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ABSTRACT

An anchor for attaching an object to a bone or bone-
like structure includes a body and a plurality of barbs
located in axially aligned, circumferentially spaced
relation to each other about the body. The barbs have a
normal configuration wherein they extend rearwardly and
radially outwardly from the anchor body. The barbs may be
elastically deformed. A transverse bore extends through a
front portion of the anchor for engagement by a length of
cord-like material. An opening oriented perpendicularly to
the bore extends through a flattened rear portion of the
anchor. A longitudinal slot aligned with the opening
connects the front end of the anchor body to the opening
and minimizes force necessary to pull the anchor into 1ts
desired position relative to the bone and allows the
anchor to be disconnected from the object and removed

after deployment.
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SURGICAL ANCHOR AND METHOD FOR DEPLOYING THF SAME
St Ll A Ay D520V UK DRPLOY ING THE SAME

Field Of The Invention

The present invention relates generally to
fastening devices. More particularly, the invention
relates to devices for attaching portions of objects
within tunnels formed in bones or bone-like structures,
and to methods for the deployment of such devices.

Bac ound Of The Invention

The complete or partial detachment of ligaments,
tendons or other soft tissues from their associated
bones within the body are relatively commonplace
injuries, particularly among athletes. Such injuries
are generally the result of excess stress being placed
on these tissues. Tissue detachment may occur as the
result of an accident such as a fall, overexertion
during a work related activity, during the course of an
athletic event or in any one of many other situations
and/or activities.

In the case of a partial detachment, commonly
referred to under the general term "sprain®", the injury
will frequently heal itself, if given sufficient time,
and if care is taken not to expose the injury to any
undue stress during the healing process. If, however,
the ligament or tendon is completely detached from its
associated bone or bones, or if it is severed as part
of a traumatic injury, partial or permanent disability
may result. Fortunately, a number of surgical
techniques exist for reattaching such detached tissues
and/or completely replacing severly damaged tissues.

MIT-24B
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One such technigue involves the reattachment of the

detached tissue using "traditional™ attachment devices

such as metal staples, sutures over buttons and cancellous
bone screws. Such "traditional" attachment devices have
also been used to attach tendon or ligament substitutes
(often formed of autogenous tissue harvested from
elsewhere in the body) to the desired bone or bones.

Another technique 1s described 1n detail in U.S.

Patent No. 4,950,270 entitled "Cannulated Self-Tapping
Bone Screw", 1issued to Bowman et al. on August 21, 1990.
In this technique, the anterior cruciate ligament 1n a
human knee, for example, is replaced and/or repaired by
forming bone tunnels through the tibia and/or femur at the
points of normal attachment of the anterior cruciate
ligament. A ligament graft with a bone block on at least
one of its ends is sized to fit within the bone tunnels.

Suture 1s then attached to the outer end of each bone plug

and thereafter passed through the femoral and/or tibial
bone tunnels. The femoral plug and/or the tibial plug is
(are) then inserted 1nto the appropriate bone tunnel
behind the suture. Subsequently, the suture is drawn
tight (simultaneously in opposite directions, 1n cases
where bone plugs are to be located in both a femoral bone
tunnel and a tibial bone tunnel). This procedure
positions the bone plug (or plugs) 1n the desired position
and 1mparts the desired degree of tension to the ligament

or ligament substitute. Finally, a bone screw 1s 1nserted

between each bone plug and the wall of 1ts associated bone

tunnel so as to securely lock the bone plug in position by
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a tight interference fit.

Alternatives to the foregoling use of bone screws are
also well known in the art. For example, in U.S. Patent
No. 5,147,362 entitled "Endosteal Ligament Fixation
Device", i1ssued September 15, 1992 to E. Marlowe Goble,

rearwardly extending flexible barbs or pins are attached
to the bone plug (either directly or by a collar, cap or
similar intervening element) for anchoring a bone plug
within a bone tunnel.

Similarly, in U.S. Patent No. 4,997,433 entitled
"Endosteal Fixation Stud and System", issued March 5, 1991
to E. Marlowe Goble et al., a device 1s disclosed for
attachment to the outer end of the bone plug. The devices
includes a pair of spaced, forwardly projecting, flexible
arms. One of these arms 1includes a substantially rigid,
radially and rearwardly projecting portion disposed
adjacent its outer end. This device 1s adapted for
insertion through a bone tunnel ahead of the bone plug

such that the projection may engage the outer surface of

the bone adjacent the far end of the bone tunnel. This

projection acts to maintain the position of the bone plug

within the bone tunnel so long as rearwardly directed

tension 1s mailntained on the repalr material.
It will be understood that repair methods of types
described above have not been uniformly successful. For

example, rigid attachment using
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"traditional" attachment devices such as staples,
sutures and screws often cannot be maintained even
under normal tensile loads.

Also, the use of sharp screws to create a locking
interference fit between a bone Plug and a bone tunnel
introduces problems. For one thing, there is always
the possibility of damaging the ligament or repair
material during insertion of the screw. In addition,
1t can be difficult to maintain the desired tension on
the ligament or repair material during insertion of the
screw. Also, the insertion of the screw requires that
a twisting motion be imparted to the screw; this
twisting motion can in turn cause rotation of the bone
plug in the bone tunnel, and may lead to undesirable
twisting of the ligament which is attached to the bone
plug.

The removal of such bone screws can also cause
problems. In those cases in which the screw can be
removed simply by unscrewing it in the usual manner, an
undesirabie hole 1s left in the bone. In many cases,
however, the screw cannot be simply unscrewed from the
bone to remove it. In these situations, the screw must
typically be either forceably pulled out of the bone or
i1t must be removed by chipping away the surrounding

bone. Both of these procedures can cause serious
damage to the bone.

The foregoing attachment devices of U.S. Patents
Nos. 5,147,362 and 4,997,433 are also not totally
satisfactory. This is because in the device of U.S.
Patent No. 5,147,362, the cross-sectional size of the
bone tunnel must significantly exceed the

MIT-24B
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5.

cross-sectional size of the bone plug on account of the

constructions utilized. This results in the bone plug

being separated from the sidewall of the bone tunnel by a
substantial gap, thereby slowing the assimilation of the
plug into the bone during healing. The device of U.S.
Patent No. 4,997,433, on the other hand, i1is limited to use
in a particular method of reattachment. Further,
undesirable binding between the stud and the sidewall of
the bone tunnel may occur as the stud's projection is
forced through the bone tunnel.

Various types of suture anchors and anchors for
attaching objects to bone are also well known in the art.
A number of these devices are described in detail in U.S.
Patents Nos. 4,898,156; 4,899,743, and 4,968,315 (each of
which being presently owned by Mitek Surgical Products,
Inc., of Norwood, Massachusetts, the assignee of this

application).

Objects Of The Invention

Accordingly, one object of the present invention is
to provide a surgical anchor useful in the repair and/or
replacement of ligaments, tendons and the like in a
procedure wherein at least one free end of the repair or
replacement material 1s affixed within a bone tunnel such

that the repair i1s held 1in place under tension, without

danger of severing, twisting and/or otherwise damaging the

replacement or repalr material, and with minimal damage to

the sidewalls of the bone tunnel.



- —

2117234

Another object of the Present invention is to
provide a surgical anchor which is adapted to maintain
repair or replacement material in close proximity to
the sidewall of a bone tunnel in a manner which

promotes the growth of a bermanent attachment between
the repair or replacement material and the bone.

portion of a ligament, tendon or similar repair
material thereto.

Another object Oof the present invention is to
provide an improved method for repairing and/or
replacing ligaments, tendons or similar tissue by
affixing the ends of such tissue (or its replacement)
within bone tunnels so as +o promote the biological
fixation of such tissue to the bone.

Yet another object of the Present invention is +o
provide a surgical anchor useful in affixing an end of
an object within a bone tunnel, where the anchor
includes means to facilitate detachment of the tissue

from the anchor, and removal of the anchor from the
bone tunnel. |

a structure, wharein the structure has a hole extending
therethypugh.

sﬁructure, wherein the structure has a hole extending
therethrough.
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summary Of The Invention Y
These and other objects are achieved by the use of
the present invention, which comprises a novel surgical

anchor and the use of the same. The novel surgical

anchor generally comprises a coupling member and a
plurality of barbs.

The coupling member comprises a body having a
longitudinal axis, a front end, a front portion
adjacent the front end, a flattened rear portion and an
outer surface. Connection means are associated with
the front portion of the body for connecting the body
to anchor pulling means, and attachment means are
assoclated with the rear portion of the body for
attaching the body to the repair material - namely, a
bone plug, detached tissue, or to a replacement for the
detached tissue. |

In the preferred embodiment of the invention, the
connection means comprises a first transverse opening
which extends through the front portion of the body,
and the anchor pulling means comprises a first length
of strong suture, braided twine, wire or the like
adapted to be threaded through the first transverse
opening. The attachment means comprises a second
transverse opening which extends through the flattened
rear portion of the body. The second transverse
opening is oriented substantially perpendicular to the
first transverse opening. The second transverse
opening may be adapted to have a free end of a tendon,
ligament or other elongated, non-rigid piece of tissue
or tissue substitute looped therethrough so as to allow
the piece of tissue or tissue substitute to be attached
to the anchor. Alternatively, the second transverse
opening may be adapted to have a second length of
strong suture, braided twine, wire or the like threaded
therethrough. The second length of suture or the like

MIT-24B
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may then be attached to a free end of a tendon,
ligament or other non-rigid piece of tissue or tissue
substitute, or it may be attached to a bone plug or
block which is itself attached to a free end of a
tendon, ligament or other non-rigid piece of tissue or
tissue substitute.

A longitudinal slot extends forwardly from the
second transverse opening, through the front portion of
the body, so as to open on its front end. This slot
allows the front portion of the anchor body to flex
inwardly during deployment, so as to help minimize the
lnsertion forces required to set the anchor. This slot
also provides access to the material looped through the
second transverse opening so as to permit the anchor to
be disengaged from the material if the same should be
desired after anchor deployment.

In addition to the foregoing, the body has at least
one set of identical longitudinal channels, each having
its forward end located the same axial distance from
the front end of the body. The channels are located in
equally circumferentially spaced relation to each other
about the outer surface of the body.

The barbs are also located in substantially equally
spaced circumferential relation to each other about the
outer surface of the body. In the preferred
embodiment, one barb extends outwardly and rearwardly
from the forward end of each longitudinal channel to an

Cross-section of the body (as taken transverse to its
longitudinal axis). Each barb is capable of being

MIT-24B
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elastically deformed such that it will lie
substantially within the channel with which it is
associated.

In the method of the invention, the first length of
suture-like material is threaded through the first
transverse opening, and a free end of the ligament,
tendon or the like, or a bone plug attached to that
free end, is attached to the rear portion of the anchor
body. As noted above, in the case where the repair
material constitutes soft tissue such as a ligament,
tendon or the like, the soft repair material may be
attached directly to the anchor body by looping it
through the second transverse opening, or by attaching
it to the second transverse opening via an intervening
plece of suture or the like. Alternatively, in the

ligament, tendon or the like, the repalr material may

be attached to the anchor body via an lntervening piece
of suture, etc.

In any case, once the repair material has been
attached to the anchor body, the free ends of the first
length of suture-like material are inserted through a
bone tunnel which is to receive the repalilr material.
Thereafter, the anchor is pulled into and then along
the bone tunnel by pulling on the free ends of the
first length of suture. As this occurs, the anchor’s
barbs will yieldably engage the surrounding bone so as
to permit the anchor, and hence the repalr material, to
be deployed at a desired position. It will be
understood by those skilled in the art that the anchor

MIT-24B
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may be set either (1) completely within the bone
tunnel, such that the outer ends of the barbs dig into
the sidewall of the bone tunnel when tension is applied
to the repair material (hereinafter referred to as
"endosteal fixation"), or (2) partially emerging from
the bone tunnel, such that the outer ends of the barbs
dig into the outer surface of the bone adjacent the far
side of the bone tunnel when tension is applied to the

repair material (hereinafter referred to as "cortical
fixation").

Brief Description Of The Drawings

These and other objects and features of the present
invention will be more fully disclosed or rendered
ocbvious by the following detailed description of the
preferred embodiment of the invention, which is to be
considered together with the accompanying drawings
Wherein like numbers refer to like parts, and further
wherein:

Fig. 1 is a view showing a portion of a human femur
bone and a portion of a human tibia bone, each having a
bone tunnel therethrough, and showing a surgical anchor
formed in accordance with the present invention,
wherein the anchor has its barbs cortically engaging
the surface of the femur bone and its rear portion

directly attached to an end of a ligament located in
the bone tunnels:

Fig. 2 is a side view of the surgical anchor of the
present invention;

Fig. 3 is a side view of the surgical anchor shown
in Fig. 2, wherein the anchor has been rotated 90°

MIT-24B
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about its longitudinal axis from the position shown in
Fig. 2;

Fig. 4 is a front end view of the surglcal anchor
shown in Fig. 2;

Fig. 5 is a view showing a portion of a human femur
bone and a portion of a human tibia bone, each having a
bone tunnel therethrough, and showing a surgical anchor
formed in accordance with the present invention,
wherein the anchor has its barbs endosteally engaging
the sidewall of the femoral bone tunnel and its rear
portion directly attached to an end of a ligament
located in the bone tunneils;

Fig. 6 is a view similar to that of Fig. 1, except
that the end of the ligament is shown attached to the
rear portion of the surgical anchor by an intervening
length of suture-like material;

Fig. 7 is a view similar to that of Fig. 6, except
that the surgical anchor is shown endosteally
positioned in the femur;

Fig. 8 is a view showing a portion of a human femur
bone and a portion of a human tibia bone, each having a
bone tunnel therethrough, and showing a surgical anchor
formed in accordance with the present invention,
wherein the anchor has its barbs cortically engaging
the surface of the femur bone and its reaxr portion
attached by an intervening length of suture-like
material to a bone plug located at an end of a ligament
disposed in the bone tunnels;

Fig. 9 is a view similar to that of Fig. 8, except
that the surgical anchor is shown endosteally
positioned in the femur; and

MIT-24B
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F1g. 10 is a view like that of Flg. 3, except that

it shows a threaded bore 100 added to the front end of
anchor 7.

Detailed Description Of The Preferred Embodiment

In order to establish a frame of reference for the
following detailed description of the preferred
embodiment of the surgical anchor and its method of
use, Fig. 1 shows a view of a portion of a human tibia
1l and a portion of a human femur 2 at the point at
which they meet to form a human knee joint, generally
indicated at 3. The knee joint 3 is stabilized by a
number of connecting tissues (generally not shown in
the drawings for purposes of clarity) such as the
patellar tendon, the quadriceps femuris tendon, the
lateral and medial collateral ligaments, and the
anterior and posterior cruciate ligaments. An anterior

tibial bone tunnel 5 and into a femural bone tunnel s.
A surgical anchor 7, formed in accordance with the
present invention, is shown attached directly to the
end 8 of ligament 4 which is located within femoral
bone tunnel 6. Anchor 7 extends through the outer end
9 of femoral bone tunnel 6 so as to cortically engage
the portion 10 of the outer surface 11 of femur 2 which
is located adjacent to outer end 9 of femoral bone
tunnel s§.

It is, of course, also to be understood that the
repair or replacement of ligaments, tendons and the
like may require the endosteal fixation of the anchor
to the bone (see Fig. S); or that the repair material

MIT-24B
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be attached to the anchor by means of an intervening
plece of suture or the like (see Figs. & and 7, showing
Such an arrangement in the context of cortical ang

Referring next to Figs. 2, 3 and 4, surgical anchor
/ comprises a body 14 having a longitudinal axis 15, a
front end 16, a front portion 18 adjacent front end 16,
Q@ rear end 20, and a rear portion 22 adjacent rear end
<0. The outer surface 24 of front portion 18 defines a
generally semi-spherical surface 19, thereby'providing
the body with a generally forwardly pointed
configuration. In the preferred embodiment of the
invention, body 14 is formed of 6AL-4V ELT titanium. It
is to be understood, however, that body 14 could also
be formed out of any other suitable, rigid
biocompatible metal, or any suitable biocompatible
Polymeric material, or any suitable bioabsorbable
material, all without departure from the present
invention.

A bore 26 extends diametrically through the body’s
front portion 18 transverse to longitudinal axis 1s5.
Bore 26 is sized such that a Strong suture 28 (see
Figs. 1 and 5-9), or some other suitabile pulling means,

MIT-24B
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may be threaded therethrough for pulling anchor 7 in a
forward axial direction. 1In addition, tapered grooves
(not shown) may extend forwardly from the entries of
bore 26 into body 14. These grooves, combined with the
rounding of the edges of the entries of bore 26 into
body 14, provide a smooth, substantially continuous
surface against which the pulling means (e.g. suture
<8) may bear. This feature reduces the Cchance of

breaking the pulling means during the deployment of the
anchor.

30 extending transversely through body 14 generally
adjacent its rear end 20. Opening 30 is oriented in
body 14 substantially perpendicular to bore 26 in front
portion 18. Further, opening 30 is sized to directly
receive either a loop of ligament, tendon or the like
(see Figs. 1 and 5) or a loop of suture which is
attached to a ligament, tendon or the like (see Figs. 6
and 7) or which is attached to a bone block or plug
(see Figs. 8 and 9).

extends through the flattened section. The edges of
the entries of opening 30 into the anchor body are also
preferably rounded to minimize the chance of tissue or
suture damage or breakage during the anchor insertion
process. Further, the flattening of rear portion 22
relative to the remainder of the anchor provides a
pathway for the tissue or suture which will extend
rearwardly from opening 30 when the anchor is being
deployed within a bone tunnel. This pathway allows the

MIT-24B



connected directly to the anchor by looping the tissue
through opening 30 (1.e., in the manner shown in Figs.
1 and 5). .

A longitudinal slot 31 extends from opening 30 to
front end 16 of body 14. Slot 31 is also oriented
substantially perpendicularly to bore 26, and extends
across the entire diameter of body 14. On account of
this construction, bedy 14 forms a pair of spaced,
parallel arms 32 and 33 which extend from the rearmost
portion 34 of the body to its front end 16. Arms 32
and 33 are connected to rearmost portion 34 by opposing
portions 35 and 36, respectively, adjacent.opening'30.
Portions 35 and 36 have a smaller transverse
Cross-section than the remainder of arms 32 and 33. In
view of this construction, arms 32 and 33 w1ill tend to
flex inwardly about portions 35 and 36 when
inwardly-directed forces are applied to arms 32 and 33
adjacent front end 16 of body 14. The importance of
this feature to the overall operation of the device
will become more fully apparent in view of the
following description.

Front portion 18 of body 14 further includes at

least two equally circumferentially spaced longitudinal
Channels 38 formed in each of the arms 32 and 33.

Longitudinal channels 33 all terminate in a forward end

MIT-24B
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40. TForward ends 40 are all located substantially the
same distance from front end 16. In the particular
structure shown in Figs. 2-4, two longitudinal channels
38 are formed in the outer surface of each of the arms
32 and 33. These channels are circumferentially spaced
90° from each other, that is, at a 45° angle from the
opposite sides of a plane 42 (F1ig. 4) containing
longitudinal axis 15 of body 14.

A plurality of barbs 44 extend ocutwardly and
rearwardly from body 14, in spaced circumferential
relation to each other. In the preferred embodiment
shown in Figs. 2-4, one such barb 44 extends cutwardly
and rearwardly from the forward end 40 Oof each of the
channels 38 to an outer end 46. Fach outer end 46 is

engage and be deflected inwardly by the sidewall of the
bone tunnel. This yieldable engagement of barbs 44
with the adjacent bone permits the anchor to be moved
along the bone tunnel and then fixed in position,
either fully within the bone tunnel (i.e.,

"endosteally") or at the point where the bone tunnel

MIT-24B



CA 02117234 2004-10-05

_17-

exlsts the bone (i.e., "cortically"), as will hereinafter

be discussed in further detail.

In the preferred embodiment, barbs 44 are preferably

formed out of a pseudoelastic material of the type

disclosed in U.S. Patent No. 4,665,906 entitled "Medical

Devices Incorporating SIM Alloy Elements", issued May 19,
1987, to Jervis. By way of example, one such
pseudoelastic material might be a nickel titanium alloy
such as Nitinol, which 1s available from Flexmedics of
Minneapolis, Minnesota, among others. The use of such a
material, 1n combilination with the normal orientation of
the barbs relative to the anchor body, allows the barbs to
"spring back" toward their normal, unstressed condition

after the 1nsertion process is complete.

In the preferred embodiment, barbs 44 are formed as

curved arcs extending outwardly from body 14 when in their
normal, unstressed condition. Each barb 44 preferably
forms an arc of approximately 90 degrees, with the length
of the barb being selected so that when one end of the

parb 1s inserted in a longitudinal bore 48 extending

forwardly from the forward end 40 of a channel 38, the

other end 46 of the barb will extend the desired distance

outwardly from body 14. In this respect it will also be
appreclated that the forced fit of the curved barb within

the straight bore 48, combined with the elastic memory of

the barb, will tend to maintain the barb in place within

the bore. At the same time, the sides of channel 38 also

help prevent the wire from twisting within the bore. The

body of
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anchor 7 may also be crimped adjacent the bores 48 so
as to further ensure the locking engagement of the
barbs with body 14.

It 1s to be appreciated that the lengths (and
widths) of barbs 44 and longitudinal channels 38 are
carefully sized relative to one another, such that
barbs 44 may be fully received in longitudinal channels
38 to the extent necessary when the barbs are deformed
during anchor deployment.

In view of the foregoing, it will be seen that when
a pulling means such as suture 28 (see, for example
Fig. 1) is threaded through bore 26 and the anchor is
thereafter pulled into a bone tunnel using the same,
the pulling means will tend to impart a moderate
compressive force on the front portions of arms 32 and
33. This compressive force may Or may not be
sufficient by itself to cause visible compression of
the front ends of the arms. As the insertion process
proceeds further, however, barbs 44 will engage the
sidewall of the bone tunnel. This engagement will
force the ocuter ends 46 of the barbs 44 inward and
rearward, so as to fold the barbs back into their
associated channels 38. At the same time, this
engagement of the barbs with the sidewall of the bone
tunnel will have the effect of providing a further,
even greater, compressive force to the front portions
Of the arms 32 and 33. This combination of compressive
forces will cause the front portions of arms 32 and 33
to move inward to some extent, thereby carrying the
barbs inward with them, and thus reducing the total
amount of barb deformation required to pass the anchor

MIT-24B



et )
N
F \‘

2117234

down the bone tunnel. This has the effect of
significantly easing passage of the anchor through the
bone tunnel. Thus it will be seen that by providing
the slot 31 in the anchor, the total amount of force
required to deploy the anchor within a bone tunnel will
be reduced, as compared to a similar anchor which does
not have a slot 31.

Slot 31 also provides an important additional
advantage, in that it makes it very easy to detach the
anchor from the tissue or bone plug to which it is
attached, even while the anchor ls deployed in a bone.
Specifically, the longitudinal slot 31 provides a
passageway for the insertion of a sharp tool to sever
the tissue or suture which is looped through the
anchor’s opening 30. In particular, when the anchor
has been set cortically as shown in Figs. 1, 6 and 8,
its front portion 18 will project out of the far side
of the bone tunnel. In that case, a thin cutting tool
(not shown) may be passed directly through slot 31 +o
engage and sever the tissue (see Flg. 1) or the suture
(see Figs. 6 and 8) looped through the anchor’s opening
30. Alternatively, when the anchor has been set
endosteally as shown in Figs. 5, 7 and 9, the thin
cutting tool may be passed down the bone tunnel and
then through the slot 31 so as to engage and sever the
tissue (see Fig. 5) or suture (see Figs. 7 and 9)
looped through the anchor’s opening 30. Of course, in
either case, once the anchor has been released from the
repailr material which is connected to the rearmost

portion of its body, the anchor may be pulled out of
the bone tunnel.

MIT-24B
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It will be understood by those skilled in the art
that the dimensions of anchor 7 will vary according to
use. Solely for purposes of 1llustration, exemplary
dimensions of one anchor formed according to the
present invention are set forth below:

Maximum diameter 0.232 inches
Length 1.181 inches
Diameter of bore 26 0.078 inches
Length of opening 30 0.250 inches
Width of opening 30 0.157 inches
Radius of curvature

front portion 18 0.110 inches
Length of channels 38 0.240 inches
Width of channels 32 0.033 inches
Width of flattened

section 0.125 1inches
Number of barbs 4

Width of slot 31 0.060 inches

cortically fixed to the femur. More particularly, and
looking now at Fig. 1, a length of strong suture or
similar material 28 is threaded through bore 26 in
Iront portion 18 of anchor 7. If desired, the free
ends of suture 28 may be knotted together so as to form
a loop with which to pull anchor 7. A length of
ligament or replacement tissue 4 is then attached to

MIT-24B
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the rear portion of anchor 7. This 1S accomplished by
threading a free end of the ligament or replacement
material 4 through opening 30 in the anchor body, and
then fastening it down to the trailing portion of the
repalr or replacement material (e.g. by suturing) in
the manner shown in Fig. 1. Then the suture 28, which
ls attached to the front end of anchor 7, is threaded
through the tibial and femoral bone tunnels 5 and s,
respectively. Bone tunnels 5 and 6 are sized so as to
be just slightly larger than the maximum diameter of
body 14, whereby the anchor’s barbs 44 may properly
engage the sidewalls of bone tunnels 5 and 6.
Thereafter, the outer ends of suture 28 are pulled so
as to draw anchor 7 (and with it, its trailing ligament
4) through tibial bone tunnel S5 ang into femoral bone
tunnel 6. It will be understood that the generally
forwardly pointed configquration of the anchor

tunnels, its barbs 44 yieldably engage the sidewalls of
the bone tunnels, deflecting inwardly so as to permit
the anchor to pass down the bone tunnels. At the same
time, arms 32 and 33 also flex inwardly to some extent,
SO as to help reduce the total amount of barb
deflection required to allow the anchor to pass along
the bone tunnels. The anchor is pulled through femoral
bone tunnel 6 to the point where at least some, if not
all, of its barbs 44 POp free of bone tunnel s.
Thereafter, a pulling force is eéxerted on the opposite
end 53 of ligament 4 to firmly set the barbs into the
outer surface layer of the femur so as to effect the

MIT-24B
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desired cortical fixation. Suture 28 may then be
pulled free from the set anchor. Finally, the other
end 53 of ligament 4, projecting from the outer end 54
of tibial bone tunnel 5, is affixed to the tibia. This
may be accomplished by using another anchor 7
appropriately attached to ligament 4 or, alternatively,
1t may be attached to the end 53 of tibia 1 in any one
of the many ways well known in the art. By way of
eXample, if the other end 53 of ligament 4 consists
solely of soft tissue, the tissue may be attached to
the tibia by staples, screws and the like. On the
other hand, if the other end 53 of ligament 4 includes

using an interference screw. Such attachments are of
the sort well known in the art.

Looking next at Fig. 5, it 1s also anticipated that
anchor 7 might be used to replace an anterior cruciate
ligament 4, where the tissue is attached directly to
the anchor and the anchor is endosteally fixed to the
femur. In this case the procedure used is identical to
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cruciate ligament 4, where the tissue is not attached
directly to the anchor. More particularly, and looking
now at Fig. 6, the procedure used for cortical fixation
is identical to the pProcedure described above with
respect to Fig. 1, except that when attaching ligament
4 to anchor 7, an intervening length of suture 50 is
used to connect ligament 4 to anchor 7. This is
typically done by wrapplng suture 50 several times
around the end of the ligament which is being attached
to anchor 7, and then looping suture 50 through anchor
opening 30 before fixing it to ligament 4.

A similar arrangement can also be used to effect an
endosteal fixation, as shown in Fig. 7.

Looking next at Fig. 8, it is also anticipated that

and the anchor is cortically fixed to the femur. In
this case the procedure used is identical to the
pProcedure described above with respect to Fig. 1,
except that a length of suture 50 is usegd to connect
bone block 52 to anchor 7. This i1s typically done by
passing suture 50 through one or more holes formed in
bone block 52, and then looping suture 50 through
anchor opening 30 one or more times before making it
fast. It will be appreciated that in a fixation of the
sort 1llustrated in Fig. 8, the size of bone tunnel &
1s coordinated with the size bone block 52 so as to
aSsure a close fit between the femur and the bone
block. At the sanme time, the size of bone tunnel 6 is
coordinated with the size of anchor 7 SO as to permit

Proper engagement of barbs 44 with the walls of the
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bone tunnels. In some situations this may call for the
use of a stepped bone tunnel 6, such as that shown in
Fig. 8.

Looking next at Fig. 9, it is also anticipated that
one might use a similar arrangement to effect an
endosteal fixation.

Numerous variations, modifications, adjustments,
alterations and alternative uses of the present
invention will occur to those skilled in the art in
view of the foregoing description of an exemplary and
l1llustrative embodiment of the invention.

Thus, for example, while in the preferred
embodiment barbs 44 are formed with a normally curved
configuration which is then deformed during anchor
deployment toward a straight configuration, it is
contemplated that barbs 44 might be formed with a

Of course, in such a modification, bores 48 would have
to have their orientations altered somewhat so as to
normally direct the straight barbs outwardly and
rearwardly from the front of the anchor.

Furthermore, means such as a threaded bore 100 (see
Fig. 10) might be provided at the front end of the
anchor. The presence of such a threaded bore allaws
the anchor to be securely engaged by a counterpart
threaded tool (not shown) for repositioning purposes.
This can be particularly important if the anchor must
be repositioned after it has been set endosteally in a
bone tunnel and the pulling means (L.e., suture 28) has
already been removed from the anchor, as it invariably

MIT-24B
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K-

1s at the conclusion of the ancher deployment
Procedure. |

Also, the foregoing description has denerally
focused on the anchor’s barbsg being either wholly
outside (i.e., "corticalm fixation) or wWholly within
(i.e., "endosteal™ fixation) a bopne tunnel. It jis to
be understood, however, that it is the end of the

repair tissue which must be disposed within the bone
tunnel, and not Necessarily the anchor itself. Hence,
it is emphasizegd that the barbs of the anchor may all

Surgical procedure involved. Each of these

e#tending therethrough.

- For example, the present invention could be used to
attach @ cable to a wall.
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the anchor body and then fastening that end down to the
trailing portion of the cable. Alternatively, it could
also be accomplished by threading a length of cord
through the opening in the rear portion of the anchor

cable. Still further, the cable could simply be looped

through the opening in the rear portion of the anchor
body so0 as to be in sliding relation therewith.

. Then the cord attached to the front end of the
anchor would be threaded through the hole in the wall.
The hole in the wall would be sized so as to be just
slightly larger than the maximum diameter of the anchor
body so that the anchor’ 8 barbs would properly engage

the sidewall of the hole. Thereafter, the outer ends
of the cord extending through the wall would be pulled
30 as to draw the anchor along the hole in the wall.
As the anchor is pulled along the hole in the wall, its
barbs will yieldably engage the sidewall of the hole,
deflecting inwardly so as to permit the anchor to pass
through the hole. At the same time, the two arms of |
the anchor will flex inwardly to some extent so as to
help reduce the total amount of barb deflection
required to allow the anchor to pass along the hole in
the wall., As preferred, the anchor could be pulled
along the hole so that its barbs pass beyond the far
surface of the wall, or the anchor could be pulled
alonyg the hole so that its barbs continue to engage the
sidewall of the hole. Regardless, a pulling force
would thereafter be exerted on the cable so as to
firmly set the barbs into the far surface of the wall
of into the sidewall of the hola. The cord attached to
the front portion of the anchor would then be pulled

free from the anchor. In this way, a cable could be
attached to a wall.

Other similar types of attachments could likewise
be¢ effected using the present invention.
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CLAIMS:

1. A surgical anchor for attaching an object to a bone-
like structure defining a tunnel therein, said anchor
comprising:

a coupling member adapted for longitudinal i1nsertion
into said tunnel, and a plurality of barbs attached to
said coupling member in axially aligned, circumferentially
spaced relation to one another;

sald coupling member comprising a body having a
longitudinal axis, a maximum cross-section transverse to
said longitudinal axis, an outer surface, a front end, a
front portion adjacent said front end, a rear end, a rear
portion adjacent said rear end, defining an opening
extending therethrough, a slot aligned with said
longitudinal axis and extending from said opening to said
front end, and connection means assoclated with said front
portion, said front end and said front portion together
defining a generally forwardly pointed configuration, and
sald connection means being adapted for releasable
engagement by anchor pulling means; and

each said barb being elastically deformable,
including an outer end, and belng attached to said
coupling member forwardly of sald opening such that each
sald barb normally extends rearwardly and radially

outwardly from said outer surface, with said outer end of

each sailid bar being normally located outwardly of an axial

projection of said maximum transverse cross-section of
said body, and such that each said barb is elastically
deformable into a configuration located substantially

within said axial projection;
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wherein sailid body defines a plurality of longitudinal
channels, each said channel including a forward end, said
channels being located i1n axially aligned,
circumferentially spaced relation to one another about
sald outer surface of said body; and

wherein one of said plurality of barbs extends
rearwardly and radially outwardly from each said forward

end of each sailid channel.

2 . The surgical anchor of Claim 1 wherein each of said
barbs 1s curved in 1ts normal unstressed state, but is
deformable to a substantially straight configuration

generally within said axilal projection.

E |

whereln said

3. The surgical anchor of Claim

connecting means comprises a bore extending substantially
transversely through said front portion perpendicular to
sald longitudinal slot, and said pulling means comprises a

suture-like material extending through said bore.

4. The surgical anchor of Claim 1 wherein the outer
surface of said front portion defines a forwardly facing

semi-spherical surface.

5. The surgical anchor of Claim 1 wherein said barbs are

formed of wire.

6 . The surgical anchor of Claim 5 wherein said wire 1s

made of a pseudoelastic shape memory material.



!
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7. The surgical anchor of Claim 6 wherein saild
pseudoelastic shape memory material 1s a nickel-titanium

alloy.

8 . The surgical anchor of Claim 1 wherein at least a
part of said rear portion has its outer surface relieved

relative to the outer surface of said front portion.
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