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(57) Abstract

A graft anchor (10) includes an
anchor member (12) for placement in
bone tissue (4). The anchor member
(12) defines an opening (22). An in-
ner member (16) is inserted securable
into the anchor member (12) open-
ing (22). A fastener (14) is config-
ured such that insertion and secur-
ing of the inner member (16) into
the anchor member (12) opening (22)
results in a holding force being ap-
plied to the graft (2). The anchor
member (12) is of limited length to
maintain its distal end (30) within the
bone (4). The anchor member (12)
includes a distal drive opening (83)
for receiving a drive tool (80) and the
inner member (16) includes a proxi-
mal drive opening (34) for receiving
the drive tool (80). The fastener (14)
includes channels (150, 152) for con-
taining the graft (2), a fastener body
(56) with protrusions (40) extending
from the fastener body (56) for pene-
trating bone tissue (4), and a reinforc-
ing member (54) contained within the
fastener body (56).




applications under the PCT.

AM
AT
AU
BB
BE
BF
BG
BJ
BR
BY

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

Armenia
Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Cdie d’Ivoire
Cameroon
China
Czechoslovakia
Czech Republic
Germany
Denmark
Estonia

Spain

Finland

France

Gabon

United Kingdom
Georgia

Guinca

Greece

Hungary

Ircland

Italy

Japan

Kenya

Kyrgystan
Democratic People’s Republic
of Korea

Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka

Liberia

Lithuania
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia
Mauritania

Malawi

Mexico

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore
Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam




WO 97/29706 PCT/US97/02260

10

15

20

25

30

GRAFT ANCHOR

The invention relates to an apparatus and method for securing

a graft to bone.

Reconstruction of the anterior cruciate ligament (ACL)
generally involves the placement of a tendon graft through a tibial
tunnel and securing the graft at one end to the femur and at the
other end to the tibia. It is known to secure the graft to the tibia
using staples, a bicorticai screw and a fastening washer having
spikes for penetration into the bone, or a suture attached to a

fixation post embedded into the bone.

The securement of a graft to bone has the requirements of
strong fixation of the graft without damaging the graft itself and it is
an object of the present invention to provide a graft anchor which

can meet this need.

Accordingly, there is provided a graft anchor for securing a
graft to bone includes an anchor member for placement in bone
tissue. The anchor member defines an opening. An inner member
is insertably securable into the anchor member opening. A fastener
is configured such that insertion and securing of the inner member
into the anchor member opening results in a holding force being

applied to the graft.

In particular embodiments of the invention, the anchor member
may be of limited length to maintain its distal end within the bone
and the opening is a threaded axial bore. The inner member may
include external threads for mating with the axial bore threads and a
smooth shank proximal of the external threads. The anchor member

may include external threads; the threads are preferably self-
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2
tapping. The axial bore of the anchor member may include a distal

drive opening for receiving a drive tool, and the inner member may
include a proximal drive opening for receiving a drive tool. The
distal and proximal drive openings are preferably hexagonally
shaped. The fastener may include a channel for containing the
graft, a guide defining the channel, a fastener body with protrusions
extending from the fastener body for penetrating bone tissue, and a
reinforcing member contained within the fastener body. The
fastener body may have a strength less than the reinforcing
member. The fastener includes a through bore and a lip
surrounding the through bore which separates the graft from the
through bore. The fastener body has a generally circular shape

which may include two flat sides.

According to another aspect of the invention, a method of
securing a graft to bone includes the steps of placing an anchor
member into the bone, positioning a fastener such that a portion of
the graft lies between the fastener and the bone, inserting and
securing an inner member into the anchor member, the insertion
forcing the fastener into the bone to secure the graft by squeezing

the graft between the fastener and the bone.

In particular embodiments of the invention, the method
includes driliing a counterbore in the tunnel perpendicular to a
central axis of the tunnel, and drilling a hole perpendicular to the
central axis of the tunnel and centered within the counterbore.
Placement of the anchor member into the bone is by screwing the
anchor member into the hole. The anchor member is self-tapped
into the hole. The anchor member is of limited length such that
placement of the anchor member into the bone resuits in a distal

end of the anchor member being maintained within the bone. The
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portion of the graft that lies between the fastener and the bone is

contained within a protective channel defined by the fastener.

Accordingly, there is also provided a graft fastener for use with
the anchor of the present invention, said fastener defining a
protective graft channel for containing a graft and at least one

protrusion extending from said fastener for penetrating bone tissue.

Advantages of the invention include the low profile presented
by the graft anchor because of its placement in a counterbore. The
placement of the graft anchor within a counterbore creates a
tortuous path for the graft to foliow which produces stronger initial
fixation of the graft to the bone because of the increased surface
area between the graft and the bone. The placement of the graft
anchor within the bone tunne! eliminates any protrusion of the graft
anchor from the surface of the bone. The fastener lip shields the
graft from possible damage from the act of inserting the screw into
the anchor member. The smooth shank of the inner member does
not cut the graft. The containment of the graft substantially within
the fastener channels causes the graft to iie flat against the bone
increasing the area of contact between the graft and the bone which
increases the ability of the graft to heal back to the bone. The
anchor member has ‘a larger outer diameter than conventional bone

anchors which increases the pull out strength of the graft anchor.

Other objects, features and advantages of the invention will be
apparent from the following description taken together with the
drawings in which:

Fig. 1 shows a graft anchor according to the invention securing

a graft to bone;
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Fig. 2 is a partially cut away side view of an anchor member of

the graft anchor;

Fig. 2A is an end view of the anchor member of Fig. 2, taken
along lines 2A-2A,;

Fig. 3 is a partially cut away side view of a screw of the graft
anchor,

Fig. 3A is an end view of the screw of Fig. 3, taken along lines
3A-3A,

Fig. 4 is a side view of a fastener of the graft anchor;

Fig. 4A is an end view of the fastener of Fig. 4, taken along
lines 4A-4A, showing the graft in place against the fastener;

Figs. 5-5D illustrate how the graft anchor is inserted into bone;

Fig. 6 is an end view of an alternative embodiment of a
fastener;

Fig. 7 shows a graft anchor including the fastener of Fig. 6
securing a graft to bone;

Fig. 8 is an end view of an additional alternative embodiment of
a fastener; and

Figs. 9 and 9A show an alternative placement of the graft

anchor of Fig. 1.

Referring to Figs. 1, 2, and 2A a graft anchor 10 for securing a
graft 2 to bone 4 has an anchor member 12, a fastener 14, and a
screw 16. Anchor member 12 is made from, for example, a titanium
alloy, and has external threads 20 with flutes 21 to allow passage of
debris during self-tapping of the anchor member, and a bore 22

having a threaded portion 24 and a distal hexagonal opening 26.

Referring to Figs. 3 and 3A, screw 16 is made from, for
example, a titanium alloy, and includes a rounded distal end 30, a

threaded portion 32 for threaded engagement with threaded portion
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24 of anchor member 12, a smooth shank 35 proximal of threaded

portion 32, and a proximal hexagonal opening 34.

Referring now to Figs. 4 and 4A, fastener 14 in the illustrated
embodiment of the invention, has spikes 40, a through bore 42, and
guides 44 and 46 and a lip 48 which define two graft receiving
channels 50 and 52. An inner strengthening ring 54 is made from,
for example, a titanium alloy, while the remaining body 56 of
fastener 14, which houses the strengthening ring is made from a
material exhibiting less strength, for example, polyacetal, available
from M. Holland Co., Northbrook, Il

Referring to Figs. 5-5D, in use, graft anchor 10 is preferably
placed within a counterbore 62 oriented perpendicular to, for
example, a 9 mm bone tunnel 60. Counterbore 62 is drilled with, for
example, a 13mm flat bottom drill 61. Referring particularly to Fig.
5A, a hole 63 is then drilled into the bone, perpendicular to bone
tunnel 60, and centered within counterbore 62. A drill guide 57 and
a drill 58 having a shoulder 59 are used to center hole 63 within
counterbore 62 and to drill hole 63 to the desired depth. In the
illustrated embodiment the desired depth of the hole is about

43.5mm (1.7inches).

Anchor member 12 is then screwed, self-tapped, into hole 63
with a drive tool 80 (Fig. 5B) having a hex end 82 that mates with
hex opening 26 of anchor member 12. The anchor member is
advanced into the bone until it lies flush or slightly below the surface
of the bone. Though the anchor member can extend bicortically, it
need not extend bicortically to provide adequate fixation. With the
distal end 83 of anchor member 12 lying within cancellous bone,

there is no protrusion of the graft anchor out the far side of the bone
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which could cause irritation. Whereas bicortical screws come in

multiple sizes and the surgeon must size the screw to the particular
patient, graft anchor 10 is substantially a one-size fits all system
which speeds up the time of insertion. Additionally, if distal end 83
of anchor member 12 is to lie in cancellous bone, during the
insertion of anchor member 12 into the bone the surgeon does not

need to align the anchor member to find the far cortex.

Referring particularly to Fig. 5C, graft 2 is then fed through
bone tunnel 60 and fastener 14 is placed over the graft with the graft
substantially positioned in channels 50 and 52. Graft 2 is crossed
within fastener 14 (see Fig. 4A) which further secures the graft
within the channels. Graft 2 may partially extend under spikes 40.
Hex end 82 of drive tool 80 is then positioned in hex opening 34 in
screw 16 with screw 16 held by fingers 84 of drive tool 80. Screw 16
is then placed through bore 42 of fastener 14 and is advanced into
threaded bore 22 of anchor member 12 by rotation of drive tool 80.
The rounded distal end 30 of screw 16 aids in placement of the
screw into bores 22 and 42. Lip 48 of fastener 14 separates graft 2
from screw 16 protecting the graft from possible damage resulting

from being caught in the threads of the screw.

After initial engagement of the screw with anchor member 12,
fingers 84 can be retracted (see Fig. 5D) to allow the screw to be
further advanced. Tightening of screw 16 into anchor member 12
forces spikes 40 of fastener 14 into bone 4 and squeezes graft 2
between the fastener and the surface of the bone, thus securing the
graft to the bone. Smooth shank 35 of screw 16 further protects

graft 2 from damage during tightening of the screw.
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Referring to Figs. 6 and 7, to facilitate placement of a fastener

within counterbore 62 located in bone tunnel 60, a preferred spiked
fastener 114 including flat sides 116 and 118 can be used with
anchor member 12 and screw 16. Fastener 114 includes spikes
5 140, guides 144 and 146, lip 148, and channels 150 and 152. The
flat sides of fastener 114 aid in aligning the fastener with graft 2 and
in guiding the graft into channels 50 and 52 in the area of limited
access in tunnel 60. Additionally, with spiked fastener 114 placed in
counterbore 62, a force, in addition to the one created by squeezing
10 graft 2 between fastener 114 and surface 120 of counterbore 62, is
applied to graft 2 by the squeezing of the graft between the flat sides
116 and 118 of the washer and the sides 122 and 124 of
counterbore 62. This additional force aids in securing graft 2 to the
bone.
15
Referring to Fig. 8, to facilitate placement of a fastener within
bone tunnel 60 and particularly useful when hole 63 does not
include a counterbore, a fastener 214 including flat sides 215 and
216 is are positioned within tunnel 60 such that flat sides 215 and
20 216 run along the direction of the walls 218 of bone tunnel 60.
Fastener 214 includes spikes 240, guides 244 and 246, lip 248, and
channels 250 and 252. Fastener 214, having a longer dimension
along the x axis than'the y axis, increases the area of contact
between graft 2 and the bone as compared to a fastener having a
25 circular profile. Flat sides 215 and 216 also align fastener 214 with
the long axis of bone tunnel 60 as the fastener is placed in the bone

hole which helps align graft 2 within channels 250 and 252.

Referring to Figs. 9 and 9A, in an alternative placement of graft
30 anchor 10, hole 63a for placement of the graft anchor is drilled

through bone surface 90. Graft anchor 10 is then used to anchor
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graft 2 to the bone, as described previously. In this configuration
washer 14 is placed flush against bone surface 90, not within a
counterbore, because drilling of a counterbore would remove

additional cortical layer of the bone weakening the bone.

In addition to ACL repair, the graft anchor can be used in other
soft tissue fixation applications such as medial collateral ligament
(MCL) repair where the graft runs along the external surface of the
bones from the tibia to the femur and may be anchored at one or

10  both ends using graft anchor 10.

Additions, subtractions and other modifications of the
illustrated embodiments of the invention will be apparent to those

practiced in the art and are within the scope of the following claims.

15
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CLAIMS

1. A graft anchor comprising:

an anchor member for piacement in bone tissue, said anchor

5 member defining an opening,

an inner member insertable and securable into said anchor
member opening, and

a fastener for applying a holding force to a graft, said fastener
being configured such that insertion and securing of said inner

10  member into said anchor member opening results in said holding

force being applied to said graft.

2.  The graft anchor of claim 1 wherein said anchor member is of
limited length to maintain a distal end of the anchor member within
15  the bone.

3.  The graft anchor of claim 1 wherein said anchor member

opening is a threaded axial bore.

20 4. The graft anchor of claim 3 wherein said axial bore includes a

distal drive opening for receiving a drive tool.

5.  The graft anchor of claim 4 wherein said distal drive opening is
hexagonally shaped.

25
6. The graft anchor of claim 3 wherein said inner member

includes external threads for mating with said axial bore threads.

7.  The graft anchor of claim 6 wherein said inner member

30 includes a smooth shank proximal of said external threads.
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8.  The graft anchor of claim 1 wherein said anchor member

includes external threads.

9. The graft anchor of claim 8 wherein said external threads are

self-tapping.

10. The graft anchor of claim 1 wherein said inner member

includes a proximal drive opening for receiving a drive tool.

11. The graft anchor of claim 10 wherein said proximal drive

opening is hexagonally shaped.

12. The graft anchor of claim 1 wherein said fastener includes a

channel for substantially containing the graft.

13. The graft anchor of claim 12 wherein said fastener includes a

guide defining said channel.

14. The graft anchor of claim 1 wherein said fastener includes a

plurality of channels for substantially containing the graft.

15. The graft anchor of claim 1 wherein said fastener includes a
fastener body and at least one protrusion extending from said

fastener body for penetrating bone tissue.

16. The graft anchor of claim 15 further including a plurality of

protrusions.

17. The graft anchor of claim 15 wherein said fastener further

includes a reinforcing member contained within said fastener body,
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said fastener body having a strength less than said reinforcing

member.

18. The graft anchor of claim 1 wherein said fastener defines a

5 through bore.

19. The graft anchor of claim 18 wherein said fastener includes a
lip surrounding said through bore which separates the graft from
said through bore.

10
20. The graft anchor of claim 1 wherein said fastener body has a

generally circular shape.

21. The graft anchor of claim 20 wherein said fastener body

15 includes two flat sides.

22. A graft anchor of claim 1 wherein said fastener body defines a

protective channel for containing the graft.

20 23. A graft fastener, comprising:
a fastener body defining a protective graft channel for
containing a graft, and
at least one protrusion extending from said fastener body for
penetrating bone tissue.
25
24. The graft fastener of claim 23 wherein said fastener body

defines a plurality of graft channels.

25. The graft fastener of claim 23 wherein said fastener body has a

30 through bore.
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26. A method of securing a graft to bone, comprising the steps of:

placing an anchor member into the bone,

positioning a fastener such that a portion of the graft lies
between the fastener and the bone,

inserting and securing an inner member into the anchor
member, the insertion forcing the fastener into the bone to secure

the graft by squeezing the graft between the fastener and the bone.

27. The method of claim 26 further comprising the steps of:

drilling a bone tunnel,

drilling a counterbore in the tunnel perpendicular to a central
axis of the tunnel, and

driling a hole perpendicular to the central axis of the tunnel
and centered within the counterbore,

placement of said anchor member into the bone comprises the

step of screwing the anchor member into the hole.

28. The method of claim 27 wherein said anchor member is self-

tapped into the hole.

29. The method of claim 26 wherein said anchor member-is of
limited length such that placement of said anchor member into the
bone results in a distal end of the anchor member being maintained

within the bone.

30. The method of claim 27 wherein the portion of the graft that
lies between the fastener and the bone is contained within a

protective channel defined by the fastener.

31. An apparatus comprising the anchor of claim 1 together with a

drive tool for co-operating with said anchor.
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32. The apparatus of claim 31 in kit form.

33. An assembly comprising the apparatus of claim 31 and a drill

guide.

34. The assembly of claim 33 in kit form.

35. The anchor substantially as described herein with reference to

and illustrated by the accompanying drawings.

36. The apparatus substantially as described herein with reference

to and illustrated by the accompanying drawings.

37. The assembly substantially as described herein with reference

to and illustrated by the accompanying drawings.
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