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Description

Field of the Invention

[0001] The present invention relates to an intracorpor-
eal portion for a percutaneous device for use in a joint
disarticulation prosthesis or a joint replacement prosthe-
sis, including shoulder or hip disarticulation prostheses.

Background to the Invention

[0002] Disarticulation is the amputation of a limb
through a joint. Often, disarticulation occurs without the
cutting of bone. For example, hip disarticulation is an
amputation through the hip joint, removing the entire leg
at the hip joint. Shoulder disarticulation is an amputation
through the shoulder joint, removing the entire arm at the
shoulder joint. Disarticulation is also known as exarticu-
lation.
[0003] Amputees who have undergone either disartic-
ulation often wish to be fitted with prosthetic equipment
that will allow them to replicate at least a portion of the
function of the missing limb.
[0004] Unlike in a transhumeral amputation or trans-
femoral amputation, where the shoulder and hip are left
intact and the patient has a humeral/femoral stump to
attach an external prosthesis to, in a shoulder or hip dis-
articulation the patient has no residual limb stump ex-
tending from the scapula or pelvis to be received in the
socket of an external prosthesis (exoprosthesis) and to
provide a stable anchoring point for the prosthesis. In a
shoulder or hip disarticulation the prosthesis must some-
how be secured around the patient’s pelvis / scapula. It
is therefore difficult and cumbersome to reliably secure
shoulder/hip disarticulation prostheses to patients. For a
hip disarticulation prosthesis, an exoprothesis having a
hip joint, a knee joint, and an ankle joint should be pro-
vided. Typically a prosthetic device for hip disarticulation
would have a large socket that receives and is affixed to
the lower portion of the torso of the amputee, the socket
being strapped around the patient’s body. An example
of a hip disarticulation prosthesis is described in US
7153329 (Wilson). For a shoulder disarticulation pros-
thesis, an exoprosthesis having a shoulder joint, elbow
joint and wrist joint should be provided. Typically a pros-
thetic device for a shoulder disarticulation would have a
large socket that receives and is affixed to the shoulder
area and is secured by strapping the socket around the
patient’s torso.
[0005] Such hip and shoulder disarticulation prosthe-
ses are uncomfortable to wear and use and suffer from
numerous problems at the skin-socket interface. Focal
points of increased stress caused by non-uniform pres-
sure distribution can lead to skin-related complications,
whilst the unnatural microbial environment generated in
the socket is detrimental to the maintenance of healthy
tissues. Furthermore, disarticulation exoprostheses are
difficult to secure to a patient and can be unstable.

[0006] Even in transhumeral or transfemoral amputa-
tion, where the patient has a humeral or femoral stump
to attach an external jointed limb prosthesis to, the patient
will still have difficulty using the prosthesis as it is difficult
for the patient to control and move the joint(s) of the ex-
ternal prosthesis.
[0007] Most jointed exoprostheses fall into two cate-
gories, these being body-powered prostheses and mo-
tor-actuated/myoelectric prostheses. A body-powered
prosthesis is powered and controlled by gross body
movements. For a prosthetic arm with an elbow joint
and/or a gripping element (often a hook), these move-
ments, usually of the shoulder, upper arm, or chest are
captured by a harness system, which is attached to a
cable that is connected to the exprosthesis, to control the
prosthesis joint(s). However, such body-powered pros-
theses are not cosmetically pleasing and are difficult to
control.
[0008] The myoelectric prosthesis is an external pros-
thesis that is linked to the residual musculature through
an external electrode placed on the skin. These elec-
trodes pick up the faint electrical signal produced by vol-
untary contractions of the residual muscles. This acti-
vates an electrically powered external prosthesis. How-
ever, the link is crude and the movements which can be
produced are therefore relatively crude. Such prostheses
are also heavy and difficult to use.

Summary of Invention

[0009] The scope of the invention is as defined in the
appended claims.
[0010] Also according to the disclosure, there is pro-
vided an intracorporeal portion of a percutaneous device
for a joint disarticulation prosthesis or joint replacement
prosthesis, the intracorporeal portion having an extracor-
poreal portion or having means for rigidly coupling direct-
ly to an extracorporeal portion, the extracorporeal portion
being for location exterior to the skin, wherein the intra-
corporeal portion comprises a body component assem-
blable to a prosthetic articulating component which is in-
tracorporeal when installed in a human or animal subject
and which articulates with an articulating surface in use.
[0011] The intracorporeal portion of the present inven-
tion can be used as part of a joint disarticulation prosthe-
sis, for a subject that has had a joint disarticulation. A
device incorporaring the intracorporeal portion provides
a prosthesis that does not have the problems associated
with the skin-socket interfaces of prior art disarticulation
prostheses. By providing the intracorporeal portion with
an articulating component, the intracorporeal portion can
articulate with a corresponding articulating surface, and
the intracorporeal portion therefore replaces part of the
subject’s joint. The articulating component effectively
forms one component of a joint, the articulating surface
forming the other component of the joint. Suitably, at least
a portion of the extracorporeal component is located ex-
terior to the skin when installed in a subject. Suitably, at
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least a portion of the extracorporeal component passes
through the skin when installed in a subject.
[0012] The intracorporeal portion of the present inven-
tion can also be used as part of a joint replacement pros-
thesis, for a subject that has had a partial limb amputation
and requires a joint replacement prosthesis. The term
joint replacement prosthesis refers to a prosthesis for
replacing a subject’s joint. Joint replacement prostheses
can be partial (replacing part of a subject’s joint) or total
(replacing the whole a subject’s joint). Joint replacement
prostheses may be inside the body (endoprostheses) or
external (exoprostheses). By providing the intracorporeal
portion with an articulating component, the intracorporeal
portion can articulate with a corresponding articulating
surface, and the intracorporeal portion therefore replaces
part of the subject’s joint. Muscle from the subject’s re-
sidual limb can be attached to the intracorporeal portion
of the percutaneous device when it is installed in the sub-
ject. This provides a direct link between the subject’s
musculature and the percutaneous device, and allows
the subject to move the percutaneous device using their
own residual muscles. The extracorporeal portion of the
percutaneous device can have means for attaching an
exoprosthesis, therefore the patient can move the exo-
prosthesis by using their muscles, attached to the intra-
corporeal portion of the percutaneous device, to move
the the percutaneous device. This device provides a
means for replacing a joint in a subject that has had a
limb amputation wherein the device does not suffer from
the problems of prior art body-powered or myoelectric
jointed exoprostheses, such as difficulty in control of
movement at the joint.
[0013] The term subject or patient as used herein re-
fers to a human or animal subject.
[0014] The articulating component can articulate with
the articulating surface directly, or via a prosthetic bear-
ing surface.
[0015] Percutaneous devices are devices that pene-
trate the skin of a human or animal body. Osseointegrat-
ed percutaneous devices are known in the prior art, for
example for providing secure means of attaching an ex-
ternal prosthesis to the bone within a limb stump without
the use of bulky and inconvenient braces, straps or sock-
ets. WO 01/97718 (University College London) discloses
an osseointegrated percutaneous prosthesis comprising
a first component shaped for implantation into bone of a
limb stump, a second component for location between
the bone and the skin and a third component for location
exterior to the skin. GB2445869 discloses another os-
seintegrated percutaneous prosthesis. None of the os-
seointegrated devices of the prior art provide means for
securing a prosthetic limb to a subject which has under-
gone a joint disarticulation or wherein the subject does
not have a residual limb stump (i.e. a residual femoral or
humeral stump) to which an osseointegration device can
be implanted (for example, by implantation into the in-
tramedullary cavity of bone in the stump)
[0016] US 3947897 A discloses a percutaneous device

for connecting a prosthesis to the bone of an amputated
limb. Including a bio-compatible material layer, a sleeve
and connection stem secured to the sleeve using a ball
and annular groove mechanism.
[0017] Also described herein is a percutaneous device
of or for a shoulder or hip joint disarticulation prosthesis,
the percutaneous device comprising an intracorporeal
portion and an extracorporeal portion for location exterior
to the skin.
[0018] The natural shoulder and hip joint are ball and
socket joints, wherein a ball of one bone is received in a
cavity or socket of another, allowing some degree of ro-
tary motion in every direction. Suitably the percutaneous
device is used as a shoulder or hip disarticulation pros-
thesis, or as part of a shoulder or hip disarticulation pros-
thesis, and provides a prosthesis that does not have the
problems associated with the skin-socket interfaces of
prior art disarticulation prostheses. By providing the per-
cutaneous device with an articulating component which
is either a ball or socket component, the percutaneous
device can articulate with a corresponding socket or ball
in use, as appropriate, and the percutaneous device
thereby replaces part of a subject’s shoulder or hip joint.
[0019] Preferred features are described below.
[0020] Preferably the articulating component is rigidly
coupled to the intracorporeal portion of the percutaneous
device in use. The articulating component is therefore
non-movable relative to the intracorporeal portion or ex-
tracoroporeal portion of the device.
[0021] Preferably the articulating component compris-
es a ball component or a socket component and the de-
vice articulates with an articulating surface of a ball and
socket joint, when implanted. Suitably the device may be
for use as part of a shoulder or hip disarticuation pros-
thesis.
[0022] Preferably the device is adapted for use in an
anatomical shoulder prosthesis or anatomical hip pros-
thesis. In an anatomical shoulder or hip prosthesis, the
component that replaces the proximal end of the humer-
us or femur has a ball component, which articulates with
a socket in the scapula or pelvis (which may be a natural
socket or a replacement socket shell). Preferably the ar-
ticulating component is a ball component, the ball com-
ponent being intracorporeal when installed in a human
or animal subject. Preferably the ball component is com-
prised as part of the intracorporeal portion of a percuta-
neous device, such that the ball component is within the
body of a subject when installed.
[0023] Preferably the articulating component articu-
lates with an articulating surface of a hinge joint when
implanted in a subject. Hinge joints in the human body
can be found, inter alia, at the knee, elbow and ankle.
The articulating component could of course articulate
with an articulating surface of joints, other than ball-and-
socket or hinge type joints.
[0024] Preferably the articulating component articu-
lates with a natural articulating surface of a subject’s joint
in use. Suitably, in use, the articulating component can
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articulate with the articulating surface directly or via a
prosthetic bearing surface. For example, the articulating
component may be adapted (i.e. sized and shaped) to
articulate with an articulating surface of a patient’s hip
joint.
[0025] Preferably the intracorporeal portion comprises
a proximal end and a distal end, the articulating compo-
nent being located at the proximal end of the intracorpor-
eal portion when installed in a subject. In this context the
term proximal means located near or towards the centre
of the subject’s body or limb when the device is installed
and distal means located away from the centre of the
body or limb when the device is installed.
[0026] Preferably the articulating surface is a hip sock-
et or a shoulder socket of a subject, or is a prosthetic
bearing surface installed in a hip socket or shoulder sock-
et of a subject in use. For example, for a hip disarticula-
tion, the articulating component may be a ball component
that may articulate with a prosthetic socket liner such as
a prosthetic acetabular shell or cup. The percutaneous
device is able to pivot relative to the subject’s pelvis /
scapula, and provides a stable means for coupling an
external limb prosthesis to the subject and for transmit-
ting the load from the external limb prosthesis through
the subject’s bone, rather than through the subject’s soft
tissues. Unlike in prior art percutaneous devices for at-
tachment of external limb prostheses, the intracorporeal
portion of this aspect of the invention is not osseointe-
grated, and hence the percutaneous device can be piv-
oted relative the subject’s bone, allowing replication of
the action of the patient’s joint. The present invention
therefore provides a means for coupling an external limb
prosthesis to a subject’s skeleton, via an articulating joint,
without rigidly fixing the percutaneous prosthesis to the
subject’s bone.
[0027] Preferably the articulating surface is a condylar
surface of a subject’s knee joint and the articulating com-
ponent is a corresponding tibial hinge component for ar-
ticulating with the condylar surface. Suitably the tibial
component of the percutaneous device is adapted to ar-
ticulate with the condylar surface of a subject’s knee joint,
for use in a knee joint disarticulation prosthesis.
[0028] Preferably the articulating component articu-
lates with a prosthetic articulating surface in use. Suita-
bly, the articulating surface is prosthetic, having been
implanted in the subject’s body. Preferably, the articulat-
ing surface is a prosthetic articulating surface of an en-
doprosthesis.
[0029] Preferably the articulating component compris-
es a socket component, the socket component articulat-
ing with a ball component of a bone anchored endopros-
thesis in use. In this context, the term endoprosthesis is
used to refer to a prosthesis that is installed in a subject’s
body internally and the term exoprosthesis is used to
refer to a prosthesis that is applied externally to a sub-
ject’s body. The socket component of the percutaneous
device can, for example, articulate with a ball component
of a bone anchored glenoid prosthesis when used for a

shoulder disarticulation prosthesis. The percutaneous
device is therefore able to pivot relative to the subject’s
pelvis / scapula as appropriate, and provides a stable
means for coupling an external limb prosthesis to the
subject and transmitting the load from the external limb
prosthesis through the subject’s bone, rather than
through the subject’s soft tissues. Unlike in prior art per-
cutaneous devices for attachment of external limb pros-
theses, the precutaneous device of this preferred aspect
of the invention is not osseointegrated, and hence the
percutaneous device can pivot relative the subject’s
bone, allowing replication of the action of the patient’s
hip or shoulder joint. The present preferred aspect of the
invention therefore provides a means for coupling an ex-
ternal limb prosthesis to a subject’s skeleton, via an ar-
ticulating joint, without rigidly fixing the percutaneous
prosthesis to the subject’s bone. The percutaneous de-
vice couples to a bone anchored device having a ball
component for articulating with the socket component of
the percutaneous device, providing a reverse anatomical
joint configuration.
[0030] Preferably the articulating component compris-
es a tibial component for articulating with a femoral hinge
component of a knee endoprosthesis. Suitably, the tibial
component can articulate with a condylar surface of a
femoral hinge component of an implanted endoprosthe-
sis, the intracoporeal component forming part of a joint
replacement prosthesis for implantation in a subject that
has undergone a transfemoral amputation. The intraco-
poreal component is therefore able to pivot relative to the
subject’s femur, to provide a knee joint within the sub-
ject’s femoral stump. Similarly the articulating component
could be adapted (i.e. sized and shaped) to articulate
with a corresponding joint component of an elbow joint
of an implanted endoprosthesis, the percutaneous de-
vice forming part of a joint replacement prosthesis for
implantation in a subject that has undergone a transhe-
moral amputation. The percutaneous device is therefore
able to pivot relative to the subject’s elbow, to provide an
elbow joint within the subject’s humoral stump. Suitably,
residual muscles at the site of the limb amputation can
be secured to the intracoporeal component when it is
installed, anchoring muscle to the intracoporeal compo-
nent and therefore allowing the subject to control move-
ment of the intracoporeal component/percutaneous de-
vice using their residual muscle at the limb stump.
[0031] According to a further aspect of the invention
there is provided a kit for a joint disarticulation prosthesis
or joint replacement prosthesis, the kit comprising an in-
tracorporeal portion and an endoprosthesis having an
articulating surface for articulating with the articulating
component. Suitably the endoprosthesis has a proximal
end and a distal end, the articulating surface being at the
distal end of the endoprosthesis when implanted. Suita-
bly the endoprosthesis has bone anchoring means for
rigidly attaching the endoprosthesis to a subject’s bone
in use. The bone anchoring means may be a stem for
engagement in a resected long bone. Preferably the en-
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doprosthesis has a ball component and bone anchoring
means for rigidly attaching the endoprosthesis to bone
in use. Preferably the endoprosthesis has a body portion
for mounting into bone, the body portion having a sub-
stantially frustoconical taper with an integral screw for-
mation extending terminally therefrom whereby when the
endoprosthesis is fixed in place to bone by the screw
formation, the taper of the body assists in stabilising the
endoprosthesis.
[0032] Suitably the device may be adapted for use in
a reverse anatomical shoulder prosthesis or a reverse
anatomical hip prosthesis. In certain circumstances it is
desirable to reverse the natural anatomical configuration
of the joint, whereby in a reverse anatomical joint the
socket component of the joint is present on the proximal
humeral/femoral component and articulates with a ball
component secured to the scapula/pelvis. Reverse ana-
tomical configuration would be useful in particular for use
in shoulder joint disarticulations where the subject’s
shoulder socket requires replacement, and wherein it
may be difficult to implant an anatomical glenoid shell
that is large enough to stabilize the humeral prosthesis
and prevent proximal migration.
[0033] Preferably the percutaneous device has bone
anchoring means for rigidly anchoring the device or at
least part of the device to bone in use. Preferably the
articulating component is a ball component.
[0034] When the articulating component is a ball com-
ponent, the ball component is preferably substantially
spherical. The ball component is preferably a rounded,
convex articulating surface.
[0035] Preferably the intracorporeal portion further
comprises a flange extending outwardly from the intrac-
orporeal portion in use. The flange provides a large sur-
face area for integration with skin and fibrous tissue. Pref-
erably the flange is non-circular in shape in the plane
transverse to the longitudinal axis of the intracorporeal
portion. The non-circular flange or enlarged distal portion
provides rotational stability to a socket of an exoprosthe-
sis installed on the stump and prevents spinning of the
socket on the stump (when the intracorporeal portion is
not coupled to the extracorporeal portion, the intracor-
poreal portion being implanted fully under a patient’s
skin). For example, the non-circular flange or enlarged
distal portion may be oval shaped.
[0036] Preferably at least a portion of the intracorporeal
portion is porous. Advantageously, high porosity zones
enhance tissue ingrowth (skin and/or muscle tissue),
whilst the less porous zone maintains strength charac-
teristics of the intracorporeal portion.
[0037] The intracorporeal portion has a plurality of ap-
ertures for attaching a subject’s soft tissue to the intrac-
orporeal portion. The apertures comprise through-holes.
Preferably the diameter of each aperture is around 1 to
2 mm. These macro-sized apertures are suitably large
enough to allow a needle and polymer suture material
(such as Fiberwire(RTM)) to pass through, such that
muscle can be secured to the flange using sutures. The

sutures may be permanent or temporary. After implan-
tation, over time, muscle tissue can ingrow through the
macro-sized apertures, further securing the device to the
nearby tissue.
[0038] Preferably the intracorporeal portion and extra-
corporeal portion are separate pieces, and are rigidly
coupled together in use. Suitably, where the intracorpor-
eal portion and extracorporeal portion are separate piec-
es, at least a portion of the extracorporeal portion is lo-
cated exterior to the skin when installed in a subject. Pref-
erably the extracorporeal portion has a male pin and the
intracorporeal portion has a corresponding female socket
for receiving the male pin of the extracorporeal portion.
This allows the intracorporeal and extracorporeal por-
tions to be coupled together. Preferably the device has
means for securably coupling the intracorporeal and ex-
tracorporeal portions together, releasably or non-releas-
ably. Alternatively, the intracorporeal portion and extra-
corporeal portion are integral, forming a single piece per-
cutaneous device.
[0039] Preferably at least a portion of the intracorporeal
portion is treated to promote cutaneous and/or muscle
integration. Preferably at least a portion of the intracor-
poreal portion has a surface coating to promote cutane-
ous integration.
[0040] Also described herein is a percutaneous device
comprising an intracorporeal portion according to the first
aspect of the invention, the percutaneous device further
comprising an extracorporeal component for location ex-
terior to the skin, the extracorporeal component being
integral with or coupled to the intracorporeal component
in use. The extracorporeal component may have any of
the preferred features explained above.
[0041] According to a further aspect of the invention
there is provided a joint disarticulation prosthesis or joint
replacement prosthesis including an intracorporeal por-
tion according to the previously described aspects of the
invention. Preferably there is provided a shoulder or hip
disarticulation prosthesis including a percutaneous de-
vice according to the previous described aspects of the
invention.
[0042] Also described herein is an intracorporeal com-
ponent for a percutaneous device, the intracorporeal
component having means for attachment to a bone, the
intracorporeal component being adapted for being im-
planted fully subcutaneously such that no portion of the
intracorporeal component extends through the skin when
implanted in a subject, the intracorporeal component
having a female socket for receiving a corresponding
male pin of an extracorporeal component, the extracor-
poreal component being for location exterior to the skin.
The female socket and male pin provided allow for cou-
pling of the extracorporeal component to the intracorpor-
eal component if desired. Suitably, a portion of the ex-
tracorporeal component is located exterior to the skin
when installed. The intracorporeal component will be fully
under the skin when implanted. If the extracorporeal com-
ponent is not installed in the intracorporeal component,
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the female component of the intracorporeal component
will be fully covered by skin.
[0043] This differs from prior art systems, such as that
disclosed in US 4158895 (Reswick), wherein the distal
end of the intracorporeal support extends through the
skin when implanted, such that the female socket for at-
tachment of the extracorporeal component is exposed
and the pin of the extracorporeal component can be cou-
pled to the intracorporeal support without further medical
intervention to expose the female socket. By implanting
the intracorporeal component such that it is fully under
the skin, with no part of it extending through the skin, the
intracorporeal component can be left in the patient indef-
initely as a stump extender. The intracorporeal compo-
nent can have a distal flange or enlarged distal portion
that extends outwardly from the intracorporeal compo-
nent in use, the flange or enlarged distal portion being
non-circular in shape in the plane transverse to the lon-
gitudinal axis of the intracorporeal component. The non-
circular flange or enlarged distal portion is also adapted
for being implanted fully subcutaneously, such that no
portion of the intracorporeal component extends through
the skin when implanted. The non-circular flange or en-
larged distal portion provides rotational stability to a sock-
et of an exoprosthesis installed on the stump and pre-
vents spinning of the socket on the stump. For example,
the non-circular flange or enlarged distal portion may be
oval shaped. The means for attachment to a bone can
be any suitable means for rigidly attaching the device to
a bone; for example, it may be a stem for insertion into
an intramedullary cavity of a bone stump, or may be a
collar that can rigidly receive a bone stump therewithin.
[0044] Also described herein is a kit for a percutaneous
device, the kit comprising an intracorporeal component,
the kit further comprising an intracorporeal plug receiv-
able in the female socket of the intracorporeal compo-
nent, the plug being fully intracorporeal when installed.
Suitably, the plug is adapted to be fully subcutaneously
installed, such that no portion of the plug extends through
the skin when implanted.
[0045] Also described herein is a percutaneous device,
the device comprising an intracorporeal component and
an extracorporeal component for location exterior to the
skin, the extracorporeal component having a male pin
receivable in the female socket of the intracorporeal com-
ponent for rigidly coupling the extracorporeal component
to the intracorporeal component.
[0046] Also described herein is an intracorporeal com-
ponent for a percutaneous device, the intracorporeal
component having means for attachment to a bone, the
device further comprising a flange extending outwardly
from the intracorporeal component in use, the flange be-
ing non-circular in shape in the plane transverse to the
longitudinal axis of the intracorporeal component. The
non-circular flange or enlarged distal portion provides ro-
tational stability to a socket of an exoprosthesis installed
on the stump and prevents spinning of the socket on the
stump. The flange may be an enlarged distal portion that

extends outwardly from the intracorporeal component.
The longitudinal axis of the intracorporeal component is
the axis parallel with the axis of implantation of the com-
ponent in a subject. The flange may be oval in cross-
sectional shape for example.
[0047] Also described herein is a method of installing
in a subject an intracorporeal portion or percutaneous
device for a joint disarticulation prosthesis or joint re-
placement prosthesis as described, the method compris-
ing the steps of

(i) implanting the intracorporeal portion under the
skin;
(ii) coupling the articulating component with the ar-
ticulating surface such that the articulating compo-
nent can articulate with the articulating surface in
use.

Brief Description of the Drawings

[0048] Preferred embodiments of the present invention
will now be more particularly described by way of exam-
ple only with reference to the accompanying drawings,
wherein:

Figure 1 shows a diagrammatic part cross-section
through an embodiment of a percutaneous device
for use in an anatomical hip disarticulation prosthe-
sis, the device shown installed in a subject, the de-
vice having a ball component received in a subject’s
hip socket;

Figure 2 shows a diagrammatic part cross-section
through an embodiment of a percutaneous device
for use in an anatomical shoulder disarticulation
prosthesis, the device shown installed in a subject,
the device having a ball component received in a
subject’s shoulder socket;

Figure 3 shows a diagrammatic part cross-section
through an example of a percutaneous device for
use in a reverse anatomical shoulder disarticulation
prosthesis, the device shown installed in a subject,
the device having a ball component that articulates
with an exoprosthesis;

Figure 4 shows a diagrammatic part cross-section
through an embodiment of a percutaneous device
for use in a reverse anatomical shoulder disarticula-
tion prosthesis, the device shown installed in a sub-
ject, the device having a socket component that ar-
ticulates with a bone-anchored endoprosthesis.

Figure 5 shows a diagrammatic cross-section
through an embodiment of a body component of the
intracorporeal portion of a percutaneous device, sim-
ilar to the figure 1 embodiment, for use in an ana-
tomical hip disarticulation prosthesis; the device has
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a removable portion including the extracorporeal
portion of the device, the removable portion not being
present in the diagram;

Figure 6A shows an exploded diagrammatic cross-
section through an embodiment of a body compo-
nent of a percutaneous device, similar to the figure
5 embodiment, for use in an anatomical hip disartic-
ulation prosthesis; the device has a removable por-
tion including the extracorporeal portion of the de-
vice, the removable portion shown separate from the
body component in the diagram;

Figure 6B shows a diagrammatic cross-section
through the embodiment of figure 6A, but with the
removable portion installed in the body component;

Figure 7 shows a constrained femoral head inserted
in prosthetic cup, the femoral head for attachment
to the body component of figure 5 or 6A, and the
prosthetic cup for installation in the subject’s acetab-
ulum;

Figure 8 shows an alternative femoral head and
prosthetic cup system to that of figure 7, the femoral
head being held captive in the prosthetic cup by a
ring attached to the prosthetic cup;

Figure 9 shows a diagrammatic part cross-section
through an embodiment of a percutaneous device
for use in a joint replacement prosthesis for a patient
having undergone a transfemoral amputation, the
device shown installed in a subject, the device hav-
ing a tibial component that articulates with an endo-
prosthesis.

Description of the Preferred Embodiments

[0049] The present embodiments represent currently
the best ways known to the applicant of putting the in-
vention into practice. But they are not the only ways in
which this can be achieved. They are illustrated, and they
will now be described, by way of example only.
[0050] Referring to figure 1, this shows a percutaneous
device 10 installed in a subject 11. The percutaneous
device 10 has an intracorporeal or subcutaneous portion
12 which resides under the skin 14 when the device is
installed and an extracorporeal or external portion 16
which extends from the skin when the device is installed.
The device may be made up from separate components
connected together, or the components may be formed
integrally.
[0051] In figure 1, the percutaneous device 10 is shown
installed at the subject’s hip. The device 10 has a ball
component 20 at its proximal end when installed which
is received in and articulates with the subject’s natural
hip socket (the acetabulum) 22 in the subject’s pelvis 24.
Alternatively the ball component 20 may be received in

and articulate with an artificial liner in the subject’s hip
socket, such as a prosthetic acetabular shell (not shown
in the figures). The ball component is a substantially
spherical, convex, articulating surface that is able to ar-
ticulate with a subject’s natural or prosthetic hip socket.
[0052] The ball component is provided as a separate
component from the body of the intracorporeal portion
12 of the device, for assembly together before installation
in a subject. In this way, the ball component may be pro-
vided as a modular component for use with a single per-
cutaneous device body, and the desired ball size can be
selected and assembled to the percutaneous device
body.
[0053] The percutaneous device 10 has a flange or
flange assembly 18, extending outwardly from the longi-
tudinal axis of the intracorporeal portion 12. The flange
18 may be integral with the body of the intracorporeal
portion 12, or may be a separate piece which is attached
to the intracorporeal portion 12. The flange assembly pro-
vides a large surface area for integration with skin and
fibrous tissue. The percutaneous device may be installed
in a one-stage procedure or in a two-stage procedure
wherein the intracorporeal portion 12 of the device 10 is
installed first and allowed to integrate before the flange
18 and extracorporeal portion 16 are attached. Alterna-
tively, the intracorporeal portion 12 and flange 18 can be
is installed first and allowed to integrate before the ex-
tracorporeal portion is attached. The flange is curved in
shape, the surface of the distal portion being convexly
curved and the surface of the proximal portion being con-
cavely curved. This helps to prevent stresses being ap-
plied to the soft tissues that lie over the peripheral edge
of the flange assembly.
[0054] The percutaneous device may have means at
the distal end of the extracorporeal portion 16 for attach-
ment to an artificial leg (not shown).
[0055] Referring to figure 2, this shows a percutaneous
device 110, similar to the device 10 of figure 1, except
that the device 110 of figure 2 is installed at the subject’s
111 shoulder. Similar to the device of figure 1, the device
of figure 2 has an intracorporeal or subcutaneous portion
112 which resides under the skin 114 when the device
is installed, an extracorporeal portion 116 which extends
from the skin when the device is installed, and a flange
assembly 118 extending outwardly from the longitudinal
axis of the intracorporeal portion 112. The device 110
has a ball component 120 at its proximal end when in-
stalled which is received in and articulates with the sub-
ject’s natural shoulder socket (the glenoid fossa) 122 in
the subject’s scapula 124. Alternatively the ball compo-
nent 120 may be received in and articulate with an arti-
ficial liner in the subject’s glenoid socket, such as a pros-
thetic glenoid shell (not shown in the figures). The ball
component is a substantially spherical, convex, articulat-
ing surface that is able to articulate with a subject’s nat-
ural or prosthetic shoulder socket. The percutaneous de-
vice may have means at the distal end of the extracor-
poreal portion 116 for attachment to an artificial arm (not
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shown). All of the preferred features described in relation
to the device of figure 1 may be applied in the device of
figure 2 also.
[0056] Referring to figure 3, this shows a percutaneous
device 210 installed in a subject 211 at the shoulder. The
percutaneous device 210 has an intracorporeal or sub-
cutaneous portion 212 which resides under the skin 214
when the device is installed and an extracorporeal portion
216 which extends from the skin when the device is in-
stalled, and a flange assembly 218 extending outwardly
from the longitudinal axis of the intracorporeal portion
212. Unlike the embodiment of figure 2, the percutaneous
device 210 is used to provide a reverse anatomical shoul-
der prosthesis. In a reverse anatomical shoulder pros-
thesis the ball of the ball-and-socket shoulder joint is pro-
vided on a glenoid prosthesis component rather than on
a humeral prosthesis component. In the device of figure
3, the percutaneous device 210 comprises the glenoid
prosthesis component of a prosthetic shoulder joint.
[0057] The extracorporeal portion 216 of the percuta-
neous device has a ball component 220 at its proximal
end when installed, which is received in and articulates
with a socket component 242 on the end of an exopros-
thesis 240. The intracorporeal portion 212 of the percu-
taneous device has a threaded screw shank 230 at its
proximal end, to engage into the bone of the glenoid cav-
ity of the scapula 224. Between the screw threaded shank
230 and the extracorporeal portion 216 is a plate/shoul-
der 234 that is circular in plan centred on the axis of the
screw thread shank 230 and with a transition from the
plate portion 234 to the shank 230 that is a substantially
frusto-conical form 232 tapering toward the shank 230.
The plate/shoulder 234 may alternatively be ovoid in
plan. The frustoconical transition 232 enables the device
to be screw mounted to the glenoid surface to a substan-
tial depth with a reduction in fragmentation of the exposed
glenoid face by the screw threaded shank 230 and where
the frustoconical surface 232 has a stabilising effect so
that when forces are applied to the joint, the damage on
the remaining glenoid bone is reduced. The frustoconical
transition 232 is suitably coated with hydroxyapatite to
encourage osseous integration and/or is micro-pitted.
[0058] In use, the ball component 220 of the percuta-
neous device is push-fitted or snap-fitted to the corre-
spondingly shaped socket component 242 of the exo-
prosthesis 240. The exoprosthesis 240 may comprise an
artificial arm or may comprise an extension component
for attachment to an artificial arm.
[0059] Referring to figure 4, this shows a percutaneous
device 310 installed in a subject 311 at the shoulder. The
percutaneous device 310 has an intracorporeal or sub-
cutaneous portion 312 which resides under the skin 314
when the device is installed and an extracorporeal portion
316 which extends from the skin when the device is in-
stalled. The percutaneous device 310 of figure 4 is used
to provide a reverse anatomical shoulder prosthesis. Un-
like the device of figure 3, the percutaneous device of
figure 4 does not comprise a glenoid prosthesis compo-

nent of a prosthetic shoulder joint. The percutaneous de-
vice of figure 4 has a socket component 320 at the prox-
imal end of the intracorporeal portion in use, which cou-
ples to a separate glenoid prosthesis component 350.
Extending outwardly from the intracorporeal portion 312
is a flange assembly 318, which provides a large surface
area which advantageously facilitates the integration with
fibrous tissue growth.
[0060] The glenoid prosthesis component 350 may be
a Bayley-Walker R™ glenoid screw prosthesis or similar,
as known and described in the prior art, for example in
GB 2 405 346 (Stanmore Implants Worldwide Ltd). The
glenoid prosthesis component 350 is anchored to the
scapula 324 in use, the glenoid prosthesis component
350 having a threaded screw shank 351 to engage into
the bone of the glenoid cavity and where the head part
of the screw is formed as a ball 352 to co-operatively
engage with the bearing surface of the socket component
320 of the percutaneous device.
[0061] Between the screw threaded shank 351 and the
ball 352 of the glenoid prosthesis component 350 is an
intermediate portion comprising a plate/shoulder 353 that
is circular in plan centred on the axis of the screw thread
shank 351 and with a transition from the plate portion
353 to the shank 351 that is a substantially frusto-conical
form 354 tapering toward the shank 351. The plate/shoul-
der 234 may alternatively be ovoid in plan. This frusto-
conical transition 354 enables the glenoid prosthesis
component 350 to be screw mounted to the glenoid sur-
face to a substantial depth with a reduction in fragmen-
tation of the exposed glenoid face by the screw threaded
shank 351 and where the frustoconical surface 354 has
a stabilising effect so that when forces are applied to the
joint, the damage on the remaining glenoid bone is re-
duced. The frustoconical transition 354 is suitably coated
with hydroxyapatite to encourage osseous integration
and/or is micro-pitted.
[0062] In use, the ball 352 of the glenoid prosthesis
component 350 may be push-fitted or snap-fitted to the
correspondingly shaped socket component 320 of the
percutaneous device 310.
[0063] In use, the percutaneous device 310 of figure 4
can pivot relative to the bone anchored glenoid prosthe-
sis component, thereby providing means for coupling an
external prosthesis to the subject.
[0064] It will be understood that the devices shown in
figures 3 and 4 could be used for a hip disarticulation.
[0065] Referring to figure 5, this shows a body compo-
nent 412 of a percutaneous device 411 for use in an
anatomical hip disarticulation prosthesis. The figure 5
embodiment is similar to the figure 1 embodiment, how-
ever in the figure 5 embodiment the extracorporeal por-
tion is a separate piece from the main body of the intra-
corporeal portion. The body component 412 is an intra-
corporeal or subcutaneous portion of the device when
installed. The body component has a bore or hole 460,
for receiving a removable portion of the percutaneous
device (not shown in figure 5). The bore 460 has a distal
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portion 460a when implanted, that is hexagonal in cross-
section. The bore has a proximal portion 460b, adjoining
the distal portion, the proximal portion being internally
threaded (the internal threading not being visible in figure
5).
[0066] Referring to figures 6A and 6B, the body com-
ponent 412 is similar to the body component of figure 5,
and common reference numerals are used in figure 5,
6A and 6B for common features. Referring to figures 6A
and 6B, the removable portion 461 of the percutaneous
device is shown. The removable portion 461 has an in-
tracorporeal portion 462 which resides under the skin in
use, which together with the body component 412, forms
the intracorporeal portion of the percutaneous device
when assembled and installed. The removable portion
461 also has an extracorporeal portion 463 which ex-
tends from the skin when the device is installed. The re-
movable portion 461 comprises a hexagonal male com-
ponent 464 that corresponds in shape to the hexagonal
cross-section of the distal portion 460a of the bore 460
of the body component, such that the hexagonal male
component 464 can be tightly received in the distal por-
tion 460a of the bore. The hexagonal male component
464 has a central bore 465 along its longitudinal axis, in
which a bolt 466 can be received. The bolt has a threaded
shank 466a, which is threadedly receivable in the corre-
sponding internally threaded proximal portion 460b of the
bore 460 of the body component. The bolt has a head
466b which abuts an internal shoulder (not visible in the
figures) of the hexagonal male component 464, such that
the threaded shank 466a extends through the hole at the
proximal end of the central bore 465 hexagonal male
component 464. In use, to attach the removable portion
461 to the body component 412, the hexagonal male
component 464 is inserted in the distal portion 460a of
the bore of the body component, and the bolt 466 is in-
serted in the central bore 465 of the hexagonal male com-
ponent 464; the bolt is threadedly engaged to the proxi-
mal portion 460b of the bore, to secure the removable
portion 461 with the body component 412.
[0067] Other means for securably attaching the sepa-
rate extracorporeal portion to the body component 412
of the device can be used. For example, the extracorpor-
eal portion may have a male portion receivable in a fe-
male portion (e.g. a bore) in the body component 412,
the bore having a cross-hole for access transversely to
the region of the end of the male portion by a disassembly
tool, similar to the cross-hole provided in the modular
prosthesis disclosed in WO 02/47585 (Stanmore Im-
plants Worldwide Limited).
[0068] An external spigot 467 may be attachable to the
extracorporeal portion 463 of the hexagonal male com-
ponent 464, the external spigot 467 being externally
splined for use in attachment of an external prosthethetic
device to the percutaneous device.
[0069] The removable portion 461 may be fitted to the
body component 412 during initial surgery to install the
body component in a subject. Alternatively the body com-

ponent may be installed without the removable portion
461 inserted, the body component being fully covered
over by the subject’s skin and left for up to several months
to allow tissue to integrate with it. During the integration
period, when the body component is entirely residing
within the subject’s body, the bore 460 is filled with a
plastic or metal fitting to prevent tissue ingrowth in the
bore. Further surgery can then be performed to install
the removable portion 461 in the body component 412,
the plastic or metal filling in the bore 460 being removed
during surgery prior to installation of the removable por-
tion 461 in the bore 460. Once installed, the removable
portion 461 extends through the patient’s skin.
[0070] The intracorporeal body component 412 can be
left in a patient indefinitely, without installation of the re-
movable portion 461. In this way, the body component
412 can be used as a stump extender. The extended
stump can be received in the socket of an exoprosthesis.
[0071] When installed, the hexagonal male component
464 cannot rotate relative to the body component 412,
and the components are rigidly coupled to one another
(i.e. non-movably coupled). Of course the distal portion
460a of the bore and the hexagonal male component 464
could have cross-sectional shapes other than hexagonal.
If the male component 464 has a circular cross-section,
it may include a lug engageable in a recess of the bore
460, to prevent rotation of the male component 464 with
respect to the body component 412 when installed.
[0072] The body component 412 is preferably made of
any suitable metal, such as titanium alloy or cobalt
chrome. The body component 412 has regions wherein
the body component body is porous and regions wherein
the body component body is solid (i.e. non-porous). The
porous regions may comprise a three dimensional po-
rous network structure of pores. Such a body component
can be manufactured using an Electron Beam Melting
(EBM) machine (e.g. from Arcam AB). In the Electron
Beam Melting process, an electron beam gun is used to
selectively melt metal powder in a vacuum chamber to
produce regions of solid metal and voids, arranged to
create the desired size, shape, and pattern of holes in
the distal and proximal portions of the body component.
The body component 412 may have one or more 3D po-
rous regions, with non-porous regions between. Alterna-
tively, the body component may comprise regions of dif-
fering porosity. For example, the body component may
have one or more regions of high porosity, one or more
regions of lower porosity and optionally, one or more re-
gions which are non-porous. Porosity is the ratio of the
volume of pores to the total volume taken up by the ma-
terial and pores. High porosity areas of the body compo-
nent enhance tissue ingrowth (skin and/or muscle) with
the body component. However, high porosity areas are
weaker than low porosity/non-porous areas of a body
component. Therefore, it is advantageous to have higher
porosity regions combined with low/non-porous regions
in the body component, to provide a body component
which promotes tissue ingrowth, whilst retaining strength
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characteristics.
[0073] Referring to figure 5, the peripheral surface of
the body component 212 surrounding its longitudinal axis
comprises a porous region of material 412a, and the inner
region 412b comprises a longitudinal core of solid metal
for strength purposes. The body component 412 is
shaped as a trochanter replacement component, shaped
to correspond with an anatomical trochanter of the femur.
The body component 412 has a greater trochanter por-
tion 470 at its proximal end, shaped to correspond to an
anatomical greater trochanter. The enlarged greater tro-
chanter portion 470 of the body component is within the
porous region 412a of the body component, such that
there is a large surface area for attachment of residual
muscle from the patient, in particular the abductor mus-
cle. Between the distal and proximal ends of the body
component 412 is a mid-portion of the body component,
which has a substantially circular cross-sectional shape.
The outer surface of the mid-portion of the body compo-
nent 412 is porous to a depth of a few millimetres (pref-
erably a depth of around 4 mm). The outer porous surface
of the body component 412 provides a greater surface
area for attachment of tissue. Preferably the pores of the
porous regions have pore size diameter of around
350-700 microns. Most preferably, the average diameter
of the apertures/pores is around 700 microns in diameter,
as apertures/pores of this size have been found to en-
hance tissue ingrowth, since the apertures/pores are
large enough not to restrict dermal invasion. The porous
metal may be treated with a protein coating such as lam-
inin or fibronectin to enhance cell attachment. The porous
metal regions may be coated with hydroxyapatite (HA)
using a plasma coating metehod or other line of site meth-
od. Additionally the inner pores may be coated with HA
by a solution deposition method which may or may not
involve electro deposition of a calcium phosphate mate-
rial.
[0074] The outer surface region of the body component
412 includes a plurality of large holes 471, to promote
muscle, tendon and/or fascia tissue attachment with the
body component. Preferably the holes are through-holes,
of the order of around 1 to 2 mm in diameter, and pref-
erably around 2 mm in diameter. These macro-sized ap-
ertures/pores are large enough to allow a needle and
polymer suture material (such as Fiberwire(RTM)) to
pass through, such that muscle can be secured to the
body component using sutures. The sutures may be per-
manent or temporary. This promotes tissue integration
following implantation. After implantation, over time,
muscle tissue can ingrow through the macro-sized holes
and also the micro-sized pores of the porous regions,
further securing the body component to the nearby tis-
sue. This then allows the subject to move the body com-
ponent using their residual muscle, allowing the subject
to pivot the body component about the subject’s hip sock-
et.
[0075] The distal end 472 of the body component 412
has a larger cross-sectional area than the mid-portion of

the body component 412. The distal end 472 provides a
flange, extending outwardly from the longitudinal axis of
the body component 412. The distal end 472 lies under
the epidermis 414a and the dermis 414b layers of the
skin. As with the flange assemblies of the devices of fig-
ures 1 to 4, the distal end 472 provides a large surface
area for integration of skin and fibrous tissue with the
body component. Referring to figure 6A, the distal sur-
face of the distal end 472 is preferably convexly curved
in shape, helping to prevent stresses being applied to
the soft tissues that lie over the peripheral edge of the
distal end when installed. Preferably, the flange shaped
distal end 472 of the body component is porous to en-
hance attachment of skin tissue to the distal end; this
prevents movement of the body component relative to
the skin, helping the skin heal around the device and
preventing epithelial downgrowth and infection. Dermal
tissues may be attached to the distal end 472 by sutures
which pass through 1-2 mm holes in the distal end 472
(not shown in the figures), similar to the holes 471.
[0076] If the intracorporeal body component 412 is in-
stalled in a patient without installation of the removable
portion 461, to serve as a stump for supporting an exo-
prosthesis socket, in order to prevent spinning of the ex-
oprosthesis socket the distal end 472 of the body com-
ponent 412 may be non-circular in cross-sectional shape
transverse to the direction of insertion to the body; the
non-circular distal end resists rotation of the socket rel-
ative to the stump. For example, the flange or expanded
distal part may be oval in shape. Alternatively, the flange
or enlarged distal portion may be utilised adjacent to the
subject’s bone (but not as a stump extender) to provide
rotational stability to a socket. In this case, the flange
could be rigidly fixed to a residual bone (rather than cou-
pled articulatingly with an intracorporeal joint component)
using an intramedully stem or other suitable bone attach-
ment means.
[0077] Typically, the body component will be around
100 mm in length from the distal end 472 to the proximal
end of the greater trochanter portion 470. The diameter
of the widened distal end 472 may be around 32 mm,
with the distal bore portion 460a being around 12 mm in
diameter.
[0078] Referring to figure 5, the body component 412
includes a femoral neck 473 with a trunion 474 to which
a femoral head (not shown in figure 5) is attached in use.
[0079] Figures 7 and 8 show two possible types of fem-
oral head and prosthetic cup assembly that can be used
with the body component of figures 5, 6A, 6B, or in the
embodiments of figures 1 and 2 (similar ball and socket
systems could be used for the prosthetic humeral head
and cup component of figures 3 and 4). In each of the
embodiments of figures 7 and 8, there is a femoral head
475 having a corresponding trunion fitting 474a that fits
onto the trunion 474 of the percutaneous device. Both
the systems of figures 7 and 8 are constrained ball and
socket systems. Non-constrained systems rely on the
downward force of the body through the joint and/or the
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tension created by the soft tissue, including muscles, lig-
aments and tendons to retain the prosthesis in its im-
planted position. Constrained systems include mecha-
nisms for preventing dislocation of the components. Fig-
ure 7 shows a femoral head 475 inserted in a prosthetic
cup 476, and is a constrained cup system. The cup 476
has a greater than hemispherical coverage around the
femoral head 475, such that the head is constrained with-
in the internal diameter of the cup 476, thus preventing
subluxation or dislocation of the head and cup. The fem-
oral head 475 fits into the cup 476 via a snap-fit. The cup
476 is preferably made of polyethylene, more preferably
ultra high molecular weight polyethylene. The cup 476 is
implanted at the patient’s acetabulum in use.
[0080] Figure 8 shows an alternative constrained sys-
tem. The system includes a metallic shell 477 that is im-
planted at the patient’s acetabulum. The metallic shell
477 has a polyethylene bearing insert 478 that sits inside
it, the liner 478 preferably being made of preferably ultra
high molecular weight polyethylene. The femoral head
475 is inserted in the bearing insert 478 and a ring 479
is attached to the face of the metallic shell 477, constrain-
ing the head and preventing the head from dislocating.
The ring 479 is preferably threadedly engaged to the me-
tallic shell 477. The system of figure 8 may optionally
omit the bearing insert 478, such that the femoral head
bears directly against the metallic shell 477.
[0081] Referring to figure 9, this shows a percutaneous
device 510, forming a joint replacement prosthesis, for
installation in a subject that has had a transfemoral am-
putation. This shows a percutaneous device that can be
used with a total joint replacement other than a shoulder
or hip joint. The percutaneous device 510 has an intrac-
orporeal portion 512 which resides under the skin 514
when the device is installed and an extracorporeal portion
(not shown) which extends from the skin when the device
is installed. The percutaneous device of figure 9 com-
prises a tibial component of a knee joint, having a tibial
articulating component 580 at the proximal end of the
intracorporeal portion in use, which articulates with a sep-
arate endoprosthesis 550 comprising a femoral knee
hinge component having a condylar surface 583 for ar-
ticulating with the tibial articulating component 580 of the
percutaneous device 512. The proximal end of the en-
doprosthesis 550 includes a stem 584 for insertion into
the intramedullary cavity of the patient’s femur (not
shown), to anchor the endoprosthesis 550 to the bone
stump.
[0082] Like the figure 5, 6A, 6B embodiments, the in-
tracorporeal portion 512 has a bore 560 for receiving a
removeable portion (not shown) that includes a male por-
tion for insertion in the bore 560 and an extracorporeal
portion that extends from the intracorporeal portion and
the skin when the removable portion is installed. As with
the figure 5, 6A, 6B embodiments, the distal end 572 of
the intracorporeal portion 512 has a larger cross-section-
al area than the mid-portion of the intracorporeal portion.
The distal end 572 provides a flange, extending outward-

ly from the longitudinal axis of the intracorporeal portion
512. As with the flange assemblies of the devices of fig-
ures 1 to 4, the distal end 572 provides a large surface
area for integration of skin and fibrous tissue with the
intracorporeal portion. The distal surface of the distal end
572 is preferably convexly curved in shape, helping to
prevent stresses being applied to the soft tissues that lie
over the peripheral edge of the distal end when installed.
[0083] Like the body component of figures 5, 6A and
6B, the intracorporeal portion 512 has a plurality of
through-holes 571 passing through the body along it’s
peripheral edge. These allow muscle, tendon and fascia-
tissue to attach to the device 512. Preferably the holes
are around 2 mm in diameter, and are large enough to
allow a needle to pass through, for securing tissue to the
device 512. By securing tissue such as muscle, tendon
and fascia-tissue attachment to the device 512, the sub-
ject can move the percutaneous device 512 using their
residual muscle, allowing the percutaneous device 512
(the tibial component) to be pivoted relative to the femoral
component 550. Like the body component of figures 5,
6A and 6B, the intracorporeal portion 512 also has a core
region 512b of solid metal for strength purposes and a
porous region of material 512a surrounding the core
512b.
[0084] In use, the bore 560 receives a removable com-
ponent (not shown) having an extracorporeal portion that
extends from the skin in use. The extracorporeal portion
of the removeable component has means for attaching
an exoprosthesis to the extracorporeal portion. The rigid
connection of the removable component (not shown in
figure 9), having an extracorporeal portion, to the percu-
taneous device 512 allows the subject to directly move
the extracorporeal portion of the percutaneous device
using their muscle, and therefore to move an exopros-
thesis secured to the extracorporeal portion of the per-
cutaneous device.
[0085] It will be understood that the system of figure 9
could equally be applied to provide a total joint replace-
ment for other joints, such as an elbow joint for a patient
having undergone a transhumeral amputation. In such
cases in the past, a patient would use an exoprosthesis
having a socket for receiving the humeral stump and an
exoprosthetic elbow joint, to secure the prosthesis to the
stump. The advantage of a percutaneous device accord-
ing to the invention for use in a joint replacement is that
the joint is contained within the patient’s body, and is not
part of an exoprosthesis. By integration of the muscle,
fascia tissue and tendons with the percutaneous device,
the patient can have direct control over the replacement
joint using their residual muscle, rather than relying on
body control or myoelectric control of an exoprosthetic
joint that would be required
[0086] The percutaneous devices of the various em-
bodiments of the invention are preferably made of titani-
um, titanium alloy or cobalt chrome, in order to provide
the percutaneous prosthesis with high strength charac-
teristics. It is important that the percutaneous prosthesis
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will not be liable to bend or break when the extracorporeal
portion is subjected to large forces, therefore the percu-
taneous prosthesis must comprise a strong, rigid struc-
ture. The extracorporeal portion of the percutaneous de-
vice may include a safety device comprising linkage
which breaks under an unusual load such as, for exam-
ple, one caused by the patient falling. This will allow the
extracorporeal portion to detach from the intracorporeal
portion without causing damage to the skin (or bone, if
the percutaneous device is bone anchored).
[0087] For the device of figure 3, in which the percuta-
neous device 210 is bone anchored, the threaded shank
230 may be substituted with other suitable attachment
means for securing the device to the scapula. In the em-
bodiment of figure 4, in which a glenoid prosthesis com-
ponent 350 is bone anchored, the threaded shank 351
may be substituted with other suitable attachment means
for securing the component to the scapula.
[0088] In the various embodiments, the intracorporeal
portion of the percutaneous device may be given a sur-
face treatment to encourage muscle or dermal integration
with the device. Such surface treatments include giving
the surface a micro-pitted structure and/or coating the
surface with adhesion proteins such as laminin or fi-
bronectin which encourage fibrous growth into the sur-
face of the device. A surface is provided on the intracor-
poreal portion which is porous and promotes fibrous tis-
sue ingrowth. Suitable materials for coating the surface
include alumina oxide ceramics or hydroxyapatite. This
surface, preferably after being given a porous surface
treatment, is coated with an adhesion promoting protein,
e. g. by spraying the prosthesis with a solution of the
adhesion-promoting protein, by dipping the prosthesis in
a concentrated solution of the protein and freeze drying,
or by dipping into a sterile solution of the adhesion-pro-
moting protein prior to installation.
[0089] In the devices of figures 1-8, the surface of the
ball component 20, 120, 220, 475 of the percutaneous
device will preferably have a surface of low-friction ma-
terial, such as ultra-high molecular weight polyethylene
(UHMWPE), to provide a suitable bearing surface for ar-
ticulating with the corresponding socket. In the embodi-
ment of figures 4, the surface of the ball component 352
of the glenoid prosthesis component 350 will preferably
have a surface of low-friction material, such as ultra-high
molecular weight polyethylene (UHMWPE), to provide a
suitable bearing surface for articulating with the corre-
sponding socket. In the embodiment of figure 4, the ar-
ticulating surface of the socket component 320 of the
percutaneous device will also preferably have a surface
of low-friction material, such as ultra-high molecular
weight polyethylene (UHMWPE), to provide a suitable
bearing surface for articulating with the corresponding
ball.
[0090] Prior to installing the percutaneous device, the
hypodermis is preferably surgically removed. The remov-
al of the hypodermis surgically during the amputation and
installation procedure assists in stimulating attachment

of the skin to the device and thereby prevents shear forc-
es on the skin separating the epithelial cells at the inter-
face.
[0091] In the various embodiments, the extracorporeal
portion of the percutaneous device that extends from the
skin surface may be given a non-stick surface on its ex-
terior portion. Suitable materials include fluorinated pol-
ymers such as polytetrafluoroethylene, siliconised poly-
mers and diamond-like carbon. Alternatively the outer
surface of the extracorporeal portion may be polished to
provide a non-stick, low surface energy outer surface.
The presence of a non-stick surface discourages bacteria
from attaching to the prosthesis and helps to prevent in-
fection. The non-stick surface may be applied to the ex-
terior of the extracorporeal portion using the technique
of chemical vapour deposition (CVD). The use of CVD
is well known in the art for applying a surface of diamond-
like carbon. When applying a surface layer of diamond,
as disclosed in EP B-0545 542 the method generally in-
volves providing a mixture of hydrogen or oxygen gas
and a suitable gaseous carbon compound such as a hy-
drocarbon, applying energy to that gas to dissociate the
hydrogen into atomic hydrogen or the oxygen into atomic
oxygen and the carbon into active carbon ions, atoms or
CH radicals and allowing such active species to deposit
on the substrate to form diamond. The energy to cause
dissociation may be provided in a number of ways com-
mon to the art, for example by hot filament or by micro-
wave source. A non-stick surface fluorinated polymer or
silicone polymer may be applied to the extracorporeal
portion of the percutaneous device by polymerising a
monomer or prepolymer in contact with the component.
[0092] It may be convenient to apply the low energy
surface treatment to the extracorporeal portion while
masking the remaining components of the prosthesis.
Also, the intracorporeal portion of the prosthesis may be
treated with the adhesion-promoting protein after apply-
ing the low energy surface to the extracorporeal portion,
and it may be desirable to mask the extracorporeal por-
tion while applying the adhesion-promoting protein.
[0093] The flange assembly 18, 118, 218, 318 and dis-
tal end 472, 572 of the percutaneous devices of the fig-
ures may have through-holes, through which dermal
and/or muscle tissue can integrate. The flange assem-
bly/distal end may have surface treatments to encourage
muscle or dermal integration with the device. Such sur-
face treatments include giving the surface a micro-pitted
structure and/or coating the surface with adhesion pro-
teins such as laminin or fibronectin which encourage fi-
brous growth into the surface or with alumina oxide ce-
ramics and hydroxyapatite. The flange assembly/distal
end may be different shapes. Alternatively, the percuta-
neous device may have no flange assembly.
[0094] Each of the devices described may be provided
as a single piece or provided as a set comprising modular
components that are assembled together.
[0095] The device may be provided as a modular kit,
wherein components of the device are provided sepa-
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rately and are connected together, some of the compo-
nents being provided optionally in different sizes and/or
with attributes such as different surface coatings, or in
different shapes or sizes. For example, the intracorporeal
portion of the device may be provided with a removable
ball or socket component in different sizes, for providing
a prosthesis for anatomical or reverse anatomical ball-
and-socket joint replacement as shown in figures 2 and
4 respectively.
[0096] Where an artificial limb is connected to the per-
cutaneous device of any of the above described embod-
iments, the artificial limb may simply be a cosmetic/pas-
sive limb to restore the subject’s anatomical shape. Al-
ternatively the artificial limb may be controlled using con-
trol systems known in the prior art. For example, the ar-
tificial limb may be controlled by the subject’s own body
power, such as using cable-activation, or the artificial limb
may incorporate a power source to activate the prosthe-
sis using myoelectric control.

Claims

1. An intracorporeal portion (12, 112, 312, 412, 512) of
a percutaneous device (10, 119, 310, 410, 510) for
a joint disarticulation prosthesis or joint replacement
prosthesis, the intracorporeal portion having an ex-
tracorporeal portion (16, 116, 316, 463) or having
means for rigidly coupling directly to an extracorpor-
eal portion, the extracorporeal portion being for lo-
cation exterior to the skin, wherein the intracorporeal
portion comprises a body component (12, 112, 312,
412, 512) assemblable to a prosthetic articulating
component (20, 120 320, 475, 580) which is intrac-
orporeal when installed in a human or animal subject
and which is adapted so that it can articulate with an
articulating surface (22, 122, 352, 476, 477, 478,
583) by cooperatively engaging with the articulating
surface, the body portion having a plurality of
through-holes passing through the body along its pe-
ripheral edge, said through-holes being large
enough to allow a suture needle to pass though so
that the subject’s soft tissue can be attached to the
intracorporeal portion.

2. An intracorporeal portion (12, 112, 312, 412, 512) of
a percutaneous device according claim 1, in combi-
nation with the prosthetic articulating component
wherein the prosthetic articulating component (20,
120 320, 475, 580) is rigidly coupled to the intracor-
poreal portion of the percutaneous device in use.

3. An intracorporeal portion (12, 112, 312, 412) of a
percutaneous device according to any preceding
claim, in combination with the prosthetic articulating
component wherein the articulating surface (22, 122)
is a hip socket or a shoulder socket of a subject, or
is a prosthetic bearing surface (476, 477, 478) in-

stalled in a hip socket or shoulder socket of a subject
in use.

4. An intracorporeal portion (12, 112, 312, 412, 512) of
a percutaneous device according to any preceding
claim, in combination with the prosthetic articulating
component wherein the prosthetic articulating com-
ponent (20, 120, 320, 475, 580) articulates with a
prosthetic articulating surface (476, 477, 478, 583)
in use.

5. An intracorporeal portion (312, 512) of a percutane-
ous device according to claim 4, wherein articulating
surface is a prosthetic articulating surface of an en-
doprosthesis (350, 550).

6. An intracorporeal portion (512) of a percutaneous
device according to claim 4 or 5, wherein the artic-
ulating component (580) comprises a tibial compo-
nent for articulating with a femoral hinge component
of a knee endoprosthesis.

7. A kit for a joint disarticulation prosthesis or joint re-
placement prosthesis, the kit comprising an intrac-
orporeal portion (312, 512) according to any of
claims 4 to 6 and an endoprosthesis (350, 550) hav-
ing an articulating surface for articulating with the
articulating component.

8. An intracorporeal portion (12, 112, 412) or kit accord-
ing to any preceding claim, wherein the intracorpor-
eal portion further comprises a flange (18, 118, 472,
572) extending outwardly from the intracorporeal
portion.

9. An intracorporeal portion (12, 112, 412) or kit accord-
ing to claim 8, wherein the flange is non-circular in
shape in the plane transverse to the longitudinal axis
of the intracorporeal portion.

10. An intracorporeal portion (12, 112, 312, 412, 512) or
kit according to any preceding claim, wherein at least
a portion of the intracorporeal portion is porous.

11. An intracorporeal portion (12, 112, 312, 412, 512) or
kit according to any preceding claim, wherein the
intracorporeal portion and extracorporeal portion are
separate pieces, and are rigidly coupled together in
use.

12. An intracorporeal portion (12, 112, 312, 412, 512) or
kit according to any preceding claim, wherein at least
a portion of the intracorporeal portion is surface treat-
ed to promote cutaneous integration, said surface
treatment including giving the surface a micro-pitted
structure and/or coating the surface with adhesion
proteins and/or providing a porous surface and/or
coating with alumina oxide ceramics or hydroxyap-
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atite.

13. A joint disarticulation prosthesis or joint replacement
prosthesis including an intracorporeal portion (12,
112, 312, 412, 512) according any preceding claim.

Patentansprüche

1. Intrakorporaler Abschnitt (12, 112, 312, 412, 512)
einer perkutanen Vorrichtung (10, 119, 310, 410,
510) für eine Gelenkexartikulationsprothese oder
Gelenkersatzprothese, wobei der intrakorporale Ab-
schnitt einen extrakorporalen Abschnitt (16, 116,
316, 463) aufweist oder Mittel zum starren Koppeln
direkt an einen extrakorporalen Abschnitt aufweist,
wobei der extrakorporale Abschnitt zur Positionie-
rung außen an der Haut dient, wobei der intrakorpo-
rale Abschnitt eine Körperkomponente (12, 112,
312, 412, 512) umfasst, die an eine prothetische ar-
tikulierende Komponente (20, 120 320, 475, 580)
montierbar ist, die intrakorporal ist, wenn in einem
menschlichen oder tierischen Subjekt installiert, und
die so ausgelegt ist, dass sie mit einer artikulieren-
den Oberfläche (22, 122, 352, 476, 477, 478, 583)
artikulieren kann, indem die artikulierende Oberflä-
che kooperativ in Eingriff genommen wird, wobei der
Körperabschnitt eine Mehrzahl von Durchgangslö-
chern aufweist, die durch den Körper entlang seiner
peripheren Kante verlaufen, wobei die Durchgangs-
löcher groß genug sind, um eine Nahtnadel durch-
zulassen, sodass Weichgewebe des Subjekts an
dem intrakorporalen Abschnitt angebracht werden
kann.

2. Intrakorporaler Abschnitt (12, 112, 312, 412, 512)
einer perkutanen Vorrichtung nach Anspruch 1, in
Kombination mit der prothetischen artikulierenden
Komponente, wobei die prothetische artikulierende
Komponente (20, 120 320, 475, 580), bei Verwen-
dung, starr an den intrakorporalen Abschnitt der per-
kutanen Vorrichtung gekoppelt ist.

3. Intrakorporaler Abschnitt (12, 112, 312, 412) einer
perkutanen Vorrichtung nach einem vorhergehen-
den Anspruch, in Kombination mit der prothetischen
artikulierenden Komponente, wobei die artikulieren-
de Oberfläche (22, 122) eine Hüftpfanne oder eine
Schulterpfanne eines Subjekts ist oder eine prothe-
tische tragende Oberfläche (476, 477, 478) ist, die,
bei Verwendung, in einer Hüftpfanne oder Schulter-
pfanne eines Subjekts installiert ist.

4. Intrakorporaler Abschnitt (12, 112, 312, 412, 512)
einer perkutanen Vorrichtung nach einem vorherge-
henden Anspruch, in Kombination mit der protheti-
schen artikulierenden Komponente, wobei die pro-
thetische artikulierende Komponente (20, 120, 320,

475, 580), bei Verwendung, mit einer prothetischen
artikulierenden Oberfläche (476, 477, 478, 583) ar-
tikuliert.

5. Intrakorporaler Abschnitt (312, 512) einer perkuta-
nen Vorrichtung nach Anspruch 4, wobei die artiku-
lierende Oberfläche eine prothetische artikulierende
Oberfläche einer Endoprothese (350, 550) ist.

6. Intrakorporaler Abschnitt (512) einer perkutanen
Vorrichtung nach Anspruch 4 oder 5, wobei die arti-
kulierende Komponente (580) eine tibiale Kompo-
nente zur Artikulierung mit einer femoralen Gelenk-
komponente einer Knie-Endoprothese umfasst.

7. Kit für eine Gelenkexartikulationsprothese oder Ge-
lenkersatzprothese, wobei das Kit einen intrakorpo-
ralen Abschnitt (312, 512) nach einem der Ansprü-
che 4 bis 6 und eine Endoprothese (350, 550) mit
einer artikulierenden Oberfläche, zur Artikulierung
mit der artikulierenden Komponente, umfasst.

8. Intrakorporaler Abschnitt (12, 112, 412) oder Kit
nach einem vorhergehenden Anspruch, wobei der
intrakorporale Abschnitt ferner einen Flansch (18,
118, 472, 572) umfasst, der sich von dem intrakor-
poralen Abschnitt nach außen erstreckt.

9. Intrakorporaler Abschnitt (12, 112, 412) oder Kit
nach Anspruch 8, wobei der Flansch eine nicht-kreis-
förmige Form in der Ebene quer zu der Längsachse
des intrakorporalen Abschnitts aufweist.

10. Intrakorporaler Abschnitt (12, 112, 312, 412, 512)
oder Kit nach einem vorhergehenden Anspruch, wo-
bei mindestens ein Abschnitt des intrakorporalen
Abschnitts porös ist.

11. Intrakorporaler Abschnitt (12, 112, 312, 412, 512)
oder Kit nach einem vorhergehenden Anspruch, wo-
bei der intrakorporale Abschnitt und extrakorporale
Abschnitt separate Teile sind und, bei Verwendung,
starr miteinander gekoppelt sind.

12. Intrakorporaler Abschnitt (12, 112, 312, 412, 512)
oder Kit nach einem vorhergehenden Anspruch, wo-
bei mindestens ein Abschnitt des intrakorporalen
Abschnitts oberflächenbehandelt ist, um kutane In-
tegration zu fördern, wobei die Oberflächenbehand-
lung beinhaltet, dass die Oberfläche eine mikromar-
kierte Struktur erhält und/oder die Oberfläche mit Ad-
häsionsproteinen beschichtet wird und/oder eine po-
röse Oberfläche bereitgestellt wird und/oder mit Alu-
miniumoxidkeramik oder Hydroxyapatit beschichtet
wird.

13. Gelenkexartikulationsprothese oder Gelenkersatz-
prothese einschließlich eines intrakorporalen Ab-
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schnitts (12, 112, 312, 412, 512) nach einem vorher-
gehenden Anspruch.

Revendications

1. Partie intracorporelle (12, 112, 312, 412, 512) d’un
dispositif percutané (10, 119, 310, 410, 510) pour
une prothèse de désarticulation d’une articulation ou
une prothèse de remplacement d’une articulation, la
partie intracorporelle comportant une partie extra-
corporelle (16, 116, 316, 463) ou présentant des
moyens pour se coupler de manière rigide directe-
ment à une partie extracorporelle, la partie extracor-
porelle étant destinée à être placée à l’extérieur de
la peau, ladite partie intracorporelle comprenant un
composant de corps (12, 112, 312, 412, 512) pou-
vant être assemblé à un composant d’articulation
prothétique (20, 120 320, 475, 580) qui est intracor-
porel lorsqu’il est installé chez un sujet humain ou
animal et qui est conçu pour pouvoir s’articuler avec
une surface d’articulation (22, 122, 352, 476, 477,
478, 583) en venant en prise de manière coopérante
avec la surface d’articulation, la partie de corps com-
portant une pluralité de trous traversants traversant
le corps le long de son bord périphérique, lesdits
trous traversants étant suffisamment grands pour
permettre à une aiguille de suture de passer à travers
de sorte que les tissus mous du sujet puissent être
fixés à la partie intracorporelle.

2. Partie intracorporelle (12, 112, 312, 412, 512) d’un
dispositif percutané selon la revendication 1, en
combinaison avec le composant d’articulation pro-
thétique, ledit composant d’articulation prothétique
(20, 120 320, 475, 580) étant couplé de manière ri-
gide à la partie intracorporelle du dispositif percutané
lors de l’utilisation.

3. Partie intracorporelle (12, 112, 312, 412) d’un dis-
positif percutané selon l’une quelconque des reven-
dications précédentes, en combinaison avec le com-
posant d’articulation prothétique, ladite surface d’ar-
ticulation (22, 122) étant un cotyle de hanche ou un
cotyle d’épaule d’un sujet, ou étant une surface d’ap-
pui prothétique (476, 477, 478) installée dans un co-
tyle de hanche ou un cotyle d’épaule d’un sujet lors
de l’utilisation.

4. Partie intracorporelle (12, 112, 312, 412, 512) d’un
dispositif percutané selon l’une quelconque des re-
vendications précédentes, en combinaison avec le
composant d’articulation prothétique, ledit compo-
sant d’articulation prothétique (20, 120, 320, 475,
580) s’articulant avec une surface d’articulation pro-
thétique (476, 477, 478, 583) lors de l’utilisation.

5. Partie intracorporelle (312, 512) d’un dispositif per-

cutané selon la revendication 4, ladite surface d’ar-
ticulation étant une surface d’articulation prothétique
d’une endoprothèse (350, 550).

6. Partie intracorporelle (512) d’un dispositif percutané
selon la revendication 4 ou 5, ledit composant d’ar-
ticulation (580) comprenant un composant tibial des-
tiné à s’articuler avec un composant de charnière
fémorale d’une endoprothèse de genou.

7. Kit pour une prothèse de désarticulation d’une arti-
culation ou une prothèse de remplacement d’articu-
lation, le kit comprenant une partie intracorporelle
(312, 512) selon l’une quelconque des revendica-
tions 4 à 6 et une endoprothèse (350, 550) compor-
tant une surface d’articulation destinée à s’articuler
avec le composant d’articulation.

8. Partie intracorporelle (12, 112, 412) ou kit selon l’une
quelconque des revendications précédentes, ladite
partie intracorporelle comprenant en outre une bride
(18, 118, 472, 572) qui s’étend vers l’extérieur depuis
la partie intracorporelle.

9. Partie intracorporelle (12, 112, 412) ou kit selon la
revendication 8, ladite bride étant de forme non cir-
culaire dans le plan transversal à l’axe longitudinal
de la partie intracorporelle.

10. Partie intracorporelle (12, 112, 312, 412, 512) ou kit
selon l’une quelconque des revendications précé-
dentes, au moins une partie de la partie intracorpo-
relle étant poreuse.

11. Partie intracorporelle (12, 112, 312, 412, 512) ou kit
selon l’une quelconque des revendications précé-
dentes, ladite partie intracorporelle et ladite partie
extracorporelle étant des pièces distinctes, et étant
couplées ensemble de manière rigide lors de l’utili-
sation.

12. Partie intracorporelle (12, 112, 312, 412, 512) ou kit
selon l’une quelconque des revendications précé-
dentes, au moins une partie de la partie intracorpo-
relle étant traitée en surface pour favoriser l’intégra-
tion cutanée, ledit traitement de surface comprenant
le fait de donner à la surface une structure micro-
piquée et/ou l’enduction de la surface avec des pro-
téines d’adhérence et/ou la fourniture d’une surface
poreuse et/ou l’enduction avec une céramique
d’oxyde d’alumine ou de l’hydroxyapatite.

13. Prothèse de désarticulation d’une articulation ou
prothèse de remplacement d’une articulation com-
prenant une partie intracorporelle (12, 112, 312, 412,
512) selon l’une quelconque des revendications pré-
cédentes.
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