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ABSTRACT OF THE DISCLOSURE

In one embodiment, the present invention 1is a method of

positioning and securing a graft to bone including the steps of:
positioning the graft into a bore hole in the bone; positioning

a gulde wire 1into the bore hole in the bone; positioning a slide

instrument between the guide wire and the graft; positioning a
driver, and an anchor secured thereto, over the guide wire;
directing the anchor along the guide wire and towards and into

the bore hole; and imparting a rotational force to the anchor to

secure the anchor between a sidewall of the bore hole and a

portion'of the graft.
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INSTRUMENTATION AND METHOD FOR POSITIONING
AND SECURING A GRAEFT

BACKGROUND OF THE INVENTION

[0001] The present i1nvention relates generally to orthopedic

instrumentation, systems, kits and methods for repairing soft

tissue injuries 1ncluding positioning and securing a graft, such

as for use 1n reconstructing soft tissue 1n a joint between

pones of a patient. More specifically, the present 1nvention
relates to the positioning and securing of tendon and/or
ligament grafts, and more particularly, for example, the

F

positioning and securing of an anterior cruciate ligament (ACL)

graft 1in the knee joint of a patient.

[0002] ACL 1injurlies are often caused by a sudden force

—

applied to the knee, and are a common form of 1njury suffered

during athletic activities. The 1njury occurs typically when

the knee 1s bent or twisted in an awkward direction.

[0003] Current surgical reconstruction of ACL 1njuries may

-

be arthroscopic or open and commonly 1include the formation of

two bone tunnels, one in the tibla and one 1n the femur, which

serve as attachment points for a graft. A replacement graft,

either of natural tissue or artificial materials, 1s typically

used to replace the damaged, native soft tissue as such

replacement typically has better results than attempting to

repalr and reuse the native tissue. In any event, commonly, the

native soft tissue has extensive damage, thus 1limiting 1ts

usefulness, and thus 1s 1likely to be removed and replaced by a

graft.

[0004] Positioning and securing a graft 1n a prepared bone

bore hole 1s a typilcal method of performing a soft tissue

repalr. In a specific soft tissue repair, such as 1n ACL
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repalr, 1t 1s common to use a suture to pull the graft into the

pbone tunnel, and the graft 1s then secured within the bone
tunnel using a suture button and/or an interference screw. A

similar method and 1instrumentation i1s employed to secure the

graft in the tibial bone tunnel.

[0005] However, such methods of securing the graft have
various drawbacks. For example, positioning the 1nterference

screw 1nto the bone tunnel, and adjacent the graft, could result

1n damage to the graft through contact with the interference

P

screw along a portion of the graft other than the area where the

interference screw 1s 1ntended to create the fixation.
[0006] Further, traditional instrumentation, such as rigid

and linear 1nstrumentation, can result in limited access to the

native 1nsertion site of the ACL, thus requiring that the knee

undergo hyperflexion 1n order for such instrumentation to access

the native site. Accessing the native site can be important to

the success of the repair. Recently, 1nstrumentation capable of

flexing and navigating curved access pathways has Dbeen

introduced for the repalir of damaged tissue such as the ACL,
labrum, or the 1like, 1ncluding commercial products such as the

VersiTomic'™ Flexible Reaming System and the TwinLoop FLEX™

Instrumentation System (both manufactured by Howmedica Osteonics

Corp., Mahwah, NJ). Such systems utilize 1nstruments having

shafts that i1nclude a flexible portion, such as on a drill shaft

or the 1like, to achieve better access to preferred positions for

the placement of bone holes and bone tunnels, soft tissue

connection sites, and the like. For example, such flexible

instrumentation can place a bone tunnel at the native 1nsertion

site of the ACL on the femur while allowlng the knee joint to

remaln at a normal angle rather than in hyperflexion.
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[0007] There 1s an increased need for further

instrumentation that can achieve 1ncreased success 1n soft

tissue repair, and particularly in ACL repair.

BRIEF SUMMARY OF THE INVENTION

(0008] Generally, the present 1nvention 1ncludes various

embodiments of instrumentation, systems, kits and methods for

use 1n positioning and securing soft tissue relative to bone,

and specifically the positioning and securing of grafts 1in a

bore hole 1n bone, such as a bone tunnel through a bone.

Specilfically, one particular use of the various embodiments

J

ﬁ

disclosed hereiln 1s for the positioning and securing of a graft,

such as a replacement ACL, 1n a bone tunnel 1n the femur.

[0009] In one embodiment, the present 1invention includes a

driver for use 1n a surgical procedure, the driver including a

shaft having a distal portion and a proximal portion and a

length extending therebetween, the shaft including a flexible

P

portion along at least part of the length, the flexible portion

including a plurality of interlocking segments; a handle

connected to the proximal portion of the shaft; and a distal tip

portion positioned at the distal portion of the shaft. The

driver may be cannulated along at least a portion of the length,

and further may extend from a proximal-most end of the shaft to

a distal-most end of the distal tip, wherein the cannulation is

adapted to receive a flexible guide wire therethrough. Further,

the guide wire, as 1t 1s flexible, may have at least one curve

along 1ts length, wherein the drive tip and the flexible portion

P
p—

of the shaft are adapted to pass over the at least one curve o:

the guide wire. Additionally, the distal tip, or drive tip, is
adapted to engage an anchor thereon, the anchor having a

cannulation along 1its length, the cannulation of the anchor and
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the cannulation of the driver being substantially co-axial with

one another when the anchor is engaged with the drive tip.

[0010] In a further embodiment, the present i1nvention include

an 1instrument for use in positioning and securing a graft, the

instrument comprising a handle, a shaft extending 1n a distal

direction from the handle, and a slide at a distal end of the

shaft, the slide including a first channel sized to position at

least a portion of an anchor therein and a second channel sized

to position at least a portion of the graft therein, such that

when the anchor 1s positioned within the flrst channel and the

graft 1s positioned within the second channel, the anchor and

graft cannot contact one another. Moreover, the first channel

may 1include a concave surface and the second channel may 1nclude

a concave surface positioned 1in a direction opposite the first

channel. Alternatively, the first channel may i1nclude a concave

surface and the second channel may 1nclude a convex surface.

[0011] Further, the first channel may be defined between a

first edge and a second edge and the second channel may be

defined between a third edge and a fourth edge. The first edge

and second edge may have the same shape as one another.

F

Alternatively, the first edge and second edge may have differing

shapes from one another. Further, one of the first or second

edges may be larger than the other of the first or second edges.

In the alternative where the second channel 1ncludes a convex

surface, the third and fourth edges may be shaped to give the

second channel an overall generally concave shape.

[0012] Additionally, the third edge and fourth edge may have

the same shape as one another. Alternatively, the third edge

and fourth edge may have differing shapes from one another. The
fourth edge may be larger than the third edge. Further, the

first edge and third edge may have generally the same shape as
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one another. Also, the second edge and fourth edge may have

generally the same shape as one another.

[0013] In yet a further embodiment, the present 1nvention

includes a device for use 1n positloning and securing a graft,
the device comprising a handle at a proximal end and a slide at

a distal end, the slide 1ncluding a first channel having a

length and a width, the width defined between a first edge and a

second edge, a second channel having a length substantially

equal to the length of the first channel and a width, the width

defined between a third edge and a fourth edge, the first

channel and second channel open to generally opposite directions

F

of one another and o

"set 1n a lateral direction to one another.

F

[0014] Additionally, the second edge of the first channel may

extend laterally further than the third edge of the second

channel, and the fourth edge of the second channel may extend

laterally, opposite the second and third edges, further than the

.

first edge of the first channel. The lateral offset of the

first and second channels may provide the slide with a low

profile shape. Further, the first channel and second channel

may be substantilally parallel to one another. Moreover, the

first channel and second channel may have open ends along the

F

direction of theilr respective lengths, and the first channel and

second channel may each have a substantially concave shape

extending from the first edge to the second edge, and from the

third edge to the fourth edge, respectively.
[0015] Continuing with this embodiment, the handle may be

secured to the slide through a shaft extending between the

handle and slide. When 1n use, the first channel may be adapted

F

to position at least a portion of an anchor therein, and the

second channel may be adapted to position at least a portion of

P

the graft therein. Further, when the anchor and graft are
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positioned 1n the first channel and second channel,

respectively, the anchor may not contact the graft. Also, the

first and second channels both may have a smooth surface adapted
to allow the anchor and graft, respectively, to slide therein.

[0016] In still a further embodiment, the present invention

includes a device for use 1n positioning and securlng a graft,
the device comprising a handle at a proximal end and a slide at

a distal end, the slide 1ncluding a first channel having a

length and a width, the width defined between a first edge and a

second edge, a second channel having a length substantially

equal to the length of the first channel and a width, the width

defined between a third edge and a fourth edge, the first

channel and second channel open to generally opposite directions

ﬂ
P

of one another. Further, the first channel may have a concave

surface and the second channel may have a convex surface. The

F

third and fourth edges of the second channel may be shaped such

that the second channel has an overall generally concave shape

adapted to position the graft therein. The first channel also

includes a defined filrst edge but a generally undefined second

F

‘orms a portion of the concave

-

edge, such that the first edge

shape of the first channel but the second edge generally does

not form a portion of the concave shape, but rather extends

laterally and away from the first channel.

[0017] In another embodiment, the present invention 1includes

an instrumentation system for securing a Jgraft 1n a prepared

bone hole, the system 1ncluding a cannulated anchor capable of

securing a graft 1in the prepared bone hole; a cannulated driver

having a shaft having a length and a flexible portion positioned

P

along 1ts 1length, and a distal end capable of engaging and

applying torque to the cannulated anchor; and a slide instrument

‘having a first channel and a second channel and adapted to be
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positioned between the graft and the cannulated anchor such that

the graft 1s positioned towards a side of the bone hole and the

F

cannulated anchor 1s positioned towards an opposite side of the

bone hole.

(0018] In a further embodiment, the present invention

includes a method for positionling and securilng a graft 1n a

prepared bone hole, the method 1ncluding the steps of advancing

at least a first portion of the graft 1nto the bone hole;

passing a flexible guide wire into the bone hole; positioning a

slide 1nstrument between the graft and flexible guide wire such

that the slide 1nstrument separates the bone hole into a first

side and a second side, such that the graft 1s positioned within

ﬁ

the first side of the bone hole and the flexible guide wire 1s

positioned within the second side of the bone hole; positioning

a cannulated driver, having a flexible portion, and a cannulated

anchor, engaged with a distal end of the cannulated driver, over

the guide wire such that the guide wire is positioned within the

P

cannulated anchor and at least a portion of the cannulated

driver; directing the cannulated anchor along the guide wire and

into the second side of the bone hole; and fixedly securing the

graft 1n the bone hole by positioning the anchor between a

portion of a bone wall of the bone hole and at least part of the

first portion of the graft, wherein the part of the first

P

portion of the graft 1s compressed between another portion of

F

the bone wall of the bone hole and the anchor.

[0019] Continuing with this embodiment, the slide may

minimize contact between tThe anchor and an at least second

P

portion of the graft. In one example, the bone hole may be a

bone tunnel formed 1n a distal portion of a femur and the graft

may be a replacement ACL graft. Further, the anchor may be a

threaded 1nterference screw, wherein the directing and fixedly
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securing steps may 1include rotating the threaded 1nterference

F

screw such that the threads of the threaded 1nterference screw

F

engage both the part of the first portion of the graft and the

portion of the bone wall of the bone hole. In one alternative,

F

a notch may be formed along at least part of the portion of the

bone wall of the bone hole either prior to the step of advanciling

the graft or after the step of positioning the slide, whereiln

F

the notch can maintaln the position of the anchor against the

portion of the bone wall of the bone hole.

[0020] In vyet another embodiment, the present 1nvention

includes a method of positioning and securing a graft to bone
including positioning the graft 1into a bore hole 1n the bone;
positioning a guide wilre 1nto the bore hole 1n the bone;
positioning a slide instrument between the guide wire and the
graft; positioning a driver, and an anchor secured thereto, over
the qguide wire; directing the anchor along the guide wire and

towards and into the bore hole; and imparting a rotational force

to the anchor to secure the anchor between a sidewall of the

bore hole and a portion of the graft.
[0021] Further to this embodiment, the slide may 1include a

first channel and a second channel, wherein the gulde wilre 1s

positioned within the first channel and the graft 1s positioned

within the second channel such that the gulide wlre and gratft

remain separated from one another. Also, as the anchor 1s

directed towards and 1nto the bore hole, the anchor and graft

may remain separated from one another. As the anchor 1s directed

further into the bore hole, the anchor may be directed past the

slide to contact the portion of the graft. As to the slide,

the first channel may 1nclude a concave surface and the second

channel may include a concave surface positioned 1n a direction

opposite the first channel. The first channel may 1nclude a
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concave surface and the second channel may 1nclude a convex

surface, wherein the convex surface 1s bounded between first and

second channel edges.

[0022] Continuing with this embodiment, prior to directing

the anchor towards and into the bore hole, a notch may be formed

along at least a portion of the length of the bore hole, such

that the anchor 1s directed along the notch within the bore

hole. Also, the guide wire may 1include a curve along at least a

portion of 1ts length between a point where the guide wire
enters the bore hole and an end of the guide wire, positioned

outside the bone, wherein the driver can include a portion of a

shaft that 1s flexible such that the driver can be directed over
the curve 1n the qguide wire. In one example, the anchor may be
an 1nterference screw 1ncluding a threading along at least a

portion of 1ts outer surface, wherelin upon 1mparting the

rotational force, the threading engages the sidewall of the bore

P

hole and the portion of the graft, wherein the graft comprises a

F

bone-tendon-bone graft, and the portion of the graft engaged by

the threading of the 1nterference screw 1s bone. Further to

this example, the bore hole may be a bone tunnel and the bone

may be a femur, wherein the graft may be a replacement anterior

cruclate ligament graft.

[0023] In another embodiment, the present 1nvention 1ncludes

a method of positioning and securing a graft to bone 1ncluding

the steps of positioning a guilide wilire into a bone tunnel in the

F

bone such that a first end of the guilide wire 1s positioned

within the bone tunnel and a second end of the guide wire 1s

positioned outside the bone tunnel; positioning at least a

P

portion of a graft i1into at least a portion of the bone tunnel;

positioning a slide 1ncluding a first <channel and a second

channel between the guide wire and the graft such that the guilde
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wire 1s positioned within or adjacent to the first channel and

the graft i1is positioned within or adjacent to the second

channel; directing a cannulated anchor along the guide wire

towards and 1nto the bone tunnel; and securing the anchor

between a sidewall of the bone tunnel and a portion of the

graft. Further, the cannulated anchor may be directed towards

and into the bone tunnel using a cannulated driver, such that

P

the guide wire passes through the cannulation of both the driver

and anchor, and the guide wire may 1include a curve along 1ts

length, wherein the driver includes a shaft having a flexible

portion such that the flexible portion may pass over the curve

of the guide wire. Also, as the anchor 1s directed 1into the

bone tunnel, the anchor may be positioned within the first

channel of the slide such that the anchor and graft are

separated from one another, and as the anchor 1s directed

F

adjacent to the portion of the graft to which 1t 1is secured, the

anchor may be directed past an end of the slide such that the

F

portion of the graft and the anchor may contact one another. As

to the slide, the first channel may 1i1nclude a concave surface

and the second channel may include a concave surface positioned

in a direction opposite the first channel. Alternatively, as to

the slide, the first channel may 1include a concave surface and

the second channel may include a convex surface, wherein the

convex surface may be bounded between first and second channel

edges.

[0024] In yet a further embodiment, the present 1i1invention

' el

includes a method of positioning and securing a graft to bone

gr—r

including the steps of positioning a

b

flexible guide wire 1nto a

bore hole in the bone, the flexible guide wire having a length;

positioning the graft 1into the Dbore hole 1n the Dbone;

positioning a driver, and an anchor secured thereto, over the

-10-
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flexible guide wire, the driver 1ncluding a shaft, at least a

portion of which 1s flexible; directing the anchor along the

flexible guide wire and into the bore hole; and 1mparting a

rotational force to the anchor to secure the anchor between a

n

sidewall of the bore hole and a portion of the graft. This

F

method may further include the step of positioning a slide

between the flexible guide wire and the graft prior to the step

gr—

of positioning the driver and anchor over the guide wire. The

slide may include a first channel and a second channel, wherein
the guide wire 1s positioned within the first channel and the

graft 1s positioned within the second channel such that the

guide wire and graft remaln separated from one another.

BRIEF DESCRIPTION OF THE DRAWINGS

n

[0025] FIG. 1 illustrates one embodiment of an instrument o:

f

the present 1nvention.

[0026] FIG. 2 illustrates a cross-sectional view of the

-
—

instrument of FIG. 1.

[0027] FIGS. 3A-3C i1llustrate various alternative embodiments
of a distal tip portion of an 1nstrument of the present
invention.

[0028] FIG. 4 illustrates a cross-sectional view of the

instrument of FIG. 1 having an anchor positioned on a distal tip

portion of the 1nstrument.

[0029] FIG. 5 illustrates an elevation view of the 1nstrument

and anchor of FIG. 4.

H)

[0030] FIG. 6 illustrates a flexible portion of a shaft ot

the instrument of FIG. 5.

)

[0031] FIGS. 7TA and 7B 1llustrate multiple viliews of a

P

discrete interlocking segment of the flexible portion of FIG. 6.

[0032] FIGS. 8A-8C illustrate wvarious embodiments of a handle

P

attachment mechanism of an instrument of the present i1invention.

-1 -



CA 02839177 2014-01-13

[0033] FIGS. 9A and 9B 1illustrate wvarious embodiments of a

handle of an instrument of the present 1nvention.

[0034] FIG. 10 1illustrates another embodiment of an

P

instrument of the present i1nvention.

[0035] FIGS. 11-15 illustrates wvarious views of a slide of

the instrument of FIG. 10.

[0036] FIG. 16 1llustrates a further embodiment of an

P

instrument of the present invention

[0037] FIGS. 17-21 illustrates wvarious views of a slide of

the instrument of FIG. 16

[0038] FIG. 22 1llustrates a cross-sectional view of the

slide of FIGS. 17-21.

[0039] FIGS. 23-26 illustrate one embodiment of a method of

the present i1nventilon.

DETAILED DESCRIPTION

F
p—

[0040] While the following exemplary embodiments of

instruments, systems, kits and surgical methods may be used to

repair or reconstruct any suitable type of soft tissue - such as

ligaments and tendons in a knee, hip, ankle, foot, shoulder,

elbow, wrist, hand, spine, or any other area of anatomy -

i

exemplary embodiments of arthroscopic repairs or reconstructions

of an ACL in a knee joint of a human patient will be used 1n

o

describing the various exemplary embodiments of the disclosure

below.

F

[0041] In most of the Dbelow embodiments, the present

invention allows a surgeon to position a graft and 1install an

anchor to secure the graft, such as an ACL replacement graft, 1n

a previously formed tibial bone tunnel or femoral bone tunnel.

The flexibility of the instrumentation allows the graft to be
positioned and secured at a location near the native ACL

connection sites on the femur and tibia, though other locations

=17 =
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may be used as desired or required based on the specific

circumstances of a particular patient.

[0042] While the existing soft tissue, such as the native

ACL, may be repaired and remaln 1n use within the knee joint,

commonly the existing soft tissue 1s removed and a graft 1s

implanted to replace the existing soft tissue. The graft may be

natural soft tissue, such as autologous tissues from a portion

of the patellar tendon or one of the hamstring tendons of the

patient. Alternatively, allograft tissue may be obtained from a

donor, or xenograft tissue may be obtained from another animal,

such as a pig. Still another option for a graft could be

artificial materials as are known 1n the art. Furthermore, the

F

graft could include various forms, such as for example a graft

i

made of all soft tissue, for example, a length of soft tissue

which 1s typically folded onto 1tself, or a bone-tendon-bone

implant which is a graft including a length of soft tissue with

each end having a piece of bone attached thereto. When used

P

herein, "graft" may be any of these types of grafts, or other

suitable materials and/or structures, which are commonly used

for ACL or other soft tissue replacement.

[0043] Other methods and instrumentation for soft tissue,

particularly ACL, repair or reconstruction are disclosed 1n

United States Patent Application No. 12/859,580 filed August 19,

2010, United States Patent Application No. 13/085,882 filed
April, 13 2011, United States Patent Application No. 12/821,504

filed June 23, 2010, and United States Patent Application No.
12/460,310 filed July 16, 2009 all owned by the same entity as

F

this application, the disclosures of which are hereby

incorporated herein by reference as 1f fully set forth herein.

These various applications disclose various methods of, for

example, creating bone bore holes such as bone tunnels for ACL

-1 3-
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surgery, positioning and securing soft tissue to Dbone,
implanting anchors, and the 1like. It 1s envisioned that the

various instrumentation and methods disclosed hereiln may be used

in conjunction with, or as an alternative to, any of the methods

and 1instrumentation disclosed 1n these pending applications

incorporated by reference herein.

[0044] Referring to FIG. 1 there 1s shown one embodiment of

an anchor inserter instrument 10, specifically a flexible driver

F

10, of the present invention. The driver 10 1ncludes a distal

tip portion 15, a shaft 11 and a proximal handle 14. The distal

tip portion 15 includes a distal anchor 1interface 15 that 1is

configured to 1interlock with an anchor 90 (see, for example,

FIG. 4). The shaft 11 has a flexible portion 12 and a rigid

portion 13. The distal tip portion 15 1s fixedly secured to the

flexible portion 12 through a laser weld or the like.

F

Alternatively, the entirety of the distal portion 15 and shaft

11 may be constructed from a unitary piece, such as a monolithic

length of metal tubing which is laser-cut and/or shaped to form

the shaft and distal tip portion. The rigid portion 13 may be

proximal to the flexible portion 12, as 1llustrated, and may
connect to the handle 14. The handle 14 1is configured 1in such a

way that 1t can be gripped by an operator and used to transfer

rotational force through the handle, shaft and distal tip

portion and to the anchor 90 positioned on the distal portion 15

as 1n FIG. 5.

[0045] Continuing with this embodiment, referring to FIG. 2,

the flexible driver 10 may 1include a cannulation 16 along at

g

least a portion of 1its length, though, as 1llustrated, 1t 1s

preferred that cannulation 16 extend from the distal-most end of

distal tip portion 15 through the entire length of the shaft 11

to the proximal-most end of handle 14 such that cannulation 16

~14-
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F

may extend the entire length of the driver 10. The cannulation

16 may have a generally cilrcular cross section and may have a

generally consistent diliameter along 1ts length. However,

cannulation 16 may have a differently shaped c¢cross-section

and/or a varying diameter along its length. This cannulation

allows an operator to, for example, pass a gulde wire /70 through

the flexible driver 10, as 1n FIG. 25, for example. As

discussed 1n depth below, this configuration may, for example,

assist the operator to direct the anchor 90 and the flexible

driver 10 1nto a joint and 1nto a bore hole, such as bone tunnel

ol (see FIG. 20).

[0046] Referring to FIGS. 3A-C, there are shown various

embodiments for the distal tip portion 15 of the flexible driver

10. As seen 1n FIG. 3A-C the distal tip portion 15 has a distal

anchor 1interface 115, 215, 31>5. The distal anchor 1interface

115, 215, 315 1s configured to i1nterlock with an anchor 90 (see

FIG. 4), which may have a matching female structure, or other

P

suitable engaging structure, therein. The cross section of the

P

anchor 1interface can have a variety of cross sectional shapes.

For example, as seen 1n FIG. 1, the distal anchor interface 15

may be a generally square-shaped structure, whereas in FIG. 3A-B

the anchor interface 115, 215 may have a generally star-shaped

P
p—v

cross section. Alternatively, the anchor interface 315 may have

a hexagonal shaped cross section as seen 1n FIG. 3C. In another

ﬁ
p—

Oor

alternative, this 1nterlocking structure could comprise,

P
—

example, grooves running lengthwise along the distal portion of

*

the tip or any other sultable structure capable of transferring

both axial and rotational forces from the 1nstrument 10 to the

anchor 90.

[0047] FIGS. 4 and 5 1illustrate the distal tip portion 15

with an anchor 90 positioned thereon and overlying the anchor

_15_
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interface 15. The anchor 90 may have a wvariety of forms and
sizes. For example, as 1illustrated, the anchor 90 1s an
interference screw, as 1n known 1n the art. For example, the

interference screw could be a Biosteon® Interference Screw

(Howmedica Osteonics Corp., Mahway, NJ) or other such anchors.

e

Biosteon® screws are commonly constructed of polymer, 1ncluding
hydroxyapatite and/or PLLA, titanium, or other such materials.
The anchor could be any size sulitable for a particular anatomy.
For example, 1in ACL applications, the anchor may have a major

—

diameter of about 6mm, 7mm, 8mm, Y9mm or 10mm, or the 1like.

Continulng this example, the length of such an anchor may
typically be between and 1ncluding about 20mm and about 30mm,

while a preferred length 1s between and 1ncluding about 2Z23mm and

about 28mm. Though 1interference screws are preferred, other

sultable anchors may also be used 1n place of 1nterference

screws which are suitable to implantation using a driver.

[0048] Continuling with the embodiment of FIG. 1, FIGS. 5-7

illustrate the flexible portion 12 of shaft 11 of driver 10,

where the flexible portion 1s positioned towards the distal end

of the shaft, and distal to the rigid portion 13. FIG. 5

illustrates the flexible portion positioned 1n a curve. The

F

flexible portion 12 1is generally formed of a series of discrete

interlocking portions 20 as shown 1n FIGS. T7TA-T7B. These

discrete interlocking portions may be similar to those found 1n

the instruments of the various pending U.S. patent applications

incorporated by reference hereln. As such, the discrete

interlocking portions are formed by laser-cutting a solid,

continuous length of tube. The actual laser-cut may follow a

pattern such that each portion 20 1nterdigitates or 1interlocks

with each adjacent portion 20. The tubing may be hypodermic

~16-



CA 02839177 2014-01-13

metal tubing such as copper, titanium or stainless steel, or 1t

may be formed of a polymer or other suitable material.

[0049] Fach laser-cut may extend circumferentially around

P

the outer surface of the tubing, and along a circuitous path, so

that each cut intersects itself to form the discrete

interlocking segments, as in FIGS. 6, 7A and 7B. While the cut,

as 1llustrated, has a jlg-saw-plece pattern, the cut may have at

least a portion that 1s a wave, sinusoidal, or other shape to

enhance flexibility though which may not be interlocking along

F

that portion of the cut. In an alternate embodiment, the laser-

cut could continuously spiral along the shaft and not intersect

F

an earlier portion of the cut, though such a pattern would

result 1n a spiral cut such that the tube remains as a

F

continuous portion of material rather than discrete portions as

1s preferred. Similarly, the laser-cuts may not pass completely
through the material and 1instead make a partial-thickness cut,
though again, such a cut would not create discrete portions, but

P

instead maintalin the tubing as a continuous length of material.

[0050] Between each discrete interlocking segment 20 liles a

segment gap 21. The width of the segment gap 21 may affect the

maximum bend angle of the shaft such that the wider the gap, the
more movement allowed between adjacent discrete segments and
thus, the deeper the bend of the flexible portion. For example,

when a lateral force 1s applied to the shaft, resulting 1n a

curve as 1n FIG. 5, the force may cause the segment gap to

g

“bottom out” along the side of the shaft forming the 1i1nner

curve, while the segment gap along the side of the shaft forming

the outer curve may expand to a point where the interlocking

structures prevent further wilidening of the gap. If the segment
gap 1s relatively 1large, then this curve would be more

pronounced than 1f the segment gap 1s relatively small.
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[0051] The segment gap 21 may be equal to the kerf created
by a cutting device. A “kerf” 1s defined as the width of a
groove made while cutting. For example, 1f the flexible shaift

were constructed from a solid section of metal tubing, the kerf

prien.

1s created Dby the process of cutting to form the discrete

interlocking segments. In one embodiment, for example, the
segment gap 21 may be 0.26mm-0.30mm and may be equal to the kert

of a cut. In an alternate embodiment the segment gap 21 may be

created by multiple passes of a cutting device, so that 1its

-

width 1s larger than the kerf of a single cut. The cutting

device, for example, may use a laser, a mechanical blade or wire

-

or other similar device. While the above dimensions of the

segment gap are preferred, the segment gap, and thus the kerft,

are largely dependent on the size of the shaft and the shape of

the cut. Thus, depending on these dimensions, the kerf may be

from less than about .10mm to about 5mm, though other dimensions
may be necessary if a particularly complex cut, and/or a large
shatft, are used.

F P

[0052] The gquantity of cuts or alternatively the number of

ﬁ

interlocking segments may also affect the maximum bend angle.

As seen 1n FIG. 6, for example, the flexible portion 13 has 13

cuts creating 12 discrete 1interlocking segments. The gquantity

r— gr—
fp—

of cuts and the kerf of each cut may provide the necessary

flexibility while maintaining the overall rigidity of the shaft

such that 1t may transmit a force from the handle 14, though the

shaft, and to the anchor 90. Such a combination of flexibility

P

and rigidity may be important to ensure proper operation of the

driver 10 such that axial and rotational forces may Dbe

efficiently transmitted to the anchor, and further that such

forces may be transmitted when the flexible portion 12 of the

shaft 11 1s curved along at least a portion of 1ts length.
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[0053] Therefore, to provide one example of this

combination, 1n creating a flexible portion 12 for wuse 1n

positioning and securing an anchor 1n a bone tunnel 1n a femur,

the tube may have 10 laser-cuts forming 9 discrete interlocking

segments along the length of the flexible portion of the shaft,

where each cut has a segment gap of 0.26mm-0.30mm, which allows

the flexible portion of the shaft to have a maximum bend angle

P

of 47°. Even at this bend angle, an anchor 90 engaged at the

distal end may be threaded 1into a bore hole 1n a bone. The

F

flexible portion of the shaft may be designed to have a bend

angle other than 47°, though it is preferred that the bend angle

be at least 25°. Put another way, the bend of the flexible

portion may have a bend radius of about 47mm, though again, this

bend radius may be adjusted as necessary for particular

purposes, surgilical procedures, anatomy, or the like.

[0054] As discussed above, and illustrated in FIGS. 7A-7B,

each discrete 1interlocking segment 20 of this embodiment 1s

formed by two cilrcultous laser cuts forming jilg-saw shaped ends.

F)

The maximum distance between these cuts yields the height 24 of

the discrete 1interlocking segment 20. In one embodiment, for
example the height 24 of the discrete interlockling segment 20 1s

about 7mm, though this height may vary depending on the amount

of flexibility desired, width of the shaft, and the like.

[0055] As 1llustrated 1n FIG. T7TA a discrete 1interlocking

segment 20 may include male portions 22 and female portions Z23.

F
p—

female portions O:

gr—

The male portions 22 slot 1nto the an

adjacent discrete 1nterlocking segment. Likewlse, the female

F

portions 23 receive the male portions of the adjacent segment.

Fach male portion 22 has a height 26, a maximum width 27 and a

minimum width 28, and each of these dimensions are dependent on

F

the size of the shaft, shape of the cut, number of male/female
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P
s

portions included on  the cilrcumference of the discrete

interlocking segment, and other such variable. In one

embodiment, for example, as to a shaft having a omm width, the

height 26 may preferably be about 3mm, the maximum width 2/ may

preferably be about 2mm and the minimum width 28 may be 1.33mm.

Again, these dimensions may vary based on a number of factors

such that, for example, the height 26 may be between about .3mm

and about 30mm, the maximum width 27 may be between about .Z2mm
and about 20mm, and the minimum width 28 may be between about
. lmm and 1l1lmm.

[0056] As illustrated, the male portions 22 that exilist on

ﬁ

one side may be laterally offset from the female portions 23 of

ﬁ

the opposing side of the same discrete 1nterlocking segment 20.

For example, this offset may be about 5°-8° in a clockwise

direction. In an alternate embodiment the offset could Dbe
larger to create a tighter spiral appearance or smaller to

create a more gradual spiral appearance. This allows a discrete

interlocking segment to be rotationally offset from the discrete

segments above and/or below 1t. In addition, each subsequent

segment may be rotationally offset 1n the same direction from

the segment above 1t. This offset effectively creates a

"spiral" appearance along the length of the flexible shaft 11.

P
—

These 03

fsets may 1improve stability and may provide a smoother

flexing along the length of the shaft. Further, the offset may

gr—

allow for increased flexibility of the shaft by spreading the

forces along the shaft more evenly over the shapes of the

segments.
[0057] Alternative configurations of male and female
portions are also envisioned. For example, each discrete

segment may 1nclude fewer or more male and female portions

F F

(dependent on the diameter of the tubing and the si1ize o0of the
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male and female portions created). Additionally, each of the

top and bottom edges may 1nclude flat or sinusoldal portions

which do not 1nclude male or female portions along at least a

portion.

[0058] In addition, the quantity of male portions on one

side of a discrete 1nterlockling segment need not match the

number of male portions on the opposite side of the same

p—

segment. This would occur, for example, 1f each subseguent cut,

P

and thus each subsequent 1nterlocking of adjacent discrete

F
-
B—

portions, had less 7jig-saw shapes. Changing the qguantity o:

male portions at each cut may alter the flexibility of the shaft

at different points along 1ts length. For example, such

variation can be used to make the bottom tip portion more or

F

less flexible then the rest of the flexible portion of the

shaft.

[0059] Referring now to FIGS. 8A-C, there are shown two

embodiments of shaft 11, generally labeled as 111 and 211. Each

"erent handle attachment mechanism 117

embodiment having a di

and 217. FIG. B8A 1llustrates a first embodiment that may be

used with a fixed handle. Its attachment mechanism 117

-

comprises a circular shaft portion 31 that 1s capable of being

inserted 1nto a handle 14. The circular shaft portion 31

includes a groove 32 along the circumference for fixedly

securing 1t to the handle 14.

[0060] FIGS. 8B-C 1llustrate an alternate embodiment of

attachment mechanism, labeled 217, which may allow the shaft to

be releasably connected to handle 14. This attachment mechanism

217 may i1nclude a hexagonal section 33, a notch 35, and a dimple

34. These portions may make up the male portion of the

attachment mechanism for 1nserting into handle 14, which may

have corresponding female portions (discussed below as to FIGS.
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9A-B) or other structures to releasably secure the handle to the

attachment mechanism. Other such handle attachment mechanilisms

may also be used such that the handle 1is either fixedly secured

to the shaft, and thus they cannot Dbe separated under normal
clrcumstances, or releasably secured, and thus they can be

separated by the operator. Such releasable securement may be

beneficial where, for example, a single handle 1s to be used for

multiple 1instruments or where the shaft 1s disposable and the

handle 1s reusable, or other like considerations.

[0061] Referring to FIG. 9A-RB, there are shown two
embodiments of handle 14. FIG. 9A illustrates a fixed handle 14
that extends substantially parallel with the shaft 11. The

fixed handle 14 has a shaft attachment mechanism 18 at 1ts

distal most point that connects with handle attachment mechanism

17, 117, 217. FIG. 9B 1llustrates a second embodiment of a

handle generally referred to as ratchet handle 114. Ratchet

handle 114 i1is similar to the fixed handle 14 but also includes a
ratchet mechanism 119. The ratchet mechanism 119 allows the

operator to apply continuous rotational force without re-

gripping the handle or disconnecting the driver tip from the

anchor.

[0062] In an alternate embodiment, ratchet handle 114 may

instead have a handle that extends perpendicular (not shown),

rather than parallel, with the draiver shaft 211. In this
alternative embodiment, the cannulation may not extend through

the entire driver, i.e., 1t may not extend through the length of

the handle. For example, 1f the shaft attaches to the head of

F

the ratchet there may only be a need to have the head of the

ratchet cannulated, or specifically, may merely have an annular

opening through which the proximal end of the the shaft 17, 117,

g

217 may be positioned. This may allow the cannulation of the
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shaft 11, 111, 211 to be accessible to the operator at the

proximal end of the shaft, so there would be no need to have a
cannulation along the length of the perpendicular ratchet

handle.

[0063] In another embodiment of the present 1nvention, as

i1llustrated 1in FIGS. 10-15, generally, the present 1nvention

includes a slide instrument 40 having a slide 50, a handle 44

and a shaft 41 positioned therebetween. The shaft and handle
are secured to one another through an engagement structure 47/
such as a screw or the 1like. As will be explained 1n greater
detail below, the slide instrument 40 may be used 1n conjunction

g

with the driver 10 to protect at least a portion of a graft from

a guide wire 70 and/or the interference screw 90 as the screw

proceeds along the guide wire and 1into a bone Dbore hole

alongside the graft.
[0064] The slide 50 includes a first channel 51 and a second

channel 54 within which the interference screw 90 and the graft,

respectively, may reside. The first channel 51 may Dbe

sufficiently sized to accommodate various sized 1nterference

screws and 1s defined between first and second channel edges 52,

53. The channel edges 52, 53 may have a similar shape, such

that the channel 51 is substantially symmetrical, or the edges

pr—

may have differing shapes from one another. In any event, the

edges, and thus the channel, may have any shape desired. 1In one

example, as 1llustrated, the first and second channel edges may

b

have differing shapes from  one another such  that, as

P

illustrated, one of the edges 53 1s larger, and thus, extending

further away from the trough of the channel, than the other edge
52.

[0065] Similarly, the second channel 54 also has third and
fourth channel edges 55, 56, and, similarly, they may have any
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shape desired. As 1llustrated, for example, the third and

fourth edges 55, 56 have differing shapes from one another such

that one of the edges 56 1s larger than the other edge 55.

[0066] The first and second channels 51,54 may have any
shape as desired, though, as 1llustrated, generally curved

channels are preferred as they minimize sharp edges or corners

which may damage surrounding tissue, or the graft 1i1tself, as
opposed to a square channel, or the 1like, which may have sharp
edges or corners. Further, the curved filirst and second channels

51, 54, as 1illustrated, may be positioned as opposling concave

surfaces. Positioning these surfaces to face 1n opposite

directions provides for the slide to maintaln separation between

the graft and the guide wire, shaft, and/or anchor such that 1it

minimizes contact between the graft and the guide wire, shaft,

and/or anchor, discussed further below. Of course, other such

F

shapes may be incorporated 1into the channels of the slide

F

instrument 1f so desired. As 1illustrated, the slide 50 may be

designed with larger second and fourth edges 52, 560 to give the

first and second channels, and thus the slide as a whole, a

lower profile as the slide 50 having such a design can reduce

F

the overall height between the two channels by effectively

P

adjusting the lateral spacing of the two channels and thus

decreasing the amount of material requlred Dbetween the two

channels. This lateral spacing may result 1n the first channel

being offset from the second channel, as 1llustrated. Such a

lower profile 1is preferred to minimize 1its size for 1nsertion

through a portal through the skin and 1nto the joilnt, minimize

the amount of volume taken up within the bone tunnel, and the
like.

[0067] The slide 50 also may 1include a curve along 1ts

length which may coincide with the curve of either or both of
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the guide wire and/or driver 10. Further, the curve may allow

the operator to more easily approach the entrance to the Dbone

tunnel. For example, 1f approaching the bone tunnel from an

anterior direction, the curve of the slide 50 assists the

operator 1n positioning the slide adjacent to or within (at

e

least partially) the bone tunnel because the distal end 5/ ot

the slide 1s at an approach angle that 1s closer to parallel

with an axis of the bone tunnel than the rest of the slide

instrument 40.
[0068] Other than serving to separate the guide wilire 70 and
anchor 90 from the graft 80, the slide may also serve to help

ensure that the graft does not tangle around the anchor, guilde

wire, and/or driver, help ensure that i1f a threaded anchor 1is
used that the anchor does not "walk" within the bore hole as the

anchor is rotated, help ensure that the anchor remains generally

parallel to the bore hole, or other such benefits, discussed

further below. With these various benefits 1n mind, the slide

50 may be sized to maintain a low profile while still having

P
P

sufficient size to protect and manipulate the graft as well as

have sufficient strength to assist in maintaining the anchor 1in

a particular position durling 1nsertion. Thus, 1t 1s preferred

that the slide 50, for use 1n an ACL repair 1in the femur for

F-!

example, have a length of up to about 200mm or less, preferably

about 25mm, a height of about 3mm to about 10mm, preferably

about o6mm, and a width of about 5mm to about 2omm, preferably

F

about 10mm, though other dimensions may be desirable 1n light of

P

certain anatomy or desires of the operator or the size of the

bore hole in the bone.

[0069] In another embodiment of the slide 1nstrument 140,

illustrated in FIGS. 16-22, the slide 150 again 1includes first

and second channels 151, 154, though 1in this embodiment the
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first, second, third and fourth channel edges 152, 153, 155, 156

gr—

are of a slightly different shape than those of slide 50. For

example, as best seen 1in the cross—-sectional views of FIGS. 21
and 22 (both of which are cross-sectional views from a distal

position, looking proximally towards handle 144) the first

channel 151 includes a defined first channel edge 152 but does

not 1nclude a well-defined second channel edge 153, and in fact,

the second channel edge 153 is all but nonexistent, resulting in

the first channel 151, and the slide overall, having a "J"
shape, though the portion of the first channel 151 in which the
anchor and/or guide wire will be positioned is generally concave
1n shape. Moreover, the third and fourth channel edges 155, 156
are shorter than the channel edges of the second channel 54 of
the slide 50 resulting in a slightly more square-shaped channel
o4, though the edges may be softened to minimize sharp edges

which could damage the graft material and/or surrounding

anatomy. Also, to provide a lower profile shape of slide 150,
the second channel 154 includes a convex curve, rather than the
concave curve o0of second channel 54 (FIG. 10). This convex curve

may generally follow the concave curve of channel 151 to

minimize material between the two channels, resulting in a lower

profile design. To maintain the graft within the second channel
154, despite the convex shape, convex channel 154 is bounded by
channel edges 155, 156 which may be sized to create an overall
concave shape within which the graft may be positioned.

[0070] Thus, this shape of slide 150 may provide an even

smaller cross-sectional shape, and therefore, may result in a

slide having a lower profile than slide 50. Further, for

example, the lower profile is achieved in the first channel 151
since the anchor rotates <clockwise, and thus a pronounced

channel edge 152 may only be required on the right-hand side of
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the slide 150 to prevent the graft material from becoming caught

between the "leading" edge of the anchor and the first channel

during rotation of the anchor, while such precautions may not be

necessary on the left-hand side of the first channel as there 1s

no pinching action between the first channel and the anchor (and

thus, channel edge 153 1is not as pronounced, allowing for a

lower profile slide 150). For example, the height of this slide
150 may be about 4dmm or less (as 1in FIG. 22, for example), as

opposed to slide 50 which may have a height of about omm or

less. Such a slide having a low profile, while sultable for use

in the knee during ACL repair, may also be useful 1in the repair
of soft tissues 1in other, smaller, joints, such as the elbow,
ankle, or the like. FIG. 22 also 1lists additional exemplary
dimensions as to slide 150, though, again, these dimensions may

be altered as desired or required.

[0071] Other shapes, configurations, cross—-sections and

P

profiles of the slide instrument of the present 1nvention are

also envisioned so long as the specific slide 1nstrument 1s

capable of maintaining separation between the gratt and the

guide wire 70, shaft 11, and/or anchor 90.

[0072] The present 1nvention also includes various

embodiments of systems and kits for use in soft tissue repair.

[0073] In one embodiment, the present 1nvention 1ncludes a

r——
—

system for the repair of soft tissue including driver 10, slide

instrument 40 and a guide wire 70. The system may also i1include

an anchor 90. Further, the system may optionally include a

drill, a pin and/or graft inserter, a notch instrument (all not

shown), a tapping instrument (not shown), and other 1instruments

suitable for such repairs. The driver, drill, notch instrument

and tapping instrument may each optionally have a shaft

including a flexible portion thereon.
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[0074] The notch instrument may be used to form a notch or

"key hole" along a portion of the bore hole. For example, the

notch may be along the length of a wall of the bore hole, such
that the notch extends substantially parallel along the length

F

of the bore hole. The notch may prevent "walking" of the anchor

during insertion. Walking may occur when an 1interference screw
is rotated, and, rather than the threads engaging the wall of
the bore hole and gripping and/or digging into the bone (and

graft), the threads instead rotate around the circumference of

the wall of the bore hole. Such walking may cause entanglement

between the driver and the graft. The notch provides a

depression within which the 1nterference screw sits and may

prevent such walking from occurring by providing a track within
which the 1interference screw can travel, thereby promoting the
threads to engage the bone of the bone wall.

[0075] The tapping instrument may look similar to the driver

10 with an anchor 90 engaged at 1its distal end (as 1n FIG. 35).
The tapping instrument may 1include a distal threaded end, which
may be the same size as the anchor to be implanted, though such

a size 1is not necessary, to create a threaded pathway 1into the

bore hole. Then, once the pathway 1s formed, the tapping

instrument 1s removed and the driver 10 and anchor 90 are
inserted such that the anchor may travel along the threaded
pathway. Similar to the notching 1i1instrument, the tappiling

instrument may 1mprove the 1likelihood of a clean and accurate

implantation of the anchor by minimizing the chances of the

anchor walking within the bore hole. Specifically, the tapping

instrument 1s used when a non-metal anchor 1s used, such as the

Biosteon® Interference Screw discussed above, which may not have

F
—

a sufficient material strength to form the threads into the bone

wall, or the bone portion of a bone-tendon-bone graft, on 1its
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OWn. Moreover, optionally, the tapping instrument may be used

even when a titanium implant 1s used, for example when used to

-

secure a bone-tendon-bone graft. The use of a tappilng

instrument 1in this instance may help ensure a clean repalr by

minimizing the force on the implant requilired to drive Dbetween

the bone wall of the bore hole and the bone portion of the

graft, thereby 1lessening the chance of the graft altering 1its

P

position during insertion of the 1mplant.

[0076] In another embodiment, the present 1nvention may

F
Ph—

include a kit for the repair of soft tissue, the kit including a

P

driver 10, and a plurality of anchors. The plurality of anchors

may have various thread size, thread pitch, overall diameter,

overall 1lengths, materials of construction, or other such

dimensions, to provide the operator with a variety of anchors
such that the operator can select the best option for a
particular surgery and/or anatomy. The kit may also include at
least one slide 1nstrument. Further, the kit may 1include at

least one guide wire. Additionally, multiple handles 14 may Dbe

included, such as one of each of handle 14, ratchet handle 114

and perpendicular ratchet handle (not shown).

[0077] In yet another embodiment, the present 1i1nvention may

include a kit for the repair of soft tissue, the kit 1including a

plurality of drivers 10 each having an anchor 90 positioned on a

distal tip portion 15 of each driver. Fach anchor may have

various thread size, thread pitch, overall diameter, overall

P

lengths, materials of construction, or other such dimensions, to

provide the operator with a variety of anchors such that the

operator can select the best option for a particular surgery

grie
P

and/or anatomy. For example, there may be multiple sizes of

polymer-based anchors, of various diameter and/or length, and

P

multiple sizes of titanium, or other metal, anchors of various
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diameter and/or length. The kit may also include at least one
slide instrument. Further, the kit may 1include at least one

guide wire. Additionally, multiple handles 14 may be 1included,

such as one of each of handle 14, ratchet handle 114 and

perpendilicular ratchet handle (not shown).

P

[0078] The present invention may further include use of the

above instruments for performing soft tissue repair 1including
positioning and securing a graft in a bore hole 1n a bone.

[0079] The present invention also 1ncludes various methods

for positioning and securing a graft 1iIn a bore hole formed 1n a

bone. While the exemplary embodiment, illustrated and described

P
p—

herein, 1s for +the positioning and securing of a graft,

specifically an anterior cruciate ligament (ACL) graft, 1n a

bone tunnel in a femur, the disclosed instrumentation, devices

and methods may be used for the positioning and securing of any

graft 1n any bone. These methods for use 1in securing an ACL

F
p—

graft may similarly be used, for example, 1n a method of

positioning and securing a posterior cruciate ligament (PCL)
graft as well. Further, the bore hole may be a closed end bore
hole or a bone tunnel (as 1illustrated) which passes completely
through the bone. Further, as 1s known 1n the art, the bone

tunnel need can have a constant diameter along 1ts length,

though instead, as illustrated in FIGS. 23-260, the tunnel have a

first portion of a diameter suitable to contaln a graft therein
(e.g., about 10mm), and a second portion of a diameter sultable
to contain only a guide wire and/or a length of suture, or the

like (e.g., about 2mm to about 3mm). The 1illustrations and

discussions herein, therefore, are merely exemplary.

[0080] In one embodiment, as illustrated in FIGS. 23-26, the

present invention includes a method of positioning and securilng

a graft 80 within a bore hole 61. Specifically, as 1llustrated,
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this method will be described as positioning and securlng an

anterior cruciate ligament graft 80 within a prepared Dbone

tunnel ©61 1in a femur 60. It should be noted that, while

illustrated the anchor 90 1is positioned to the 1left and the

graft 80 and bone block 81 are positioned on the right, the
relative positioning of these two elements may be opposite, or
otherwise 1in any orientation as desired within the bone tunnel
61. The bone tunnel 61 may be prepared through any known
method, such as those disclosed in co-pending U.S. Application

Nos. 12/859,580 and 13/085,882, discussed above. Generally

speaking, a pin (not shown) 1is drilled through the femur, and a

flexible drill (not shown) is directed along the pin and through

the femur to create the bone tunnel. As 1llustrated, the

flexible drill may only extend partially through the femur along

the length of the pin to form a bone tunnel having two sections

of different diameter. Once the bone tunnel 61 in the femur 60

is prepared, the pin may be removed and a gulde wire /0 may be

positioned through an anterior portal 68 through the patient's

skin and 1into at least a portion of the bone tunnel o6l (as

—

shown), or even completely through the entire length of the Dbone

b

tunnel ©61. Alternatively, 1f the bone tunnel was formed by

passing the drill up through a bone tunnel 66 in the tibia 695,

then the guide wire may likewlise be positioned through the bone
tunnel 66 and 1nto bone tunnel ©ol. The guide wire 70 may be

passed through the bone tunnel 61 and exit through the lateral

side of the femur 60, or alternatively, as 1llustrated, may only

P

ficient distance to

be positioned 1in the bone tunnel 61 a su:

direct the anchor to 1its secured position within the Dbone

tunnel. The guide wire 70 may include laser marks (not shown)

to allow the operator to know how far into the bone tunnel the

guide wilire 1s positioned. Of course, 1if desired, the pin and
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the qguide wire may be the same structure, such that a single

pin/guide wire 1is positioned in the bone tunnel throughout the

drilling, positioning and securing steps of this described
embodiment.
[0081] As illustrated in FIG. 24, the ligament graft 80 may

also be positioned at least partially in the bone tunnel 6l1l. In

this 1illustration, a bone-tendon-bone graft 1s wused, which

includes a bone block 81 on either end of the graft, as 1s known

in the art. An all-soft tissue graft may alternatively be used.

It should be noted that the graft 80 may alternatively Dbe

positioned in the bone tunnel prior to positioning of the guide

wire 70 1n the bone tunnel, such that these steps may be

F

interchangeable with one another based on preference. The gratft

may be positioned into the bone tunnel using a length of suture

secured to the graft and led up through the bone tunnel and out

the lateral side. The suture may then be pulled to pull the

graft 1nto the bone tunnel. If a bone-tendon-bone graft 1is

used, the suture may be threaded through the bone, or otherwise

secured to the bone to be secured within the femur tunnel. If

an all-soft tissue graft 1is used, the graft may be folded 1in

half and a suture passed through the fold, which may then be

pulled into the tunnel such that the two ends of the gratft

extend out of the tunnel, to later be secured in the tibia.

[0082] In vyet another alternative, the pin, on which the

drill travels to form the bone tunnel, may 1include an eyelet or

like structure on a proximal end. This eyelet may be used to

pass the suture, and thus the graft, into the bone tunnel once

the drill 1s removed. This step may, for the sake of

convenience, be performed prior to directing the guide wire 70

1nto the bone tunnel, though agailn, these steps are

interchangeable as desired.
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[0083] Once both the guide wire 70 and graft 80 are

positioned in the bone tunnel 61, the slide 50 of a slide

P

instrument 40 may be positioned at the entrance of the bone

tunnel 61, or at least partially within the bone tunnel, such

that it 1is positioned between the graft 80 and the guide wire

70, as 1llustrated 1in FIG. 24. As discussed above, preferably,

the guide wire 70 may be positioned at least partially within

the first channel 51, or on the side of the slide 50 adjacent

the first channel, and the graft may be positioned at least

partially within the second channel 54, or on the side of the

slide 50 adjacent the second channel (of course, slide 150 may

alternatively be used). As such, the slide 50 effectively

divides the bore hole in the bone, along the length of the slide

50, 1into a first side and a second side, such that the guide

_ Lk

wire (on the first side, for example) does not contact the gratft

iy

(on the second side, for example) along the length of the slide.

The step of positioning the slide may alternatively be performed

prior to both the graft and guide wire being positioned 1n the
bone tunnel, or in between these two steps, which also may be

interchanged with one another, as desired by the operator.

[0084] The driver 10, and attached anchor 90, may then be

positioned over the guide wire 70, by passing the end of the

guide wire through the cannulation of the anchor and driver,
such that the anchor and driver may slide along the guide wire
and direct the anchor towards the Dbone tunnel ©ol. As
illustrated in FIG. 25, as the anchor 90 approaches the bone
tunnel 61 along the guide wire 70, it may be positioned within

the first channel 51 of the slide 50, and thus, on the first

side of the bone tunnel. At this point, the anchor 90 and graft

80 are separated from one another by slide 50 such that they do

not contact one another. Such separation may prevent the anchor
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from damaging the graft 80 tissue, may allow for continued
manipulation of either or both of the graft and anchor by the
slide 50 and/or driver 10, and the like.

[0085] The slide 50 may remain 1n position as the anchor 90
1s continuously directed further into the bone tunnel until the
anchor 90 1s adjacent the portion of the graft intended to be
contacted, and secured, by the anchor, as 1s illustrated in FIG.
20. Upon attalning this position, the anchor 90 1s secured in

place by the driver 10. For example, using the 1llustrated

example of the anchor as an 1nterference screw 90, the driver

may be rotated to 1mpart rotation on the interference screw 90

which may cause the threading on the outer surface of the

interference screw to engage both the bone tissue of the bone

tunnel 61 side wall and the tissue of the graft 80, such as the
bone block 81 of the bone-tendon-bone graft as illustrated.

Alternatively, of course, if an all-soft tissue graft 80 is used

the interference screw threads would instead engage a portion of

the soft tissue of the graft to cause an interference fit

petween the screw, graft and sidewall of the bone tunnel.

[0086] Once the graft 80 1s secured within bone tunnel 61,
the 1nstrumentation, 1ncluding the driver and slide, may be
removed. Next, the opposing end of the graft may be secured
within the bone tunnel 66 of tibia 65 by the same method or,
alternatively, by other technigues known 1n the art. The guide
wire 70 may be removed from bone tunnel 61 at any time once the
length of the anchor 90 1s positioned about halfway into the
bone tunnel entrance.

[0087] In one variation to the above embodiment, prior to

placing anchor 90 1nto the bone tunnel 61, and optionally prior

to positioning either or both of the graft 80 and guide wire 70

in the bone tunnel 61, a notch (not shown) may be formed in the
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F

side wall of the bone tunnel 61 by a notching 1instrument (not

shown) . In one example, the notch may extend along at least a

gre—

portion of the length of the bone tunnel, and may be generally

linear, and generally parallel to the axis of the bone tunnel.
This notch may assist the anchor, particularly one which must be
rotated such as a threaded interference screw, 1n maintailning a

desired position within the bone tunnel and not walking.

[0088] In another wvariation the tapping 1nstrument (not

shown) may be used to create a tap on the wall of the bone

F

tunnel and also on the bone 81 of a bone-tendon-bone graft (if

used) . This step of tapping may be used when a polymer anchor
90 is going to be used and/or when a bone-tendon-bone graft 1is
golng to be used.

[0089] In yet a further wvariation, the operator may desire

to 1nclude additional fixation of the graft, using an additional
anchor such as the VersiTomic G-Loc implant (Howmedica Osteonics
Corp., Mahwah, NJ), also variously disclosed in U.S. Pending
App. Nos. 12/682,324, filed October 9, 2008, 13/182,851, filed
July 14, 2011, and 13/070,692, filed March 24, 2011, all of

which are owned by the same assignee as this application, and

P

all of which are 1incorporated by reference herein as 1f fully

set forth herein. Tf such an additional anchor 1s used, the

graft may be positioned within the Dbone tunnel 61 as this

additional 1mplant 1s positioned through the bone tunnel and to

r—

the lateral side of the femur upon exiting the bone tunnel.

F

Thus, 1f such an 1mplant 1s used, the graft would be secured to

the 1mplant as 1s typilcally done using such 1mplants, and the
implant 1s positioned at the entrance to the bone tunnel. AsS

the implant 1s positioned 1nto the bone tunnel, the i1implant

drags the graft with 1t, thereby moving the graft into position,

as diliscussed above. Such a wvariation may replace the need to
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use the other steps, discussed above, to position the graft such

as using an eyelet on the pin or positioning a suture through

the bone tunnel to pull the graft into place.

[0090] In a further embodiment, the present invention may

F

also include a method of providing instructions or 1nformation

. -

to practice any of the various methods of performing soft tissue

repalr as described herein. For example, the method may 1nclude

supplying a surgical protocol, or 1like document, to provide

step-by-step 1nstructions for performing any of the method

embodiments of the present invention.
[0091] Although the 1nvention herein has been described with

reference to particular embodiments, 1t is to be understood that

these embodiments are merely 1llustrative of the principles and

applications of the present 1nvention. It 1s therefore to be

understood that numerous modifications may be made to the

1l lustrative embodiments and that other arrangements may be

ﬁ

devised without departing from the spirit and scope of the

present 1nvention as defined by the appended claims.
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CLAIMS

1. A method for positioning and securing a graft 1n a prepared

pone hole, the method comprising:

advancing at least a first portion of the graft into the bone

hole;

passing a flexible guide wire 1into the bone hole;

positioning a slide instrument between the graft and flexible

gulde wire such that the slide instrument separates the bone

hole 1nto a first side and a second side, such that the graft 1is

positioned within the first side of the bone hole and the

flexible guide wilire 1s positioned within the second side of the

bone hole;

positioning a cannulated driver, having a flexible portion, and

F

a cannulated anchor, engaged with a distal end of the cannulated

driver, over the guide wilre such that the guide wire 1is

positioned within the cannulated anchor and at least a portion

P

of the cannulated driver;

directing the cannulated anchor along the guide wire and 1into

the second side of the bone hole; and

fixedly securing the graft in the bone hole by positioning the

anchor between a portion of a bone wall of the bone hole and at

least part of the first portion of the graft, wherein the part

P F

of the first portion of the graft is compressed between another

— -

portion of the bone wall of the bone hole and the anchor.

2. The method of claim 1, wherein the slide minimizes contact

petween the anchor and an at least second portion of the graft.
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3. The method of c¢laim 1, wherein the bone hole 1is a bone

P

tunnel formed 1n a distal portion of a femur.

4 The method of claim 3, wherein the graft 1s a replacement

anterior cruciate ligament (ACL) graft.

D. The method of claim 1, wherein the anchor 1s a threaded

interference screw, wherein the directing and fixedly securing

steps 1nclude rotating the threaded interference screw such that

the threads of the threaded interference screw engage both the

P

part of the first portion of the graft and the portion of the

bone wall of the bone hole.

0. The method of claim 1, wherein a notch 1is formed along at

F

least part of the portion of the bone wall of the bone hole

gro—

elther prior to the step of advancing the graft or after the

F

step of positioning the slide, wherein the notch maintains the

ﬁ

position of the anchor against the portion of the bone wall of

the bone hole.

7. A method of positioning and securing a graft to Dbone

comprising:
positioning the graft into a bore hole in the bone;

poslitioning a gulde wire into the bore hole in the bone;

positioning a slide instrument between the guide wire and

the graft;

positioning a driver, and an anchor secured thereto, over

the guide wire;

directing the anchor along the guide wire and towards and

into the bore hole; and
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imparting a rotational force to the anchor to secure the

anchor between a sidewall of the bore hole and a portion of the

gratt.

F

8 . The method of claim 7, wherein the slide includes a first

channel and a second channel, wherein the guide wire 1is

positioned within the first channel and the graft is positioned

within the second channel such that the guide wire and graft

remaln separated from one another.

9. The method of claim 8, wherein, as the anchor 1s directed

towards and 1nto the bore hole, the anchor and graft remain

separated from one another.

10. The method of claim 9, wherein as the anchor 1is directed

further 1nto the bore hole, the anchor is directed past the

slide to contact the portion of the graft.

11. The method of claim 8, wherein the first channel includes a

concave surface and the second channel 1ncludes a concave

surface positioned in a direction opposite the first channel.

12. The method of claim 8, wherein the first channel includes a

concave surface and the second channel 1ncludes &a convex

surface, wherein the convex surface 1s bounded between first and

second channel edges.

13. The method of claim 7, wherein prior to directing the

anchor towards and into the bore hole, forming a notch along at

P F

least a portion of the length of the bore hole, such that the

anchor 1s directed along the notch within the bore hole.

14. The method of claim 7, wherein the guide wire includes a

P

curve along at least a portion of 1ts length between a point
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where the guide wire enters the bore hole and an end of the

gulde wilre, positioned outside the bone.

15. The method of c¢laim 14, wherein the driver includes a

portion of a shaft that is flexible such that the driver can be

directed over the curve in the guide wire.

l6. The method of claim 7, wherein the anchor 1is an

interference screw 1including a threading along at least a

portion of 1ts outer surface, wherein wupon imparting the

P

rotational force, the threading engages the sidewall of the bore

hole and the portion of the graft.

17. The method of claim 16, wherein the graft comprises a bone-

tendon-bone graft, and the portion of the graft engaged by the

—

threading of the interference screw is bone.

18. The method of claim 7, wherein the bore hole 1s a bone

tunnel and the bone 1s a femur, wherein the graft is a

replacement anterior cruciate ligament graft.

19. A method of positioning and securing a graft to bone

comprising:

positioning a flexible guide wire into a bore hole in the

bone, the flexible guide wire having a length;

positioning the graft into the bore hole in the bone;

positioning a driver, and an anchor secured thereto, over

the flexible guide wire, the driver including a shaft, at least

a portion of which 1is flexible;

directing the anchor along the flexible guide wire and into

the bore hole; and
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imparting a rotational force to the anchor to secure the

anchor between a sidewall of the bore hole and a portion of the

graft.

20. The method of claim 19, further including the step of
positioning a slide between the flexible guide wire and the
graft prior to the step of positioning the driver and anchor

over the guide wire.

21. The method of claim 20, wherein the slide includes a first
channel and a second channel, wherein the guide wire 1is
positioned within the first channel and the graft 1s positioned
within the second channel such that the guide wire and graft

remaln separated from one another.
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