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TRANSOSSEOUS GRAFT RETENTION
SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The following disclosures are incorporated herein by ref-
erence:

U.S. application Ser. No. 10/459,375, filed Jun. 11, 2003,
and is entitled LINE LOCK SUTURE ATTACHMENT SYS-
TEMS AND METHODS;

U.S. application Ser. No. 10/936,376, filed Sep. 7, 2004,
and is entitled ADJUSTABLE LINE LOCKS AND METH-
ODS;

U.S. application Ser. No. 10/942,275, filed Sep. 15, 2004,
and is entitled LINE LOCK THREADING SYSTEMS AND
METHODS;

U.S. application Ser. No. 11/001,866, filed Dec. 1, 2004,
and is entitled LINE LOCK SUTURE ATTACHMENT SYS-
TEMS AND METHODS;

U.S. application Ser. No. 09/970,559, filed Oct. 3, 2001,
and is entitled METHOD AND APPARATUS FOR RECON-
STRUCTING A LIGAMENT;

U.S. application Ser. No. 10/798,665, filed Mar. 11, 2004,
and is entitled IMPLANTS AND RELATED METHODS
AND APPARATUS FOR SECURING AN IMPLANT ON
AN ARTICULATING SURFACE OF AN ORTHOPEDIC
JOINT; and

U.S. application Ser. No. 10/901,941, filed Jul. 28, 2004,
and is entitled TETHERED JOINT BEARING IMPLANTS
AND SYSTEMS.

BACKGROUND OF THE INVENTION

1. The Field of the Invention

The present invention relates generally to restoration of
surfaces of articulating joints of the body, and more specifi-
cally, to restoration of a surface formed of articular cartilage
through the use of a tissue graft.

2. The Relevant Technology

The articulating surfaces of various joints of the body, such
as the adjacent surfaces of the tibia and femur, are covered
with cartilage that facilitates relative sliding. Due to trauma,
disease, or wear, local defects can be formed in such surfaces.
Such defects can cause discomfort for a patient and accelerate
wear of the remaining cartilage.

Accordingly, several treatments have been developed to
address problems with cartilage articulation surfaces.
According to one known treatment, a cartilage graft is har-
vested from some other part of the body (thereby providing an
“autograft™), and is positioned at the site of the defect. Via
various methods known in the art, graft incorporation may be
promoted to help integrate the graft with the surrounding
cartilage.

Unfortunately, keeping the cartilage graft in place presents
a somewhat unique challenge. According to some known
methods, the graft may be fastened to the graft site, or held
within a cage attached to the bone behind the articulation
surface. Unfortunately, many such retention mechanisms
inhibit contact and/or fluid flow between the graft and the
surrounding cartilage, thereby inhibiting incorporation.
Additionally, some such mechanisms leave components in
the body that will not be absorbed by the body, and thus have
the potential to become dislodged and damage the articula-
tion surfaces. Further, some such mechanisms are complex
and/or difficult to implant in the body, thereby increasing the
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expense of the operation, the invasiveness of the surgery, the
healing time required, and the probability of failure.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the present invention will now be
discussed with reference to the appended drawings. It is
appreciated that these drawings depict only typical embodi-
ments of the invention and are therefore not to be considered
limiting of its scope.

FIG. 1 is an exploded, perspective view of a system for
articulation surface repair according to one embodiment of
the invention.

FIG. 2 is a side elevation, section view of a femur with a
tunnel formed therein, in which the suture is inserted through
the tissue graft and partially through the tunnel.

FIG. 3 is a side elevation, section view of the femur, in
which the suture is fully drawn through the tunnel and
through the corresponding anchor.

FIG. 4 is a side elevation, section view of the femur, in
which the suture is tightened to urge the tissue graft toward
the graft site via the cover.

FIG. 5 is a side elevation, section view of the femur, in
which a portion of the suture is locked with respect to the
anchor to maintain tension in the suture.

FIG. 6 is an exploded, perspective view of a system for
articulation surface repair according to one alternative
embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention relates to tissue grafts for restoration
of' cartilage articulation surfaces, including, but not limited to,
articulation surfaces of the knee. Those of skill in the art will
recognize that the systems and methods described herein may
be readily adapted for restoration of other types of tissue, or
other types of articulation surfaces.

In this application, a “tunnel” refers to any type of man-
made passageway passing partially or completely through a
bone. To “capture” a first object with a second object refers to
application of pressure on at least one surface of the first
object with the second object to keep the first object generally
in place. Some relative motion between the two objects may
be permitted. Capturing does not require that the second
object completely contain or enclose the first object. “Actua-
tion” refers to any type of motion or deformation of an object
or of a portion thereof. Thus, a portion of a suture may be
“actuated” to form a knot in the suture.

The term “direction,” when used in connection with motion
of a flexible member such as a line, does not necessarily refer
to a static vector. Rather, a “direction” may refer to motion of
the line along a pathway, toward one specified end of the
pathway. Thus, stating that a line is only able to move along a
pathway in one direction means that the line can only be
advanced toward one end of the pathway. The line moves
along the pathway in one direction even though in the course
of'advancement along the pathway, segments of the line will
simultaneously be moving along a variety of differently-ori-
ented vectors.

A “tether” refers to a member capable of linking two
objects to restrict motion of the objects away from each other.
A tether need not be a flexible member, but may instead be a
rigid link. “Incorporation” of a graft tissue with a graft site
does not require that the graft tissue and the graft site become
homogeneous; rather, it simply means that linking material is
provided in intervening space between the grafttissue and the
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graft site to bring the exposed surfaces of the graft site and the
graft tissue closer to a continuous, smooth shape.

A first object that “substantially encircles” a second object
need not extend a full 360° around the second object. Rather,
the first object extends more than 180° around the second
object. The term “attach” is broadly interpreted to include
securement of separate elements to each other, and the inte-
gral formation of separate elements with each other. Thus,
two portions of an object that are unitarily formed in a single
operation may be said to be “attached” together. Furthermore,
two objects are attached together if their relationship is such
that relative motion between the objects is restricted in at least
one direction. Attachment does not require impediment of
relative motion in all directions. The term “lock™ also does not
require restriction of relative motion in all directions.

Referring to FIG. 1, a perspective view illustrates a graft
system according to one embodiment of the invention. As
shown, the system 10 has a tissue graft 12 that is designed to
be positioned at a graft site (not shown in FIG. 1), which may
be a region of articular cartilage in which some of the carti-
lage is missing due to wear or trauma. The tissue graft 12 may
be a piece of cartilage harvested from some other part of the
patient’s body (an autograft) or from a compatible human
donor (an allograft), or from an animal donor (a xenograft).
Alternatively, the tissue graft 12 may be artificially formu-
lated (a synthetic graft). The system 10 also has a cover 14, an
anchor 16, and a tether in the form of a suture 18. The cover
14, anchor 16, and suture 18 cooperate to keep the tissue graft
12 in place with respect to the graft site.

As shown, the suture 18 has a first end 22 and a second end
24. The second end 24 may initially be attached to the cover
14, and the first end 22 may subsequently be coupled to the
anchor 16 in such a manner that the cover 14 is held in place
to capture the tissue graft 12 with respect to the graft site, as
will be shown and described subsequently in greater detail.
The suture 18 also has an intermediate portion 26 between the
first end 22 and the second end 24.

The cover 14 has a socket 30 within which the second end
24 of the suture 18 is retained in a substantially permanent
manner. The cover 14 also has a periphery 32, an outer surface
34, and a retention surface 36. The outer surface 34 faces
outward with respect to the tissue graft 12, and the retention
surface 36 faces inward, toward the tissue graft 12. Some part
of the retention surface 36 may abut the tissue graft 12 when
the system 10 is installed to effectively capture the tissue graft
12.

Optionally, the periphery 32 of the cover 14 may be larger
than the tissue graft 12, so that the cover 14 cooperates with
the graft site (not shown) to substantially enclose the tissue
graft 12. The cover 14 has a generally fluid-permeable struc-
ture that permits relatively easy passage of fluids such as
synovial fluid and other body fluids, proteins, growth factors,
and the like to the tissue graft 12 to simulate regeneration of
the articular cartilage or incorporation of the tissue graft 12
into the surrounding articular cartilage. Thus, the cover has a
plurality of holes 38 extending from the outer surface 34 to
the retention surface 36. In alternative embodiments of the
invention, a cover may be sized smaller than a tissue graft to
provide retention, but not enclosure, of the tissue graft. A
perforated structure may or may not be desirable for such a
smaller cover.

The cover 14 may also be bioabsorbable so that, over time,
the cover 14 can be absorbed by the body without adversely
affecting the operation of joints or other biological systems.
The perforated structure of the cover 14 helps to increase the
surface area-to-volume ratio of the cover 14, thereby increas-
ing the rate at which the cover 14 is absorbed by the patient’s
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body. The rate of absorption may be tuned to ensure that the
necessary incorporation and/or regeneration of the graft site
is able to occur before the cover 14 loses its ability to keep the
tissue graft 12 in place.

A wide variety of bioabsorbable materials may be used to
form the cover 14. Examples of suitable materials include
homopolymers and copolymers oflactide, glycolide, trimeth-
ylene carbonate, caprolactone, and p-dioxanone and blends
or other combinations thereof and equivalents thereof.
Examples of non-absorbable homopolymers and copolymers
materials include non-absorbable polyesters, polyorthoe-
sters, polyanhydrides, polycarbonates, polyurethanes, polya-
mides and polyalkylene oxides, polyolefins, and polyacetals
and equivalents thereof. Bioactive and absorbable glasses or
ceramics comprising calcium phosphates and other biocom-
patible metal oxides (i.e., CaO) may also be used.

The tissue graft 12 may have a disc-like shape, as shown, or
any other shape. Different shapes and sizes may be selected to
suit a variety of graft site shapes. The tissue graft 12 has a
central opening 42 through which the suture 18 is ableto pass.

The shape of the cover 14 may be matched to that of the
tissue graft 12. Thus, in the system 10 of FIG. 1, the cover 14
has a disc-like shape that corresponds to the disc-like shape of
the tissue graft 12. The cover 14 may also be contoured in
three dimensions to define a substantially continuous contour
in combination with the surrounding natural cartilage. Thus,
the edges of the cover 14 do not protrude with respect to the
surrounding cartilage when the cover 14 is installed. Accord-
ingly, the cover 14 does not significantly abrade the articular
surface that articulates against the cover 14.

The anchor 16 may also have a disc-like shape. The anchor
16 is designed to retain the first end 22 of the suture 18 via
knotting or other methods, as will be discussed subsequently.
The anchor 16 may have an outer surface 46 that faces gen-
erally outward with respect to the tissue graft 12, and the
retention surface 48 faces generally inward, toward the tissue
graft 12. The anchor 16 also has a central opening 50 that
extends from the outer surface 46 to the retention surface 48.
The central opening 50 is sized to permit passage of the suture
18 therethrough to facilitate retention of the first end 22.

Optionally, the anchor 16 may also be bioabsorbable. The
rate of absorption of the anchor 16 may be tuned to ensure that
the necessary incorporation and/or regeneration of the graft
site is able to occur before the anchor 16 loses its ability to
keep the first end 22 in place.

The cover 14, anchor 16, and suture 18 are relatively easily
installed using procedures that are less invasive than many
known graft placement procedures. Furthermore, the tissue
graft 12 can be securely retained in a manner that does not
inhibit tissue incorporation or regeneration. The manner in
which the system 10 is installed will be set forth in greater
detail in the following description of FIGS. 2 through 5.

Referring to FIG. 2, a side elevation, section view illus-
trates an initial step in the installation of the system 10 in a
patient, or more specifically, in a part of a joint such as the
knee. More precisely, FIG. 2 illustrates the end of a bone 60,
which may be a patient’s femur. The bone 60 has a graft side
62 to which the tissue graft 12 is to be applied, and an anchor-
ing side 64 to which the anchor 16 is to be coupled. The graft
side 62 has articular cartilage 66 that forms a smooth surface
along which a corresponding articular surface of the tibia is
easily slidable.

The graft side 62 also has a graft site 68, which is the defect
in the articular cartilage 66 that is to be repaired through the
use of the tissue graft 12. Thus, the graft site 68 may have a
cavity 70, which may have a shape defined by the particular
wear or trauma that necessitated the use of the graft operation.















