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POROUS METAL DEVICE FOR REGENERATING 50FT TISSUE-TO-
BONE INTERVACE

CLAIM OF PRIORITY

Benefit of priority is hereby claimed to Jiang et al., U.S. Provisional Patent
Application Serial Number 61/561,475, entitled “POROUS METAL DEVICE FOR
REGENERATING SOFT TISSUE-TO-BONE INTERFACE”, filed on November
18, 2011, and benefit of priority 15 hereby claimed to Hoeman et al, U.S.
Provisional Patent Application Serial Number 61/699,373, entitied “POROUS
METAL DEVICE FOR REGENERATING SOFT TISSUE-TO-BONE
INTERFACE”, filed on September 11, 2012, each of which is hereby incorporated

by reference herein in its respective entirety.

BACKGROUND
1. Field of the Dasclosure.

The present disclosure relates to orthopaedic implants. More particularly,
some aspects of the present disclosure relate to orthopacdic implants including an
exposed open porous metal surface for securing soft tissue to bone.

2. Description of the Related Art.

Soft tissue injuries, such as tendon and ligament tears, are common
following traumatic injury or due to deterioration of joints. Repair of tendon and
ligament injuries commonly requires surgical intervention. In some cases, a
surgeon will sufure the torn ligament or tendon to bone. In other instances, a graft
may be required to reconnect the tendon or ligament to bone. Even after surgically
repairing tendon and ligament injuries, optimal function of a joint may not fully be
restored. In such cascs, revision surgical procedures are comronly required.

Problerns associated with current treatmicut methods for tendoun and higament
injuries include an inability to provide adeqguate initial stiffhess and strength of the
repaired tendon or ligament, as well as an jnability regenerate the bone to soft tissue

interface. The interface at which the ligament or tendon contacts bone represents a



WO 2013/074909 PCT/US2012/065491

L

10

i5

potential mechanical weak point of a repaired tendon or ligaraent. Thus,
regeneration of the bone to soft tissue interface may enhance the success rate of

surgical repair of tendon and Hgament injuries,

SUMMARY

Some aspects of the present disclosure relate to an orthopaedic implant and
method of utilizing the same for securing soft tissue to bone. The orthopaedic
implants and methods of the present disclosure can be useful, for exarnpie, to repair
ligament myjurics, such as anterior cruciate ligament tears, and tendon injuries, such
as rotator cuft and Achilles tendon tears. Moreover, some of the orthopaedic
implants and mcthods disclosed herein promote soft tissuc and bone ingrowth
within the orthopaedic iraplants, thereby facilitating regencration of the soft tissue to
bone nterface.

According to one embodiment of the present disclosure, an orthopaedic
implant for securing soft tissue to bone is presented which includes an open porous
metal body having an exterior that includes an cxposed porous metal exterior
surface suitable for contacting bone. Additionally, the body imcludes an opening in
the exterior of the body that provides access to an exposed porous interior surface
suitable for contacting soft tissue. In some forms, the body will incorporate a
cannula or passage for receiving soft tissue such as where the body is a fully
cannulated tube, ¢.g., a cyhindrical tube.

According to another embodiment of the present disclosure, an orthopacdic
implant for securing soft tissue to bone is presented inchuding an open porous metal
hollow body having an exposed porous interior surface for contacting soft tissue.
The open porous raetal hollow body of the orthopacedic implant alse includes an
exposed porous exterior surface for contacting bone and a first opening dimensioned
for recetving a first end of a soft tissue graft. The open porous metal hollow body is
also fully cannulated. In soroe configurations of the orthopacdic impland, the open
porous metal hollow body is substantialiy cylindrical in shape. in other
configurations, however, the open porous wetal hollow body has a cross section

selected from one of a circle, semi-circle, cllipse, oval or other arcuate shape. In yet
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other configurations of the orthopaedic implaunt, the open porous metal hollow body
has a cross section selected from one of a triangle, square, rectangle or other
polygon with four or more sides. Additionally, configurations of the orthopaedic
implant may include the interior surface having a first coefficient of friction and the
exterior surface having a second coctficicnt of friction which s different than the
first coefficient of friction.

According to another embodiment of the present disclosure, an implant for
securing soft tissue to bone is presented comprising a monoiithic open porous metal
body, e.g., in the form of a sheet or tube. The monolithic open porous metal body
comprises a first soft tissue attachroent layer having a plurality of pores with a first
noninal pore diameter and the first layer has a thickness, ¢.g., of between one and
six pore diameters, or between two and ten pore diameters, or between five and
twenty pore diameters, or less than thirty pore diameters, or having any suitable
thickness. The mounolithic open porous metal also comprises a second bone
attachment layer having a plurality of pores with a second nominal pore diameter
and the second layer also has a thickness, ¢.g., of between one and six pore
diameters, or between two and ten pore diameters, or between five and twenty pore
diameters, or less than thirty pore diameters, or having any suitable thickness. In
certain forms, at least one of the first layer and second layer can include at least one
fibrocytic factor or osteocytic factor. In some configurations of the orthopaedic
implant, the pores of the first layer are sceded with a fibrocytic factor. Additionally,
in some configurations, the pores of the second layer are sceded with an osteocytic
factor. Further, sorne configurations of the orthopacdic implant include the first
nominal pore diameter being less than the second nominal pore diameter.

According to yet another embodiment of the present disclosure, an implant
for securing soft tissue to bone is provided, comprising a monolithic open porous
metal bedy. The monolithic open porous metal body inchudes a soft tissue securing
portion and a bone anchoring portion. In some configurations of the orthopaedic
implant, the bone anchoring portion includes a screw thread and the soft tissue
securing portion includes an eyelet with a passage therethrough. Further, according

to this configuration of orthopaedic implant, the fixation means has an outer surface
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with a first coctticient of friction and the passage has an fnner surface with a second
coctficient of friction which 1s less than the first coefficient of friction.

I another embodiment, the present disclosure provides an iraplant for
securing soft tissue to bone. This particular implant comprises a tubular body that
provides an inner passageway for receiving soft tissuc of a patient. The inner
passageway includes an interior side wall that is provided by a first open porous
ractal structure with pores of a first nominal pore diameter for suitably receiving
soft tissue ingrowth. The tubular body inchides an exterior side wall that is
provided by a sccond open porous metal structure with pores of a second nominal
pore diameter greater than the fivst nominal pore diarmeter for suitably receiving
bone ingrowth. The inner passageway may or may not extend entirely through the
tubular body. The inner passageway may or may not pass through the second open
porous metal structure. The first open porous metal structure may or may not be
tubular. When tubular, the first open porous metal structure can have any suitable
shape, ¢.g.. having a section with a circular or non-circular cross section. When the
first open porous metal structure 1s tubular, the second open porous metal stracture
roay or roay not be tubular. Tn sore forms, the second also will be tubular and will
be positioned substantially concentrically around the tubular first open porous metal
structure. In some other forms, the second open porous metal structure will be von-
tubular (e.g., a sheet or layer with or without curvature} and will be positioned
iaterally adjacent the tubular first open porous metal structure. In some
embodiments, the tubular body will include a side wall thickness that extends
between the interior side wall of the inner passageway and the exterior side wall of

the twbular body, and this thickness will be provided euntirely by open porous metal.

BRIEF DESCRIPTION OF THE DRAWINGS
The above-mentioned and other features and advantages of this disclosure,
and the manner of attaining them, will become more apparent and the disclosuare
itself will be better understood by reference to the following description of
embodiments of the disclosure taken in conjunction with the accompanying

drawings, wherein:
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FIG. 118 an enlarged view of the stracture of open porous metal according to
the mstant disclosure;

FIG. 2a is a cross-sectional view of an eraboditaent of open porous metal
having larger pore sizes proximate the first exposed porous surface region and
smaller pore sizes proxiraate the second exposed porous surface region;

FIG. 2b 1s another cross-sectional view of an embodiment of open porous
ractal having larger pore sizes proximate the first exposed porous surface region and
smaller pore sizes proximate the second exposed porous surface region with an
interface substrate separating the plurality of pores proximate the first exposed
porous surface region from the plurahity of pores proximate the second exposed
porous surface region;

FIG. 3a is a cross-sectional view tllustrating an ACL graft secured to a
condyle of a femur with an orthopaedic implant according to the present disclosure;

FIG. 3b is a cross-sectional view tllustrating an ACL graft seccured to a
condyle of a femur with another embodiment of an orthopaedic implant according to
the present disclosure;

FIG. 4 is a perspective view illustrating a rotator cuff tendon secured to a
humerus with an orthopaedic implant according to the present disclosure;

FIG. 5a1s a perspective view tusirating an Achilles tendon secured o a
bone in the ankle with an orthopaedic implant according to the present disclosure;

FIG. 5b 1s g perspective view Hustrating an Achilies tendon sccured to a
bone in the ankle with another embodiment of an orthopaedic implant according to
the present disclosure;

FIG. 6 1s a perspective view tllustrating a rotator cuff tendon secured to a
humerus with another orthopaedic implant according to the present disclosure;

FIG. 7 is a scanning electron microscopy image of a porous tautalum dise
utilized in the Examples presented herein;

FIG. 8 18 a scanning electron microscopy image of human osteoblast growth
within a porous tantalum disc utilized in the Examples presented herein, including
arrows showing cell proliferation along the periphery of the pores of the porous

tantalum discs;
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FIG. 918 a scanning electron microscopy image of human fibroblast growth
within a porous tantalum dise ntilized in the Examples presented herein, inclhuding
arrows showing cell proliferation along the periphery of the pores of the porous
tantalum disc;

FIG. 10 presents two bar graphs illustrating osteoblast and fibroblast ccll
profiferation, respectively, on the porous tantalum disc utilized in the Examples
disclosed hercin, compared to the control titanium disc;

FIG. 11 is a side view of an orthopaedic implant according to one
embodiment of the present disclosure with soft tissuc of a patient positioned in the
implaot;

FIG. 12a is a perspective view of an orthopaedic implant according to
another exobodivaent of the present disclosure; and

FIG. 12b is a top view of the orthopaedic implant shown in FIG. 12a.

Corresponding reference characters indicate corresponding parts throughout
the several views. The exemplifications sct out herein illustrate exemplary
cmbodiments of the disclosure and such exemplifications are not to be construed as

limiting the scope of the disclosure in any manner.

DETAILED DESCRIPTION

Introduction,

Some aspects of the present disclosure generally relate to orthopaedic
implants for securing soft tissue to bone and methods of utilizing the orthopaedic
implants disclosed herein. In some erabodiments, the orthopacedic iraplants
disclosed herein comprise an open porous metal which defines an exposed porous
surface particularly suited for contacting bone, and an exposed porous surface
particularty suited for contacting soft tissue. Advantageously, these orthopaedic
implants and some of the methods disclosed herein can be used to promote the
regeneration of the soft tissue to bone nterface.

Open Porous Metal,

The orthopaedic implants disclosed herein are comprised of open porous

metal 100, shown in FIG. 1. According to some embodiments of the orthopaedic

6
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implaots disclosed herein, open porous metal 100 way comprise all or a substantial
portion of the implant. Additionally, open porous metal 100 comprises exposed
porous metal surfaces of the orthopaedic implants which, as described hevein, are
particularty suited for contacting bone and soft tissue.

Referring to FIG. 1, an iHlustrative embodiment of open porous metal 100 s
depicted. As shown, open porous metal 100 generally includes a large plarality of
ligaments 102 defining open voids {(i.e., pores) or channels 104 therebetween. The
open voids between ligaments 102 form a matrix of continuous channels 104 having
few or no dead ends, such that growth of soft tissue and / or bone through open
porous metal 100 is substantially uninhibited. Open porous metal 100 may include
up to 75%-85% or more void space therein. Thus, open porous metal 100 may
comprise a lightweight, strong porous stracture which is substantially uniform and
consistent in composition, and provides a mairix into which soft tissue and bone
may grow to regenerate and strengthen anchoring of soft tissuc to bone at the soft
tissue to bone interface.

According to some configurations of the instant disclosure, the exposed
porous metal surfaces of the orthopaedic implants disclosed herein coraprise open
porous metal 100. For cxample, with reference to FIGS. 2a and 2b, first surface 106
and second surface 108 of open porous metal 100 voay cormaprise the exposed porous
metal surfaces of the orthopaedic implants disclosed herein. As depicted, the
terminating ends of ligaments 102 {cornprising open porous ractal 100), referred fo
herein as struts 150, define first surface 106 and sccond surface 10X, Struts 150
generate a high coefficient of friction along first surface 106 and sccond surface 108
{comprising the exposed porous metal surfaces of open porous metal 100). Further,
struts 150 impart an enhanced affixation ability to the exposed porous metal
surfaces of open porous metal 100 for adhering to bone and soft tissue.

Open porous metal 100 may be made of a highly porous biomaterial useful
as a bone substitute and/or cell and tissue receptive material. For exarople,
according to embodiments of the instant disclosure, open porous metal 100 may
have a porosity as low as 55%, 65%, or 75% or as high as 80%, §5%, or 90%. An

example of open porous metal 100 is produced using Trabecular Metal ™



WO 2013/074909 PCT/US2012/065491

10

20

Technology generally available from Zivamer, Inc., of Warsaw, Indiana. Trabecular
Metal ™ is a trademark of Zimmer, Inc. Such a material may be formed from a
reticulated vitreous carbon foarn substrate which is infiltrated and coated with a
biocompatible metal, such as tantalum, by a chemical vapor deposition ("CVD"}
process in the manner disclosed in detail in U.S. Patent No. 5,282,861 and in
Levine, B.R,, et al., "Experimental and Chinical Performance of Porous Tantalum in
Orthopedic Surgery”, Biomaterials 27 (2006) 4671-4681, the disclosures of which
are expressly incorporated herein by reference. In addition to tantalum, other metals
such as niobium or alloys of tantalum and niobium with one another or with other
metals may also be used. Further, other biocompatible metals, such as titanium, a
titanium alloy, cobalt chromium, cobalt chromium molybdenum, tantalum, or a
tantaluro alloy may also be used.

Additionally, embodiments of open porous metal 100 may comprise a Ti-
6A1-4V ELT alloy, such as Tivanium® Alloy which is available from Zimmer, Inc.,
of Warsaw, Indiana. Tivanium® is a registered trademark of Zimmer, Inc. Open
porous metal 100 may also comprise g fiber metal pad or a sintered metal layer,

™™ Q@ o TM
, Cancellous-Structared Titanium coating or layer, for example.

such as a CSTi
CSTI™ porous layers are manufactured by Zimmer, Inc., of Warsaw, Indiana.
CSTi™ is a trademark of Zimmer, Inc.

In other cmbodiments, open porous metal 100 may comprise an open cell
polyurethane foam substrate coated with Ti-6A1-4V alloy using a low teraperatare
arc vapor deposition process. Ti-6A1-4V beads may then be sintered to the surface
of the Ti-6Al-4V-coated polyurcthane foam substrate.  Additionally, another
embodiment of open porous metal 100 may comprise a metal substrate combined
with a Ti-6Al-4V powder and a ceramic material, which is sintered under heat and
pressure. The ceramic particles may thereafier be revooved leaving voids, or pores,
in the substrate. Open porous metal 100 may also comprise a Ti-6A1-4V powder
which has been suspended in a liguid and infiltrated and coated on the surface of a
polyurcthane substrate. The Ti-6Al-4V coating may then be sintered to form a
porous metal structure miroicking the polyurcthane foam substrate. Further, another

embodiment of open porous metal 100 may comprise a porous metal substrate

8
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having particles, comprising altered geometries, which are sintered to a plurality of
outer layers of the metal substrate.

Additionally, open porous metal component 100 may be fabricated
according to clectron beam melting (EBM ) and / or laser engineered net shaping
(LENS). For exarople, with EBM, metallic layers {(corprising one or more of the
biomaterials, alloys, and substrates disclosed herein) may be coated (layer by layer)
on an open cell substrate using an clectron beam in a vacuum. Sinularly, with
LENS, metallic powder {such as a titanium powder, for example} may be deposited
and coated on an open cell substrate by creating a molten pool (from a metallic
powder} using a focused, high-powered laser beam.

Open porous metal 100 may also be fabricated such that it comprises a
variety of densities 1n order to selectively tallor the structure for particular
applications. In particular, as discussed in the above-incorporated U8, Patent No.
5,282,861, open porous metal 100 may be fabricated to virtually any desired
density, porosity, and pore size {e.g., pore diameter), and can thus be matched with
the surrounding natural tissue n order to provide an tmproved matrix for tissue
ingrowth and mineralization.

Additionally, according to the mstant disclosure, open porous metal 100 may
be fabricated to comprise substantially votform porosity, deusity, and/or void (pore)
size throughout, or to comprise at least one of pore size, porosity, and/or density
being varied. For example, open porous metal 100 may have a different pore size
and/or porosity at different regions, layers, and surfaces of open porous metal 100,
The ability to sclectively tailor the structural propertics of open porous metal 100
enables tatloring of open porous metal 100 for distributing stress loads throughout
the surrounding tissue and promoting specific tissue ingrown within open porous
roetal 100,

Referring to FIGS. 2a and 2b, two embodiments of open porous metal 100
comprising differcot pore sizes and porosity at different regions or surfaces, are
shown. With reference to FIG. 2a, open porous metal 100a comprises first layer
101s, second layer 103a, first exposed surface region 106a, interface region 107a,

and second exposed porous surface region 108a. As illustrated, the nominal pore

9
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size of open porous wetal 1002 1s relatively greater in first fayer 101a and at first
exposed porous surface region 106a as compared to second layer 103a and second
exposed porous surface region 108a. In some embodiments of open porous metal
1004, the alteration in pore size and porosity may gradually occur between first
iayer 101a and second layer 103a to form a gradually increasing or decreasing pore
size gradient. In other embodiments of open porous metal 100a, the change in pore
size and porosity may be defined and localized at interface region 107a, such as
ifustrated in FIG. 2a.

Referring to FIG. 2b, another itlustrative embodiment of open porous metal
100 15 provided. As shown in FIG. 2b, open porous metal 100b, according to the
instant disclosure, may comprise first layer 101b, second layer 103b, first exposed
porous surface region 106b, interface region 107b, and second exposed porous
surface region 108b. Interface region 107b of open porous metal 100b comprises
interface substrate 110 positioned between first layer 101b having greater pore size
and decreased porosity, and second layer 103b having smaller pore size and greater
porosity. According to the embodiment of open porous metal 100 depicted in FIG.
2b, first layer 101b may be atfixed to first surface 112 of interface substrate 110 and
second layer 103b is affixed to second surface 114 of interface substrate 110, First
layer 101b and second layer 103b may be diffusion bonded to first surface 112 and
second surface 114 of interface substrate 110, respectively, using applied pressure at
an elevated temperature for an appreciable period of time.

Embodiments of open porous metal 100, such as tlhustrated in FIGS. 2a and
2b, may comprise a reticulated vitreous carbon (RVC) substrate of a uniform pore
size having a biocompatibie metal, such as tantalum, infiltrated and coated thereon
such as described in the above-incorporated U8, Patent No. 5,282,861, According
to the instant disclosure, i ovder to form a porous metal having varying pore sizes,
a greater amount of the biocompatible metal may be infiltrated and coated on the
carbon substrate i the sccond layer than wn the first layer, resulting 1o the second
layer having decreased pore size. This may be accomplished by masking a portion
of the carbon substrate during the infiltration and deposition process, or, following

an mnitial extent of infiltration and deposition of the metal, by at least partially filling
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a sacrificial material into the pores of one of the layers, followed by carrving out
further infiltration and deposition of the metal into the pores of the other layer and
then removing the sacrificial material,

With regard to open porous metal 100b, iHustrated in FIG. 2b, first layer
101b and second layer 103b may also be affixed to first surtace 112 and second
surface 114 of interface substrate 110, respectively, by an infiltration and deposition
welding process in which the substrates, perhaps following an initial extent of
infiltration and deposition of the metal into the substrates as separate components,
are held against one another followed by exposing the combined substrate to a
further extent of infiltration and deposition of the metal to concurrently coat and
thereby fuse the substrates together. In a further embodiment, the substrates may be
fused together by a resistance welding process using localized heat gencrated
through electric resistance.

According to exemplary embodiments of the orthopacdic implants disclosed
herein, first exposed porous surface region 106 of open porous metal 100 may
comprise a bone contacting surface and sccond exposed porous surface region 108
of open porous metal 100 may comprise a soft tissue contacting surface. According
to these embodiments, the voids or pores (defining channels 104} at first exposed
porous surface region 106 may comprise pore diameters of as low as approximately
44, 60 or 100um to as high as approximately 250, 300, or 350um, any value there
between, or any valuc within any range delimited by any pair of the forcgoing
values, for example. Additionally, the pores at second exposed porous surface
region 108 roay coruprise diameters, of as low as approximately S, 10, or 15um to
as high as approximately 100, 200, or 300um, any value there between, or any value
within any range delimited by any pair of the foregoing values, for example.

Additionally, it should also be understood from the ustant disclosure that the
voids (pores} within one of, or both of, first layer 101 and second layer 103 of open
porous roetal 100 may comprise varied diameters at different depths within fivst
layer 101 and second layer 103, By way of example, the plurality of pores at second
exposed porous surface region 108 may comprise diameters of approximately 200-

300um. However, the pore diameters may gradually decrease within second layer
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103 such that at as httle as 2, 3, or 4, to as high as 13, 14, or 15 pore depths, or any
value there between, within second layer 103, for example, the plurality of pores
roay comprise diameters of approximately S to 15um. Likewise, it should also be
understood from the instant disclosure that the pore diameter may gradually increase
within first layer 101 or second layer 103, Sclective tatloring of pore diameters,
disposed at different depths within first layer 101 and second layer 103, according to
the mstant disclosure, provides an osteoconductive structure and proruotes
osteogenic and ostesinductive activity, as well as providing a fibroconductive
structure and promoting fibrogenic and fibroinductive activity, within the
orthopaedic implants and thereby facilitates the regeneration of the soft tissuc to
bone nterface.

Bone and Soft Tissue Growth Factors and Agenis,

in addition to comprising selectively tailored pore diameters at different
regions throughout open porous metal 100, open porous metal 100 of the
orthopaedic implants disclosed herein may also be combined with various bone and
soft tissue growth factors or agents. For example, one or more of osteogenic,
osteoinductive, angilogenic, angioinductive, fibrogenic, and / or fibroinductive
factors or agents may be applied, or coated, on a portion of the exposed porous
surfaces of the orthopaedic implants. Fuarther, one or more bone and soft tissue
growth factors or agents may be disposed within channels 104 proximal the exposed
porous surfaces of open porous metal 100,

Exemplary bone and soft tissue growth factors or agents which may be
combined with the orthopacdic implants disclosed herein include, growth factors
influencing the attraction, activation, proliferation, differentiation, and organization
of all bone cell types such as osteocytes, osteoclasts, osteoblasts, odentoblasts,
cementoblasts, and precursors thereof (e.g., stern cells). Additionally, the bone and
soft tissuc growth factors or agents disclosed herein include growth factors
influenciong the attraction, proliferation, differentiation, and organization of soft
tissue cell types such as fibrocyies, fibroblasts, chondrocytes, tenocytes, Hgament

cells, and precursors thereof (e.g., stem cells). Further, the bone growth factors
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disclosed herein also include angiogeuic factors, such as vascular endothelial
growth factor (VEGF) and angiopoictins for example.

According to the mstant disclosure, exemplary bone growth factors or
agents include, but are not limited to, bone morphogenic proteins {(BMP) such as
BMP-1, BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, BMP-7, Transforming growth
factor (TGF)-B, platelet derived growth factors, and epidermal growth factor, for
example. Additionally, other bone and soft tissue growth factors or agents which
may be combined with the orthopaedic implants disclosed herein include bone
proteins, such as osteocalcin, osteonectin, bone sialoprotein, lysyloxidase, cathepsin
L, bighycan, fibronextin {fibroblast growth factor (FGF), platelet devived growth
factor, calcium carbonate, and thrombospondin (TSP). Exemplary soft tissue
growth factors or agents which may be combined with the orthopacdic implants
disclosed herein include fibroblast growth factors (FGF) such as FGF-1, FGF-H,
FGF-9, insulin growth factor (IGF -1, IGF-11, platelet derived growth factor,
epithelial growth factors (EGF}), and TGF-q, for example.

In addition to the bone and soft tissuc growth factors described above, the
orthopaedic implants disclosed herein may alse be combined with other geveral
cellular growth factors such as angiogenic growth factors, such as VEGF and
angiopoieting, in order o promote and support vascularization at and within the soft
tissue to bone interface at the orthopaedic implant. Even further, the orthopaedic
implants may be combined with various cell types, for example bone cells such as
osteoblasts, osteoclasts, cementoblasts, and odentoblasts for example and / or
various soft tissue cells, such as tenocytes, chondrocytes, fibrocytes, fibroblasts, and
figament cells. In addition to the various cell types, and various bone and soft tissue
growth factors and agents listed above, the orthopacdic implants may also be
combined with stem cells in ovder to further support regeneration of the soft tissue
to bone interface at the orthopacdic implants.

According to exemplary configurations of the orthopaedic iroplants
disclosed herein, first exposed porous surface region 106 (FIG. 2a) and second
exposed porous surface region 108 (FIG. 2Zb) may include {e.g., be coated with) one,

or a mixture of bone and soft tissue growth factors or agents. Additionally, one, ora
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mixture of, bone and soft tissue growth factors and agents way be disposed on or
within channels 104 of first layer 101 {proximal first exposed porous surface region
106) and second layer 103 (proximal second exposed porous surface region 108).
Further, the specific bone and soft tissue growth factors and agents coated on, and
possibly disposced on or within portions of the orthopacdic implants, may be
selectively tatlored for promotion one of cither soft tissue or bone growth {at a
desired region of the orthopeadic iraplant).

According to some configurations of the orthopaedic implants disclosed
herein, first exposed porous surface region 106 and second exposed porous surface
region 108 roay melude {e.g., be coated with) different boue and soft tissue growth
factors and agents. Likewise, channels 104 of first layer 101 (proximal first
exposed porous surface region 106} and channels 104 of second layer 103 (proximal
second exposed porous surface region 108} may have differing bone and soft tissue
growth factors and agents disposed theremn. For exaraple, an orthopacdic implant
according to the mstant disclosure may include one, or a mixture of, ostecinductive
and osteogenic growth factors coated on first exposed porous surface region 106 and
disposed within chanvels 104 of fivst layer 101 (proximal fivst exposed porous
surface region 100). Additionally, the orthopacdic mmplant may include one, or a
mixture of, fibrogenic and fibrownductive growth factors coated on second exposed
porous surface region 108 and disposed within channels 104 of second layer 103
{proximal sccond exposcd porous surface region 108}, Selective tailoring of pore
diameters throughout open porous metal 100, in addition to selective coating of the
exposed porous surfaces of the orthopaedic implants with bone and soft tissue
growth factors as disclosed herein, promotes regeneration of the soft tissue to bone
interface at the orthopacdic implants.

~

Treatment of an Anterior Cruciate Licament Intury with an Exemplary
Orthopaedic Implant,

eferring to FIG. 3a, an illustrative erobodiment of orthopacdic implant 200
comprising open porous metal 100 (FIG. 1) is depicted. As shown, orthopaedic
implant 200 compriscs an implant for scouring an anterior cruciate higament

("ACL"yor ACL graft G to abone F. Although FIG. 3a depicts orthopaedic implant
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200 securing ACL graft G to a fermar (bone F), it should be understood that
orthopaedic implant 200 may also be utilized for securing ACL graft G to a tibia.

According to some configurations of the instant disclosure, orthopaedic
implant 200 may include first layer 201 {comprising first exposed porous surface
region 206 for contacting bone F) and second layer 203 {(comprising sccond exposed
porous surface region 208 for contacting ACL graft G). Although orthopaedic
implant 200 is depicted i FIG. 3a as comprising two layers (first layer 201 and
second layer 203), configurations of orthopaedic implant 200 may also comprise a
single layer structure.

As depicted in FIG. 34, orthopaedic iroplant 200 also encircles graft securing
tunnel 210 such that second exposed porous surface region 208 outlines {e.z.,
provides a rim around) graft securing tunnel 210, Addiionally, while FIG. 3a
depicts orthopaedic implant 200 as being substantially tubular with a circular cross-
section, configurations of orthopacdic implant 200 may include other forms such as
square, rectangular, and oval. In this regard, tubular or tube-like structures with
cross scctions of any suitable two-dimensional rectilinear or curvilinear shape may
be utihzed. Fuorther, configurations of orthopacdic implant 200, according to the
instant disclosure, may be flexible such that graft securing tunnel 210 can be
compressed, thereby allowing second exposed porous surface 208 to contact ACL
graft G along substantially all surfaces of ACL graft G when positioned within graft
securing tunncl 210

Configurations of orthopaedic implant 200 may also comprise open porous
metal 100 (FI1G. 1) having different pore sizes and porosity at different regions or
surfaces of orthopaedic implant 200, such as shown in FIGS. 2a and 2b for example.
According to some configurations of orthopaedic implant 200, the plurality of pores
{voids) within first layer 201 proximal first exposed porous surface region 206 may
comprisc nominal pore diameters which are greater than the plurality of pores
{voids} within second layer 203 proximal second exposed porous surface region
208. According to an exemplary configuration of orthopaedic implant 200, the
plurality of pores within first layer 201 proximal first exposed porous surface region

206 may comprise pore diameters of as low as approximately 40, 60, or 100um to as

o
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high as approximately 250, 300, or 350um, any value there between, or any value
within any range delimited by any pair of the foregoing values, for example,
whereas the plurality of pores within second layer 203 proximal sccond exposed
porous surface region 208 may comprise pore diameters as low as approximately 5,
10, or [5um to as high as approximately 200, 250, or 300ur, any value there
between, or any value within any range delimited by any patr of the foregeoing
values,.

in addition to comprising open porous metal 100 (FIG. 1) with different pore
sizes and porositics at different regions or surfaces, configurations of orthopacedic
implaot 200 may also comprise different pore sizes and porosity at different depths
throughout open porous metal 100. For example, orthopaedic implant 200 may
comprise open porous metal 100 having pores at first exposed porous surface region
206 with pore diameters of approximately 300pm to 400um, for example, whereas
the pores disposed 3 to 6 pore diameters within fivst layer 201 comprise pore
diameters of approximately 100um to 300um. Similarly, orthopaedic implant 200
roay comprise open porous ractal 100 (FIG. 1) having pores at sccond exposed
porous surface region 208 comprise pore diameters of approximately 200pro to
300um, for example, whereas the pores disposed 3 to 6 pore diameters within
second layer 203 comprise pore diameters of approximately 1Sum to 30um. As
explained herein, variation of pore diameters throughout first layer 201 and second
layer 203 allows orthopacdic implant 200 to provide an optimal matrix for providing
an osteoconductive and fibroconductive structure and promoting osteogenic and
fibrogenic activity, as well as osteoinductive and fibroinductive activity, at select
positions within, and along, orthopaedic implant 200.

Additionally, orthopaedic implant 200 may be combined with various bone
and soft tissue growth factors or agents as discussed above. For example, a
contfiguration of orthopaedic implant 200 may include a mixture of one or more
bone and growth factors coated on at least one of first and second exposed porous
surface regions 206, 208. Additionally, a mixture of one or more bone and soft
tissue growth factors may be disposed within channels 104 of first and second layers

201, 203 proxamal first and second exposed porous surface regions 206, 208.
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According to another configuration of orthopaedic tmplant 200, first exposed
porous surface region 206 may be coated with one or more bone growth factors or
agents, while second exposed porous surface region 208 may be coated with one or
more soft tissue growth factors or agents. Additionally, channels 104 (FI1G. 1) of
first layer 201 proximal first cxposed porous surface region 206 may include one or
more bone growth factors or agents disposed therein, while channels 104 of second
layer 203 proximal second exposed porous surface region 208 may mclude one or
more soft tissue growth factors or agents disposed therein, As detailed herein,
combining orthopacdic implant 200 with select mixtures of bone and soft tissue
growth factors and agents (at various positions along and within orthopaedic
implant 200), enhances the regenceration of soft tissuc to bone interface.

Io use, during surgical repair of an ACL injury, orthopaedic implant 200 is
placed within bone tunnel 220. Bone tunnel 220 is created during surgery, though
rearning, drilling, or any rcthod known in the art, for placement of orthopaedic
implant therein. Although bone tumnel 220 is shown in FIG. 3a as extending
substantially through a condyle of fomur F, it should be understood that bone tunnel
roay extend only partially within ferour F as well.

As depicted in FI1G. 3a, first end 212 of ACL graft G 15 inserted through first
opening 215, defined by orthopacdic implant 200, and positioned within graft
securing tunnel 210, According to configurations of orthopeadic mmplant 200, first
cnd 212 of ACL graft G may be sccured within gratt securing tununcel 210 by
compressing orthopaedic implant 200 such that substantially all of first end 212 of
ACL graft (G is contacted by second open cxposed porous surface region 208 of
orthopaedic implant 200. According to other configurations of orthopaedic implant
200, first end 212 of ACL graft G may be initially secured within graft securing
tunnel 210 by way of a securing anchor, such as an anchor screw or another type of
anchoring device, for example. According fo such configurations, first end 212 of
ACL graft is affixed to the anchor and the anchor is theu the secured within graft
securing tunnel 210, Further, in some configurations, securing anchors may be

comprised in part or cutirely of open porous metal 100 (F1G. 1) as deseribed herein.
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Upon securing first end 212 of ACL graft G within graft securing tunnel
210, orthopaedic implant 200 is positioned within bone tunnel 220, As shown in
FI1G. 3a, orthopaedic oplant 200 1s positioned within bone tunnel 220 such that first
exposed porous surface region 206 contacts bone F (which has been reamed or
dritled) and second open porous surface 208 continues contacting first end 212 of
ACL graft G positioned within graft securing tunnel 210, As depicted in FIG. 3a,
second end 214 of ACL graft G extends out of graft securing tunnel 210 through
first opening 213.

Orthopeadic implant 200 may be secured within bone tunnel 220 by way of
the high coefficient of friction of first exposed porous surface 206, imparted by
struts 150 (FIG. 1} of open porous metal 100 comprising first cxposed porous
sarface region 206, as described 1o detail in Bobyo 1.1, et al., "Characterization of
new porous tantalum biomaterial for reconstructive orthopacdics”, Scientific
Exhibition: 66" Annual Meeting of the American Academy of Orthopaedic
Surgeons; 1999; Anaheim CA, the disclosure of which ts expressly tncorporated
hercin by reference. First exposed porous surface region 206 may have a coefficient
of friction (in contact with cancellous boue) which is sixty-five percent greater than
the coefficient of friction of cortical bone (in contact with cancellous bone), for
example, as described in detail in Zhang Y. et al,, "Interfacial frictional behavior:
Cancellous bone, cortical bone, and a novel porous tantalum biomaterial”, Journal of
Musculoskeletal Research, 1999; 3(4): 245-251, the disclosure of which is expressly
incorporated herein by reference.

According to configurations of orthopeadic mmplant 200 1 which the high
coetfictent of friction of first exposed porous surface region 206 secures orthopaedic
implant 200 within bone tunnel 220, the coefficient of friction of first exposed
porous surface region 206 provides an iuitial fixation of orthopaedic oplant 2060 to
the bone F defining bone tunnel 210. The initial fixation secures orthopaedic
implaot 200 within boue tunnel 220 for a period of time following implantation.
Additionally, as explained above, open porous metal 100 further provides a matrix
for bone ingrowth and mincralization. Bone ingrowth, within open porous metal

100 comprising first exposed porous surface region 206 and first layer 201, thereby
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provides a rigid and secure secondary fixation of orthopaedic implant 200 within
bone tunnel 220,

Additionally, although vot depicted, configurations of orthopaedic iroplant
200 may be secured within bone tunnel 220 with an affixation screw or with an
adhesive. First end 212 of ACL graft G may also be sccured within graft securing
tunnel 210 by way of an affixation screw or an adhesive.

According to some configurations of orthopaedic fraplant 200, ACL graft G
may be secured within graft securing tunnel 210 by way of the high coefficient of
friction of second exposed porous surface region 208, imparted by struts 150 (FIG.
1) of open porous metal 100 comprising second exposed porous surface region 208,
Further, the cocfficient of friction of second exposed porous surface 208 may differ
from the cocfficicot of friction of first exposed porous sarface region 206, or may be
approximately the same as the coetficient of friction of first exposed porous surface
region 206,

According to configurations of orthopeadic implant 200 in which the
coctticient of friction of second exposed porous surface region 208 secures ACL
graft G within graft sccuring tunnel 210, the cocfficient of friction of second
exposed porous surface region 208 provides an initial fixation of ACL graft G to the
second exposed porous surface region 208, The initial fixation secures ACL graft G
within graft securing tunnel 210 for a period of time following implantation.
However, as cxplained above, open porous metal 100 further provides a matrix for
soft tissue ingrowth and mineralization. Soft tissue ingrowth, within open porous
metal 100 comprising second exposed porous surface region 208 and second layer
203, thereby provides a rigid and secure secondary fixation of ACL graft G within
graft securing tunnel 210.

Referring to FIG. 3b, an llustrative configuration of orthopaedic implant
200" is depicted. As shown, orthopaedic implant 200’ comprises screw 250 or dowel
{not shown) for securing an ACL graft G within bone tuonel 220" of bone F.
According to configurations of orthopaedic implant 200, screw 250 {or dowel)
comprises open porous metal 100 (FIG. 1) as described herein, advantageously

promoting bone and / or soft tissue ingrowth along all sides of, and throughout,
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screw 250. Additionally, orthopaedic implant 200" may also be combined with oue
or more bone and / or soft tissue growth factors or agents as discussed above.
Fuarther, although FIG. 3b depicts orthopaedic iraplant 200" securing ACL graft G to
a fomur (bone F), it should be understoed that orthopacdic mmplant 200" may also be
uttlized for sccuring ACL graft G to a tibia.

While configurations of orthopaedic implant 200 and 200/, disclosed herein,
have been described and depicted in use for repairing an ACL, configurations of
orthopaedic implant 200 and 260" may also be used in the repair of other soft tissue
injuries. For example, orthopaedic implant 200 and 200" may alse be useful in
repair of other knee ligaments, etbow ligaments and tendouns, shoulder ligarnents
and tendons, biceps tendon and ligaments, and ankle ligaments and tendons.

Treatment of a Rotator Cuff Intury with an Exernnlary Grthopacdic Implant,

Referring to FIG. 4, another illustrative embodiment of orthopaedic implant
300 comprising open porous metal 100 18 depicted. As shown, orthopaedic implant
300 comprises an umplant for securing a rotator cuff (¢.g., a subscapularis tendon or
soft tissue graft G), or a portion thercof, to bone H (iHustrated as a humerus).

According to some configurations of the instant disclosure, orthopaedic
implant 300 may include first exposed porous surface region 306 (for contacting
bone H) and second exposed porous surface region 308 (for contacting soft tissue
(). Orthopacdic implant 300, as depicted in FIG. 4, may also include one or more
anchoring screws 320 for securing orthopacdic implant 300 to bone H, and / or for
securing graft G to orthopaedic implant 300, In some configurations of orthopaedic
implant 300, anchoring screws 320 may partially, or entirely, comprise open porous
metal 100 (FIG. 1) as described herein.

As shown in FIG. 4, orthopacdic implant 300 comprises a thin sheet of open
porous metal 100 (F1G. 1). According to some configuratious, orthopaedic implant
300 may also be malleable such that, during a surgical procedure, orthopaedic
implaot 300 may advantageously be shaped and sized to a desived formn. However,
while orthopaedic implant 300 is depicted and described herein as a thin sheet of
open porous metal 100, configurations of orthopacdic implant 300 may also

comprise open porous metal 100 having a first layer and a second layer (similar to

20



WO 2013/074909 PCT/US2012/065491

10

20

orthopaedic implant 200 depicted 10 FIG. 3a). Additionally, while orthopaedic
implant 300 1s depicted in FIG. 4 as being circular or disc-like, configurations of
orthopaedic implant 300 may comprise any number of forms such as a square,
rectangle, oval, or other polygonal shape, for example.

Similar to embodiments of orthopacdic implant 200 (FIG. 3a), orthopacdic
implant 300 may comprise open porous metal 100 {(FIG. 1) having different pore
stzes and porosity at different regions or surfaces of orthopeadic iraplant 300, For
example, configurations of orthopaedic implant 360 may include the plurality of
pores (voids) at first exposed porous surface region 306 having nominal pore
diameters which are greater than the plurality of pores {voids) at second exposed
porous surface region 308, Further, configurations of orthopacdic implant 300 may
also comprise differcut pore sizes and porosity at differcut depths throughout open
porous metal 100,

Additionally, as described herein, orthopacdic implant 300 may be combined
with various bone and soft tissue growth factors or agents. For example, a
configuration of orthopaecdic iraplant 300 may mclude a mixture of one or more
bone and soft fissue growth factors coated ou at least oue of first and second
exposed porous surface regions 300, 308, A mixture of one or more bone and soft
tissue growth factors may also be disposed on or within chanuels 104 (FIG. 1) of
open porous metal 100 (comprising orthopaedic implant 300} proximal first and
second exposed porous surface regions 306, 308, Further, configurations of
orthopaedic implant 300 may include first exposed porous surface region 306 being
coated with one or more bone growth factors or ageunts, while second exposed
porous surface region 308 is coated with one or more soft tissue growth factor or
agent.

Io use, during surgical repair of a rotator cuft injury, orthopaedic iraplant
300 may be secured to humerus H with anchoring screws 320, Prior to securing
orthopaedic implant 300 to huwoerus H, a portion of humerus H may be prepared for
securing orthopaedic implant 300 thereto, for example, by reaming or grinding a
portion of humeras H. As shown in FIG. 4, orthopacdic implant 300 15 secured to

hamerus H such that first exposed porous surface region 306 contacts humerus H
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and second exposed porous surface region 308 contacts soft tissue G, Additionally,
soft tissue G may also be secured to second exposed porous surface region 308 of
orthopaedic implant 300 with anchoring screws 320, In some configurations of
orthopaedic implant 300, soft tissue G may be secured to second exposed porous
surface region 306 by way of the coefficient of friction of second exposed porous
surface region 308, imparted by struts 158 (FIG. 1) of open porous metal 1060
comprising second exposed porous surface region 308,

According to configurations of orthopeadic implant 300 in which
orthopeadic implant 300 is secured to bone H (and / or soft tissue G) by way of the
high cocfficient of friction of open porous metal 100, the coefficient of friction
provides an initial fixation for securing orthopaedic tmplant 300 to bone H {(and / or
soft tissue G). As explaived heretn, the iitial fixation secures orthopaedic implaot
300 to bone H, and soft tissue G to (second exposed porous surface region 308 of)
orthopaedic implant 300, for a period of time following implantation. However,
ingrowth and mineralization of boune H within first exposed porous surface region
306 {(and first layer 301), and soft tissue G within second exposed porous surface
region 308 {and second fayer 303), thereby provides a rigid and secure secondary
fixation of soft tissue G to orthopaedic implant 300 and orthopacdic implant 300 to
bone H.

While configurations of orthopaedic implant 300, disclosed herein, have
been described and depicted for use in repairing g rotator cutf injury, configurations
of orthopacdic implant 300 may also be useful in the repair of other soft tissue
injuries. For exaraple, orthopacdic implant 300 may also be uscful in repair of knee
ligaments, elbow ligaments and tendons, and ankle Hgaments and tendons.

Treatment of Achilles Tendon Injury with an Exemplary Orthopaedic

Further, orthopacdic implant 300 may also be useful in the repair of Achilles
tendon fojures such as ruptures. Referring to FIGS. 5a and 5b, dlustrative
embodiments of orthopaedic implant 300" and 308", respectively, are shown
securing an achilles tendon or soft tissue graft G to a bone C in the ankle region,

such as a calcaneus bone. Similar to configurations of orthopaedic implant 360
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depicted in FIG. 4, above, orthopaedic iraplants 300" and 300" include fivst exposed
porous surface region 306, 306" (for contacting bone and / or soft tissue) comprised
of open porous wetal 100 (FIG 1), Orthopaedic implant 300, shown in FIG. 5a also
includes second exposed porous surface region 30 (for contacting soft tissue)
comprised of open porous metal 100,

Referring to FIGS. 5a and 5b, orthopaedic implants 304", 300" comprise a
thin sheet of open porous metal 100 (FIG. 1), According to some configurations,
orthopaedic implants 300", 300" may also be flexible such that, during a surgical
procedure, orthopacdic implants 300, 300" may advantageously be shaped and sized
to a desired form. Similar to configurations of orthopaedic implaut 300, open
porous metal 100 comprising orthopacdic tmplants 300", 300" may also have
different pore sizes and porosity at differcot regions or surfaces, and at different
depths throughout orthopacdic implants 300, 300", Further, configurations of
orthopaedic umplants 300, 3007, as with orthopaedic implant 300 (FIG. 4), may also
be combined with one or more bone and soft tissue growth factors or agents.

Referring to FIG. Sa, 1n use during surgical repair of an Achilles tendon
injury orthopaedic implant 300" raay be secured to a boue C 1o the ankle region of a
leg, for example a calcancus bone.  Advantageously, orthopacdic implant 300" may
be shaped and sized (during the surgical procedure) to the size and contour of the
bone C. Further, orthopaedic implant 300" may be secured to bone C by way of
anchoring screws 320 or an adhesive. As shown, orthopacdic implant 300" is
secured to bone C such that first exposed porous surface region 336" contacts bone C
and second cxposced porous surface region 308’ contacts soft tissue G, Soft tissuc G
is secured to second exposed porous surface region 30¥ of orthopaedic implant
300, for example, with anchoring screws 320, surgical sutures, or the like.
Additionaily, in some configurations of orthopaedic fmplant 300, soft tissue G may
be secured to first exposed porous surface region 306 or by way of the cocfficient
of friction of second exposed porous surface region 308"

Referring to FH3. 5b, another configuration of orthopaedic implant 300" for
use during surgical repair of an Achilles tendon injury 1s shown. According to FIG.

5b, soft tissue G is secured to bone €, or is held against bone C by orthopaedic
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implaot 300", As shown, a portion of fivst exposed porous surface region 306" of
orthopaedic implant 300" contacts soft tissue G and presses soft tissue G against
bone C. Portions of first exposed porous surface region 306" not contacting soft
tissue G, are contoured to contact bone C. Orthopacdic implant 300" may be secured
to soft tissue G and bone C by way of anchoring screws 320 or an adhesive, such
that the soft tissue G 18 also secured to bone € and first exposed porous surface
region 306" of orthopacdic implant 300", Further, similar to configurations of
orthopaedic implant 300' shown in FIG. 5a, orthopaedic implant 300" may
advantageously be shaped and sized (during the surgical procedure) to a desired size
and shape.

According to configurations of orthopeadic mplant 300, 300" in which
orthopeadic implant 300, 300" is secured to bone €, and / or soft tissue G 1s secured
to orthopaedic implant 300", 300", by way of the high coefficient of friction of open
porous ractal 100, the coctficient of friction provides an nitial fixation for securing
orthopaedic implant 300", 300" to bone C, and / or soft tissue G to orthopaedic
implant 3007, 300", As cxplained above, the mitial fixation sccures orthopaedic
implant 3007, 300" {6 bone C, and / or soft tissue G {o orthopaedic implant 300,
300", for a period of time following implantation. However, ingrowth and
mineralization of bone € within first exposed porous surface region 306, 306", and
soft tissue G within second exposed porous surface region 308 or first exposed
porous surface region 306", thereby provides a rigid and secure secondary fixation
of soft tissue (G to orthopaedic implant 300°, 300" and orthopaedic implant 300,
300" to bone C.

Further, in some configurations of orthopaedic implant 300", open porous
metal 100 (FIG. 1) comprising portions {or regions} of first exposed porous surface
region 306" may have different pore sizes and porosities. For example, the portion
of first exposed porous surface region 306" contacting {and proximal to} soft tissue
G may comprise pores {(voids) having nominal pore diameters which are smaller
than the pores of the portion of first exposed porous surface region 306" which

contact bone C.
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Further, configurations of orthopaedic froplant 300" roay also include
portions of first exposed porous surface region 306" being combined with different
roxtures of bone and soft tissue growth factors and agents. For example, the
portion of first exposed porous surface region 306" contacting {and proximal to) soft
tissuc G may be corbined with one or more soft tissue growth tactors and agents,
whereas the portion of first exposed porous surface region 306" contacting bone C
rnay be combined with one or roore bone growth factors or agents.

While configurations of orthopaedic implants 306", 300" disclosed herein,
have been described and depicted for use in repairing an Achilles tendon injury,
configurations of orthopacdic implants 300", 300" way also be useful 1o the repair of
other soft tissue injuries. For example, orthopaedic implants 3060°, 300" may also be
useful i repair of knee igaments and tendous, elbow ligaments and tendous, and
other ankle ligaments and tendons.

Anchor Screw Embodiment of Qrthopacdic Traplant

Referring to FIG. 6, an illustrative embodiment of orthopaedic implant 400
comprising a {or a plurality of) threaded anchor screw is shown. Orthopacdic
implant 400 may partially or cotirely comprise open porous metal 100 (FIG. 1), As
shown, orthopacdic implant 400 may be used for securing a rotator cuff{e.g., a
subscapularis tendon or soft tissue graft G), or a portion thereof, to bone H
{illustrated as a humerus}).

As shown in FIG. 6, orthopacdic implant 400 includes thread component
402 {for contacting bone H and securing orthopaedic implant 400 therein) and
aperture 404 (for receiving surgical sutures thercthrough).

Additionally, according to some configurations of the present disclosure,
open porous metal 100 (FIG. 1) comprising orthopaedic implant 400 may have
diffevent pore sizes and porosity at differcot regions or surfaces of orthopeadic
implant 400. For example, configurations of orthopaedic implant 400 may include
the plarality of pores {(voids) of thread component 402 having nominal pore
diameters which are greater than the pore diameters of the pores proximal aperture
404. Further, configurations of orthopacdic implant 400 may also include the

cocfficient of friction of the open porous metal 100 defining aperture 404 being
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lower than the coefficient of friction of open porous metal 100 comprising thread
component 432,

Additionally, orthopaedic implant 400 may be combined with various bone
and soft tissue growth factors or agents. For exampile, a configuration of
orthopaedic implant 400 may include a mixture of one or more bone and soft tissue
growth factors coated on at least thread component 402. Further, configurations of
orthopacdic implant 400 may also include onc or more soft tissue growth factor or
agents coated on open porous metal 100 defining aperture 404,

In use, during surgical repair of a rotator cuff injury, thread component 402
of orthopaedic oplant 400 may be securely screwed or dritled into humerus H. As
depicted in FIG. 6, one or more orthopaedic implants 400 may be used. Surgical
sutures 410 are threaded into a fivst end of soft tissue graft G, and threaded through
apertures 404 of the one or more orthopaedic implants 400. Soft tissue G 15 secured
to orthopaedic implant 400, and tension applied to soft tissue G, by way of securing
surgical sutures 410 to orthopaedic implant 400 at apertures 404,

While configurations of orthopaedic implant 400 have been described and
depicted herein as comprising a threaded anchor screw, embodiments of orthopaedic
implant 400 may also comprise a dowel component and a dowel sleeve component
{not shown). According to such configurations, soft tissue G is secured to a first
end of the dowel component. The dowel component may then cither be secured in a
previously prepared bone tunnel, or may be sccured within a dowel sleeve
component secured in a bone tunnel. As described herein, configurations of
orthopaedic implant 400 comprising a dowel and dowel sleeve component may also
comprise open porous metal 100 (FIG. 1) baving pores {voids} comprising varying
pore diameters. For example, configurations of orthopaedic implant 400 may
include open porous metal 100 of dowel comaponent having pore diameters which
are smalier than the pore diameters of open porous metal 100 of dowel sleeve
component.

Orthopaedic implant 400, while having been disclosed and described herein

for use n repatring rotator cuff injuries, may also be usctul in the repair of other soft
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tissue fnjuries. For example, orthopaedic iroplant 400 voay also be useful 1o repair
of knee ligaments, elbow ligaments and tendons, and ankle ligaments and tendons.

While this disclosure has been described as having exeroplary designs, the
present disclosure can be further modified within the spirit and scope of this
disclosure. This application is theretore mtended to cover any variations, uses, or
adaptations of the disclosure using its general principles. Further, this application is
mtended to cover such departures from the present disclosure as come within known
or customary practice in the art to which this disclosure pertains and which fall
within the limits of the appended claims.

EXAMPLES

The following non-limitine Exanmmples tllustrate various features and

characteristics of the present nvention, which 18 not to be construed as Hmited

thereto.
Example 1
Cellular Responses to Various Porous Tantalum Surfaces.,
N Introduction,

The aim of the present exarple disclosed herein was to evaluate inferactions
of human bone and soft tissue growth factors with an open porous metal according
to the present disclosure. The examples provided herein further aim to evaluate
osteoblast and fibroblast cell attachment, ingrowth and proliferation with an open
porous metal according to the present disclosure.

i1 Methods and Materials,

Cireular porous tantalurn discs having a diamcter of approximately 10 mm
and a thickness of 3 mm, were utilized in the Examples presented herein (see FIG.
73. Porous tantalum (Trabecular Metal ™, Zimmer, Inc., Warsaw, 1N} is a form of
open porous metal which has been utihized as an implantable material in clinical
orthopaedic applications. The porous tantalum discs utilized in the present
Examples were fabricated according to a chemical vapor deposition/infiltration
technique, as described herein. The discs were also terminally sterilized using

garnma trradiation. Control discs comprised garama sterilized polished non-porous
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titantam discs having the sawe diroensions as the porous tantalum discs were also
utilized.

Huoman osteoblasts (ATCC, CRL-1427} and human skin fibroblasts (ATCC,
CRL-2522) were sceded onto the porous tantalum and T1 discs at a density of 2 x
10" cells per dise, and thereafter cultured in Eagle’s Minimum Essential Medium
with ten percent fetal bovine serum and one percent antibiotics at thirty-seven
degrees Celsius in a humidified incubator. Following ten days of culture, cells on
the discs were fixed with ghiteraldehyde then dehydrated sequentially using ethanol
series (50%, 70%, 80%, 90%, 95%, and 100%) for ton minutes each. The discs
were coated with PH/Pd and then viewed using scanning electron microscopy. Cell
proliferation was quantified using the nonradipactive cell proliferation (MTS) assay
from Promega (n=3). Onc~-way ANOVA was used for performing statistical
analysis (p<0.05).

HL Results and Conglusions.

The Examples disclosed herein demonstrated that the porous tantalum discs
supported attachrucnt and prolifcration of osteoblasts and fibroblasts. Referring to
FIG. B, growth of human osteoblasts upon a porous tantaluro disc after ten days
culture according to the present Examples, 18 shown. As shown in FIG. 8, the
osteoblasts produced extracellular roatrix covering the T™M surfaces and roigrated
into the pores of the discs.

Referring to FIG. 9, growth of human fibroblasts upon the porous tantalum
discs after ten days culture according to the present Examples, is shown. As shown
in FIG. 9, the majority of fibroblasts proliferated on the porous tantalum skeleton
and along the periphery of the pores. The fibroblasts produced less extraceliular
matrix than osteoblasts did, and a smaller percentage of fibroblasts migrated info the
pores after ten days of culture.

Referring to FIG. 10, quantitative measurement of cell proliferation by
nonradioactive cell prohiferation (MTS) assay from Promega, after ten days of
culture, is shown. As shown, cell proliferation (of both osteoblasts and fibroblasts)
on the porous tantalum discs was significantly greater than on the control titantum

discs.
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With refercuce now to FIG. 11, shown is another implant system 500 of the
present disclosure that locates open porous metal components with different
characteristics, ¢.g., pore sizes and porosities, at different regions or surfaces of the
systern. This illustrative system includes a first clement 550 and a second clement
555, First elernent 550 includes a first open porous metal structure 551 having a
first exposed porous surface region 552 that is particularly adapted for contacting
soft tissue or a soft tissue graft G. Sceond clement 555 ineludes a second open
porous metal structure 556 that can mimic one or more of the features described
above in relation to structure 1002 of FIG. 2a. For example, as iliustrated, second
open porous metal stracture 556 provides a second exposed porous surface region
557 that 18 particularly adapted for contacting soft tissuc or a soft tissue graft G and
a third exposed porous surface region 538 that 15 adapted for coutacting bouve (not
shown}. In this regard, the nominal pore size of the second open porous metal
structure 556 can be relatively greater in third exposed porous surface region 558
than in second exposed porous surface region 557 and {irst exposed porous surface
region 352, Alternatively, structure 556 could be configured with an interface
substrate or layer similar to that shown n element 100b of FIG. 2b. Additionally,
systern 500 inchades an optional outermost coating or layer 560 (e.g., a pure
titantam plate) that is essentially non-porous or macasurably less porous than first
structure 551, for cxample, to inhibit cellular invasion and ingrowth thereon and/or
to protect surrcunding tissucs that might contact the layer following implantation.
In some preferred forms, layer 560 is bonded or otherwise connected to first
structure 351, or it is mtegrally formed into structure 551.

Continuing with FIG. 11, first structure 551 and second structure 556 can
cach be shaped and configured in a variety of manners, for example, as a sheet,
layer, disc, planar or non-plavar plate {e.g., with curvature), or any other suitable
three-dimensional shape. Such structures can be particularly adapted for interacting
with a tendon or other tissue G, for example, where a chanuel, passage or other
space is provided in one or both of the structures for receiving at least part of the
tissue or graft. In some preferred forms, first structure 551 and second stracture 556

both form part of a single or monolithic piece of porous metal that is adapted to
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recetve fissue G 1o or through the monolithic piece. In sorae other preferved forms,
first structure 551 and second structure 556 arc initially distinct and separate pieces
{c.g., solid discs or washers) that are later arranged together n the assembly of
systern 500, Optionally, these separate pieces can be designed to cooperatively fit
together, for example, where the picces contact one another around the soft tissue or
soft tissue graft 3 to fully or partially enclose portions of the graft. When system
components such as first structure 551 and sccond structure 356 are initially
separate picces, they can be held together in any suitable manner. Also in this
regard, the system or any individual part within the system can be connected to the
soft tissue G and/or to a bone 1 any suitable manner including by bouding and/or
utilizing any usable one- or multiple-picce connection mechanism. For example, in
one tHustrative embodiment, one or more screws are nserted through layer 560
toward a bone so that the screw(s) pass through first structure 551 and second
structure 356 {(and optionally also through a tendon, ligaraent, etc.) before entering
the bone for securing the soft tissue within the systemn and securing the system to the
bone.

FIG. 12A shows a generally rectangular paralielepiped open porous metal
structure 600 according to one embodiment of the present disclosure. Structure 600
includes an opening 681 1o a first end 602 of the structure that leads to an inferior
region 603 of the structure. In some aspects, structure 600 can mimic one or more
of the features described above i relation to structure 1003 of FIG. 2a. For
example, as illustrated, a relatively lower porosity region 604 of the structure
provides exposed interior porous surface walls 605 that are adjacent mterior region
603 and that are particularly adapted for contacting soft tissue or a soft tissue graft,
¢.g., by inserting soft tissue into interior region 603 through opening 601 during a
surgical procedure. A relatively higher porosity region 607 of the structure provides
an exposed exterior porous surface wall 608 that is particularly adapted for
contacting bone. In this regard, the nominal pore size is relatively greater in
exposed exterior porous surface wall 608 than in exposed interior porous surface

walls 605.
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FIG. 128 shows an ewobodiment of structare 600 10 which intetior region

603 provides a passage 610 extending fully through the structure from first opening
601 to a second opentng in an opposite ¢nd of the structare. Such openings, wnterior
regions, and passages can possess any suitabic size and shape, and even the

S structurce itself can be any suttable three-dimensional shape cxhibiting rectilinear
and/or curvilinear features. Also, an optional coating or layer 611 as shown on
structure 600 i FIG. 12B is designed to mhibit cellular growth on the structure.
Such a coating or layer can be placed on select surfaces of structure 600 such as
walls or regions in which celiular ingrowth or ongrowth is not desired. In any

10 suitable order, soft tissue can be secured in interior region 603 and i contact with

exposed interior porous surface walls 6035, and exposed exterior porous surface wall

608 can be secured against bone. In doing so, the structure 600 can be attached to

the soft tissue and the bone in any suitable manner inchuding by bonding and/or

uttlizing any suitable one- or multiple-piece connection mechanism. In one

15 preferred method, a recess or indentation will be made in the bone for receiving and

containing all or part of relatively higher porosity region 607.
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WHAT IS CLAIMED IS:

I. An implant for securing soft tissue to bone, comprising:

an open porous metal body having an exterior that includes an exposed
porous metal exterior surface suitable for contacting bone, wherein said body
mcludes an opening in the exterior of the body that provides access to an exposed

porous interior surface suitable for contacting soft tissue.

N2

The implaot of claime 1, wherein said body is a fully cannulated tube.

()

The 1mplant of any of claiws 1-2, wherein said body includes a segment with
a cross section selected from the group consisting of a circle, a semi-circle, a

triangle, a square, a rectangle, and a polygon having four or more sides.

4. The implant of any of clairas 1-3, wherein said interior surface has a first
cocthicient of friction and said exterior surface has a second cocfficient of friction,
satd first coefficient of friction being different than said second cocfficient of

friction.

5. The implant of any of claims -4, wherein said opening opens to an eiongate
o 5 > i ol

passage in the body.

6. The implant of claim 5, wherein said exterior surface circumscribes said
prassage.
7. The implant of claim 5, wherein said exterior surface does not circumscribe

satd passage.

[
b2
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8. The implaot of any of claims 1-7, wherein pores of said interior surface have
a first nominal diameter and pores of said exterior surface have a second nominal

diameter, said first nominal diavocter being less thau said second nomiual diameter.

9. The implant of any of claims 1-8, wherein said body comprises a contiguous

open porous metal,

10, An implant for securing soft tissue to bone, comprising:
a monolithic open porous metal body, comprising:

a first soft tissue attachment layer, comprising a phurality of pores
having a first nominal pore diameter, said first layer having a thickness of between
one and six pore diameters; and

a second bone attachment layer, comprising a plurality of pores
haviog a second voroinal pore diameter, said second layer having a thickness of

between one and six pore diameters.

11, The implant of claim 10, wherein at least one of said first layer and said
second layer includes at feast one factor selected from the group consisting of

fibrocytic factors and osteocytic factors.

12. The mmplant of any of clairas 10-11, wheren said porous metal body s in

the form of a sheet.

13, The implant of any of claims 10-12, wherein said first nominal pore

diameter 18 less than said sccond nominal pore diamcter.

14, The implant of any of claims 10-13, wherein said first layer is atfixed to a
first surface of a plate and said second layer 18 atfixed to a second surface of said

plate.

)
(a2
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15, The implant of claiva 14, wherein said fivst and second layers are affixed to
respective said first and second surfaces of said plate by diffusion bonding or

resistance welding.

16.  The implant of any of claims 10-15, wherein said first layer 1s chemical

vapor deposition {CVD) bonded to said second layer.

17.  Animplant for securing soft tissue to bone, comprising:
a monolithic open porous metal body comprising:
a soft fissue securing portion; and

a bone anchoring portion.

IR, The implant of claim 17, wherein said bone anchoring portion comprises a

plurality of anchor mermbers projecting from said soft tissuc securing portion.

19, The implant of claim 17, wherein said bone anchoring portion includes a
screw thread, and said soft tissue securing portion includes an eyelet having a

passage therethrough.

2Q. The implant of claim 19, wherein said scrow thread inchudes material with a
first coefficient of friction and said passage of said eyelet includes material with a
second coefficient of friction, said second cocfficient of friction less than said first

coefficient of {riction.

21, The implant of claim 17, wherein said soft tissue securing portion is formed
as a sheet of monolithic open porous metal, comprising:

a first layer comprising a plurality of pores having a first nominal pore
diameter; and

a second layer comprising a plurality of pores having a second nominal pore

diameter, said first nominal diaracter greater than said sceond nominal diameter.
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22, The implaot of claim 21, wherein said fivst layer further corprises a first
surface for contacting soft tissue and said second layer comprises a second surface

for contacting bone.

23.  Aun woplant for securing soft tissue to bone, comprising:

a tubular body providing an inner passageway for receiving soft tissue of a
patient, wherein said inner passageway includes an interior side wall provided by a
first open porous metal structure with pores of a first nominal pore diameter for
suitably receiving soft tissue ingrowth, said tubular body including an exterior side
wall provided by a second open porous retal structare with pores of a second
noninal pore diameter greater than said first nominal pore diameter for suitably

receiving bone ingrowth.

24, The implant of claim 23, wherein said 1nner passageway extends entirely

through said tubular body.

25. The 1mplant of any of claiwos 23-24, wherein said inner passageway docs not

pass through said second open porous metal structure.

26, The implant of any of claims 23-25, wherein said first open porous metal
structure is tubular.
7.

2 The implant of claim 26, wherein said tubular first open porous metal

structure ncludes a section with a circular cross section.

28, The mmplant of claim 26, wherein said second open porous metal structure is
tubular and is positioned substantially concentrically around said tubular first open

porous roetal structure.

29, The implant of any of claims 23-28, wherein said sccond open porous rctal

structure is non-tubular.

(9]
L
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30, The implant of any of claims 23-29, wherein said tubular body includes a
side wall thickness extending between the intenior side wall of the inner passageway
and the exterior side wall of the tubular body, said thickness provided entirely by

open porous metal,
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