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ABSTRACT

Apparatus and method for a shoulder implant, for example,
for the glenohumeral joint. Optionally, The implant is
expandable and deflatable during implantation. Optionally
the implant is sized for the gelnoid fossa. In an exemplary
embodiment of the invention, the selection and/or implanta-
tion of the implant include adapting the implant by size and
function to a particular patient’s need.
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SHOULDER IMPLANT

RELATED APPLICATION/S

[0001] This application claims the benefit of priority under
35 USC 119(e) of a U.S. provisional application Ser. No.
61/370,525, filed Aug. 4, 2010 and having the title “SHOUL-
DER IMPLANT”.

[0002] The contents of the above document are incorpo-
rated by reference as if fully set forth herein.

FIELD OF THE INVENTION

[0003] The present invention generally relates to ortho-
paedic implants and related methods of treatment, for
example, to methods and devices for preventing or treating
glenohumeral joints disorders.

BACKGROUND OF THE INVENTION

[0004] The shoulder is a very unique joint in the human
body having the greatest range of motion while being least
stable than other large articular joints. FIGS. 1A-B show
different aspects of a human shoulder joint anatomy. There
are four separate joints that make up the shoulder; the main
one is the glenohumeral joint formed by the humerus head or
“ball” 102 and a socket on the scapula denoted as the glenoid
104. The glenoid itself defines a glenoid fossa 120 which is
very shallow and small (covering at most only a third of the
humerus ball), also relative to other joints in the body, and
fitting is accomplished by the presence of the glenoidal
labrum 114, a fibrocartilaginous rim attached around the mar-
gins of the glenoid fossa/cavity 120 which substantially deep-
ens the glenoid cavity and protects the edges of the bone. The
labrum is triangular-like in cross section with its base fixed to
the circumference of the cavity. Articular cartilage 110 covers
the end extension of the humerus ball (as well as, 112, in the
glenoid cavity), a thin layer of a slippery material having a
stiff rubbery consistency, mainly serving as a shock absorber
(or cushion) and provides an exceptionally smooth surface for
an easy relative motion between the ball and socket members.
In one aspect the glenohumeral joint differs from the hip joint
(the second ball-and-socket type joint in the human body) by
the fact that the articular cartilage is substantially thinner and
the shocks and impulses and forces applied to it have different
amplitudes and different temporal profiles. The glenohumeral
joint is maintained in-place by a joint capsule 118 formed by
a group of enveloping ligaments. The synovial membrane
116, or synovium, is the inner layer or lining of the joint
capsule. It is composed of connective tissue, and secretes a
lubricating fluid named synovial, a viscous non-Newtonian
fluid which reduces friction to facilitate motion between the
joint members in a synovial cavity 106.

[0005] The unique combination and correlating configura-
tion of the glenohumeral joint members, namely the capsule,
the cartilage and the synovium, allows these incomparable
characteristics of the shoulder with respect to other articular
joints in the human body. Any disorder of at least one of the
joint members may cause dysfunction and at least severe
discomfort and pain sensation to the patient. A common dis-
order is the glenohumeral joint osteoarthritis, or degenerative
joint disease, where the cartilage gradually thinned and even-
tually completely worn out. Besides osteoarthritis, which is
the most common type of arthritis, there are also other related
illnesses such as rheumatoid arthritis. Synovium can also
become irritated and thickened in conditions such as rheuma-
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toid arthritis. Adhesive capsulitis, also known as “frozen
shoulder”, is a disorder in which the shoulder capsule
becomes inflamed and stiff, greatly restricting motion and
causing chronic pain. Frozen shoulder may be caused by
trauma or injury, and probably involves an autoimmune com-
ponent and/or indicated in lack of synovial fluid.

[0006] The more severe cases of glenohumeral joint disor-
ders are usually treated with surgical intervention known as
shoulder arthroplasty, in which the glenohumeral joint or only
the humerus head is partially or completely removed and
replaced with prosthesis. Arthroscopic introduction of heal-
ing regenerative substances and matrixes (such as the Graft-
jacket®, an acellular dermal matrix allograft manufactured
by Wright Medical Group, Inc.) was also tested and found
efficient in some cases.

[0007] The following examples describe several initiatives
to treat general articular joints disorders, though not specifi-
cally specified or adapted for the shoulder glenohumeral
joint.

[0008] FEuropean patent publication number 0507645 to
Bouvet, the disclosure of which is fully incorporated herein
by reference, describes an implant comprising a leak tight
envelope made of a flexible, non-elastic material and a fluid
incompressibly filling up the envelope, the envelope is
capable of being interposed between the two parts of a joint
which are to move with respect to each other, and it is in
contact with both these parts. According to this document, the
implant is intended for reducing production of particles due to
wear of joint prostheses after full or partial arthroplasty. Its
incompressible character is especially intended for maintain-
ing the two parts of the joint (for example, the “ball” and
“socket” members) at a constant distance while allowing
natural joint movements without friction of the surfaces in
contact. The proposed exemplary embodiment was focused
on the coxo-femoral or “hip” joint, which, it should be noted,
is mechanically, anatomically, medically and functionally
different from the shoulder joint.

[0009] U.S. patent application Ser. No. 10/865,238 to Ku et
al., the disclosure of which is fully incorporated herein by
reference, describes a prosthesis for placement into a joint
space between two or more bones. The prosthesis includes a
body formed from a pre-formed solid one piece elastomer,
wherein the elastomer is formed from a synthetic organic
polymer that is biocompatible and has a modulus of elasticity
and a mechanical strength between 0.5 MPa and 75 MPa. The
body having a shape contoured to fit within a joint space
between the femoral condyle, tubercle, and tibial plateau
without any means of attachment.

[0010] U.S. patent application Ser. No. 12/259,907 to Phil-
ippon et al., the disclosure of which is fully incorporated
herein by reference, describes a device for accessing and
distending a joint comprises a distraction structure having a
generally tapered distal portion adapted to penetrate a tissue
region and create an access space within a joint. The distrac-
tion structure also includes a lumen extending from a proxi-
mal surface to a distal portion. The device further includes a
distention structure deployable through the lumen and
adapted to exert a force between a first joint surface and a
second joint surface and create a working space. The disten-
tion structure may, in some embodiments, include an elongate
member having a proximal end, a distal end, and a lumen
extending along at least a portion of the length of the elongate
member, a first expandable region deployable from a first
substantially collapsed position to a second substantially
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expanded position, the first expandable region adapted to
exert a force between the first joint surface from the second
joint surface.

[0011] US patent publication 2009/0187252 describes an
implant for relieving damaged areas of the surfaces of hip or
shoulder joints from stress. The implant is cup-shaped or
cap-shaped, rests in the socket by means of a convex external
face and sits in the condyle by means of a convex external face
in the implanted state. The implant comprises at least two
articulation layers which are movable relative to each other
and encompass articulation surfaces that face one another in
the implanted state. Also described is an implantation method
where the implant is pushed, using fluid through a channel
that is drilled in the trochanter and femoral head, in to a joint
space of a hip joint.

SUMMARY OF THE INVENTION

[0012] In a broad aspect of some embodiments there is
provided a biodegradable inflatable glenohumeral joint pros-
thesis, optionally adapted to prevent or treat osteoarthritis.
[0013] There is provided in accordance with some exem-
plary embodiments of the invention a method for implanting
and deploying an implant in a glenohumeral joint to achieve
a desired function, comprising minimally invasively inserting
an expandable implant into a joint capsule of said gleno-
humeral joint and then controlling the expansion of said
implant to a desired amount such that said desired function is
achieved.

[0014] Optionally, said desired function comprises one or
more of implant stability, shoulder stability, pain reduction
and amelioration of osteoarthritis. Optionally or alternatively,
said desired function is a normal unhindered multiaxial
motion of a human shoulder under loads of up to 100 Kg that
is stabilized only by soft tissues.

[0015] Inan exemplary embodiment of the invention, con-
trolling the expansion comprises first expanding to assist
deployment of the implant and then contracting to said
desired amount.

[0016] In an exemplary embodiment of the invention,
inserting comprises inserting an implant that fits within a
glenoid fossa and is maintained in place, at least in part by a
Labrum of said glenohumeral joint.

[0017] In an exemplary embodiment of the invention, the
method comprises anchoring said implant to cartilage of said
joint. Optionally, said anchoring comprises anchoring to a
single point at the glenoid apex or to at least 3 points on a
glenoid cartilage.

[0018] In an exemplary embodiment of the invention, the
method comprises determining a correctness of said inserting
and said controlling by manipulating said joint to ensure a
separation between bone faces in said joint, over a range of
useful motion thereof.

[0019] In an exemplary embodiment of the invention, said
implanting is in response to an illness of the joint and wherein
said illness is osteoarthritis.

[0020] In an exemplary embodiment of the invention, said
expandable implant is inflatable and provided detachably
connected to inflation means, and wherein said inflation
means are detached from said expandable corrective and
withdrawn after said controlling.

[0021] In an exemplary embodiment of the invention, said
controlling comprises controlling said expansion until reach-
ing a maximally allowed parameter including at least one of a
pressure, a volume, a diameter and a consistency.
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[0022] In an exemplary embodiment of the invention, the
method comprises:

[0023] creating a passage into said glenohumeral joint cap-
sule for said implanting; and

[0024] increasing a gap between a humerus head and a
glenoid fossa of said glenohumeral joint, before said implant-
ing.

[0025] In an exemplary embodiment of the invention, the
method comprises:

[0026] creating a second passage, to a sub-acromial space;
and
[0027] inserting a second portion of said collapsed expand-

able implant into said space.

[0028] In an exemplary embodiment of the invention, the
method comprises:

[0029] forming a channel in the humeral head; and

[0030] delivering said implant through said channel.
Optionally, the method comprises anchoring said implant to
said channel. Optionally or alternatively, the method com-
prises covering at least 40% of a surface of a bone-bone
contact surface said humeral head by said implant.

[0031] There is provided in accordance with some exem-
plary embodiments of the invention an expandable implant-
able device sized and shaped to include at least a section
which fits in a synovial joint capsule such that it sits in a fossa,
when in an expanded, deployed form, between and selec-
tively formable from a minimally invasive delivery form to a
chosen expanded form smaller in at least one dimension than
said deployed expanded form.

[0032] Optionally, said device is sized to fit within a gle-
noid fossa. Optionally or alternatively, said device has a body
which fits within a glenoid fossa and one or more anchoring
elements which extend onto a Labrum.

[0033] In an exemplary embodiment of the invention, said
device has a main body shaped to sitin a glenoid fossa and one
or more elements which extend out of said fossa, and are
thinner over a Labrum than at said main body.

[0034] In an exemplary embodiment of the invention, said
one or more anchoring element comprises a lip. Optionally or
alternatively, said one or more anchoring element comprises
a plurality of ears adapted to have anchors attached thereto.
[0035] In an exemplary embodiment of the invention, said
device is ellipse-like to match a glenoid fossa shape. Option-
ally or alternatively, said device is circular with a diameter to
match an inner diameter of a glenoid fossa.

[0036] In an exemplary embodiment of the invention, said
device has at least one aperture therethrough.

[0037] In an exemplary embodiment of the invention, said
device is non-planar to comply, at least in part, with a curva-
ture of said glenoid fossa. Optionally, said device has two
faces, each adapted to conform to a bone face and wherein the
two faces have different spatial curvatures.

[0038] In an exemplary embodiment of the invention, said
device is constructed to endure compressive forces of at least
100 Kg over a period of at least 3 years without mechanical
failure.

[0039] In an exemplary embodiment of the invention, said
device can be inflated and deflated during implantation to
have a chosen consistency. Optionally, said chosen consis-
tency resembles at least one of a natural healthy bone consis-
tency, a natural healthy articular cartilage consistency, and a
natural healthy synovium consistency.

[0040] In an exemplary embodiment of the invention, said
device is formed of a biodegradable material.
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[0041] In an exemplary embodiment of the invention, the
device comprises at least one connection between two sides
of the device other than at its edge, the connection defining a
maximum expansion volume of said device. Optionally or
alternatively, the device comprises a mesh or other surface
adapted to adhere or cause adherence to a joint face.

[0042] In an exemplary embodiment of the invention, said
device comprises a smooth surface adapted to allow a
humeral head to slide on. Optionally or alternatively, said
device comprises a smooth surface adapted to allow a glenoid
to slide on.

[0043] In an exemplary embodiment of the invention, the
device comprises an anti-adhesive layer adapted to prevent
bone adhesion.

[0044] In an exemplary embodiment of the invention, the
device comprises at least one anchor adapted for attaching
said device to a joint portion. Optionally, said at least one
anchor comprises an anchor adapted for attaching said device
to a labrum section.

[0045] In an exemplary embodiment of the invention, the
device comprises a sleeve for surrounding said implant dur-
ing implantation and a deployment tube incorporating at least
one of a seal and a valve for passage of fluid into said device
during implantation thereof.

[0046] In an exemplary embodiment of the invention, the
device comprises a second section, connected to said device
by a bridge, which second section is adapted to provide a
bursa function to a shoulder joint. Optionally, said bridge
comprises a valve.

[0047] There is provided in accordance with some exem-
plary embodiments of the invention an implantable shoulder
corrective comprising:

[0048] (a) an expandable chamber, enclosing a reservoir,
sized and configured to fit in a glenohumeral joint capsule in
an expanded form and provide slidability therein;

[0049] (b) an extension, sized and shaped to protrude out of
said glenohumeral joint capsule when said expandable cham-
ber is in said expanded form, comprising:

[0050] abody with at least one smooth surface allowing
unhindered movement of a first tissue relative to other
tissues;

[0051] (c)abridge connecting said chamber and said exten-
sion. Optionally, said bridge and said extension are sized and
shaped to provide a bursa function by said extension.
Optionally or alternatively, said extension is inflatable.
Optionally or alternatively, said extension is in fluid commu-
nication with said reservoir. Optionally or alternatively, said
extension includes a second smooth surface opposing said
first smooth surface.

[0052] In an exemplary embodiment of the invention, said
expandable chamber defines a peripheral diameter substan-
tially unchangeable by chamber expansion, once deployed,
and a height changeable by said chamber expansion.

[0053] In an exemplary embodiment of the invention, said
chamber comprises a substantially seamless outer surface
except for a port and said bridge.

[0054] The present invention, in some embodiments
thereof, further provides a method for preventing or treating
glenohumeral joint osteoarthritis, including:

[0055] (a) providing a collapsed inflatable prosthesis
releasably attached to an inflation device into a glenohumeral
joint capsule;

[0056] (b)inflating the inflatable prosthesis via the inflation
device until a chosen consistency is met; and
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[0057] (c) detaching the inflation device from the inflatable
prosthesis.
[0058] In a broad aspect of some embodiments there is

provided an expandable implantable device sized to fit inside
a synovial joint capsule and selectively formable from a mini-
mally invasive delivery form to an expanded form indicatable
by a chosen consistency of the device, wherein the device
includes a first smooth surface on which a first cartilage
portion may slide. In some embodiments, the synovial joint is
a glenohumeral joint. In some embodiments, the chosen con-
sistency resembles a natural healthy bone consistency, a natu-
ral healthy articular cartilage consistency, or a natural healthy
synovium consistency.

[0059] Insomeembodiments, the device includes an inflat-
able cavity. Optionally, the cavity is selectively inflatable with
a fluid material to the chosen consistency of the device. In
some embodiments, the fluid material includes saline, bio-
compatible gel, synovial fluid, glucosamine, chondroitin,
anti-inflammatory agent, or any combination thereof.

[0060] In some embodiments, the device includes a biode-
gradable material. Optionally, the biodegradable material
includes PLLA, PLGA, caprolactone, polycaprolactone, poly-
diaxone, or any combination thereof. In some embodiments,
the device is designed to rupture within a time period of 1 to
30 weeks, optionally 6 to 10 or 12 weeks, following expan-
sion. Optionally, the device is designed to completely biode-
grade within a time period of 3-30 months, optionally 6-12
months, following expansion.

[0061] In some embodiments, the device includes at least
one passage extending from a first side to a second side of the
device for promoting fibrotic development therein. Option-
ally, at least one passage defines a maximum expansion vol-
ume of the device.

[0062] In some embodiments, the device includes a mesh.
[0063] In some embodiments, the device is configured to
cushion between a ball-like bone portion and a socket-like
bone portion. Optionally, the first smooth surface is located
on a proximal side of the device. Optionally, the first cartilage
portion is associated to a humerus. In some embodiments, the
device includes a distal side with a second smoothed surface
onwhich a second cartilage portion may slide. Optionally, the
second cartilage portion is associated to a glenoid. Alterna-
tively or additionally, the device includes an anti-adhesive
applied to the smooth surface on the proximal side and/or on
the distal side to prevent bone adhesion.

[0064] In some embodiments, the device includes an
anchor, or plurality of anchors, adapted for attaching the
device to an articular capsule. Optionally, the anchor adapted
for attaching the device to a bone and/or to a labrum.

[0065] Insome embodiments, the device includes a sleeve
incorporating at least one of a seal and a valve.

[0066] Insome embodiments, the device expansion is irre-
versible.
[0067] Unless otherwise defined, all technical and/or sci-

entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials simi-
lar or equivalent to those described herein can be used in the
practice or testing of embodiments of the invention, exem-
plary methods and/or materials are described below. In case
of'conflict, the patent specification, including definitions, will
control. In addition, the materials, methods, and examples are
illustrative only and are not intended to be necessarily limit-
ing.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0068] Some embodiments of the invention are herein
described, by way of example only, with reference to the
accompanying drawings. With specific reference now to the
drawings in detail, it is stressed that the particulars shown are
by way of example and for purposes of illustrative discussion
of embodiments of the invention. In this regard, the descrip-
tion taken with the drawings makes apparent to those skilled
in the arthow embodiments of the invention may be practiced.
[0069] In the drawings:

[0070] FIGS. 1A-B illustrate different anatomical views of
a glenohumeral joint;

[0071] FIG.2A is a cutaway schematic view of a portion of
aprosthesis implantation and/or inflation device and an inflat-
able expandable prosthesis for the shoulder, in accordance
with an exemplary embodiment of the invention;

[0072] FIG. 2B is a cutaway view of an expandable pros-
thesis deployed in a glenohumeral joint, in accordance with
an exemplary embodiment of the invention;

[0073] FIGS. 3A-C illustrate different deployment stages
of'a prosthesis, in accordance with an exemplary embodiment
of the invention;

[0074] FIG. 3D is a flowchart of a method of implantation
of a shoulder implant, in accordance with an exemplary
embodiment of the invention;

[0075] FIGS. 4A-C illustrate various prosthesis designs, in
accordance with exemplary embodiments of the invention;
[0076] FIGS. 5A-5E illustrates various prosthesis shapes
and anchoring methods, in accordance with exemplary
embodiments of the invention;

[0077] FIG. 6A is a flowchart of a method of implantation
in a shoulder, including forming a channel in the bone, in
accordance with an exemplary embodiment of the invention;
[0078] FIG. 6B is a cutaway view of an exemplary prosthe-
sis delivered through a passage crossing the humerus head, in
accordance with an exemplary embodiment of the invention;
[0079] FIG. 7 is a cutaway view of an implantation of an
exemplary prosthesis both a bursa simulating section and a
glenohumeral section, in accordance with an exemplary
embodiment of the invention;

[0080] FIGS. 8A-8C are side, side and top views of two-
section prostheses, in accordance with exemplary embodi-
ments of the invention;

[0081] FIGS.9A-9H illustrate various stages in a process of
implanting a two section implant, in accordance with an
exemplary embodiment of the invention;

[0082] FIG.91is aflowchart of a method of implantation of
a two section prosthesis, in accordance with an exemplary
embodiment of the invention; and

[0083] FIGS.10A-10Dillustrate various stages in a process
of implanting a two section implant, in accordance with an
alternative exemplary embodiment of the invention.

DETAILED DESCRIPTIONS OF EXEMPLARY
EMBODIMENTS

[0084] The present invention generally relates to ortho-
paedic implants and related methods of treatment, for
example, to methods and devices for preventing or treating
glenohumeral joints disorders.

[0085] An aspect of some embodiments of the invention
relates to a method of providing an implant in the shoulder,
between two bones, in which the implant is implanted and
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then inflated such that it is suitable for use in the shoulder
joint, for example, the glenohumeral joint portion thereof.

[0086] In an exemplary embodiment of the invention, the
implant is sized and shaped to fit in the glenoid fossa and is
optionally held in place also or only by the surrounding
Labrum. In an exemplary embodiment of the invention, the
implant covers at least 30%, 50%, 70%, 90% or intermediate
or greater percentages of the surface area of the Glenoid
Fossa. Optionally, the implant is selected to match the shape
of'the fossa (e.g., be oval or elliptical in shape with an optional
sharper edge) and/or its diameter. Optionally or alternatively,
the implant is selected so it cannot rotate and/or move trans-
versally within the fossa. Optionally or alternatively, the
implant includes one or more recesses and/or opening therein,
for example, being donut shaped. In some embodiments, the
entire implant (e.g., excepting anchoring) fits within the
fossa. In others, the implant includes a section or body shaped
to sit in the fossa but has anatomically functional sections
(e.g., other than anchoring or inflation) which extend onto or
past the labrum.

[0087] In an exemplary embodiment of the invention, one
or more anchoring elements are used. Optionally at least one
anchor is adapted for fixating the implant to a labrum portion.
Optionally or alternatively, at least one of the implant faces or
surfaces is curved, to match a shape of the Humerus and/or of
a Glenoid. Optionally, the implant has different curvatures on
two opposing surfaces thereof.

[0088] In an exemplary embodiment of the invention, the
implant is provided at a location and/or anchored in a manner
which matches rotation positions where friction and/or pain
are expected. Optionally, the thickness of the implant is non-
uniform at one or more edges thereof, for example, tapering,
where movement of the joint may allow bone to slide past
other bone without an intermediate implant section.

[0089] In an exemplary embodiment of the invention, the
selection and implantation process include a personalization
to the patient. Optionally, the implementation includes a fine-
tuning process where fit of, for example, implant inflation, is
matched to dynamic properties of the patients joint. In an
exemplary embodiment of the invention, the inflation match-
ing includes first over inflating to deploy the implant and then
reducing inflation amount to a functionally desired inflation
of the implant. Optionally, alternatively or additionally, the
selection process includes matching of the implant to the
patient anatomy, for example, to the Glenoid Fossa and/or
humeral head.

[0090] In an exemplary embodiment of the invention, the
implant is made strong enough to withstand the high forces in
the shoulder, for example, its wall is made thick enough to
resist forces of at least 100-200 Kg. Alternatively or addition-
ally, the implant wall is made thick enough to resista pressure
across its wall of at least 2-3 atm. Optionally, the implant has
a wall thickness of between 0.1 and 0.5 mm, for example,
about 0.25 mm

[0091] In an exemplary embodiment of the invention, the
implant includes one or more extensions. For example, the
implant may include an extension to lie between a tendon and
the bone and/or to occupy a volume in a subacromial space.
[0092] In an exemplary embodiment of the invention, the
implant is configured to cover a humeral head, optionally
anchoring to the humeral head.

[0093] In an exemplary embodiment of the invention, the
implant is selected and/or manipulated to match a particular
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patient. In one example, during implantation, the implant is
overinflated to ensure its deployment and then deflated to a
working state.

[0094] In an exemplary embodiment of the invention, the
shoulder is distracted during implantation, optionally by
manual manipulation and/or by the over-inflation, and then
the distraction removed, for example, to test the implant and/
or determine a desired inflation amount.

[0095] In an exemplary embodiment of the invention, the
shoulder joint is manipulated to determine that the implant is
in a correct place and/or does not move.

[0096] In an exemplary embodiment of the invention,
implanting (and/or optionally manipulation or other acts of
tuning) includes making sure that there is no contact between
the Humerus and the Glenoid over a desired range of motion.
[0097] An aspect of some embodiments of the invention
relates to a method of implantation of an implant in a shoulder
joint, in which a channel is formed in the bone and the implant
is inserted through the channel. In an exemplary embodiment
of the invention, the channel is a hole drilled through the
Humerus head. Optionally, the implant is inflated and/or
deflated through the channel. Optionally or alternatively, the
implant includes at least one protrusion which anchors in the
channel after deployment of the implant.

[0098] In an exemplary embodiment of the invention, the
implant is used to cover at least 30%, 50%, 80% or interme-
diate percentages of the area of the cartilage covered portion
of'a humeral head. In an exemplary embodiment of the inven-
tion, the implant is provided at a location and/or anchored in
a manner which matches rotation positions where friction
and/or pain are expected. Optionally, the thickness of the
implant is non-uniform at one or more edges thereof, for
example, tapering, where movement of the joint may allow
bone to slide past other bone without an intermediate implant
section.

[0099] An aspect of some embodiments of the invention
relates to a two section shoulder implant. In an exemplary
embodiment of the invention, the implant is implanted in a
shoulder so it both separates a Humerus from a Glenoid and
between the Humerus and a tendon and/or in subacromial
space. In an exemplary embodiment of the invention, this
provides for treating multiple shoulder disorders, such as
rotator cuff problems and osteoarthritis. In some embodi-
ments, one section serves to help anchor or limit the motion of
another section. In some embodiments, the use of multiple
sections improves the stability of the shoulder joint.

[0100] Optionally, the two sections include a fluid commu-
nication channel so they can both be expanded and/or deflated
via a single port. Optionally, the two sections have different
wall thicknesses, for example, the subacromial section having
awall thickness of less than 50%, 20% or smaller percentages
of the wall thickness of the Glenohumeral section.

[0101] In an exemplary embodiment of the invention, the
two sections are connected by a bridge which is narrower than
the two sections. Alternatively, one section is an extension
that extends away from the other section.

[0102] In an exemplary embodiment of the invention, any
of the implants used is seamless. Optionally or alternatively,
the implant includes a port which self-seals when an inflation
tube is retracted therefrom. Optionally or alternatively, the
implant includes means, such as connecting sections, which
limits a maximum thickness of the implant, for example, to
less than 4 mm, less than 3 mm, less than 2 mm or interme-
diate thicknesses. Optionally, the implant has a final thickness
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of at least 1 mm, at least 2 mm or more. Optionally or alter-
natively, the implant includes one or more through passages
between its two main faces, for example, to assist in control-
ling the shape of the implant during use and/or inflation.
[0103] In an exemplary embodiment of the invention, the
implant comprises two walls with a cavity defined thereby in
between with its total thickness set by the amount of inflation.
Optionally, more than two layers are provided, for example,
three, four or more layers. Optionally, some or all of the
adjacent layers define isolated cavities therebetween. In some
embodiments, two or more of the cavities do have fluid com-
munication there between. Optionally different cavities have
different liquids therebetween.

[0104] In an exemplary embodiment of the invention, the
implant includes a mesh or other surface which is adapted to
adhere to one part of the joint. Optionally or alternatively, the
implant includes a surface which is adapted to not adhere to a
part of the joint.

[0105] In an exemplary embodiment of the invention, the
implant includes one or more anchors, for example, one or
more anchors adapted to attach to bone and/or one or more
anchors adapted to attach to cartilage.

[0106] In some embodiments of the invention, some or all
of'the implant is configured to allow a sliding motion between
two surfaces thereof.

[0107] In an exemplary embodiment of the invention, the
implant is pre-formed to have curved surfaces, for example,
conforming to spherical surfaces expected in a joint.

[0108] Before explaining at least one embodiment of the
invention in detail, it is to be understood that the invention is
not necessarily limited in its application to the details set forth
in the following description or exemplified by the Examples.
The invention is capable of other embodiments or of being
practiced or carried out in various ways.

[0109] Exemplary Shoulder Implant

[0110] Referringto FIG. 2A, a cutaway view of a portion of
a prosthesis implantation and/or inflation device 200 and an
expandable/inflatable prosthesis 202 is shown, in accordance
with an exemplary embodiment of the invention. Similar or
alternative designs of expandable prostheses and implantable
balloons are described in PCT applications number PCT/
1L.2008/000347 and PCT/IL2005/000672, the disclosures of
which are fully incorporated herein by reference. In an exem-
plary embodiment of the invention, however, the implant is
specifically adapted for the glenohumeral joint, for example,
by size, shape, consistency, strength and/or anchoring mecha-
nism.

[0111] In an exemplary embodiment of the invention,
inflatable expandable prosthesis 202 is circular or oval in
shape when deflated, possibly delivered rolled or coiled, and
when inflated resembles a cylindrical disc or ovoid. It should
be understood, however, that many shapes may be chosen
instead, in exemplary embodiments of the invention, for
example, to match a particular shoulder geometry and/or
dynamics. In some embodiments of the invention, prosthesis
202 is adapted to be inserted deflated into a patient’s body
through a cannula and/or covered by a flexible sheath 203.
Optionally, the cannula is selected from cannulas of sizes of
between 5 mm and 10 mm cannula. In an embodiment of the
invention, a long axis 205 (x-axis) of inflatable expandable
prosthesis 202 is approximately 1, 1.5 or 2 cm to 10 cm,
optionally 3 cm to 6 cm in length when inflated. In some
embodiments of the invention, the width 207 (y-axis) of
inflatable expandable prosthesis 202 is approximately 0.5
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mm to 20 mm when inflated. Optionally, inflatable expand-
able prosthesis 202 is 1.1, 1.5 or 2 mm to 9 mm in thickness.
Itshould be understood that the deflated and/or inflated size of
prosthesis 202 is adapted to fit for a patient’s particular needs
or to simulate the size and/or shape of the natural interior of a
joint capsule, glenoid fossa and/or of a natural synovial mem-
brane, in an embodiment of the invention, and therefore,
prosthesis 202 does not necessarily conform to the size ranges
given above.

[0112] In an exemplary embodiment of the invention, the
implant is sized for the glenoid fossa and is provided, for
example, in one of three sizes: 40x50, 50x60 and 60x70
(measurements in mm), with the shape being elliptical. For
example, the ratio between the major and minor axes of the
implant may be, for example, between 1:1.2 and 1:2.

[0113] In an exemplary embodiment of the invention, the
size and/or thickness of the implant are selected according to
aprogression of the disease. For example, some diseases will
narrow the glenohumal space so that a thinner implant may be
desired. Other diseases may cause the creation of bone spikes
which may or may not be removed during implantation. In
such cases, a thicker implant may be used, to ensure a greater
thickness than such spikes. Optionally, a plurality of implants
are provided, each one with a thickening at a different part
corresponding to a greater thickness for different parts of the
Glenoid Fossa, according to the need at that part. Alterna-
tively, for example, as shown below, the implant be selected to
not cover all the fossa, but rather only needed parts thereof
and/or parts of the labrum. Optionally, the implant is selected
after and/or matched to a joint configuration after damaged
cartilage and/or bone are removed. For example an implant of
thickness (after inflation) 0of 0.5 to 6 mm may be chosen based
on need. It is noted that the inflation/deflation can form a part
of implant selection, with an implant chosen which can be
fine-tuned by the inflation. Optionally, the implant includes
two or more side by side chambers, optionally with separate
inflation ports, whose separate inflation allows personaliza-
tion of the implant thickness at different parts thereof.

[0114] In an exemplary embodiment of the invention,
inflatable expandable prosthesis 202 is manufactured by dip
molding and/or investment casting. In some embodiments of
the invention, inflatable expandable prosthesis 202 is a seam-
less balloon-like structure made from biocompatible and/or
biodegradable synthetic materials such as, but not limited to,
PCL, PGA, PHB, plastarch material, PEEK, zein, PLA, PDO
and PLGA, or any combination and/or family members
thereof. Additionally, optionally and/or alternatively, inflat-
able expandable prosthesis 202 is manufactured from natural,
biocompatible and/or biodegradable materials such as col-
lagen and/or methyl cellulose. In some exemplary embodi-
ments of the invention, the inflatable prosthesis 202 is manu-
factured from at least one non-biodegradable material such as
polyethylene, polyurethane, silicon, and/or Kevlar®. In an
embodiment of the invention, prosthesis 202 is comprised of
a material which is about 100-200 microns in thickness,
although, as with the other dimensions, the thickness dimen-
sion of the material is adapted depending on the intended use
and/or the needs of the patient. In an exemplary embodiment
of the invention, the thickness and/or material and/or a rein-
forcing feature (e.g., fibers) is selected to withstand the forces
in the glenohumeral joint which may be, for example, 20 Kg,
50 Kg, 70 Kg, 100 Kg, 150 Kg, 200 Kg or intermediate or
greater forces.
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[0115] In some exemplary embodiments of the invention,
inflatable expandable prosthesis 202 is adapted to elute phar-
maceuticals such as anti-inflammatory drugs and/or antibiot-
ics and/or pro-angiogenesis factors to promote healing. In
some embodiments, inflatable expandable prosthesis is con-
figured to release (for example by diffusion (e.g., through
micropores in its wall) from an internal chamber and/or as
external wall layers degrade and/or from pores in such walls)
materials such as glucosamine and/or chrondroitin. Option-
ally or alternatively, the implant elutes an anti-adhesive and/
or a slippery material.

[0116] In an exemplary embodiment of the invention,
inflatable expandable prosthesis 202 is releasably attached to
prosthesis implantation and/or inflation device 200. Option-
ally, prosthesis implantation and/or inflation device 200 (e.g.,
a manual syringe or pump) is adapted to inflate and/or deflate
prosthesis 202 to a specific fill amount, which can determine
an overall consistency, allow prosthesis 202 to be positioned
in vivo. Optionally, device 200 is adapted to be separated
(e.g., by retracting or by unscrewing, for example, with the
device 200 detachable from port 206 by reverse screwing
thereof) from prosthesis 202 after implantation, leaving pros-
thesis 202 at the implantation site. In some exemplary
embodiments of the invention, prosthesis implantation and/or
inflation device 200 includes a tube or catheter type structure
210 which interfaces with prosthesis 202 in the proximity of
a sealing mechanism 206 which is located at the end of tube
210 nearest prosthesis 202. In an exemplary embodiment of
the invention, mechanism 206 is a self-sealing port, for
example, a duckbill valve or a ball valve. Optionally or alter-
natively, port 206 is simply a portion which elastically self
seals when an inflation syringe is removed therefrom. Option-
ally or alternatively, other sealing methods, for example, such
as known in the art, self-sealing or manual sealing, may be
used.

[0117] Inanexemplary embodiment of the invention, infla-
tion is described for expansion. Optionally, other expanding
mechanisms are used, for example, absorption of fluids from
the surrounding into an absorbent wall or filing of the implant.
Such an implant may be solid and not include a cavity. How-
ever, an advantage of an inflatable implant is that it can be
deflated to reach a desired inflation amount.

[0118] Exemplary Placement and Consistency

[0119] In an exemplary embodiment of the invention,
inflatable expandable prosthesis 202 is introduced in the gle-
nohumeral joint capsule between the humerus and glenoid
cartilage surfaces to prevent injury thereof and/or to permit
relatively unhindered or free shoulder movement. Optionally,
alternatively and/or additionally, an expandable prosthesis
comprises an inflatable structure and a sponge-like structure
in combination. For example, one or both of the walls may
include a sponge-like layer on the outside, or in a cavity
defined by the implant walls. FIG. 2B is a cutaway view of
inflatable expandable prosthesis 202 deployed in a gleno-
humeral joint capsule, in accordance with an exemplary
embodiment of the invention. In some embodiments, a first
surface of prosthesis 202 is at least occasionally and/or par-
tially in contact with an external surface of a cartilage portion
112 of the humerus head/ball. Alternatively or additionally, a
second surface of prosthesis 202 is at least occasionally and/
or partially in contact with an external surface of a glenoid
cartilage portion 110 and or with the labrum 114. In some
embodiments, at least one of prosthesis 202 surfaces is
smooth and allows gliding and/or frictionless motion of a
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cartilage portion in contact. Alternatively or additionally, at
least one surface is coarse and/or comprising a frictional
element (e.g., a mesh) thereby avoiding relative motion and/
or encouraging adhesion with respect to a cartilage portion in
contact. In an exemplary embodiment of the invention, place-
ment and/or inflation and/or size of the implant are selected
and/or modified according to a mechanical criterion, such as
no contact between bones and/or a separation of, for example,
2, 3, 4 or smaller or larger or intermediate spacing in mm
between the bones.

[0120] In an exemplary embodiment of the invention, the
implant is chosen to have a wall thickness and/or inflation
medium volume and/or ratio therebetween which provides a
needed strength for example, resistance to forces of 100 Kg or
more. In an exemplary embodiment of the invention, the
implant is sized to fill the glenoid fossa 120, e.g., cover
between 50% and 100% thereof, for example, between 70%
and 90%. Optionally, the implant is selected and placed to
abut against the labrum 114 at one or more locations, option-
ally being retained by the labrum 114. Optionally, the thick-
ness is about 2-4 mm, for example, 2-3 mm, with wall of; for
example, about 0.25 mm and a filling of saline.

[0121] In some embodiments, prosthesis 202 is configured
to change its overall consistency to a specific chosen degree.
“Consistency” will be considered herein as any property or
combination of properties that directly relate to the prosthesis
ability to maintain its shape under external stresses and/or
retain it when these are removed, and for example, to the point
of transfer from a rigid resistance to an elastic or plastic
resistance under an applied force. Consistency may be the
element density, softness, firmness, viscosity or any combi-
nation thereof. Prosthesis 202 consistency may be altered by
the degree of relative inflation (vol. of actual inflation
medium divided by vol. in maximal inflation) and/or by the
properties (e.g., viscosity) of the inflation medium. In some
embodiments, prosthesis 202 is deployed in a consistency
that is similar, identical or equivalent to that of a synovial
membrane or synovium, optionally the ones of the gleno-
humeral joint. It should be noted that a viscosity of normal
synovial fluid is about 1 to 2 inch string (using a string test
model: the max stretchable length of a measured fluid drop).
Alternatively, the physician may choose another consistency
according to need, which may or may not resemble a consis-
tency ofa cartilage or a bone. In an exemplary embodiment of
the invention, prosthesis 202 has non-elastic wall.

[0122] In some embodiments, prosthesis 202 is fully
inflated so it may be applied to firmly occupy a space, be
uncompressible under unyielding forces and/or separate the
two adjacent joint surfaces. In some embodiments, prosthesis
202 is not fully inflated at end of procedure so it is compress-
ible under inward pressures. In some embodiments, the infla-
tion device 200 and/or prosthesis 202 are configured and
equipped to allow selective inflation/deflation and/or adjust-
ments to a chosen volume and/or relative inflation. In some
embodiments, prosthesis 202 is filled with Newtonian fluid
(e.g., water or saline). Alternatively or additionally, the infla-
tion medium includes anon-Newtonian fluid (e.g., hyaluronic
acid) having a determined and/or variable viscosity. Alterna-
tively or additionally, the inflation medium includes a lubri-
cating material, either fluidic or non-fluidic, optionally a non-
polar fluid such as lipid or oil. In some embodiments, only a
minute quantity of material is introduced into prosthesis 202
inner volume, optionally inefficient to provide expansion, but
still sufficient to reduce friction between the inner surfaces of
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the implant. In some embodiments, prosthesis 202 wall is
sized and configured to have a chosen consistency when
inflated partially and/or fully, optionally by combining spe-
cific wall thickness and wall material.

[0123] As will be noted below, inflation and/or placement
and/or selection of the implant are optionally performed and/
or modified to achieve certain desired functional and/or struc-
tural effects in a patient and are optionally personalized to that
patient, for example, before or during and/or after implanta-
tion.

[0124] Exemplary Implantation Process

[0125] Reference is now made to FIGS. 3A-C which illus-
trate different deployment stages of prosthesis 202, in accor-
dance with an exemplary embodiment of the invention. FIG.
3D is a flowchart 300 of a method of implantation, in accor-
dance with an exemplary embodiment of the invention.
[0126] At 302, the shoulder joint (e.g., including the gle-
nohumeral joint) is optionally imaged. For example, MRI,
CT, ultrasound, fluoroscopy and/or X-ray imaging may be
used. Optionally or alternatively, invasive imaging using a
camera on an arthroscope, may be used.

[0127] At 304, an implant (e.g., size, shape, inflation
medium type, wall thickness and/or materials) is selected for
the glenohumeral joint.

[0128] At 306, the shoulder is optionally distracted, for
example, using methods known in the art.

[0129] At308, acamera is optionally inserted into the joint,
to image the procedure. Optionally or alternatively, the
implant device is inserted, for example, using a separate can-
nula and/or covered by a flexible sheath 203. Optionally or
alternatively, the device is uncovered when inserted into the
capsule.

[0130] At310, the implant is positioned, for example, adja-
cent the Glenoid Fossa 120. This can be seen, for example, in
FIG. 3A, where arolled up prosthesis 202, with two rolled up
edges 204 is shown inserted into a glenohumeral joint. In
other embodiments, the prosthesis is provided folded up in
another manner or partly or completely expanded. Option-
ally, prosthesis 202 is maintained rolled up using a flexible
sheath 203 and is allowed to- or caused to- unroll when the
sheath is removed. In an exemplary embodiment of the inven-
tion, the implant is positioned, optionally under CCD imag-
ing, ultrasound imaging or x-ray imaging, by manipulating
delivery system 200 and/or an inflation and/or manipulation
tube 210.

[0131] At 312, the implant is optionally inflated fully,
optionally gradually, optionally to a fully deployed form and/
or to another desired form. As shown in FIGS. 3B and 3C,
progressive inflation causes the unrolling of wings 204, so
prosthesis 202 is fully deployed. Optionally or alternatively,
full inflation is used to provide distraction of the gleno-
humeral joint.

[0132] Optionally, once wings 204 are unfolded (or device
otherwise unfolded), prosthesis 202 may not be re-folded for
example when deflated. For example if portions of its wall
irrecoverably (e.g., plastically) deform (e.g., including a
metal insert therein) and/or if portions of its wall regain
elastic properties once past a certain expansion.

[0133] At 314, the distraction is optionally released, partly
and/or in full, for example, so that the functionality and/or
positioning of prosthesis 202 can be assessed.

[0134] At 316, the implant is optionally deflated, for
example, to reach a desired thickness and/or consistency, for
example, a desired stiffness or a desired slippage behavior.
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Optionally or alternatively, the deflation is selected to main-
tain stability of the shoulder and/or of the implant. Optionally,
act 314 is performed during or after 316.

[0135] At 318, the shoulder is optionally imaged and/or
manipulated, for example to assess a functionality of the
implant. In response to such imaging and/or manipulation,
the implant may be repositioned, inflated and/or deflated, or
possibly removed and/or a different material inserted therein.
Acts 310-318 or any selective acts thereof may be repeated as
needed, as part of a fine-tuning procedure whereby the
implant characteristics are matched to the particular patient’s
need. The shoulder may also be distracted, as needed.
[0136] In an exemplary embodiment of the invention, a
target of the fine tuning is prevention of contact between
bones (or damaged cartilage) over a desired range of motion
of'the shoulder. Optionally or alternatively, a target of the fine
tuning is ensuring a distance of, for example, between 2 and
4 mm between bone faces under a certain magnitude of an
applied force or under no external stresses. Optionally or
alternatively, a target of the fine tuning is that the shoulder
move smoothly and/or that there is no dislocation. Optionally
or alternatively, a target of the fine tuning is that the implant
location is stable. Optionally or alternatively, a target of the
fine tuning is to replace or modify functionality of a synovia
between a humerus head and a glenoid fossa, at least for a
period of time. The inflation tube and/or delivery system are
optionally removed only after fine tuning is completed. In
some embodiments, the tube is removed before final un-
distraction of the shoulder. Optionally, the inflation tube is
thin and/or soft and/or flexible, to prevent damage thereby to
the cartilage.

[0137] In an exemplary embodiment of the invention, the
functional assessment is over a useful range of motion, which
can include angular extents and/or arm positions. Optionally
or alternatively, the motion is defined according to planned
activities. Optionally or alternatively, reduction of pain by at
least 50% or 70 (using a pain scale) is a target, for at least a
certain range of angles. Optionally, restoration to a normal
range of motion is provided. In an exemplary embodiment of
the invention, a useful range of motion includes a range of
angular motion that is at least 50% (in each direction) of a
normal range. Optionally, the range is at least 70% of a
normal range in each direction. Optionally or alternatively to
estimating based on angular position, estimation is based on
ability to move and/or not have pain, under conditions of
loading of the joint by a weight, for example, 1 Kg, 5 Kgor 10
Kg or intermediate or greater forces.

[0138] Optionally, the desired function is a normal unhin-
dered multiaxial motion of a human shoulder under loads of
up to, for example, 10 Kg, 50 Kg or 100 Kg that is stabilized
only by soft tissues.

[0139] In an exemplary embodiment of the invention, the
tube removal causes and/or is accompanied by a sealing of
port 206.

[0140] At 320, the implant is optionally anchored in place.
While in some embodiments the implant naturally stays in
place and in others, part of the implant adheres to tissue over
time, optionally, anchoring is provided as part of the implan-
tation procedure. Optionally, anchoring comprises providing
a tissue adhesive between the implant and tissue. Optionally
or alternatively, anchoring comprises sewing of a part of the
implant, for example, an extension “ear” or “lip” thereof.
Optionally or alternatively, anchoring comprises attaching a
bone or cartilage anchor, for example screw-type, curved barb
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type, changing-cross-section type and/or linear bone anchor
types. Some embodiments, for example, are self anchoring
without a separate anchor or adhesive layer. Anchoring may
also be performed earlier, for example, during or before any
01’312, 316 or 316. For example, anchoring may be by push-
ing the implant against a surface so a barb thereon engages the
surface.

[0141] At 322, the capsule is optionally sewed shut and the
procedure completed.

[0142] At 324 follow up is optionally performed, for
example, to asses implant functionality, for example, after a
few days, weeks or months. Optionally, an additional implant
is inserted if needed. Optionally or alternatively, an existing
implant is removed and/or its level of inflation changed.
Optionally, an implant is inflated by inserting a syringe into
the joint and into the implant and inflating or deflating, as
desired. Optionally, follow-up includes assessing the decom-
position of a biodegradable implant.

[0143] Exemplary Implant and Anchoring Variations
[0144] FIGS. 4A-C and 5A-5E illustrate different prosthe-
sis designs and anchoring configurations, in accordance with
exemplary embodiments of the invention.

[0145] An exemplary prosthesis 400 is illustrated in FIG.
4A and includes a body 410 having an inflatable inner cavity
sealed with a valve (optionally one-way valve) or plug 430.
Optionally valve or plug 430 is to be deployed fixedly in-
place (automatically or manually) in an inflation port after
inflating prosthesis 400, for example by or after disconnect-
ing an inflation device such as device 200. FIG. 4A illustrates
an optionally feature of providing one or more connections
420 between opposite faces of the implant, optionally through
openings. Through-hole(s) 420 provides a passage between
two different, optionally opposing, surfaces of prosthesis
400, and optionally allows inward migration and/or buildup
of fibrosis therein. Additionally or alternatively, the presence
of at least one through-hole 420 stiffens an adjacent local
portion of prosthesis 400 surface and/or limits its expansion
to a predetermined size (e.g., in width or in height).

[0146] FIG. 4B illustrates a second exemplary prosthesis
450 which may have a body 460 similar in at least some
characteristics to prostheses 202 or 400, while differing by at
least having at least one surface covered with a mesh 470 or
other adhesion encouraging or causing surface. In some
embodiments, mesh 470 establishes at least one of: greater
friction characteristics to the surface in-contact, anchoring to
at least one joint surface, size or shape expansion limiting,
improved fibrosis generation and/or fixation and/or changed
overall prosthesis consistency.

[0147] FIG. 4C illustrates a third exemplary prosthesis 480
deployed in position in a glenohumeral joint, according to an
exemplary embodiments of the invention. In some embodi-
ments, prosthesis 480 is sized and configured to enlarge the
contact surface with the humerus ball, to establish a deepened
“socket” than the one formed by the glenoid cavity and sur-
rounding labrum and/or to cover the labrum. In some embodi-
ments, prosthesis 480 is substantially flexible in at least one
axis so it can take a general curvature between the humerus
ball and glenoid socket. Alternatively or additionally, at least
one wall portion or surface of prosthesis 480 is substantially
pre-shaped. Optionally, the “socket™ surface of prosthesis
480 (as suggested in FIG. 4C) is sized to fit inside the glenoid
cavity and labrum, so it is substantially fixed in-place.
Optionally or alternatively, one face of prosthesis 480 has a
greater curvature than its opposite face. Optionally or alter-
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natively, the portion of prosthesis 480 that lies over the labrum
is thinner and/or is a non-inflating portion, than portions in the
glenoid fossa.

[0148] Reference is now made to FIG. 5A showing yet
another exemplary prosthesis 500 having a body 510 that may
be similar to the above mentioned prostheses and/or an inflat-
able bladder or envelope. Optionally, prosthesis 500 further
include a ring or a collar 520 that surrounds its circumference,
which includes (e.g., pre-provided or added after insertion) at
least one anchoring member 530, connecting it to the labrum
114. Similarly to prosthesis 480, prosthesis 500 is also
optionally snuggly-fit into the glenoid cavity, whereby anchor
(s) 530 facilitates a more substantial fixation in-position.
Anchoring can be made by any anchors types known to art,
including but not limited to surgical stitching, stapling, glu-
ing, etc. Optionally or alternatively, rim/lip 520 may include
aresilient member, such as a metal ring, to maintain its shape.
[0149] FIG. 5B shows an implant 514 which fills only part
of glenoid fossa 120, for example, an upper or lower half.
Optionally, the thickness of the implant is tapered towards the
edge which meets the revealed fossa. This edge may be, for
example, straight, concave, convex or wavy. Also shown is the
use of three ears/extensions 516, each including an anchor
530 (e.g., a barb, a clip, a suture or a screw) for attachment to
labrum 114. A smaller or greater number of ears may be used.
Optionally, the implant includes more ears and some are
removed prior to or during implantation, for example, to
match angular locations along the labrum where such anchor-
ing will be less problematic. In an exemplary embodiment of
the invention, for example, 1, 2 or 4 anchors are used. The
anchors may be uniformly or non-uniformly located along the
labrum, depending, for example, on medical and/or mechani-
cal considerations.

[0150] Optionally, fewer than 7 or 6 anchors are used.
[0151] FIG. 5C shows an implant 512 which fills substan-
tial all of glenoid fossa 120. Anchor may not be needed.
[0152] FIG. 5D shows an implant 518 in the shape of a ring
with a central aperture 522. As shown, anchoring may be in
the aperture, optionally using anchoring extensions (not
shown). While the ring is shown to be ellipsoid, it may be
round or have other shapes.

[0153] FIG.5E shows an implant 524 which is circular or at
least more circular than glenoid fossa 120. Optionally, the
implant is held in place, at least in part by matching one of the
radii of glenoid fossa 120. Alternatively, the implant may be
smaller in radius than that radius. Optionally or alternatively,
the implant may be ellipse-like with a main axis perpendicu-
lar to that of fossa 120.

[0154] In some embodiments, the port (e.g., 206) is posi-
tioned on the implant so it also lies within the fossa. In other
embodiments, the port extends past the labrum 114 (e.g., like
extensions 516. In some embodiments, the access and/or port
is at an anterior superior or inferior portal to the joint and/or
using the rotator interval portal.

[0155] Through Bone Delivery and Humeral Attachment
[0156] A glenohumeral implant may be inserted also in
other ways, for example, via a channel formed in the humeral
head. Optionally, such an implant is the same as described
above, once deployed. Alternatively, such an implant is
anchored to the humeral head, rather than the glenoid.
Optionally, such an implant may be greater in surface area.
[0157] FIG. 6B is a cutaway view of a prosthesis 600 deliv-
ered through a passage or channel 602 crossing the humerus
ball, in accordance with an exemplary embodiment of the
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invention. FIG. 6A is a flowchart 640 of a method of implan-
tation thereof, in accordance with an exemplary embodiment
of the invention.

[0158] Prosthesis 600 (FIG. 6B)includes abody 620 and an
optional anchoring portion 610 that protrudes into and is
optionally coupled to the distal end of channel 602. The
glenohumeral joint is optionally distracted.

[0159] At 642, A channel location and size and an implant
are chosen, for example, according to considerations such as
health of the humeral head, preexisting medical condition,
and/or anatomical limitations.

[0160] At 644, channel 602 is formed in the humeral head.
Optionally, channel 602 is drilled through the humerus head
using known drilling means. Optionally, drilling is performed
under imaging. Optionally, drilling is made according to a
chosen path which is predetermined according to initial
analysis and/or which is taken while drilling. Optionally, any
debris formed during drilling is cleaned out of the joint, for
example, by washing, suction and/or using a tweezers.
[0161] At 646, once channel 602 is formed, prosthesis 600
can be delivered in a collapsed form therein and expand,
optionally self-expand and/or be inflated until reaching a
chosen shape and/or size.

[0162] At 648, the implant is deployed, for example, by
expansion. Optionally or alternatively, a tool or stylet is
inserted into the implant and used to spread it out. Optionally
or alternatively, the implant includes a rim ring (not shown) of
a resilient material to spread it out and/or maintain its spread-
ing. Fine tuning and adjustment may be carried out, for
example, as described with respect to FIG. 3D.

[0163] At 650, implant 620 is optionally anchored in chan-
nel 602. Optionally, such anchoring is via an expanding pro-
trusion 610 thereof. Optionally or alternatively, the protrusion
is anchored using an anchor, for example as described above.
In some embodiments, the implant is anchored or rests in the
glenoid fossa and/or labrum, and slides freely with respect to
the humeral head 102. Optionally, the implant is tethered to
channel 602, for example, with a tight tether or with a tether
which gives some freedom of motion. Optionally, the tether is
attached to a part of the bone away from the surface of the
humeral head. Optionally or alternatively, two implants are
provided, one that is stable relative to humeral head and one
that is stable relative to the glenoid fossa, which two implants
slide over each other. In an exemplary embodiment of the
invention, the inflation of implant 620 is via a port (not
shown) in protrusion 610. Optionally, a plug used to seal the
port also causes anchoring of protrusion 610, for example, by
expansion thereof.

[0164] At 652 (which may be carried out before 650), the
implant is anchored on the humeral head, for example, using
an adhesive layer or barbs on the side of the implant that is
near the humeral head (not shown). As shown in FIG. 6B, a
significant portion of humeral head 102 may be covered by
the implant, for example, over 50% of a surface area thereof.
Implant 620 is optionally designed to taper at its edges. Also
as shown, the location of protrusion 610 need not be symmet-
ric with respect to implant 620.

[0165] At 654 the procedure may be completed (e.g.,
deployment means withdrawal, sewing, etc).

[0166] Two Section Implant

[0167] Many patients have more than one problem with the
shoulder, which problem could be treated using an ortho-
paedic implant. Sometimes, osteoarthritis or other shoulder
joint illnesses or trauma effects, affects several locations of
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the shoulder joint, for example, both the glenohumeral joint
and the rotator cuff. A potential benefit of providing two
therapies with one implant (besides reduction in cost and/or
trauma) may also be the increased stability of the implant
and/or shoulder. In an exemplary embodiment of the inven-
tion, a two section implant is used for treating, for example,
rotator cuff injuries and glenohumeral joint problems.
[0168] Referenceisnow madeto FIG. 7 showing a cutaway
view of a prosthesis 700 which includes a synovium simulat-
ing portion 710 (or for otherwise treating a glenohumeral
joint) and a bursa simulating portion 720 (or for otherwise
protecting a tendon from contact with bone), located and
allowing frictionless movement between a hard tissue and a
soft tissue (such as between the acromion and the biceps
tendon) and/or between two hard tissues (such as between the
acromion and the humerus), in accordance with an exemplary
embodiment of the invention. More details about the need and
possible applications of a bursa simulating prostheses are
described in international patent application number PCT/
1L.2008/000347, the disclosure of which is fully incorporated
herein by reference. The mechanical properties of the two
sections may be different, for example, being different wall
thicknesses, different inflation properties, different biode-
gradability and/or permanency properties and/or different
adherence properties. For example, one section may be inflat-
able and the other not or one section may be deflatable and the
other not.

[0169] In an exemplary embodiment of the invention, one
section has a pre-inflation thickness which is a factor of
between 1 and 5 of the other section, for example, between 1.2
and 2. Optionally or alternatively, such factors are for an
inflated implant.

[0170] In an exemplary embodiment of the invention, the
two implant sections different in surface area by a factor of
between 1 and 10, for example, between 2 and 5.

[0171] In an exemplary embodiment of the invention, the
two implant sections different in thickness by a factor of
between 1 and 10, for example, between 2 and 5.

[0172] In an exemplary embodiment of the invention, the
two implant sections different in wall thickness by a factor of
between 1 and 10, for example, between 2 and 5.

[0173] Section 720 may be provided for other uses as well.
In one example, section 720 is provided in the subacromial
space, for example, to increase shoulder stability, for
example, by preventing uplift of the humeral head. In another
example, section 720 is placed outside the glenohumeral joint
capsule. In another example, section 720 is attached to a part
of the humeral head. In another example, section 720 serves
as a fluid reservoir for section 710, for example, providing
medication and/or friction reducing fluid thereto, for
example, for elution from section 710. Optionally or alterna-
tively, section 720 is provided as a general drug eluting
implant. Optionally or alternatively, section 720 serves as an
anchor for section 710.

[0174] In an exemplary embodiment of the invention, sec-
tion 720 is outside of the glenohumeral joint and generally
outside of the capsule thereof, but optionally within the shoul-
der joint.

[0175] In an exemplary embodiment of the invention, sec-
tion 720 has at least one smooth surface on which a tissue may
continuously move in a non-hindered manner. Optionally or
alternatively, section 720 acts as a shock absorbing and/or
spring cushioning implant. Optionally or alternatively, sec-
tion 720 acts as a filler occupying a subacromial space thereby
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restoring shoulder shape and/or avoiding inadvertent shoul-
der dislocation under normative motions.

[0176] FIG. 8A shows an example prosthesis 800 compris-
ing a bursa section 802 and a glenoid section 804, connected
by a bridge 810. In the example, shown, separate inflation
ports 806 and 808 are provided for each section. Optionally,
as noted above, one of the sections may be non-inflatable.
Optionally, bridge 810 can serve to carry fluid. Optionally,
bridge 810 includes a one way valve which prevents over-
inflation of the bursa simulating portion by fluid from the
glenohumeral section. The two sections may have a natural
angle between them, or bridge 810 may be flexible enough to
provide such an angle as needed. In an exemplary embodi-
ment of the invention, bridge 810 is non-expandable and lies
substantially flat where it crosses the labrum 114, for
example, at a thickness of less than 1 mm or 0.5 mm. In an
exemplary embodiment of the invention, the bridge (e.g.,
portion narrower and/or thinner than either sections and/or
non-expandable section) has a length of between 2 and 30
mm.

[0177] FIG. 8B is a side view of an alternative two-section
implant design 820 and FIG. 8C a top view of such a design.
In this embodiment, bridge 830 is used for fluid flow and a
single port 826 is provided in a bursa section 822 and also
serves to inflate a glenohumaral section 824. As can be seen in
FIG. 8C, the bridge may have a width, for example, selected
to reduce sharp edges and/or improve the relative stability of
location of the two sections.

[0178] FIGS. 9A-9H illustrate an exemplary implantation
method of'atwo section implant and FIG. 91 is a flowchart 940
of such a method, in accordance with an exemplary embodi-
ment of the invention. In patients where the rotator cuff'is torn
it may be preferable to approach the bursa area also via the
glenohumeral joint. In patients with no tear, it may be desir-
able to provide separate implants or to create a channel
between the rotator cuff and the humeral head and/or through
the rotator cuff. Alternatively, the bridge is provided to the
side of the glenohumeral joint, rather than at its apex (near the
rotator cuff).

[0179] At942(FIG.9A), a delivery tube 900 is inserted into
the glenohumeral joint.

[0180] At 944 (FIG. 9B), a glenohumeral section 902 is
delivered into the joint, optionally rolled up and/or in a
sheath.

[0181] At 946 (FIG. 9C) the delivery tube is advanced
and/or retracted and a bursa section 904 is delivered to the
subacromial space. In one example, the subacromial section
is delivered to the capsule and then pushed into the subacro-
mial section.

[0182] Optionally, the glenohumal section is manipulated,
for example, rotated, for this action, for example, so that the
bridge points towards the subacromial space. In an alternative
embodiment, first the bursa section 904 is delivered and then
tube 900 is advanced and/or retracted and glenohumeral sec-
tion 902 is delivered. In another embodiment, tube 900 is
inserted to the capsule of the glenohumeral joint at a point
between the joint and the subacromial space and then one
section of the implant is delivered to one side of that point and
one section to the other. Optionally, a curved or bendable
delivery system is used to bypass muscles, ligaments, nerves,
bones and/or vessel and/or articulate a tip of the delivery
system.

[0183] Optionally, in case of a non-torn rotator-cuff, in
which the glenohumeral capsule may be considered a sepa-
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rate space to the subacromial space, the introducer first enters
the glenohumeral capsule and deploys section 902, is then
pulled out and pushed over to surround the capsule and/or
ligaments and/or bone and/or the joint itself (optionally, a
curved introducer able to surround the capsule, for example,
by 180 degrees, is used) and then enter the subacromial space.
Optionally, the introducer travels inside the capsule, option-
ally bypassing the joint itself and a new opening is made in
capsule to enter the subacromial space therefrom.

[0184] At 948 (FIG. 9D), section 902 is inflated, for
example, to cause deployment thereof. Optionally, deploy-
ment is provided before act 946. Optionally, deflation and/or
inflation is by attachment of an inflation tube to a port on
section 902. Optionally, the sheath is removed from both
sections prior to inflation of section 902. Alternatively, the
sheath is only removed from sections which are being
inflated.

[0185] At 950 (FIG. 9E) distraction of the glenohumeral
jointis optionally reduced (e.g., in direction of arrow 920) and
inflation is adjusted, for example, as described above with
reference to FIG. 3D. Reduction in distraction and/or defla-
tion may be performed after acts 952-954 and/or during such
acts.

[0186] At 952 (FIG. 9F), bursa section 904 is expanded.
Optionally, a separate inflation port is used. Alternatively, a
valve in bridge 910 and/or a sheath on section 904 physically
prevents inflation of bursa section 904 until glenohumeral
section 902 is inflated. For example, such a valve may be a
pressure sensitive valve (e.g., opens only above a certain
pressure), or be a three-way valve. Alternatively, inflation is
via a port on the bursa section, but a sheath prevents its
expansion until after glenohumeral section 902 is deployed.

[0187] In an exemplary embodiment of the invention, the
subacromial section of the implant is distally located in the
delivery system. In others, the glenohumeral section is more
distal. When deploying, a tubular expansion-prevention
sheath may be provided over the section which is more proxi-
mal and is to be inflated later (or over both and then partially
retracted). In embodiments where inflation of the proximal
section is to be done first, the sheath may be replaced by a
ring, mounted on an elongate element (e.g., flexible or rigid),
with the ring mounted on and used to prevent expansion of
only one section of the implant and the elongate section
manipulated to remove the ring form that section when
desired and/or to move it to another section. Optionally, the
ring section is a flexible segment of a tube and a portion of the
tube axially corresponding to the other implant section is
apertures at its side so it does not interfere with expansion of
that other implant section.

[0188] At 954 (FIG. 9G) the distraction of a subacromial
space is optionally reduced (e.g., in direction of arrow 922)
and the bursa section 904 adjusted, as needed.

[0189] At 956 (FIG. 9H) the procedure is completed, for
example, by sealing the ports, removal of tools and/or sewing
of the capsule and/or incisions.

[0190] FIGS. 10A-10D illustrate an alternative implanta-
tion approach, which may also be use for one section implants
(e.g., by not delivering a bursa/subacromial section).

[0191] FIG. 10A shows inserting a delivery system 1000,
for example a tube or a sheath through a subacromial space
and into a glenohumeral joint. A curved or flexible delivery
system may be used. In other embodiments (e.g., FIGS.
9A-9]) a rigid and/or straight system may be used.
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[0192] FIG. 10B shows the retraction of the delivery tube
leaving an implant sheathed in a sheath 1030 and an inflation
tube 1032 attached to a port thereon.

[0193] FIG. 10C shows the sheath removed, leaving a sec-
tion 1002 in the glenohumeral space and a section 1004 in the
subacromial space. Inflation, deflation and distraction may be
as described above. Optionally, a valve is provided in bridge
1010, so that inflation of section 1004 above a certain pressure
leaks into section 1002.

[0194] In an exemplary embodiment of the invention,
shown in FIG. 10D, inflation tube 1032 encloses or is pro-
vided with an inflation tube 1034 which is dedicated for
inflation of section 1002. Optionally, a valve is provided at
point 1038 or at point 1040, or at any point in-between, to
prevent leakage of pressure from section 1002 to section 1004
or from section 1004 to section 1002. Optionally, tube 1032 is
attached at a valve/port 1036 and tube 1034 passes along or
through tube 1032 to attach to a port 1038, 1040 or any port
in-between, and/or directly to bridge 1010. The use of such
separate inflation tubes can allow the independent inflation
and/or deflation of the two sections 1002 and 1004. This type
of separate inflation tubes may also be used with other
embodiments described herein that include multiple cavities.
[0195] Optionally or alternatively, relative inflation of the
two sections is controlled by providing height-limiters in one
or both sections, which prevent over extension in a height
direction of the inflated and limited section.

[0196] Kits

[0197] It should be appreciated that while the description
has focused on methods and tools which may be used to carry
out such methods, kits may be provided. One example of a kit
is a set of one or more implants (e.g., of different sizes and/or
shapes), instructions for use and a delivery cannula and/or
sheath. Optionally, one or more anchors are provided.
Another example of a kit includes in addition a bone drill.
Another example of a kit includes multiple inflation tubes for
multiple sections of an implant.

[0198] While the above has focused on implants for the
glenohumeral joint, similar designs and/or methods may be
used for other parts of the body (e.g., absent the particular
adaptations to the glenohumeral joint, for example), such as
an implant for other joints, an implant used only in a subac-
romial space, an implant separating two tissues from contact
with each other, for example, ligament and bone, bone and
bone soft tissue with soft tissue, or for space filling implants,
such as to replace bones, bone section, soft tissue and/or
generally urge one tissue against another or to prevent move-
ment of a tissue. Such implants may be provided in accor-
dance with some embodiments of the invention.

[0199] General

[0200] Itis expected that during the life of a patent maturing
from this application many relevant expansion technologies
will be developed and the scope of the expansion is intended
to include all such new technologies a priori.

[0201] As used herein the term “about” refers to +10%.
[0202] The terms “comprises”, “comprising”, “includes”,
“including”, “having” and their conjugates mean “including
but not limited to”. This term encompasses the terms “con-
sisting of” and “consisting essentially of”.

[0203] The phrase “consisting essentially of” means that
the composition or method may include additional ingredi-
ents and/or steps, but only if the additional ingredients and/or
steps do not materially alter the basic and novel characteris-
tics of the claimed composition or method.
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[0204] As used herein, the singular form “a”, “an” and
“the” include plural references unless the context clearly
dictates otherwise. For example, the term “a compound” or
“at least one compound” may include a plurality of com-
pounds, including mixtures thereof.

[0205] Theword “exemplary” is used herein to mean “serv-
ing as an example, instance or illustration”. Any embodiment
described as “exemplary” is not necessarily to be construed as
preferred or advantageous over other embodiments and/or to
exclude the incorporation of features from other embodi-
ments.

[0206] The word “optionally” is used herein to mean “is
provided in some embodiments and not provided in other
embodiments”. Any particular embodiment of the invention
may include a plurality of “optional” features unless such
features conflict.

[0207] Throughout this application, various embodiments
of'this invention may be presented in a range format. It should
be understood that the description in range format is merely
for convenience and brevity and should not be construed as an
inflexible limitation on the scope of the invention. Accord-
ingly, the description of a range should be considered to have
specifically disclosed all the possible subranges as well as
individual numerical values within that range. For example,
description of a range such as from 1 to 6 should be consid-
ered to have specifically disclosed subranges such as from 1
to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3
to 6 etc., as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of the
breadth of the range.

[0208] Whenever anumerical range is indicated herein, itis
meant to include any cited numeral (fractional or integral)
within the indicated range. The phrases “ranging/ranges
between” a first indicate number and a second indicate num-
ber and “ranging/ranges from” a first indicate number “to” a
second indicate number are used herein interchangeably and
are meant to include the first and second indicated numbers
and all the fractional and integral numerals therebetween.
[0209] Asusedherein the term “method” refers to manners,
means, techniques and procedures for accomplishing a given
task including, but not limited to, those manners, means,
techniques and procedures either known to, or readily devel-
oped from known manners, means, techniques and proce-
dures by practitioners of the chemical, pharmacological, bio-
logical, biochemical and medical arts.

[0210] As used herein, the term “treating” includes abro-
gating, substantially inhibiting, slowing or reversing the pro-
gression of a condition, substantially ameliorating clinical or
aesthetical symptoms of a condition or substantially prevent-
ing the appearance of clinical or aesthetical symptoms of a
condition.

[0211] It is appreciated that certain features of the inven-
tion, which are, for clarity, described in the context of separate
embodiments, may also be provided in combination in a
single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the context of'a
single embodiment, may also be provided separately or in any
suitable subcombination or as suitable in any other described
embodiment of the invention. Certain features described in
the context of various embodiments are not to be considered
essential features of those embodiments, unless the embodi-
ment is inoperative without those elements.

[0212] Although the invention has been described in con-
junction with specific embodiments thereof, it is evident that
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many alternatives, modifications and variations will be appar-
ent to those skilled in the art. Accordingly, it is intended to
embrace all such alternatives, modifications and variations
that fall within the spirit and broad scope of the appended
claims.

[0213] All publications, patents and patent applications
mentioned in this specification are herein incorporated in
their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent appli-
cation was specifically and individually indicated to be incor-
porated herein by reference. In addition, citation or identifi-
cation of any reference in this application shall not be
construed as an admission that such reference is available as
prior art to the present invention. To the extent that section
headings are used, they should not be construed as necessarily
limiting.
1-16. (canceled)

17. An expandable implantable device sized to fit within a
glenoid fossa, when in an expanded, deployed form, between
and selectively formable from a minimally invasive delivery
form to a chosen expanded form smaller in at least one dimen-
sion than said deployed expanded form.

18. (canceled)

19. An expandable implantable device sized and shaped to
include at least a section which fits in a synovial joint capsule
such that it sits in a fossa, when in an expanded, deployed
form, between and selectively formable from a minimally
invasive delivery form to a chosen expanded form smaller in
at least one dimension than said deployed expanded form,
wherein said device has a body which fits within a glenoid
fossa and one or more anchoring elements which extend onto
a Labrum.

20. An expandable implantable device sized and shaped to
include at least a section which fits in a synovial joint capsule
such that it sits in a fossa, when in an expanded, deployed
form, between and selectively formable from a minimally
invasive delivery form to a chosen expanded form smaller in
at least one dimension than said deployed expanded form,
wherein said device has a main body shaped to sit in a glenoid
fossa and one or more elements which extend out of said
fossa, and are thinner over a Labrum than at said main body.

21. A device according to claim 19, wherein said one or
more anchoring element comprises a lip.

22. A device according to claim 19, wherein said one or
more anchoring element comprises a plurality of ears adapted
to have anchors attached thereto.

23. A device according to claim 17, wherein said device is
ellipse-like to match a glenoid fossa shape.

24. A device according to claim 17, wherein said device is
circular with a diameter to match an inner diameter of a
glenoid fossa.

25. A device according to claim 23, wherein said device has
at least one aperture therethrough.

26. A device according to claim 17, wherein said device is
non-planar to comply, at least in part, with a curvature of said
glenoid fossa.

27. A device according to claim 26, wherein said device has
two faces, each adapted to conform to a bone face and
wherein the two faces have different spatial curvatures.

28. A device according to claim 17, wherein said device is
constructed to endure compressive forces of at least 100 Kg
over a period of at least 3 years without mechanical failure.
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29. A device according to claim 17, wherein said device can
be inflated and deflated during implantation to have a chosen
consistency.

30. The device of claim 29, wherein said chosen consis-
tency resembles at least one of a natural healthy bone consis-
tency, a natural healthy articular cartilage consistency, and a
natural healthy synovium consistency.

31. The device of claim 17, wherein said device is formed
of a biodegradable material.

32. The device of claim 17, comprising at least one con-
nection between two sides of the device other than at its edge,
the connection defining a maximum expansion volume of
said device.

33. The device of claim 17, comprising a mesh or other
surface adapted to adhere or cause adherence to a joint face.

34. The device of claim 17, wherein said device comprises
a smooth surface adapted to allow a humeral head to slide on.

35. The device of claim 17, wherein said device comprises
a smooth surface adapted to allow a glenoid to slide on.

36. The device of claim 17, comprising an anti-adhesive
layer adapted to prevent bone adhesion.

37. The device of claim 17, comprising at least one anchor
adapted for attaching said device to a joint portion.
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38. The device of claim 37, wherein said at least one anchor
comprises an anchor adapted for attaching said device to a
bone.

39. The device of claim 37, wherein said at least one anchor
comprises an anchor adapted for attaching said device to a
labrum section.

40. The device of claim 17, comprising a sleeve for sur-
rounding said implant during implantation and a deployment
tube incorporating at least one of a seal and a valve for
passage of fluid into said device during implantation thereof.

41. A device according to claim 17, comprising a second
section, connected to said device by a bridge, which second
section is adapted to provide a bursa function to a shoulder
joint.

42. A device according to claim 41, wherein said bridge
comprises a valve.

43-49. (canceled)

50. The device of claim 20, comprising a smooth surface
adapted to allow a humeral head to slide on.

51. The device of claim 20, comprising a smooth surface
adapted to allow a glenoid to slide on.
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