326 respectively. Trailing end 326 has a hexagonal opening
328 which receives anchor driver 306. Trailing end 326 further defines diametrically
opposed grooves 330 and a contoured or chamfered surface 332. Contoured surface 332 may
accommodate portions of the suture extending through suture anchor 302.

Insert 312 defines conical head 334 and insert shaft 336 extending from the
conical head 334. Insert 312 defines a longitudinal bore 338 which extends through conical
head 334 and through insert shaft 336. Insert shaft 336 has a pair of diametrically opposed
rails 340 about which the suture portions are wrapped in a manner which is substantially
similar to that described in connection with the embodiment of FIGS. 2-3. Insert 312 further
defines alignment fins 341 which are received within corresponding alignment slots (see slots
43 of FIG. 9) within outer sleeve 310,

Referring now to FIGS. 68- 71, guide wire punch 304 will be discussed.

Guide wire punch 304 is intended to facilitate insertion of guide wire 308 through the tissue
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and into the bone. Guide wire punch 304 includes punch shaft 342, impactor cap 344 which
is mounted to trailing end 346 of the punch shaft 342 and longitudinal bore 348 extending
through the punch shaft 342 and the impactor cap 344. Punch shaft 342 defines leading
punch tip 350 adjacent leading end 352 of the punch shaft 342. Leading punch tip 352
includes tapered surface 354 extending to cylindrical surface 356. Adjacent trailing end 346,
punch shaft 342 includes a pair of leading and trailing transverse grooves 358, 360,
respectively which are interconnected by longitudinal groove 362.

As best depicted in FIGS. 72-73, impactor cap 344 defines longitudinal
opening 358 which is dimensioned for positioning over punch shaft 342, and trailing end wall
360. Trailing end wall 360 has internal pin 362 extending within longitudinal opening 358.
Internal pin 362 is arranged to be received within longitudinal bore 348 of punch shaft 342
and engage guide wire 308 disposed within the longitudinal bore 348. In this regard, as
impactor cap 344 is advanced onto punch shaft 342, internal pin 362 advances guide wire 308
relative to guide wire punch 304 to embed the distal end of the guide wire 308 within the
bone. Impactor cap 344 further includes cam pin 380 (FIG. 73). Cam pin 380 extends
through one of transverse openings 382 defined in impactor cap 344 and is received within
grooves 358, 360, 362 on the exterior of punch shaft 342. Two cam pins 380 may be
provided. Cam pin 380 is adapted to traverse grooves 358, 360, 362 when impactor cap 344
is positioned and advanced on punch shaft 342. In this manner, impactor cap 344 may be
selectively positioned on punch shaft 342 between one of two positions, i.e., a first or
retracted position where cam pin 380 is received within proximal groove 360 and a second
advanced position where cam pin 380 is received in distal groove 358. Thus, the surgeon
may be able to selectively control the depth of advancement of internal pin 362 of impactor
cap 344 to thereby control the depth or degree of advancement of guide wire 308 relative to

punch shaft 342 and the tissue.
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Referring now to FIGS. 74-76, anchor driver 306 will be discussed. Anchor
driver 306 includes driver shaft 364, driver tip 366 disposed at the distal end of the driver
shaft 364 and longitudinal bore 368 extending through the driver shaft 364 and the driver tip
366. Anchor driver 306 further defines a pair of diametrically opposed grooves 370 which
extend along the outer surface of driver tip 366 and along a major portion of the driver shaft
364. Grooves 370 are dimensioned to accommodate suture portions extending back from
suture anchor 302. Driver tip 366 further includes a pair of rails 372 offset 90° relative to
grooves 370 and spaced from the leading end of driver tip 366. Rails 372 are dimensioned to
be received within recesses of grooves 330 of suture anchor 302. In this regard, outer sleeve
310 is coupled to anchor driver 306 whereby rotation of the anchor driver 306 causes
corresponding rotation of the outer sleeve 310.

The use of the suture anchor system 300 will now be discussed. Guide wire
308 is positioned within longitudinal bore 348 of guide wire punch 304, and the assembled
components are introduced within a cannula accessing a targeted tissue site in a similar
manner to the method of use described in connection with FIGS. 14-15. Guide wire punch
304 and guide wire 308 are advanced through the tissue until tapered end of guide wire punch
304 engages bone. Impactor cap 344 is then mounted to punch shaft 342 with internal pin
362 extending within longitudinal bore 348 of guide wire punch 304. In one preferred
method, impactor cap 344 is arranged whereby cam pin 380 is received within proximal
groove 360 and the impactor cap 344 is tapped to initially advance the guide wire 308 into
bone. Thereafter, impactor cap 344 is rotated whereby cam pin 380 is aligned with
longitudinal groove 362 of punch shaft 342 and the impactor cap 344 is driven distally to
drive and anchor guide wire 308 into bone. Cam pin 380 advances until it engages the wall
portion defined by distal groove 360. Other methods are also envisioned. With guide wire

308 positioned within the bone, guide wire punch 308 is removed along the gnide wire 308.
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Suture anchor 302 with loaded sutures 350 is mounted to anchor driver 306 in a manner in
which rails 372 of driver tip 366 are received within grooves 330 of outer sleeve 310 as
depicted in FIG. 62, Suture anchor 302 and anchor driver 306 are advanced along guide wire
308 until suture anchor 302 engages the bone. Thereafter, anchor driver 306 is rotated to
cause corresponding rotation of suture anchor 302 and advancement of the suture anchor 302
within the bone. As appreciated, suture ends of sutures 350 extending back from suture
anchor 302 are received within longitudinal grooves 37Q of anchor driver 306. The sutures
are secured to the tissue in the manner(s) discussed hereinabove to secure the damaged tissue
relative to the bone.

Referring now to FIGS. 77-79, there is illustrated another alternate
embodiment of the guide wire punch usable with the system of FIGS. 62-76. Guide wire
punch 400 is substantially similar to the guide wire punch described in connection with the
embodiment of FIGS. 62-76. However, in accordance with this embodiment, impactor cap
402 is tethered to punch shaft 404 through a tether line 406. In particular, tether line 406
defines connector 408 having aperture 410 which is slid over punch shaft 404 to be received
or accommodated within a locking groove 412 defined in the punch shaft 404. Connector
408 defines slits 414 circumscribing aperture 410 which permit the material defining the
aperture 410 to flex for reception within one of the locking grooves 412 of punch shaft 404.
Impactor cap 402 has internal pin 416 which functions in a similar manner to the
corresponding counterpart described in connection with the embodiment of FIGS. 62-76.
Preferably, impactor cap 402 and tether line 406 are monolithically formed as a single unit
and are preferably fabricated from a flexible polymer material.

It will be understood that various modifications may be made to the

embodiments disclosed herein. Therefore, the above description should not be construed as
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limiting, but merely as exemplifications of preferred embodiments. Those skilled in the art

will envision other modifications within the scope and spirit of the claims appended hereto.
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What Is Claimed Is:

1. A suture anchor, which comprises:

an outer sleeve having a longitudinal throughbore and defining leading and
trailing ends; and

an insert positionable within the longitudinal throughbore of the outer sleeve,
the insert defining at least one suture track for slidably supporting a suture whereby opposed
free ends of the suture extend from the at least one suture track through the longitudinal
throughbore to extend beyond the trailing end of the outer sleeve to be tensioned and secured

relative to the tissue.

2, The suture anchor according to claim 1 wherein the outer sleeve

includes an external thread.

3. The suture anchor according to claim 1 wherein the insert includes a

pair of suture tracks for supporting a pair of sutures.

4, The suture anchor according to claim 3 wherein the suture tracks

include channels formed in an outer surface of the insert.

5. The suture anchor according to claim 3 wherein the suture tracks

include openings extending through the insert.

6. The suture anchor according to claim 5 wherein the openings are

spaced in side by side relation.
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7. The suture anchor according to claim 5 wherein the openings are

longitudinally spaced along the insert.

8. The suture anchor according to claim 1 wherein the insert is
operatively connected to the outer sleeve whereby rotation of the outer sleeve causes

corresponding rotation of the insert.

9. The suture anchor according to claim 1 wherein the insert includes a
shaft and a relatively enlarged leading tip, the shaft being receivable within the longitudinal
throughbore of the outer sleeve, the leading tip having a dimension greater than a

corresponding dimension of the longitudinal throughbore to be external of the outer sleeve.

10.  The suture anchor according to claim 9 wherein the leading tip of the

insert defines a conical portion.

11.  The suture anchor according to claim 1 wherein the insert is entirely

positioned within the longitudinal throughbore of the outer sleeve.

12.  The suture anchor according to claim 11 wherein the outer sleeve has
at least one longitudinal slot at a distal end thereof such that the insert is positionable within
the throughbore and the slot.

13. A suture anchor system, which comprises:

a suture anchor including:

an outer sleeve having trailing and leading ends and an external thread;

and
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an insert at least partially positioned within the outer sleeve, the insert

having a pair of suture tracks for slidably supporting a pair of sutures whereby the sutures are
looped relative to the suture tracks with respective suture end portions extending through the
outer sleeve and out the trailing end thereof: and

an anchor driver for installing the suture anchor in tissue, the anchor driver
including a driver shaft and a driver tip, at least the driver shaft having a pair of longitudinal
recesses defined in an outer surface thereof for reception of respective suture end portions
extending from the outer sleeve, the driver tip being operatively engageable with the outer
sleeve of the suture anchor whereby rotational movement of the anchor driver causes
corresponding rotational movement of the outer sleeve and advancement of the suture anchor

into the tissue.

14.  The suture anchor system according to claim 13 wherein the insert of
the suture anchor includes a longitudinal bore extending therethrough for reception and

passage of a guide wire.

15.  The suture anchor system according to claim 14 wherein the anchor

driver includes a longitudinal bore therethrough for reception and passage of a guide wire.

16.  The suture anchor system according to claim 13 including a guide wire
punch for facilitating entry of a guide wire into the tissue, the guide wire punch including a
punch shaft defining a longitudinal bore for reception and passage of a guide wire and an
impactor cap mountable to the punch shaft, the impactor cap having an internal pin
dimensioned to be received within the longitudinal bore of the punch shaft when the impactor

cap is mounted to the punch shaft whereby advancement of the impactor cap onto the punch
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shaft causes the internal pin to engage and drive the guide wire into the tissue.

17.  The suture anchor system according to claim 16 wherein the impactor

cap is tethered to the punch shaft with a tether line.

18.  The suture anchor system according to claim 17 wherein the impactor

cap and the tether line are formed of a polymeric material.
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