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(57) Abstract: A suture anchor (10) for securing soft tissue to bone

including a body extending along a longitudinal axis between opposite
ends, and at least one eyelet (12) extending between lateral surfaces of
the body for receiving a suture. The eyelet (12) defines two entry/exit
void regions (16) and a central void region (14) extending between the
entry/exit void regions (16). Each entry/exit void region (16) extends
from one of the lateral surfaces of the body and has an axis forming an
acute angle with the longitudinal axis of the body. Each entry/exit void
region (16) also has a surface comprising a segment of a conic surface
extending about the axis of the entry/exit void region and tapering
inward towards the longitudinal axis of the body. The central void

region extends along an axis transverse to the longitudinal axis of the
body.
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PARABOLIC EYELET SUTURE ANCHOR

Cross-Reference to Related Application

(01) The present application claims priority to provisional U.S. patent
application serial no. 60/272,218, filed on February 28, 2001, which 1s assigned to the

assignee of the present application and incorporated herein by reference.

Background of Disclosure

1. Field of Disclosure

(02) The present disclosure relates to anchors for securing surgical suture to
bone. More specifically, the present disclosure relates to arthroscopic apparatus and
methods for anchoring suture to bone using an anchor preferably having an eyelet formed
to reduce or eliminate damage to the suture associated with passing the suture through

the eyelet.

S

2. Description of Related Art

(03) When soft tissue tears away from bone, reattachment becomes necessary.
Various devices, including sutures alone, screws, staples, wedges, and plugs have been
used to secure soft tissue to bone. Various types of sutu;re anchors have been developed
for this purpose. Some suture anchors are designed to be inserted into a pre-drilled hole,
while other suture anchors are threaded and self-tapping. Some suture anchors include
an eyelet for receiving a suture, while other anchors are cylindfical and adapted for

holding a knotted piece of suture, while still other anchors include a strand of suture

imsert molded 1n the anchor.

(04) What is still desired, however, is an improved suture anchor for use in
reattaching soft tissue to bone. Preferably, the improved suture anchor will include at

least one eyelet for receiving a surgical suture and which allows a relatively large angle
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of entry and a gentle lead in for a suture threaded through the eyelet, while minimizing
damage to the suture. What are also desired are arthroscopic apparatus and methods for
anchoring suture to bone using such an anchor, and wherein the apparatus and methods

themselves are adapted to minimize damage to a suture threaded through the eyelet of the

anchor.

Summary of the Disclosure

(05) The present disclosure provides a suture anchor for securing soft tissue to
bone, including a body extending from a proximal end to a distal end along a
longitudinal axis, and at least one eyelet extending between opposite lateral surfaces of
the body for receiving a suture. The eyelet defines two entry/exit void regions and a
central void region extending between the entry/exit void regions along an axis extending
transverse to the longitudinal axis of the body. Each entry/exit void region extends from
one of the lateral surfaces of the body, has an axis forming an acute angle with the
longitudinal axis of the body, and has a surface comprising a segment of a conic surface
extending about the axis of the entry/exit void region and tapering inward towards the

longitudinal axis of the body.

(06) The present design of the eyelet allows for greater angles of suture entry, a

gentle lead in and minimal damage to a suture thread passed through the eyelet.

(07)  Other features and advantages of the present disclosure will become

apparent from the following detailed description and the accompanying drawings.

Brief Description of the Drawings

(08) Fig. 1 is a side elevation view of a suture anchor constructed n

accordance with the present disclosure;

(09) Fig. 2 is an enlarged perspective view of a portion of the suture anchor of

Fig. 1;
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(10) Fig. 3 1s an elevation view of a portion of the suture anchor of Fig. 1;

(11) Fig. 4 is a sectional view of the suture anchor of Fig. 1 taken along line 4 -

- 4 of Fig. 3;

(12) Fig. 5 is an enlarged sectional view of the suture anchor of Fig. 1 taken

along line 5 - - 5 of F1g. 3;

(13) Fig. 6 is an elevation view of another suture anchor constructed in

accordance with the present invention;
(14) Fig. 7 is a top plan view of the suture anchor of Fig. 6;

(15) TFig. 8 is a sectional view of the suture anchor taken along line 8 - - 8 of

Fig. 6;

(16) Fig. 9 is a sectional view of the suture anchor taken along line 9 - - 9 of

Fig. 6;

(17) Fig. 10 is a perspective view of a further suture anchor constructed in

accordance with the present invention;

(18) Figs. 11 and 12 are elevation views of the suture anchor of Fig. 10,

wherein the anchor has been rotated 90° between the twé V1EWS;
(19) Fig. 13 is a top plan view of the suture anchor of Fig. 10;

(20) Fig. 14 is a perspective view of an additional suture anchor constructed 1n

accordance with the present invention;

(21)  Figs. 15 and 16 are elevation views of the suture anchor of Fig. 14,

wherein the anchor has been rotated 90° between the two views;

(22) Fig. 17 is a top plan view of the suture anchor of Fig. 14;
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(23) Fig. 18 is a perspective view of a drill guide constructed mn accordance

with the present disclosure;

(24) Fig. 19 is a side elevation view of a drive tool constructed in accordance

with the present disclosure for use with the suture anchor of Fig. 1;
5 (25) Fig. 20 is a perspective view of the drive tool of Fig. 19;

(26)  Fig. 21 is an enlarged elevation side view of a tip of the drive tool of Fig.

19;
(27) Fig. 22 is an enlarged elevation end view of the tip of the drive tool of
Fig. 19; and '
10 (28)  Fig. 23 perspective view of another tip of a drive tool constructed in

accordance with the present disclosure shown being used with, for example, the suture

anchor of Fig. 14.

(29) Like reference characters designate identical or corresponding

components and units throughout the several views.

15 Detailed Description of the Preferred Embodiments

(30) Referring to Figs. 1 through 5, a suture anchor 10 construc;ted n
accordance with the present invention is shown. The suture anchor 10 includes an eyelet
12 for securing a length of suture 200 to bone (not shown), which in turn, can be secured
around or through soft tissue (not shown) to secure the soft tissue to the bone. The |

20  anchor 10 can be used with many types of bio-compatible sutures including

monofilament sutures, braided sutures, absorbable sutures, and non-absorbable sutures.

The presently disclosed suture anchor 10 allows for a gentle lead in and minimal damage

to a suture threaded through the eyelet 12, especially when an entry angle "6" and an exit
angle "g" of the suture 200 are each about forty-five degrees with respect to a
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longitudinal axis "A" of the anchor 10, as shown 1n Fig. 1.

(31) The anchor 10 includes a body extending along the longitudinal axis "A"
between a proximal end 1 and a distal end 2, and includes at least one eyelet 12 near the
proximal end 1 extending between side or lateral surfaces 18 of the body, for receiving a
suture. The eyelet 12 defines a central void region 14 extending substantially parallel
with a lateral axis "B" of the body, and entry/exit void regions 16 extending between the
side surfaces 18 of the body and the central void region 14. The defining surface of the
central void region 14 is preferably cylindrical, but can be concave in other
embodiments. The entry/exit void regions 16 each cdmprise a segment of a conic surface
having an angle "B" and which extend towards the longitudinal axis "A" such that a
cross-section of the eyelet 12 taken along a plane extending normal to the longitudinal
axis "A" of the body, as illustrated by line 4 - - 4 in Fig. 3, is substantially parabolic, as
shown best 1n Fig. 4.

(32) Preferably, an axis "C" of each entry/exit void region 16 extends within a
plane formed by the longitudinal axis "A" and the lateral axis "B" of the body. In
addition, the axes "C" of the entry/exit void regions 16 extend at an angle "a" with
respect to the lateral axis "A" of the body, as shown best in Figs. 2 and 5. Preferably, the
angle "o" is about thirty degrees with respect to the lateral axis "B" of the body. As
shown best in Figs. 2 and 3, openings 20 of the eyelet 12 are elliptical due to the conic
surface-like entry/exit void regions 16. In the preferred embodiment, the entry/exit void
regions 16 each comprise a segment of a conic surface having an angle "p" equal to

about sixty degrees.

(33)  The eyelet 12 optionally includes intermediate void regions 22 extending
between the entry/exit void regions 16 and the central void region 14. Defining surfaces
of the intermediate void regions 22 are preferably cylindrical. An axis "D" of each
intermediate void region 22 extends within a plane formed by the longitudinal axis "A”"

and the lateral axis "B" of the body. In addition, the axes "D" of the intermediate void
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regions 22 extend at an angle "y" with respect to the lateral axis "A" of the body, as
shown best in Figs. 2 and 5. Preferably, the angle "y " 1s about thirty degrees with respect
to the lateral axis "B" of the body. In the embodiment shown, therefore, the axes "D" of

the intermediate void regions 22 are aligned with axes "C" of the entry/exit void regions

16.

(34) The body of the anchor 10 also includes cut-outs 24 extending between
the openings of the eyelet 12 and an end surface 26 of the body. The cut-outs 24 help to
increase the angle of approach for a suture threaded through the openings 20 of the eyelet
12 and reduce stresses on the suture. Another embodiment of a suture anchor 40
constructed in accordance with the present invention is shown 1 Figs. 6 through 9. The
suture anchor 40 is similar to the suture anchor 10 of Figs. 1 through 5, but imncludes
enlarged cut-outs 44 that extend between the openings 20 of the eyelet 12 and corners

formed by the end surface 26 and the side surface of the anchor 10.

(35) Preferably all edges between the cut-outs 24 and the end surface 26,
between the side surfaces 18 and the entry/exit void regions 16, between the entry/exit
void regions 16 and the intermediafe void regions 22, and between the intermediate void
regions 22 and the central void region 14 are rounded, to further protect a suture threaded

through the eyelet 12.

(36) In the embodiment shown, the body of the anchor 10 includes a drive
head 28 at one of the ends and the eyelet 12 is formed through the drive head. The drive
head 28 preferably has a square or rectangular cross-section, as opposed to a hexagonal,
circular or elliptical cross-section, because a square or rectangular cross-section has been
found to provide more material for removal in order to provide the preferred eyelets 12.
In the embodiment 10 of Figs. 1-5, the drive head 28 has a square cross-section, while
the embodiment 40 of Figs. 6-9 has a drive head 48 having an eccentric rectangular

cross-section.
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(37) As shown in Fig. 1, the body of the anchor 10 also includes an éxternal
threaded portion 30 extending between the drive head 28 and the other end of the body.
The external threaded portion 30 can be seli-tapping and can include a self-drilling tip 1f
desired. The suture anchor 10 is made from a rigid and strong bio-compatible material.
The suture anchor 10 can be constructed of a non-absorbable material such as titanium or
stainless steel, or bio-absorbable material such as polymers, polyglycolic acid (PGA),
poly-L-lactic acid (PLLA), polydioxanone (PDS), and poly-D,L-lactic acid (PDLLA),
and their copolymers, tyrosine-derived polycarbonates and tricalcium phosphates. The
bio-absorbable anchors are useful when the eyelet is deployed below the surface of a

bone so that bone regrowth eventually takes over to hold the suture to the bone as the

anchor is absorbed.

o §

(38)  The suture anchors 50, 60 of Figs. 10 through 17 are similar to the suture
anchor 40 of Figs. 6 through 9, but each anchor 50, 60 includes two eyelets 12. In the

embodiment 50 of Figs. 10 fhrough 13, the two eyelets 12 are perpendicular, while in the
embodiment 60 of Figs. 14 through 17 the eyélets 12 are parallel. |

(39) Fig. 18 is a perspective view of a drill guide 70 constructed in accordance

with the present disclosure. The drill guide 70 is for assisting in positioning a drill bit

while drilling a hole in bone for receiving a suture anchor during an arthroscopic surgical

~ procedure, such as shoulder arthroscopy. The drill guide 70 includes a tubular guide

shaft 72 extending through a handle 74. The shaft 72 is for extending into the shoulder
joint, for example, such that a tip 76 of the shaft can be positioned on the glenoid rim of
the scapula bone of the shoulder joint, and mcludes a window 78 near the tip for properly

aligning the shaft with the rim. The shaft 72 receives a drill bit therethrough for drilling

a hole within the scapula. The shaft 72 can also be used to help position an anchor in the

drilled hole and secure a suture to the anchor.

(40)  As shown, the drill guide 70 includes an adjustment wheel 80 secured to
the shaft 72 within the handle 74 such that turning the wheel rotates the shaft to a desired
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position. The guide 70 also includes a button 82 in the handle 74 for preventing rotation

of the wheel 80 and the shaft 72 when the button i1s moved within the handle to maintain

the shaft in the desired position.

(41) Figs. 19 and 20 show a tubular drive tool 90 constructed in accordance
with the present invention. The tool 90 1s for use 1 driving a suture anchor 10 into bone,
while a suture 200 threaded through an eyelet 12 of the anchor extends through the
hollow tool 90. The tool 90 includes a handle 92, a tube 94 extending from the handle to
a distal end, and a drive socket 96 attached to the distal end of the tube.

(42) As shown in Figs. 21 and 22, the drive socket 96 includes inwardly facing
surfaces 98 for gripping outwardly facing surfaces of the drive head 28 of the suture
anchor 10 for transferring torque from the drive tool 90 to the suture anchor 10. In
addition, the inwardly facing surfaces 98 mclude recesses 100 positioned for alignment
with the entry/exit void regions 20 of the eyelets 12 of the anchor 10 and sized to receive
a suture 200 pasSing through the eyelet. In the embodiment shown, the drivé socket 96 1s

permanently attached to the tube 94, but can be provided as removably attachable to the

tube.

(43) As shown in Figs. 19 and 20, the handle 92 of the drive tool 90 includes
reference markings 102, 104 aligned with the recesses 100 of the drive socket 96. In the
embodiment shown, the reference marks inclﬁde lettering 104 and flat portions 102
formed on the handle 92. The reference marks 102, 104 help to 1identify the orientation
of a suture 200 extending through the anchor 10 to improve suture and soft tissue

alignment while placing the anchor.

(44) Fig. 23 shows another drive socket 196 constructed in accordance with the
present disclosure. The drive socket 196 is similar to the drive socket 96 of Figs. 21 and
22, but further includes at least two tabs 198 extending axially from a distal edge of the
socket. The tabs are for covering and protecting a suture (not shown) received in the

anchor 60, while the anchor is being screwed into a bone using the socket 196. As
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shown, the suture anchor 60 includes an axially extending recess 62 extending over each
opening of the entry/exit void regions of the eyelet 12 and the tabs 198 are aligned for
receipt within the recesses 62 and adapted to receive a suture between the tabs 198 and
the anchor 60, so that the suture 1s not crushed or otherwise damaged between the socket

and the anchor.

(45) The suture anchors, drill guide and drive tool described above can be
ncluded as part of a surgical kit also including at least one length of suture (not shown)
for every suture anchor. The suture can be a monofilament or multifilament, braided
suture. The suture is bio-compatible and can be bio-absorbable if desired. In addition,
one end of the length of suture is preferably deformed and shaped differently than the
other end, su‘ch that a surgeon can distinguish the two ends of the suture length visually
and by touch during a surgical procedure. For example, one end of the length of suture
can be deformed and shaped so that it is flat, while the other end 1s not deformed such

that it remains cylindrical.

(46) It should be understood that the presently disclosed suture anchors, drill
guide and driver tool can be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. For example, for all embodiments of the suture
anchors disclosed herein, the anchor can be comprised of a suitable metal or plastic.
Furthermore, any plastics used can be of the type that dissolve in the body 1n a harmless
manner a suitable period after being secured therein, such that the suture anchors and
sutures do not have to be removed by a medical person. In addition, an eyelet formed 1n
accordance with the present invention can be formed in an insert for insertion into an
anchor after the anchor has been fixed within a bone, as opposed to being formed directly
in the anchor. The present embodiments, therefore, are to be considered 1n all respects as

“illustrative and not restrictive, the scope of the invention being indicated by the appended
claims rather than by the foregoing description. All changes that come within the

meaning and range of he equivalency of the claims are therefore intended to be embraced

therein.
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What 1s claimed 1s:
1. A suture anchor for securing soft tissue to bone, comprising:

a body extending from a proximal end to a distal end along a longitudinal

ax1s; and

at least one eyelet extending between opposite lateral surfaces of the body

for receiving a suture, the eyelet defining,

two entry/exit void regions, each entry/exit void region extending
from one of the lateral surfaces of the body, having an axis forming an acute angle with
the longitudinal axis of the body, and having a surface comprising a segment of a conic
surface extending about the axis of the entry/exit void region and tapering inward

towards the longitudinal axis of the body, and

a central void region extending between the entry/exit void regions

along an axis of the central void region extending transverse to the longitudinal axis of

the body.

2. A suture anchor according to claim 1, wherein edges between the
entry/exit void regions and the central void region and between the entry/exit void

regions and the lateral surfaces are rounded.

3. A suture anchor according to claim 1, wherein the axis of each entry/exit
void region extends within a plane formed by the longitudinal axis of the body and the

axis of the central void region.

4, A suture anchor according to claim 3, wherein the axes of the entry/exit

void regions extend at equal angles.
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5. A suture anchor according to claim 4, wherein the axes of the entry/exit

void regions extend at an angle of about sixty degrees with respect to the longitudinal

axis of the body.

6. A suture anchor according to claim 1, wherein openings of the eyelet are
elliptical.

7. A suture anchor according to claim 1, wherein the body includes a drive

head at one of the ends and the eyelet is formed through the drive head.

8. A suture anchor according to claim 7, wherein the cross-section of the

drive head 1s substantially rectangular.

9. A suture anchor according to claim 1, wherein the body includes cut-outs

extending between opellingé of the eyelet and an end surface of the body.

10. A suture anchor according to claim 9, wherein each of the cut-outs

extends between corners formed by the end surface and the lateral surtace ot the body.

11. A suture anchor according to claim 1, wherein the surfaces of the
entry/exit void regions each comprise a segment of a conic surface of about sixty

degrees.

12. A suture anchor according to claim 1, wherein the at least one eyelet

comprises two eyelets.

13. A suture anchor according to claim 12, wherein the eyelets are
substantially parallel.
14. A suture anchor according to claim 12, wherein the eyelets are non

parallel.
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15. A suture anchor according to claim 1, wherein the body includes an

external threaded portion extending towards one of the ends of the body.

16. A suture anchor according to claim 15, wherein the external threaded

portion 1s self-tapping.

17. A suture anchor according to claim 15, wherein the external threaded

portion includes a self-drilling tip at the end of the body.

18. A suture anchor according to claim 1, made from bio-compatible material.

19. A suture anchor according to claim 1, made from bio-absorbable material.

20. A suture anchor according to claim 1, wherein the central void region is
cylindrical.

21. A suture anchor according to claim 1, wherein the eyelet further includes

intermediate void regions extending between the entry/exit void regions and the central

void region.

22. A suture anchor according to claim 21, wherein the intermediate void

regions are cylindrical.

23. A suture anchor according to claim 21, wherein an axis of each
intermediate void region extends within a plane formed by the longitudinal axis of the

body and the axis of the central void region.

24. A suture anchor according to claim 23, wherein the axes of the

intermediate void regions extend at an angle with respect to the longitudinal axis of the

body.
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25. A suture anchor according to claim 24, wherein the axes of the

mtermediate void regions extend at an angle of about sixty degrees with respect to the

longitudinal axis of the body.

26. A suture anchor according to claim 23, wherein the axes of the

intermediate void regions are aligned with the axes of the entry/exit void regions.

27. A kit including a suture anchor according to claim 1, and further

comprising a drill guide having:
a handle;

a hollow guide shaft rotatably secured to the handle, the guide shaft

having a tip and an alignment window adjacent the tip;
an adjustment wheel radially extending from the shaft; and

a button positioned within the handle and movable to a locked position

preventing rotation of the adjustment wheel.

28. A kat according to claim 27, further including at least one length of suture.

29. Akt according to claim 28, wherein the suture 1s a monofilament.

30. A kit according to claim 28, wherein one end of the length of suture is
deformed.

31. A kit according to claim 28, wherein the suture is bio-compatible.

32.  Akit according to claim 31, wherein the suture 1s bio-absorbable.

33. Akitincluding a suture anchor according to claim 1, wherein the body of

the suture anchor includes a drive head at one of the ends and the eyelet is formed

through the drive heaq, and the kit further comprises a tubular drive tool having:
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a handle;

) a tube extending from the handle to a distal end; and

a drive socket attached to the distal end of the tube and including inwardly
facing surfaces for gripping outwardly facing surfaces of the drive head of the suture
anchor for transferring torque from the drive tool to the suture anchor, and wherein the
inwardly facing surfaces include recesses positioned for alignment with the entry/exit
void regions of the eyelet of the anchor and sized to receive a suture passing through the

eyelet.

34. A kit according to claim 33, wherein the handle of the drive tool includes

reference markings aligned with the recesses of the drive socket.

35. A kit according to claim 33, wherein the drive socket is removably

attached to the tube.

36. A kit according to claim 33, further including at least one length of suture.

37. A Kkit according to claim 36, wherein the suture 1s a monofilament.

38. A kit according to claim 36, wherein one end of the length of suture is
deformed. '

39.  Akit according to claim 36, wherein the suture is bio-compatible.

40. A kit according to claim 39, wherein the suture is bio-absorbable.

41. A kit according to claim 33, wherein the drive socket further includes at

Jeast two tabs extending axially from a distal edge of the socket.

42. A kit according to claim 41, wherein the suture anchor includes an axially
extending recess extending over each opening of the entry/exit void regions of the eyelet

for receiving the tabs of the drive socket.
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43.  AKkit including a suture anchor according to claim 1, wherein the body of
the suture anchor mcludes a drive head at one of the ends and the eyelet 1s formed
through the drive head, and an axially extending recess extending over each opening of

the entry/exit void regions of the eyelet and the kit further comprises:

a tubular drive tool having a drive socket including inwardly facing
surfaces for gripping outwardly facing surfaces of the drive head of the suture anchor,
and at least two tabs extending axially from a distal edge of the socket and adapted for
receipt within the axially extending recesses of the anchor and adapted to receive a suture

between the tabs and the anchor.
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FIG. 5
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FIG. 15
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