(12) PATENT

(19) AUSTRALIAN PATENT OFFICE

(11) Application No.- AU 199862633 B2
(10) Patent No. 732597

(54)

(51)€

@1
(87)

(30)
(31)

Title
Graft attachment device and method of attachment

Internaticnal Patent Classification(s)
AB1F oo02/08

Application No: 199862633 (22) Application Date: 1998 02 04

WIPONO:  wogs/33455

Priority Data

Number (32) Date (33) Country
08/795947 1997 02 05 s
Publication Date : 1998 08 25

Publication Journal Date © 1995 10 22

Accepted Journal Date : 2001 04 26

Applicant(s)
Smith and Nephew, Inc.
Inventor(s)

Michael C. Ferragamo
Agent/Attorney
DAVIES COLLISON CAVE,1 Little Collins Street,MELBOURNE

Related Art
US 5306301
DE 4127550

VIC 3000




y

-

-

B}
- OP1 DATE 25/08/98 APPLN. ID 62633 /98 H"m“"”’W“I“I”"
AOJP DATE 22/10/98 PCT NUMBER PCT/US98/02011

LT

AU9BE2633

)]

(1) Interiational Patent Classification 6 :
AGIF 2/08 Al

(11) International Publication Number:

(43) International Publication Date:

WO 98/33455

6 August 1998 {06.08.98)

(21) International Application Number: PCT/US98/020 |

(22) International Filing Date: 4 February 1998 (04.02.98)

(30) Priority Data:

08/795,947 5 February 1997 {05.02.97) us

(71) Applicunt: SMITH & NEPHEW, INC. [US/US]; 1450 Brooks
Road, Memphis, TN 38116 (US).

(72) Inventor: FERRAGAMO, Michasl, C.; 2355 Old Wellington
Street, North Dighton, MA 02764 (US).

(™4) Agents: STACEY, George, K. et al; Smith & Nephew, Inc.,
1450 Brooks Road, Memphis, TN 38116 (US).

{(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE,
GH, HU, IL, 18, JP, KE, KG, KP, KR, KZ, LC, LK, LR,
LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ,
PL, PT, RO, RU, 8D, SE, SG, SI, SK, SL, T}, T™, TR,
TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent (GH, GM,
KE, LS, MW, 8D, §Z, UG, ZW), Burasian patent (AM, AZ,
BY, KG, KZ, MD, RU, TI, M), Europcan patent (AT, BE,
CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL,
PT. SE), QAPI patent (BF, BJ, CF, CG, C1, CM, GA, GN,
ML, MR, NE, $N, TD, TG).

Published
With international search report,

(54) Title: GRAFT ATTACHMENT DEVICE AND METHOD OF

(57) Abstract

an opening in the fixation device from a first side to a second side and

the tissue graft and the fixation member is adjusted by pulling at least
and the suture is secured to the fixation member to maintain the adju:

A tissue graft is secured within a bone passage by providing a graft fixation member
sized to pass through the bone passage, attaching a suture having a pair of free ends o the
tissue graft and tying the suturc to the fixation member so that the free ends pass through

extends between the tissue graft and fixation member. The length of the suture between

ATTACHMENT

a length of the suture

one of the free ends,
sted length.
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This invention relates to anchoring tissue grafts.
Aﬁ increasing number of surgical techniques are now

performed arthrescopically. One type of arthroscopic procedure
reconstructs the anterior cruciate ligament {ACL) in the knee.

_Several ACL reconstruction techniques are described in U.S. Patent

No. 5,139,520, issued to Rosenberg (hereafter, the "Rosenberg '520
patent"}:

When the ACL has ruptured and is nonrepairable, it is usually
replaced in the knee using a substitute graft harvested from the
patient or from a donor. For example, the substitute ACL graft may
be selected, according to surgeon preference, from a portion of a
patellar tendon having a bone black or plug at each end.
Alternatively, artificial grafts formed synthetically or with a
combination of artificial and natural material, such as a ligament
augmentation device (LAD) to which tissue is sutured, may be used
as a substitute graft. The term "graft” is used herein to encompass

all of these tissue replacement items.

In general, the replacement graft is implanted by securing one
end of the graftin a socket formed in a femoral channel or passage
formed within the femur with the other end of the graft passing
through a tibial channel and secured to the tibia adjacent the tibial
channel. Generally, graft sutures are used to affix each end of the
graft to a fastener (e.g., an interference screw or a post) which is
then secured to the bone. Descriptions of these fasteners and
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methods of forming the passages through the tibia and femur are described
in greater detail in the Rosenberg '520 patent.

In another approach for affixing a graft suture, described in U.S. Patent

No. 5,306,301, issued to Graf (hereafter, the "Graf '301 patent”), the ends of
graft suture are secured at the femoral cortex using a fixation button. The

fixation button has an elongated shape and a pair of openingé
through which the suture is passed and then tied off. In this
approach, the surgeon, prior to the implantation procedure,
measures the total length of the femoral channel and the length of
the socket portion within which the bone block of the graft is to be
implanted. These measurements are used to predetermine the
required length of the graft suture (called the “suture span”) needed
to extend from the end of the properly seated bone block and the
femoral cortex. The surgeon then fies the graft suture to the
openings formed in the fixation button to provide the predetermined
desired suture span. The fixation button and repiacement graft are
then passed through the tibial and femoral channels until the graft is
properly seated within the socket portion of the femoral passage and
the fixation button is firmly seated against the femoral cortex. The
tissue graft is then tensioned and anchored at its opposite end using
a fixation screw secured within the tibia.

The invention features attaching suture secured to a tissue _
graft to-a graft fixation member that is configured to allow the length
of the suture between the fixation member and fissue graft o be
adjusted, and to maintain the adjusted length when the suture is
secured to the graft fixation member.
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In a general aspect of the invention, a method of securing a

tissue graft within the bone passage includes providing a gratft
fixation member which is sized to pass through the bone passage,
attaching suture having a pair of free ends to the tissue graft, tying
5 the suture to the fixation member by passing the free ends through
the opening from the first side to the second side of the fixation
member, wrapping the free ends around a portion of the fixation
member by passing the free ends from the second side to the first
side and péssing the free ends back from the first side to the second
10 side, a length of the suture extends between the tissue graft and
fixation member, adjusting the length of the suture by pulling at least
one of the free ends, and securing the suture to the portion of the
fixation member to maintain the suture extending between the tissue
graft and fixation member at the adjusted length:
15
Among other advantages, this method alfows the suture to be
easily pulled through the fixation member to adjust the suture length,
and then cinched and locked (e.g., by tying the suture to the fixation
member) into place when the desired length between the fixation
20 member and fissue graft has been achieved. Thus, the tissue graft
can be properly positioned within the bone passage without any
need for pre-measuring the length of the suture which extends -
between the tissue graft and the fixation membér at the surface of
the bone adjacent the passage. Moreover, adjusting the length of
25  the suture can be performed quickly and easily to reliably secure the
fissue graft within the bone passage.

Embodiments of this aspect of the invention may include the
jollowing features.
30
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4
Adjusting the fength of the suture can be performed either

before or after passing the fixation member through the passage.
The graft fixation member includes multiple openings for
implementing various tying arrangements of the suture to the fixation
5 member. For example, with a second opening formed in the fixation

member, tying the suture to the fixation member includes bassing
the »fnee ends through the first opening from the first side to the
second side, wrapping the free ends around a portion of the fixation
member by passing the free ends from the second side to the first

10  side and passing the free ends through the second opening from the
first side to the second side of the fixation member. An alternative
tying arrangement inciudes passing the suture free ends through the
first opening from the first side to the second side, wrapping the free
ends around a portion of the fixation member by passing the free

15  ands through the second opening from the second side to the first
side and passing the free ends through the first opening from the
first side to the second side of the fixation member passing the free
ends through the second opening from the second side to the first
side, and then passing the free ends back through the first opening

20 from the first side to the second side (for the second time). In either
case, passing the free ends of the suture back through the second
opening forms a closed loop around a portion of the fixation member
with a portion of the suture crossing by and contacting another
portion of the suture to form a hitch-like interference lock fit.

25 .

A third opening, positioned between the first opening and the
second opening, can also be provided in the fixation member. The
third opening is preferably larger than the first and second openings
to facilitate adjusting the suture length. With this amangement, tying

30 the suture to the fixation member includes passing the suture free
ends through the first opening from the first side to the second side,
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5
passing the free ends over the third opening and through the second

opening from the second side to the first side, and then wrapping
the suture around a portion of the body between the second and
third openings by passing the free ends through the third opening |
5  from the first side to the second side. A rib-like portion of the body

between the first-mentioned opening and second opening is
disposed substantially halfway along the elongated length of the
body. The third opening and position of the rib-like portion provides
the same interference lock fit as described above, but in a more

10 balanced way relative to the length of the fixation member. That is,
when the fixation member is in contact with the bone, tension at the
fixation member by the suture attached to the tissue graft is
distributed through the fixation member more evenly to the bone
surfaces adjacent the passage, Moreover, the size and the

15 positions of the openings with respect to each other allow the suture
to pass smoothly through the openings during adjustment of the
length.

In one embodiment, the length of the suture extending
20 between the tissue graft and the grafi focation member is adjusted
after passing the fixation member through the bone passage to
place the tissue graft in tension. Aitematively, when the desired
length of the suture connecting the tissue graft and graft fixation
member is known, the length can be adjusted prior fo passing the
25 fixation member through the passage.

The length of suture extending between the tissue graft and
the graft fixation member forms a loop or a sling which is attached to
the tissue graft.

30
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In another aspect of the invention, a device for securing a tissue graft
within a passage in a bone includes a member having first and second sides,
an opening extending between the first and second sides, and a suture-wrap
portion, the member being elongated in a first dimension that extends between
first and second ends of the member and a second dimension transverse to the
first dimension, the member being configured so that: (1) the second
dimension is smaller than a diameter of the bone passage to allow the member
to be passed through the bone passage when the first dimension is oriented
along the passage, and (2) the first dimension is larger than the diameter of the
bone passage so that after the member is passed through the passage and
oriented with the first dimension transverse to the passage, the first surface of
the first and second ends of the member engage surfaces of the bone adjacent
to the passage; suture attached to the tissuie graft and having free ends; the
suture being tied to the member such that the free ends of the suture are
received through the opening from the first side to the second side of the
member, wrapped around the suture-wrap portion from the second side to the
first side and passed back from the first side to the second side of the member
so that an intermediate portion of the suture extending between the member
and the tissue graft can be adjusted to a desired length by pulling at least one
of the free ends, and the desired length of the intermediate portion thereafter
maintained by securing the suture to the suture-wrap portion.

Embodiments of this aspect may include one or more of the following

features.
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The member is configured to have a dimension (e.g., the width)

which allows the member to be passed through the bone passage
and another dimension {e.g., the length) larger than the diameter of
the bone passage so that after the member is passed through the
passage and rotated or "flipped", ends of the member engage
surfaces of the bone adjacent to the passage.

The member includes multipte openings for tying the 5uture to
the member in any of the arangements described above. In
general, the openings are sized and shaped in relation to the width
and thickness of the particular suture used to secure the implanted
tissue graft within the bone passage. Specifically, the first and
second openings are sized so that the suture passes easily
therethrough with the third opening sized to be larger than the first
and second openings to provide the hitch-lfike interference locking fit
described above. The larger opening is sized to facilitate the length
adjustment and to preverit the suture from slipping from the member
when the intermediate portion is locked at its desired length. The
openings are preferably formed with a circular shape with rounded
inner edges to avoid chafing or cutting of the suture. One of the
obenings receives a releasably threaded filament adapted to draw
the member through the passage. Allernatively, the releasably
threaded filament is received within a separate opening formed
within the member. R

b e B R L TEE S N

o m el en e b ot e S s

Other preferred features and advantages will become apparentfrom

the following detailed description given by way of example only, and from

the claims.

e e AT ST W s v s

Fig. 1 shows a knee joint in which a graft fixation member ks
used.
‘Fig. 2 is another view of the knee joint of Fig. 1.
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Fig. 3 illustrates the graft fixation member attached fo a tendon

bone plug.

Fig. 4 is a plan view of the graft fixation member of Fig. 1.

Figs. 5A-5C are cross-sectional side views of the graft fixation

$ member of Fig. 4 at different stages of threading a suture

therethrough.

Fig. 6 is a plan view of the graft fixation member of Fig. 5C with
the suture threaded therethrough.

Fig. 7 illustrates insertion of the graft fixture member, the

10  suture, the graft and bone plug into the bone passage.

Fig. 8 shows an enlarged view of the distal end of the passing
pin prior to insertion of the graft fixture member, the suture, the graft
and bone plug into the bone passage.

16 Referring to Fig. 1, a knee joint is shown in which a tissue graft
10 (e.g., a patellar tendon graft) is being implanted in an anterior
cruciate ligament (ACL) repair and reconstruction procedure. Prior
1o implanting tissue graft 10, a notchplasty procedure is preferably
performed to expand the intercondylar notch 12 of the femur bone.

20 A nofchplasty procedure is described in detail in the Rosenberg '520
patent. A femoral channel 14 for receiving one end of tissue graft
10 is then drilled from notch 12 a predetermined distance within the
fernur with a passing channel 18 of reduced diameter drilled further
through the femur from femoral channel 14 to a region of femoral

25 cortex 18. A tibial channel 20 for receiving the other end of tissue
graft 10 is drilled from an anterior region of the tibia to a region near
the opening of femoral channe! 14. The procedure for providing the
femoral channel' 14, passing channel 16 and tibial channel 20 is
described in greater detail in Graf '301 patent.

30
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9
One end of tissue graft 10 includes a bone block 22 which is

shaped and sized in close conformity with femoral channel 14 to
ensure opfimal healing. A length of suture 24 has one end attached
to bone block 22 and the other end secured at femoral cortex region
18 with a graft fixation member 26 which will be described in greater
detail below. The distal end of fissue graft 10 includes a second
length of suture 28 which is attached to the tibia with a fixation screw
30 about 1.5 cm below the entrance to tibial channel 20. A washer
32 either attached to or positioned under the head of fixation screw
30 helps in holding the suture in place when screw 30 is tightened.

Referring to Fig. 2, iength (L) of femoral channel 14 is selected
by the surgeon in accardance with the length of bone block 22 and
the desired insertion distance of tissue graft 10 within the femur.
The span of suture 24, designated as SS, is approximately that of
passing channel 16 so that the sum of the desired insertion length
(1) and span of suture (SS) is the measured total length (TL) from
the opening of femoral channel 14 to the opening at femoral cortex
18. Each of these dimensions is measured prior to implanting the
tissue graft so that during the implantation procedure, the surgeon,
under arthroscopic observation, can be assured that tissue graft 10
has been properly positioned within femoral channel 14.

Referting fo Fig. 3, graft fixation member 26 and the manner in
which it is attached to bone block 22 and suture 24 is shown.
Suture 24, which is for example a polyester closure tape (e.g.,
Merselene, a product of Ethicon Inc., Cincinnati, Ohio) is threaded
through a pre-drilled hole 34 within bone block 22 to form a suture
loop 36 extending between fixation member 26 and bone block 22.
As will be described in greater detail below, fixation member 26 is

PCT/US98/02011
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configured to allow the {ength of loop 36 to be easily adjusted to

secure tissue graft 10 within femoral channel 14.

Referring to Fig. 4, fixation member 26 includes an elongated
5 body 40 formed of a biocompatible material (e.g., Delrin® polymer)
and having a length of about 0,55 inches, a width of about 0.16
inches and a thickness of about 60 mils. Elongated body 40 has a
width which allows fixation member 26 to be pulled through tibial
channel 20 and femoral channel 14. Elongated body 40 has flat
10 upper and lower surfaces 41, 43, and a rounded leading end 42 and
a rounded trailing end 44. A series of suture openings 46, 48, 50
and a lead hole 52 extend through body 40 from upper surface 41 to
lower surface 43. Suture openings 46, 48 are circular and have
diameters (d) of about 0.078 inches. Diameter (d) is selected
15  primarily in accordance with the width and thickness of suture tape
24 so that tape 24 can pass easily through openings 46, 48. Suture
opening 48 has a center 54 spaced from the edge of rounded end
44 a distance approximately equal to the diameters of openings 46,
48,
20
Elongated suture opening 50 is formed between suture
openings 46, 48 and is separated therefrom by ribs §1, 53,
respectively, both of which have a widih of about 0,020 inches. For
reasons which are discussed in greater detail below, rib 51 is
25 centered substantially along the length of elongated hody 40.
Elongated suture opening 50 has an oblong shape longer and
thinner than suture openings 46, 48. In particular, elongated suture
opening 50 has long and short dimensions of about 0.117 and .062
inches, respectively. Openings 486, 48, 50 and hole 52 have
30 rounded inner edges to avoid chafing of suture 24, 56,
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Hole 52 which is smaller than suture openings 48, 48 and

elongated suture opening 50 is formed at rounded leading end 42
and is used to carry a leading suture 56 (Fig. 7) for pulling fixation
member 26 through femoral passage 14 and passing passage 16,

Referring to Figs. 5A-5C and Fig. 6, suture 24 is threaded
through suture openings 46, 48 and elongated suture opening 50 of
fixation member 26 as follows. Free ends 58a, 58b of suture loop
36 are passed up through suture opening 46 from lower surface 43

10 to upper surface 41 (Fig. 5A) so that suture loop 36 is slightly longer
than the measured length SS described above (Fig. 2).

Free ends 58a, 58b are passed over élongated suture opening

56 and then threaded from upper surface 41 fo lower surface 43 of
15 fixation member 26 down through suture opening 48 (Fig. 5B). Free

ends 58a, 58b are then looped around rib 53 by passing them

through'eiongated suture opening 50 from lower surface 43 to upper

surface 41 (Fig, 5C) with free ends 583, 58b being threaded on

opposite sides of a portion 59 of suture 24 that lies over elongated
20 suture opening 50 at upper surface 41 (Fig. 6).

Prior to the implantation procedure, the length of loop 36 is
selected to be slightly longer than suture span $S so that fixation
member 26 is assured of extending beyond femoral cortex 18 when

25  tissue graft 10 is properly seated within femoral passage 14. To
increase the initial length of loop 36, portion 59 of suture 24
extending over upper surface 62 is lifted to loosen suture 24 from
graft fixation member 26, and loop 38 is pulled to draw suture 24
back through suture openings 46, 48 and elongated opening 50,

30  thereby increasing the length of loop 36. In its loosened condition,
suture 24 is allowed to pass easily through suture openings 46, 48
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and elongated opening 50. Itis only when the suture ends 58a, 58b

are pulied to tighten suture 24 around ribs 51, 53 will an interference
locking fit be formed, thereby cinching and securing loop 36 at the
desired length. Frictional contact between a section of suture 24
5 which is being passed from lower surface 43 to upper surface 41

through elongated opening 50 and the portion 59 of suture 24 which
overlies elongated opening 50 provides the interference locking fit,
thereby preventing suture 24 from slipping back through elongated
opening 50 an'd suture support openings 46, 48.

10

The procedure for placing graft fixation member 26 in the

position shown in Fig. 1 follows. Drilling procedures are performed
{o provide an appropriately sized tibial channel 20 extending through
the tibia and femoral passage 14 in the manner described in the

15  Graf'301 patent. Suture loop 36 is adjusted to be approximately
that of and slightly longer than suture span SS. However, suture 24
is threaded loosely through suture openings 46, 48 and elongated
opening 50 so that loop 36 is not cinched.

20 Referring to Figs. 7 and 8, a leading suture 62 is threaded
through hole 52 of fixture member 26 and then through a slot 64 of a
passing pin 66. A trailing suture 61 is threaded through hole 48, and
along with free ends 58a, 58b is also threaded through slot 64 of
passing pin 66. ‘it is preferable that sutures 61, 62 be perceptively

25  different from each other, such as by having different diameters; for
example, No. 5 Ticron for lead suture 62 and No. 2 Ticron for trailing
suture 61. Alternatively, different color fitaments can be used.
Passing pin 66 is then inserted through an incision below the knee,
and advanced through tibial channel 20, femoral channel 14,

30 passing channel 18, the quadricep tissue, and skin 68 of the thigh.
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Free ends 58a, 58b and leading suture 59 are withdrawn beyond

skin 68 using passing pin 66.

The surgeon then pulls leading suture 59 until fixation member
26 eme;rges from passing channel 16 at femoral cortex 18. The
surgeon then pulls on frailing suture 61 so that fixation member 26
flips from a length-wise orientation to a width-wise orientation so that
fixation member 26 straddles the opening of channel 16 with
rounded ends 42, 44 moving into contact against femoral cortex 18.
In this position, rib 51, around which suture loop 26 is wrapped, is
centered substantially aver the center of the opening of channel 16
so that, after cinching the interference knot, tension from the suture
{when the tissue graft is in its final position) is distributed through the
fixation member more evenly to the bone surfaces adjacent the
passage. -

Tissue graft 10 includes a marker 65, previously placed on the
graft, which is viewed arthroscopically and when aligned with the
opening of femoral channel 14 at intercondylar notch 12 indicates
that graft 10 is properly positioned within channel 14. At this point,
fitament ends 58a, 58b are pulled together in a direction away from
fixation member 26 (in the direction of arow 60 in Fig. 5C) to
shorten the length of loop 36 and fixation member 26 is firmly seated
against the femoral cortex. While the surgeon continues to examine
marker 65 fo ensure that it does not move, ane or both of free ends
58a, 58b is further pulled to cinch the interference knot, thereby
maintaining the length of loop 36 at is adjusted length. One or both
suture ends 58a, 58b are then pulled further to cinch and pravide
the interference lock fit needed fo maintain the length of loop 36 at is
adjustéd length.” Because less force is required to tighten or fimm-up
the interference knot, the surgeon need only pull one of filament
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ends 58a, 58b to tighten the knot. Tissue graft 10 is then tensioned

and anchored at its opposite end using fixation screw 30 (Fig. 1)
secured within the tibia. Finally, free ends 58a, 58b are tied off at
fixation member 26 to efiminate any chance of the inferference knot

slipping.
Other embodiments are within the scope of the claims.

For example, an altemative approach for securing a tissue
graft within a bone passage using fixation member 26 is available.
Specifically, rather than approximating the desired length of suture
loop 36 and adjusting its length prior to cinching the interference
knet, the surgeon can precisely measure the desired length using,
for example, the approach described in the Graf ‘301 patent. The
surgeon can then cinch the interference knot prior to passing tissue
graft 10 with fixation member 28 through the tibial channel 20 and
femoral channel 14,

Although the tissue graft described above in conjunction with
Figs. 1-7 is one having a bone block, other types of grafts may be
attached to graft fixation member to including ligament augmentation
devices (LAD) formed of arificial ligament material to which the
tissue is sutured.

tn general, graft fixation member 26 can be used to secure any
suitable kind of grafts, such as alografts, autografts, and xenografts
and can be used in surgical soft tissue reconstruction procedures
other than those retated to ACL reconstruction.
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Moreover, the use of graft fixation member 26 can also be used to secure

tissue graft 10 at the tibia in place of fixation screw 30.

In certain surgical procedures, the size of the diameter of the bone
passage may be limited. In such procedures, the length of fixation member 26
may be reduced by eliminating leading hole 36 which receives leading suture
58 for pulling the fixation member through the bone passage. Thus, the overall
length of fixation member 26 can be reduced with a leading suture threaded
through the opening closest to the leading rounded end 32 of fixation member,
such as opening 48. In other applications, openings 46, 48 and 50 may have
other polygonal shapes, including a rectangular shape.

Throughout this specification and the claims which follow, unless the
context requires otherwise, the word "comprise”, and variations such as
"comprises"” and "comprising", will be understood to imply the inclusion of
a stated integer or step or group of integers or steps but not the exclusion of

any other integer or step or group of integers or steps.
The reference to any prior art in this specification is not, and should
not be taken as, an acknowledgment or any form of suggestion that that

prior art forms part of the common general knowledge in Australia.

The approximate metric equivalents of the imperial units referred to

herein are:
0.55 inches = 14mm
0.16 inches = 4mm
60mil = 1.5mm
0.020 inches = 0.5mm
0.117 inches = 3mm

0.062 inches = 1.6mm
0.078 inches = 2mm
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CLAIMS

1. A method of securing a tissue graft within a bone passage
comprising the steps of:

5 providing a graft fixation member having an opening extending
between a first side and a second side of the fixation member and
being sized to pass through the bone passage such that the first
side engages the bone adjacent to the passage after said member
has been passed through the passage;

10 attaching a suture having a pair of free ends to the tissue graft;
tying the suture to the fixation member by passing the free
ends through the opening from the first side to the second side of
the fixation member, wrapping the free ends around a portion of the
fixation member by passing the free ends from the second side to
15  the first side and passing the free ends back from the first side to the
second side, the length of the suture extending between the tissue
graft and the fixation member;
adjusting the length of the suture by puliing at least one of the
free ends; and
20 securing the suture to the portion of the fixation member to
maintain the suture extending between the tissue graft and the
fixation device at the adjusted length.

2. The method of claim 1 further comprising the step of passing
25 the fixation member through the passage before performing the
adjusting step.

3. The method of claim 1 further comprising the step of passing
the fixation member through the passage after performing the
30  adjusting step.
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4.  The method of claim 1 wherein the graft fixation member

includes a second opening extending between the first and second
sides, and the step of tying the suture to the fixation member
includes, after passing the free ends through the first-mentioned
opening, wrapping the free ends around a portion of the fixation
member by passing the free ends from the second side to the first
side and passing the free ends through the second opening from the
first side to the second side.

5.  The method of claim 1 wherein the graft fixation member
includes a second opening extending between the first and second
sides, and the step of tying the suture to the fixation member
includes; »

after passing the free ends through the first-mentioned
opening, wrapping the free ends around a portion of the fixation
member by passing the free ends through the second opening from
the second side to the first side; and

passing the free ends through the first opening from the first

side to the second side.

6. The method of claim 5 further comprising releasably threading
a filament through one of the openings to draw the fixation member
through the bone passage.

7. The method of claim 1 further comprising forming the length of
suture extending between the fixation member and the tissue graft
as a loop, the adjusting step including adjusting the length of the
loop.

8. The method of claim 1 wherein the graft fixation member
includes a second epening extending between the first and second
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sides of the fixation member and a third opening, dlSpOSBd between

the ﬁrst-mentloned opening and the second opening and extending
between the first and second sides of the fixation member, and the
step of tying the suture to the fixation member includes:

after passing the free ends through the first-mentioned
opening, passing the free ends over the third opening and through
the second opening from the second side to the first side; and

wrapping the suture around a portion of the body between the
second and third openings by passing the free ends through the
third opening from the first side to the second side.

9. The method of claim 8 further comprising providing the third
opening to be iarger than the first-mentioned and second openings,
the portion of the body between the first-mentioned opening and
second opening disposed substantially halfway along the elongated

fength of the body.

10. The method of claim 8 wherein the fixation member includes a
fourth apening at an end regicn of the body and extending between
the first and second sides of said fixation member, and further
ou'rnpﬁsing threading a filament adapted fo draw the fixation
member through the bone passage through said fourth opening.

11. A device for use in securing a tissue graft within a passagein a
bone comprising: _ _

a member having first and second sides, an opening extending
between the first and second sides, and a suture-wrap portion, the
member bemg elongated in a first dlmensmn that extends between

PRI L A L

first and sacond ends of the mamber and havmg a second dimension .
transverse to the first dlmension the member being conﬁgumd 50
that: (1) the second dimension is smaller than a diameter of the
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bone passage to allow the member to be passed through the bone passage

when the first dimension is oriented along the passage, and (2) the first

dimension is larger than the diameter of the hone passage so that after the

member is passed through the passage and oriented with the first dimension

5 transverse to the passage, the first surface of the first and second ends of the
member engage surfaces of the bone adjacent to the passage;
suture attached to the tissue graft and having free ends;

the suture being tied to the membef such that the free ends of the suture

are received through the opening from the first side to the second side of the

10 member, wrapped around the suture-wrap portion from the second side to the

first side and passed back from the first side to the second side of the member

so that an intermediate portion of the suture extending between the member

and tissue graft can be adjusted to a desired length by pulling at least one of

the free ends, and the desired length of the intermediate portion thereafter
. 15 maintained by securing the suture to said suture-wrap portion.

ases
<
-

.
a4 sese we

12. The device of claim 11 further comprising a second opening larger than

the first-mentioned opening, a portion of the member between the first-

mentioned opening and second opening being disposed substantially halfway
20 alongj the elongated length of the member.

13.  The device of claim 12 wherein the openings are circular.

14. The device of claim 11 wherein the member further comprises a hole
25 which receives a releasably threaded filament adapted to draw the member

.
SesPe8ss oo woer

through the bone passage.

15. A method of securing a tissue graft, substantially as herein described

with reference to the accompanying drawings.
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16. A device for use in securing a tissue graft, substantially as herein

described with reference to the accompanying drawings.

DATED this 22nd day of February, 2001
Smith & Nephew, Inc.

By DAVIES COLLISON CAVE
Patent Attorneys for the applicant
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