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(54) Title: METHOD AND APPARATUS FOR SURGICAL REPAIR

(57) Abstract: A method and
apparatus for performing a surgical
repair may involve fixation of a
repair material, such as a ligament
or tendon in knee ligament repair
procedure, to an internal cortical
contact area in a bone. The cortical
bone contact area (5) may be located
immediately adjacent an opening
in the bone's surface through which
the repair material (4) extends. The
repair material may be engaged with
the contact area by way of a fixation
device (7), such as a device that
is attached to the repair material
and functions as a stop member.
An illustrative fixation device may
include an annular portion (71)
with an aperture (73) through with
the repair material passes. The
repair material may be attached to
a securing portion (74) that extends
from the annular portion.



METHOD AND APPARATUS FOR SURGICAL REPAIR

BACKGROUND OF INVENTION

1. Field of Invention

This invention relates to methods and apparatus for surgical repair.

2. Discussion of Related Art

Fixation devices are often used for surgical repair, such as when attempting to

secure one body portion relative to another or relative to a surgical implant or other

device. For example, tendon or ligament damage frequently requires surgery for repair,

e.g., to reattach a torn or separated tendon or ligament to the bone to which the

tendon/ligament would normally be attached. Knee ligament injuries typically involve

damage to one or more ligaments such that a ligament, or at least a portion thereof,

requires reattachment to the tibia and/or femur. Fig. 1 shows a schematic diagram of a

knee 1 and a portion of a ligament 2 (e.g., an anterior cruciate ligament, or ACL, that is

normally attached between the femur 11 and the tibia 12. In one type of damage to the

ligament 2, the ligament 2 may detach or be partially torn from the femur 11 and/or tibia

12, such as that shown schematically in Fig. 2. Such damage may be repaired by

replacing the ligament 2 with a graft or other repair material, as is known in the art. One

repair technique for replacing the ligament 2 involves drilling holes 13 in both the femur

11 and tibia 12, and fixing the graft 14 in both holes, e.g., using interference screws 14 as

shown in Fig. 3.

SUMMARY OF INVENTION

In one aspect of the invention, a ligament repair technique is provided that does

not necessarily require the use of an interference screw to secure the ligament to a bone.

In one embodiment, a portion of the bone itself may support the ligament without the

need for an interference screw or other fixation device. In another embodiment, a

fixation device, if provided, may be positioned in contact with an interior bone surface,

e.g., a cortical bone surface, to secure the ligament in place

In one aspect of the invention, a surgical repair method includes forming an

opening in a first bone, with the opening having a first size at an outer surface of the first

bone. For example, the first bone may be a tibia, and the opening may be formed in a

portion of the tibia near where a knee ligament, such as an ACL, is normally attached. A



contact area is then formed inside the first bone, with the contact area being formed, at

least in part, by cortical bone located near the opening inside the first bone's outer

surface and having a size that is larger than the first size. For example, the contact area

may be formed by an annular surface of the cortical bone inside the tibia and surrounding

the opening. A first end of a joint repair material may be secured to the contact area in

the opening, and the joint repair material may be positioned to extend from within the

first bone at the contact area out through the opening. For example, a graft ligament may

be secured to the contact area and extend out of the opening toward the femur. A second

end of the joint repair material opposite the first end may be secured to a body member

distinct from the first bone, e.g., the graft ligament may be secured to a femur, thereby

connecting the tibia and femur. Although in this example the joint repair material is a

graft ligament, the joint repair material may be any suitable naturally-occurring material

(such as an autograft or allograft material), a synthetic material, or any suitable

combination of natural and synthetic materials.

In another aspect of the invention, a surgical repair method includes forming a

passageway through a bone with respect to which a joint repair material is to be fixated

such that the passageway extends from a first opening to a second opening. A contact

area may be formed inside the bone, so that the contact area is defined, at least in part, by

cortical bone located inside the bone's outer surface near the second opening. A first

side of the joint repair material may be secured to a fixation device, and the fixation

device may be positioned within the bone so that the fixation device is seated at the

contact area and the joint repair material extends out of the second opening. In one

illustrative embodiment, the passageway may be formed through a tibia so that the

second opening and contact area are located near the knee joint. The joint repair

material, e.g., a graft ligament, may be secured to a fixation device and fed into the

passageway such that the fixation device engages the contact area (securing the graft

relative to the tibia) and the graft extends from the second opening. The graft may be

secured to a femur using any suitable technique to complete the ligament repair. Thus,

the fixation device may engage the contact area so that the fixation device resists tension

placed on the joint repair material to pull the joint repair material from the passageway

and out of the second opening.



The passageway may be formed so that the second opening has a smaller size

than the first opening. In one embodiment, the passageway may be formed by forming a

hole through the bone, with the hole having a size approximately equal to the size of the

second opening. A counterbore may be formed in the hole to form the first opening and

the contact area. Cancellous bone in the passageway may be displaced (e.g., compacted,

removed, etc.) to expose an area of cortical bone in the passageway.

In another aspect of the invention, a surgical fixation device includes a base

portion with an aperture constructed and arranged to receive a joint repair material, such

as a graft ligament. The base portion has a contact surface and is constructed and

arranged to contact a bone at the contact surface and secure the joint repair material

relative to the bone. The fixation device also may include a securing portion constructed

and arranged to secure the joint repair material relative to the base portion. The securing

portion is arranged to engage with the base portion on a side of the base portion opposite

the contact surface. The base portion and the securing portion may be arranged to be

deployed entirely within a bone opening, e.g., such that no portion of the fixation device

is located outside of the bone, and to resist tension applied on the joint repair material

secured to the securing portion in a direction from the securing portion toward the

contact surface. In addition, the securing portion may be arranged to position the joint

repair material in contact with bone in the bone opening, e.g., to encourage attachment of

the graft to the bone by healing processes.

In another aspect of the invention, a surgical fixation device includes an annular

portion having a bone contact surface on a first side and an opening adapted to receive a

ligament repair material. A securing portion may be arranged to engage with a second

side of the annular portion opposite the first side. The securing portion may have an

elongated member extending in a direction away from the contact surface when engaged

with the annular portion, and may be adapted to secure a ligament repair material passing

through the opening to the annular portion. The annular portion and the securing portion

may be arranged to be deployed entirely within a bone opening and to resist tension

applied on the ligament repair material secured to the securing portion in a direction from

the securing portion toward the contact surface.

In one embodiment, at least a portion of the securing portion extends across the

opening in the annular portion. Also, the elongated member of the securing portion may



include opposed grooves to receive the joint repair material, and may have one or more

openings adapted to receive suture to secure the ligament repair material to the securing

portion. The elongated member of the securing portion may have a Y-shape with two

legs attached to the annular portion (e.g., on opposite sides of the opening) and one leg

extending away from the annular portion. The securing portion may also taper so as to

be thinner in a region near the opening in the flange and so as to be thicker in a region

positioned away from the opening. The base and securing portions may be made of a

non-absorbable, biocompatible material, such as titanium, and/or an absorbable material,

such as polylactic acid (PLA), and/or other materials or combinations of materials.

Other aspects of the invention are provided that are not necessarily restricted to

use in knee ligament repair. Instead, aspects of the invention may be used in other

surgical repair techniques in which a ligament, tendon, prosthetic or other material is

secured relative to bone.

BRIEF DESCRIPTION OF DRAWINGS

Various aspects of the invention are described with reference to illustrative

embodiments, wherein like numerals reference like elements, and wherein:

FIG. 1 is a schematic diagram of a knee and attached ligament;

FIG. 2 is a schematic diagram of a knee with a ligament injury;

FIG. 3 is a schematic diagram of a ligament repair arrangement in accordance

with known repair techniques;

FIG. 4 shows a schematic diagram of a ligament repair in accordance with

aspects of the invention;

FIG. 5 shows a schematic diagram of a ligament repair in which the repair

material includes an integrally formed fixation member;

FIG. 6 shows a schematic diagram of an opening formed in a bone in one

illustrative embodiment;

FIG. 7 shows a schematic diagram of a repair material being inserted in to an

opening formed like that in FIG. 6;

FIG. 8 shows a perspective view of a fixation device hi an illustrative

embodiment;

FIG. 9 shows a bottom view of the fixation device of FIG. 8;



FIG. 10 shows a top view of the fixation device of FIG. 8;

FIG. 11 shows a side view of the fixation device of FIG. 8 with a repair material

attached;

FIG. 12 shows a perspective view of a fixation device in another illustrative

embodiment;

FIG. 13 shows a front view of a fixation device in yet an illustrative embodiment;

FIG. 14 shows a side view of the fixation device of FIG. 13;

FIG. 15 shows a top view of the fixation device of FIG. 13; and

FIG. 16 shows a cross sectional view of the fixation device along the line 16-16

in FIG. 13.

DETAILED DESCRIPTION

This invention is not limited in its application to the details of construction and

the arrangement of components set forth in the following description or illustrated in the

drawings. The invention is capable of other embodiments and of being practiced or of

being carried out in various ways. Also, the phraseology and terminology used herein is

for the purpose of description and should not be regarded as limiting.

Various aspects of the invention are described below with reference to specific

embodiments. For example, aspects of the invention are described in the context of

performing a knee ligament repair. However, it should be understood that aspects of the

invention are not necessarily restricted to knee ligament repair techniques, or even to

surgical techniques performed on a knee. Rather, various aspects of the invention may

be used in any suitable surgical procedure. In addition, various aspects of the invention

may be used alone, and/or in combination with any other aspects of the invention.

FIG. 4 shows a schematic diagram of a surgical repair in accordance with aspects

of the invention. As discussed above, although aspects of the invention are described

with reference to a knee ligament repair for ease of reference and understanding, aspects

of the invention may be used in any surgical or other procedure, and may involve any

suitable body portions, such as bone, muscle, other tissue or combinations thereof,

vascular structures, digestive structures, medical implants or other devices, etc. Thus,

aspects of the invention are in no way limited to the specific embodiments and examples

described herein.



In this illustrative embodiment, a ligament 2, such as an anterior cruciate

ligament (ACL) 2 has been damaged and is replaced by a repair material 4. The repair

material 4 may be an allograft or autograft of knee ligament material, such as ligament

material harvested from a patient's patella or a harvested hamstring tendon, etc. The

repair material 4 may optionally be a man-made material, such as a mesh or other

prosthetic device. In short, the repair material 4 may be any suitable material or

combination of materials for the repair.

" In accordance with one aspect of the invention, one end of the repair material 4 is

secured relative to a bone via contact with an internal area of cortical bone. Thus, the

repair material 4 may be robustly fixed in place without necessarily requiring an

interference screw, an expanding anchor, or other similar device. In this illustrative

embodiment, the repair material 4 engages with an internal contact area 5 of the tibia 12,

but it should be understood that a similar engagement may be made with a contact area 5

in the femur 11. By engaging the repair material 4 with a cortical bone contact area 5,

the repair material 4 can be solidly anchored relative to the bone with a minimal risk of

movement of the contact area 5, e.g., in the direction of tension tending to pull the repair

material 4 out of the tibia 12 and toward the femur 11. This is not necessarily the case

with anchoring arrangements that engage the repair material 4 with cancellous bone,

which may compress or otherwise give way when the repair material 4 is placed under

tension or other stress.

The contact area 5 may be formed in the bone in any suitable way. For example,

in the embodiment shown in FIG. 4, a passageway 6 may be initially formed through the

tibia 12 such that the passageway 6 has an approximately constant diameter from a first

opening 6 1 to a second opening 62 near the knee joint. This passageway 6 may be

formed in any suitable way, such as those known in the art including drilling, punching

or other. Thereafter, the passageway 6 may be counterbored in a direction from the first

opening 6 1 toward the second opening 62 so that the first opening 6 1 has a larger

diameter than the second opening 62. The counterbore may be formed by using a drill of

a larger size than the passageway's initial size, a reaming tool, a punch, etc. The contact

area 5 may be formed by the tool used to form the counterbore, or may be formed

separately, such as by a tamping device, reamer, etc. that crushes and/or moves

cancellous bone so as to expose a cortical bone area to serve as the contact area 5. The



contact area 5 may have an annular shape and be arranged in. a plane that is perpendicular

(or otherwise generally transverse) to the longitudinal axis of the passageway 6 (or to the

general direction in which tension is applied to the repair material 4). However, the

contact area 5 is not limited to flat, annular arrangements, but instead may have a conical

or semi-conical shape, may be rectangular, oval, triangular, etc. Also, the contact area 5

need not necessarily be flat, but may have bumps, ridges, grooves or other features.

The repair material 4 may be secured to the contact area 5 in any suitable way,

such as by one or more fixation devices that are formed separately from and attached to

the repair material, and/or by a component that is integrally formed with the repair

material. For example, the repair material 4 may be secured to a bushing-like member or

other device that has at least one portion that is larger than the size of the second opening

62. As a result, if the repair material 4 is fed through the passageway 6 from the first

opening 6 1 and pulled through the second opening 62, the bushing-like member may

engage with the contact area 5, preventing the repair material 4 from being further pulled

from the second opening 62.

In another illustrative embodiment, the repair material may have an integrally

formed member that engages with the contact area 5. For example, as shown in FIG. 5,

an autograft ligament 4 that is harvested from a patient's patella tendon may include

bone blocks on either end of the tendon. The bone blocks may be shaped or otherwise

suitably arranged so that a bone block at a first end 4 1 of the tendon may pass through

the second opening 62, allowing the tendon portion to be pulled through the second

opening 62 as well. However, the bone block at the second end 42 of the tendon may be

larger than the second opening 62, and thus engage with the contact area 5 to secure the

tendon in place. In another embodiment, a synthetic repair material may include an

integrally formed stop member or other portion that engages with the contact area 5.

In another illustrative embodiment, the opening formed in the bone for securing a

repair material need not be formed as a passageway that extends from one opening

through the bone to another opening. Instead, as shown in FIG. 6, the opening 6 may

partially extend into the bone 12, and be arranged so that a contact area 5 is provided

beneath the outer surface of the bone 12. In this embodiment, the opening 6 may be

formed in any suitable way, such as by first drilling a hole into the bone, and then

enlarging the size of the hole beneath the surface of the bone to form the contact area 5 in



the bone's cortical region. The repair material 4 may be secured in the opening 6 in any

suitable way, such as by an expanding anchor-type fixation device that is secured to the

repair material 4, inserted through the opening, and then expands at least in part to

engage the contact area 5. In another embodiment, the opening 6 may be formed to have

an oblong or other suitable shape as shown in Fig. 7. The repair material 4 may have a

complementary fixation device 7 that is inserted through the opening 6, and then rotated

in the opening 6 so that the fixation device 7 engages the contact area 5 and prevents the

fixation device 7 from being pulled from the opening 6. The fixation device 7 may be

formed in any suitable way. For example, the fixation device 7 may be a suitably shaped

bone block that is part of a harvested patella tendon, as described above. Alternately, the

fixation device 7 may be a separately formed component that is secured to a ligament or

other repair material 4.

FIG. 8 shows a schematic view of a fixation device 7 in one illustrative

embodiment. The fixation device 7 includes a base portion 71, which in this

embodiment is an annular-shaped flange, with a contact surface 72 arranged to engage

with the contact area 5 in a bone. The base portion 7 1 includes an aperture 73 to receive

a ligament or other repair material 4. Although in this embodiment, the base portion 7 1

is shown to form a closed loop around the aperture 73, the base portion 7 1 need not do

so, and may have one or more splits or gaps in the base portion 71. Also, the base

portion 7 1 need not have an annular shape as shown, but may have an oval, rectangular,

triangular, elongated or other suitable shape. Generally, the contact surface 72 will be

flat, but may be arranged in other ways, such as to include serrations, bumps, grooves or

other suitable features.

A securing portion 74 may have an elongated shape and extend from the base

portion 71 in a direction away from the contact surface 72. One or more holes 75 or

other features may be provided in the securing portion 74, e.g., to receive suture for

securing a repair material 4 to the securing portion 74. As can be seen in the bottom

view of FIG. 9, the securing portion 74 may include opposed grooves 76 to receive the

repair material 4. Also, the securing portion 74 may taper along a central region from the

distal end (farthest from the base portion 7 1 as shown in Fig. 9) to a proximal end

(nearest the base portion 7 1 as shown in the top view of FIG. 10). This taper may help in

passing the repair material through the aperture 73 (because of the relatively small



thickness of the securing portion 74 near the aperture 73) and in positioning the repair

material 4 against the walls of the bone opening (the thicker portion of the securing

portion 74 may urge the repair material 4 into contact with the bone at and near the distal

end) to encourage ingrowth of the bone or otherwise encourage healing processes that

secure the repair material 4 to the bone. Thus, in one embodiment, the securing portion

74 may have a Y-shape with two legs attached to the base portion 7 1 and another leg

extending away from the base portion 71.

FIG. 11 shows a repair material 4 (in this example a ligament graft) engaged with

the fixation device 7 of FIGS. 8-10. The repair material 4 passes through the aperture 73

and extends along a first groove 76 of the securing portion 74. The repair material 4 then

extends over the distal end of the securing portion 74 and down the opposed second

groove 76 and through the aperture 73. (In another embodiment, two strands of repair

material 4 may pass through the aperture 73 and extend along opposed grooves 76 of the

securing portion 74, terminating distally of the distal end of the securing portion 74.)

Suture, clips or other securing material (not shown) may engage the repair material 4 and

the securing portion 74 at the holes 75 or otherwise to help keep the repair material 4 in

place relative to the fixation device 7. In one illustrative embodiment, the repair material

4 may have a diameter of about 8-11 mm, with the aperture 73 having approximately the

same size (e.g., 8-1 lmm) and the outer diameter of the base portion 7 1 being about 10-

15mm. The length of the securing portion 74 may be about 10-25mm, or more or less, as

suitable for the application. The fixation device 7 may be made of any material or

suitable combination of materials, including non-absorbable/biocompatible materials

(such as titanium, stainless steel, other alloys, etc.), absorbable materials (such as PLA,

PGA, reprocessed bone, and other materials, mixtures or composites), or combinations of

materials. The fixation device 7 may also be coated with or otherwise include materials

that encourage bone growth, such as an osteo-conductive or osteo-inductive material.

Although in this embodiment, the fixation device 7 is shown as formed as a

unitary piece, e.g., molded of a suitable material, the fixation device 7 may be made in

two or more separate parts. For example, the base portion 71 and the securing portion 74

may be made separately and assembled on a repair material. The securing portion 74

may then engage the base portion 7 1 by way of interference to resist pulling of the repair

material 4 and the securing portion 74 through the aperture 73. For example, in an



application like that shown in FIG. 7, the repair material may first threaded through the

aperture 73 of a base portion 71, and then engaged with a separate securing portion 74.

Thereafter, the securing portion 74 and repair material 4 may be inserted into the opening

6, followed by the base portion 7 1 being inserted in the opening 6. The base portion 7 1

may be arranged in the form of a split ring (e.g., a flat annular washer-like device with a

cut or gap) such that the base portion 71 may be forced through the opening 6 (e.g., by

folding or deforming the base portion 7 1 to reduce its size). The base portion 7 1 may

then be oriented to engage the contact area 5 and the securing portion 74 may be seated

against the base portion 71 to secure the repair material 4. In another embodiment, the

base portion 7 1 may have an oval, rectangular, oblong or other shape such that the base

portion 71 may be passed through the opening 6, and then turned or otherwise oriented

so that the base portion 7 1 cannot be pulled through the opening 6.

In other illustrative embodiments, the securing portion 74 may include two or

more portions to help secure the repair material 4, to help engage the repair material with

bone in the opening, and/or to perform other functions. For example, the securing

portion 74 may include a sleeve that is located over the repair material 4 after the

material 4 is engaged with the securing portion 74 as shown in FIG. 11. The sleeve may

help secure the repair material 4 in place, as well as help encourage bone ingrowth. In

another embodiment, the securing portion 74 may be made to expand in diameter, e.g.,

when tension is placed on the repair material after deployment of the fixation device 7.

Expansion of the securing portion 74 may help urge the repair material 4 into contact

with the bone in the walls of the opening 6. Expansion may occur as a result of the

design of the securing portion 74, e.g., the securing portion may be made hollow or

otherwise deformable in at least a portion so that the securing portion 74 buckles

outwardly with tension applied to the repair material. Alternately, insertion of an

interference pin, screw or other device into the securing portion 74 may expand a portion

of the securing portion 74 and force the repair material into contact with the wall of the

opening. In other embodiments, the repair material 4 may be secured to the securing

portion 74 using interference screws or pins, or other devices.

In the embodiments above, the repair material 4 is first secured at the contact area

5, e.g., of the tibia 12, and then an opposite, second end of the repair material 4 is

secured to another bone, e.g., the femur 11 However, it should be understood that



aspects of the invention are not so limited. Instead, the repair material 4 may be first

secured (e.g., to a tibia 12) using the techniques described above or any other suitable

method, and then secured to a cortical contact area 5 (e.g., in a femur 11). Although

securing of the repair material to the contact area 5 may be performed using the devices

described above, FIG. 12 shows another illustrative embodiment of a fixation device 7

that allows for tensioning of the repair material, and subsequent fixation to the device 7.

The fixation device 7 may be constructed largely as described above with a base portion

7 1 and securing portion 74. With the base portion 7 1 seated against the contact area 5,

the repair material 4 may be pulled through the aperture 73 (with the fixation device 7

held in contact with the contact area 5 of the bone) until suitable tension is applied.

Thereafter, a sleeve 78 may be engaged over the securing portion 74 and the repair

material 4 to secure the repair material 4 to the securing portion 74. This securing

operation may be performed in other ways as well. For example, the securing portion 74

may be formed as a sleeve or cylindrical member with the repair material 4 passing

through the interior of the sleeve. To secure the repair material 4 in place, an

interference pin, screw or other member may be inserted into the sleeve, forcing the

repair material into contact with the securing portion 74. The securing portion 74 may

have slots or other openings to allow tissue ingrowth.

FIGS. 13-16 show front, side, top and sectional views of a fixation device 7 in

another illustrative embodiment. This embodiment is similar to mat shown in FIGS. 8-

11, but has a cylindrically shaped part that includes an annular base portion 7 1 with an

annular contact surface 72. The securing portion 74 has a wedge-like shape and extends

approximately diametrically across the aperture 73 defined by the base portion 71.

Although in this embodiment the securing portion 74 does not include grooves 76 or

holes 75 like that in the FIGS. 8-1 1 embodiment, such features may be included if

desired. This embodiment has the following dimensions, although it should be

appreciated that the dimensions may be varied as desired: an overall height Hl of about

15mm, a base height H2 of about 4mm, an intermediate height H3 of about 10mm, an

upper height H4 of about 5mm, an upper groove depth H5 of about 2mm, a securing

portion upper thickness T of about 2mm, an overall diameter D1 of about 11mm, and an

inner diameter D2 of about 10mm. Although not shown, in this embodiment the base

portion 7 1 may include a separate washer or other device (e.g., shaped like the base



portion 7 1 shown in FIG. 8 and that is separate from the cylindrical part) that contacts

the base portion 7 1 at the contact surface 72 and engages the contact area 5 of the bone.

The washer may be split (e.g., like a conventional lock washer used with bolts or screws)

to allow the washer to be reduced in size and inserted into an opening 6. Thereafter, the

washer may expand to its original shape to engage with the contact area 5 and provide an

engagement surface for the base portion 7 1.

It should be understood that aspects of the invention include repair techniques in

which a repair material is secured to a cortical contact area 5 of a bone at one or more

ends of the repair material. Moreover, if one portion of a repair material 4 is secured to a

cortical contact area 5, other portions of the repair material 4 may be secured to the same

or different bone using any suitable technique or device, as are known in the art, such as

interference screws, etc. In addition, fixating a repair material via a cortical contact area

5 may be supplemented by additional securing techniques, such as conventional

interference screw fixation.

Although various embodiments have been described above in the context of a

knee ligament repair, aspects of the invention may be used in other applications, such as

rotator cuff repair or other tendon repair, hernia mesh fixation, and others.

Having thus described several aspects of at least one embodiment of this

invention, it is to be appreciated various alterations, modifications, and improvements

will readily occur to those skilled in the art. Such alterations, modifications, and

improvements are intended to be part of this disclosure, and are intended to be within the

spirit and scope of the invention. Accordingly, the foregoing description and drawings

are by way of example only.

What is claimed is:



CLAIMS

1. A surgical fixation device, comprising:

a base portion including an aperture constructed and arranged to receive a joint

repair material, the base portion having a contact surface and being constructed and

arranged to contact a bone at the contact surface and secure the joint repair material

relative to the bone surface; and

a securing portion constructed and arranged to secure the joint repair material to

the base portion, the securing portion being arranged td engage with the base portion on

a side of the base portion opposite the contact surface and extending away from the base

portion, the securing portion having a part that extends across the aperture;

wherein the base portion and the securing portion are arranged to be deployed

entirely within a bone opening and to resist tension applied on the joint repair material

secured to the securing portion in a direction from the securing portion toward the

contact surface, the securing portion being arranged to position the joint repair material

in contact with bone in the bone opening.

2. The device of claim 1, wherein the part of the securing portion that extends

across the aperture tapers so as to be thinner in a region near the aperture and so as to be

thicker in a region positioned away from the aperture.

3. The device of claim 1 or 2, wherein the securing portion has an elongated

shape that extends away from the base portion.

4. The device of any one of claims 1 to 3, wherein the base portion includes a

circular flange with an annular contact surface.

5. The device of claim 4, wherein the base portion includes a circular aperture.

6. The device of any one of claims 1 to 5 wherein the securing portion includes

opposed grooves to receive the joint repair material.



7. The device of any one of claims 1 to 6, wherein the securing portion includes

one or more openings adapted to receive suture to secure the joint repair material to the

securing portion.

8. The device of any one of claims 1 to 7, wherein the base portion includes a

cylindrical portion that defines the aperture, and where the securing portion has a wedge-

like shape that is fixed to the cylindrical portion and extends across the aperture.

9. The device of any one of claims 1 to 8, wherein the base and securing

portions are made of an absorbable material.

10. The device of any one of claims 1 to 9, wherein the base and securing portion

are adapted to be used in a knee ligament repair procedure using subcortical bone

fixation of the ligament.

11. The device of claim 1, wherein the base portion includes a washer element

having an annular shape, that defines the contact surface, and that is split to allow a

reduction in size of the washer element.

12. A surgical repair method comprising:

forming a passageway through a bone with respect to which a joint repair

material is to be fixated, the passageway extending from a first opening to a second

opening;

forming a contact area inside the bone, the contact area being formed, at least in

part, by cortical bone located inside the bone's outer surface near the second opening;

securing a first side of the joint repair material to a fixation device; and

positioning the fixation device within the bone so that the fixation device is

seated at the contact area and the joint repair material extends out of the second opening.

13. The method of claim 12, wherein the step of positioning comprises:



positioning the fixation device within the bone so that the fixation device resists

tension placed on the joint repair material to pull the joint repair material from the

passageway and out of the second opening.

14. The method of claim 12, wherein the step of forming the passageway

comprises:

forming the second opening to have a size that is smaller than the first opening.

15. The method of claim 14, wherein the step of positioning comprises:

placing the joint repair material and attached fixation device into the passageway

through the first opening; and

pulling the joint repair material through the second opening to seat the fixation

device against the contact area.

16. The method of claim 14, wherein the step of forming the passageway

comprises:

forming a hole through the bone, the hole having a size approximately equal to

the size of the second opening; and

forming a counterbore in the hole to form the first opening and the contact area.

17. The method of claim 12, wherein the step of forming the contact area

comprises:

displacing cancellous bone in the passageway to expose an area of cortical bone

in the passageway.

18. The method of claim 17, wherein the contact area of cortical bone is arranged

in a plane that is approximately perpendicular to a longitudinal axis of the passageway.

19. The method of claim 12, wherein the joint repair material includes an

autograft or allograft of ligament tissue.



20. The method of claim 12, wherein the bone is a portion of a tibia, and the joint

repair material is used in a ligament repair of a knee.

2 1. The method of claim 20, further comprising:

fixing a second side of the joint repair material with respect to a femur.

22. The method of claim 12, wherein the fixation device includes an annular

portion and a securing portion, the annular portion having a size greater than the second

opening and contacting the contact area when the fixation device is seated at the contact

area, the securing portion having an elongated member to which the joint repair material

is secured and that extends from the annular portion in a direction away from the second

opening when the fixation device is seated at the contact area.

23. The method of claim 22, wherein the annular portion includes an opening

through which the joint repair material passes.

24. The method of claim 23, wherein the portion of joint repair material secured

to the elongated member is in contact with bone in the passageway.

25. A surgical repair method comprising:

forming an opening in a first bone, the opening having a first size at an outer

surface of the first bone;

forming a contact area inside the first bone, the contact area being formed, at least

in part, by cortical bone located near the opening inside the first bone's outer surface and

having a size that is larger than the first size;

securing a first end of a joint repair material to the contact area in the opening;

positioning the joint repair material to extend from within the first bone at the

contact area and out through the opening; and

securing a second end of the joint repair material opposite the first end to a body

member distinct from the first bone.



26. The method of claim 25, wherein the opening has an elongated shape with a

longitudinal axis and the contact area lies in a plane that is approximately perpendicular

to the longitudinal axis.

27. The method of claim 25, wherein the step of securing a first end of the joint

repair material comprises:

securing the first end to a fixation device; and

seating the fixation device at the contact area.

28. The method of claim 25, wherein the body member distinct from the first

bone is a second bone.

29. The method of claim 28, wherein the first bone is a tibia and the second bone

is a femur.

30. The method of claim 25, wherein the opening is part of a passageway that

extends through the first bone.

31. The method of claim 25, wherein the contact area is positioned within 10mm

or less of a location of the opening at the first bone's outer surface.















A. CLASSIFICATION OF SUBJECT MATTER
INV. A61F2/08

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61F A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

WO 00/64363 A (SDGI HOLDINGS INC [US]; 1-10

DREWRY TROY D [US]; SHERMAN MICHAEL C
[US]; BR) 2 November 2000 (2000-11-02)

11

figure lie

page 12, line 26 - page 13, line 31

WO 02/32345 A (COAPT SYSTEMS INC [US]; 1
JACOBS DANIEL [US]; WEI MICHAEL [US])
25 April 2002 (2002-04-25)
figures 19a-19c
page 17, line 5 - line 9

US 5 464 427 A (CURTIS RAYMOND L [CH] ET

AL) 7 November 1995 (1995-11-07)
figures 3,4

-/--

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents
'T" later document published after the international filing date

or pnority date and not in conflict with the application but
"A" document defining the general state of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance invention
"E" earlier document but published on or after the international "X" document of particular relevance, the claimed invention

filing date cannot be considered novel or cannot be considered to
"L" document which may throw doubts on prionty cla ιm(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another "Y" document of particular relevance, the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

' P1 document published prior to the international filing date but in the art

later than the priority date claimed '&' document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

13 March 2008 31/03/2008

Name and mailing address of the ISA/ Authorized officer
European Patent Office, P B 5818 Pate πtlaan 2
NL - 2280 HV RiJSWlJk

TeI (+31-70) 340-2040, Tx 3 1 651 epo nl,
Fax (+31-70) 340-3016 Franz, VoI ker

Form PCT/ISA/210 (second sheet) (April 2005)

n n 1 n f ?



(^Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

US 2004/068262 Al (LEMOS MARK [US] ET AL)
8 April 2004 (2004-04-08)
figures 3a, 3b

EP 0 464 479 A (AMERICAN CYANAMID CO [US])

8 January 1992 (1992-01-08)
figures 15,17

US 5 725 529 A (NICHOLSON JAMES E [US] ET
AL) 10 March 1998 (1998-03-10)
figure 10

WO 03/007839 A (DEPUY PRODUCTS INC [US];

PELO MARK JOSEPH [US]; PLOUHAR PAMELA LYNN
[U) 30 January 2003 (2003-01-30)
figures 10-12

Form PCT/ISA/210 (continuation of second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 12-31
because they relate to subject matter not required to be searched by this Authority, namely:

Rule 39 .1(iv) PCT - Method for treatment of the human or animal body by
surgery

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. I As all required additional search fees were timely paid by the applicant, this international search report covers allsearchable
claims.

2. As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search reportcovers
only those claims for which fees were paid, specifically claims Nos.:

4. I I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

1The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)



Patent document Publication Patent family Publication
cited In search report date member(s) date

WO 0064363 A 02-11-2000 AU 764420 B2 21-08-2003
AU 4021500 A 10-11-2000
CA 2366773 Al 02-11-2000
EP 1171049 A2 16-01-2002
GP 2002541968 T 10-12-2002
US 2003023241 Al 30-01-2003
US 6436099 Bl 20-08-2002

WO 0232345 A 25-04-2002 AU 9678901 A 29-04-2002
EP 1326557 A2 16-07-2003

US 5464427 A 07-11-1995 CA 2146179 Al 05-04-1996
DE 69525806 Dl 18-04-2002
DE 69525806 T2 26-09-2002
EP 0705567 A2 10-04-1996
ES 2172543 T3 01-10-2002
J P 3693719 B2 07-09-2005
OP 8206121 A 13-08-1996

US 2004068262 Al 08-04-2004 AU 2003273945 Al 23-04-2004
CA 2500260 Al 15-04-2004
WO 2004030579 Al 15-04-2004
EP 1545398 Al 29-06-2005
J P 2006501003 T 12-01-2006

EP 0464479 A 08-01-1992 AT 119009 T 15-03-1995
AU 655926 B2 19-01-1995
AU 7949891 A 02-01-1992
CA 2045903 Al 03-01-1992
DE 69107703 Dl 06-04-1995
DE 69107703 T2 19-10-1995
DK 464479 T3 10-04-1995
ES 2068434 T3 16-04-1995
GR 3015415 T3 30-06-1995
OP 3264946 B2 11-03-2002
J P 4250151 A 07-09-1992
US 5224946 A 06-07-1993

US 5725529 A 10-03-1998 US 5268001 A 07-12-1993

WO 03007839 A 30-01-2003 EP 1416866 A2 12-05-2004
J P 2004535250 T 25-11-2004

Form PCT/ISA/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

