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(54) Title: PROSTHESIS COMPONENT

(57) Abstract: A prosthesis component 2 is disclosed, the component com-

2

/

prising a shell (2) formed form a carbon tibre reinforced polymer material
and having an inner bearing surface (10); and a liner (6) formed from a
ceramic material and having an outer bearing surface(12); wherein the liner
(6) is received in an articulating manner within the shell (4). A hip replace-

ment prosthesis is also disclosed, the hip replacement prosthesis comprising

a prosthesis component (2) as disclosed and a femoral head prosthesis com-

ponent (24), the femoral head prosthesis component being formed from a
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FIG. 2

ceramic material.
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PROSTHESIS COMPONENT

The present invention relates to a prosthesis component, and particularly to a

prosthesis component having a shell and articulating liner.

Background

It is known to replace some or all of a natural bone joint that has become damaged or
diseased with prosthetic components. For example, a natural hip joint that has become
degraded may be replaced with an artificial joint comprising a prosthetic acetabular
component which is implanted into the patient’'s acetabulum, and a prosthetic femoral
head component which is implanted into the patient’s femur and articulates with the
acetabular component. A prosthetic joint of this type is known as a total hp

replacement (THR).

Various types of THR exist and are well known in the art. The different types of
prosthesis take different approaches to balancing the competing requirements of
reducing wear in the joint, maintaining stability of the joint, increasing patient range of
motion, and many other factors. Reducing wear on the prosthesis components can be
achieved by reducing as far as possible the surface area over which the components
articulate. This leads to the use of smaller diameter femoral head components, which
have favourable wear characteristics but suffer from a limited range of motion. In
contrast, in order to promote joint stability it is desirable to use a large diameter femoral
head component, which has the additional benefit of a better range of patient motion
but results in an increase in the articulating surface area, and hence risk of wear
damage. One type of prosthetic hip joint that seeks to combine advantages of reduced
wear with increased stability and range of motion is the so called “double mobility” total
hip prosthesis. In a double mobility THR, a prosthetic femoral head of relatively small
diameter is received within a polyethylene “liner” within which the head articulates.
This articulation is the primary mobility of the joint, and benefits from the reduced wear
associated with a smaller articulating surface. The second mobility of the joint arises
from the movement of the polyethylene liner within an exterior metallic shell. This
second articulation benefits from increased stability, owing to the relatively large
external diameter of the liner. The large diameter of the second articulation, in addition
to being highly stable, also offers a greater range of motion than the smaller first

articulation. The second articulation only comes into operation at the extremes of
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motion of the joint, when the smaller primary articulation has reached its limit. The
majority of motion within the joint thus takes place at the lower wearing primary
articulation between the femoral head and the liner. By combining large and small
diameter articulations in the same prosthesis, dual mobility prostheses offer some of
the greatest ranges of motion available in THRs, as well as being some of the most
stable of the prosthesis options available. In order to increase stability still further, it is
known to use an additional circular clip, or circlip, to engage around the femoral neck
and cooperate with the polyethylene liner and shell to maintain the femoral head within
the liner. Itis also known to provide the exterior metal shell with an additional superior
lip, in order to support the polyethylene liner and prevent any possible creep

deformation which may impede performance of the device.

While the double mobility type hip prosthesis has experienced good results, there
remain some disadvantages to the system. The larger articulation of polyethylene liner
against metal shell is excellent for stability, but it does not provide the best wear
characteristics. Some prostheses have experimented with alternative metal alloys and
material coatings for the shell to address the wear characteristics, but in the main this
issue has been ignored in existing devices as the articulation is only engaged at
extremes of motion and the wear performance of the articulation has not been

considered a priority.

Fixation is another area where difficulties can arise with a double mobility prosthesis.
The conventional means of fixation for the external metallic shell is to impact the shell
into the prepared acetabulum, with the additional use of bone cement if required. This
is acceptable in many cases but does not offer alternatives for patients with a high level
of degradation of the acetabular bone tissue. In conventional single mobility hip
prostheses, additional fixation may be provided by bone screws which pass through the
outer shell and engage deeply into the patient’'s bone tissue to hold the shell in place.
A static liner is then fitted into the shell, over the screw heads to provide the articulating
surface for the femoral head. In the case of a double mobility prosthesis the liner must
articulate against the shell, and so the inclusion of bone screws can only be achieved
by increasing the degree of modularity within the device, adding an extra liner between
the shell and the articulating liner. Such an additional stationary liner can be inserted
to cover the screw heads and provide the articulating surface for the mobile liner.
However, the inclusion of the extra liner reduces the space available for the femoral

head, meaning the extra fixation comes at the expense of a reduced range of motion.
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The present invention seeks to address some or all of the above mentioned issues.

The term ‘comprise’ and variants of the term such as ‘comprises’ or ‘comprising’
are used herein to denote the inclusion of a stated integer or stated integers but
not to exclude any other integer or any other integers, unless in the context or

usage an exclusive interpretation of the term is required.

Any reference to publications cited in this specification is not an admission that the

disclosures constitute common general knowledge in Australia.

Summary of Invention

According to a first aspect of the present invention, there is provided a prosthesis
component comprising: a shell formed from a fibre reinforced polymer material and
having a fibre reinforced polymer material inner bearing surface; and a liner having
an outer bearing surface formed from a ceramic material; wherein the liner is
received in an articulating manner within the shell, wherein the ceramic material is

in contact with the fibre reinforced polymer material.

The shell may further comprise one or more openings on the inner bearing surface.

The one or more openings may extend through the thickness of the shell to open
on an outer surface of the shell.

The openings may be suitable to receive one or more attachment means operable
to secure the prosthesis component in place.

The prosthesis component may further comprise one or more attachment means,
which may be operable to extend through the openings to secure the prosthesis

component in place.

The attachment means may be formed from a fibre reinforced polymer material and
may be formed from the same fibre reinforced polymer material as the shell.



2012330939 22 Feb 2017

10

15

20

The shell may be formed from a carbon fibre reinforced polymer material and may

be formed from carbon fibre reinforced polyether ether ketone (CFR-PEEK).

A hydroxyapatite (HA) coating may be formed on an outer surface of the shell.
Alternatively, or in addition, a porous metal coating may be formed on an outer
surface of the shell.

The prosthesis component may be an acetabular prosthesis component.

The liner may be formed from a ceramic material.

The liner may further comprise an inner bearing surface which may be operable to
receive a femoral head prosthesis component.

The prosthesis component may further comprise a retaining element, which may
be operable to cooperate with the liner and the shell to retain a femoral head
prosthesis component in engagement with the inner bearing surface of the liner.

The retaining element may be formed from a fibre reinforced polymer material, and
may be formed from the same fibre reinforced polymer material as the shell. The

material may be a carbon fibre reinforced polymer material.

The retaining element may comprise a circular clip, or circlip.
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According to another aspect of the present invention, there is provided a hip
replacement prosthesis comprising a prosthesis component according to the first
aspect of the present invention and a femoral head prosthesis component.

The femoral head prosthesis component may be formed from a ceramic material or
may be formed from a coated metallic material.

According to another aspect of the present invention, there is provided a kit of parts
for a hip replacement prosthesis comprising: an acetabular shell formed from a
fibre reinforced polymer material and comprising a fibre reinforced polymer material
inner bearing surface; an acetabular liner having an outer bearing surface formed
from a ceramic material and operable to articulate with the inner bearing surface of
the shell such that the ceramic material is in contact with the fiber reinforced
polymer material, and an inner bearing surface; and a femoral head prosthesis
having a bearing surface formed from a ceramic material and operable to articulate

with the inner bearing surface of the liner.

The acetabular liner may be formed from a ceramic material, the acetabular shell
may be formed from a carbon fibre reinforced polymer material and the femoral
head prosthesis may be formed from a ceramic material.
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The kit may further comprise a plurality of attachment means formed from a fibre
reinforced polymer material. The material may be a carbon fibre reinforced polymer

material.

The kit may further comprise a circular clip, or circlip, which may be operable to
cooperate with the liner and the shell to retain the femoral head prosthesis in
engagement with the inner bearing surface of the liner. The circlip may be formed from

a carbon fibre reinforced polymer material.

According to another aspect of the present invention, there is provided a prosthesis
comprising a shell, a liner received in an articulating manner within the sheli to form a
first bearing couple, and a head received in an articulating manner within the liner to
form a second bearing couple, wherein the bearing surfaces of the second bearing
couple, and a bearing surface of the first bearing couple, are relatively harder than the

other bearing surface of the first bearing couple.

For the purposes of the present specification, the phrase “bearing couple” refers to a
pair of bearing surfaces that engage each other. According to certain embodiments of
the invention, the first bearing couple may operate under boundary lubrication. The
bearing surfaces of the second bearing couple and a bearing surface of the first
bearing couple may be formed from a ceramic material. The other bearing surface of
the first bearing couple may be formed form a fibre reinforced polymer material, which
may be a carbon fibre reinforced polymer material such as carbon fibre reinforced
polyether ether ketone (CFR-PEEK). The shell may comprise fixation openings

extending there through.

Brief Description of the Drawings

For a better understanding of the present invention, and to show more clearly how it
may be carried into effect, reference will now be made by way of example to the

following drawings, in which:

Figure 1 is a perspective view of a liner, circlip and femoral head in an assembled and

disassembled condition;
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Figure 2 is a perspective view of an acetabular prosthesis component and femoral

head prosthesis component;

Figure 3 is a sectional illustration of an acetabular shell; and

Figure 4 is a perspective view illustrating assembly of a hip prosthesis.

Detailed Description of Embodiments

The present invention relates to a double mobility acetabular prosthesis component
and cooperating femoral head prosthesis component that together provide a hip
prosthesis having ceramic on ceramic and ceramic on carbon fibre reinforced polymer

articulations.

With reference to Figures 1 and 2, an acetabular prosthesis component 2 in
accordance with an embodiment of the present invention comprises a shell 4 and a
liner 6. The shell 4 is substantially hemispherical and is formed from a carbon fibre
reinforced polymer material. According to the embodiment of the invention described
below, the shell 4 is formed from carbon fibre reinforced polyether ether ketone (CFR-
PEEK), however it will be appreciated that other fibre reinforced polymer materials may
be considered. A carbon fibre reinforced polymer material such as CFR-PEEK
provides a low wear bearing surface, as well as offering an alternative to metal bearing
surfaces, concerns over which have been expressed in the literature owing to possible

detrimental effects of metal ions released into the body from such surfaces.

The shell 4 is machined from bar or preferably injection moulded and comprises an
outer surface 8, operable to engage with bone tissue when implanted into a patient,
and an inner bearing surface 10. The inner bearing surface 10 is operable to receive
the liner 6 in an articulating manner. The outer surface 8 may be provided with a
hydroxyapatite (HA) coating 20 and/or a porous metal coating to stimulate bone in
growth for additional fixation. The hydroxyapatite (HA) coating may be achieved by
using thermal spraying (for example, using plasma spraying, arc spraying, flame
spraying or using a high velocity oxyfuel), cold gas spraying or electrochemically
assisted deposition. The porous coating may be achieved by using thermal spraying or

cold gas spraying.
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The liner 6 is also substantially hemispherical in shape and is formed from a ceramic
material such as Alumina or Zirconia toughened Alumina. The liner comprises an outer
bearing surface 12 that is operable to articulate with the inner bearing surface 10 of the
shell. The liner also comprises an inner bearing surface 14, shaped to receive a
femoral head prosthesis component, as described in further detail below. It will be
appreciated that as the liner 6 is formed from a ceramic material, it is not necessary to

form a lip on the shell 4 in order to support the liner 6 or to prevent creep deformation.

With additional reference to Figure 3, the shell 4 further comprises a plurality of
openings 16 formed on the inner bearing surface 10 and extending through the
thickness of the shell 4 to open onto the outer surface 8. The openings 16 may be
clustered together or may be spaced across the bearing surface 10 as illustrated in the
Figure. In one embodiment, the openings 16 comprise a series of substantially circular
holes, sized to admit the passage of individual attachment means 18. One or more
individual attachment means 18 is also provided as part of the prosthesis component.
The attachment means pass through the openings 16 in the shell 4 and attach the shell
4 to a patient acetabulum, as described in further detail below. The attachment means
may take the form of screws, pins, spikes, barbs or any other suitable attachment
device. In the illustrated embodiment, the attachment means 18 take the form of
screws but it will be appreciated that alternative attachment means may also be
considered. The screws 18 are formed from a carbon fibre reinforced polymer material
and in the present embodiment are formed from the same CFR-PEEK material as the
shell 4, for example with a continuous fibre orientation. As the shell 4 and screws 18
are formed from the same CFR-PEEK material, the shell 4 presents a continuous inner
bearing surface 10 and the presence of the screws 18 does not risk damaging the
outer bearing surface 12 of the liner 6. In addition, CFR-PEEK operates under
boundary lubrication, meaning the presence of the attachment means 18 does not
affect the wear performance of the bearing. The articulation between the ceramic liner
6 and CFR-PEEK shell 4 is extremely low wear and hence desirabie. In addition, the
articulation contains no exposed metal, meaning that the production of metal ions is

avoided.

Referring again to Figure 1, the prosthesis component 2 further comprises a circular
clip, or circlip, 22 which is also formed from a carbon fibre reinforced polymer material,
and in the present embodiment is formed from CFR-PEEK. The circlip 22 is of annular

form and includes a split 23 to allow the component to be snapped into place over the
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femoral neck and engaging a distal portion of the femoral head, as described in further
detail below. The circlip 22 is dimensioned to be received against an annular surface
25 of the liner 6, within the confines of the shell 4, as illustrated for example on Figure
1. The circlip 22 and liner 6 may comprise cooperating formations to enable the circlip
22 to be locked in place against the liner 6 once the femoral head is in position

articulating against the inner bearing surface 14 of the liner 6.

Referring again to Figure 1, a prosthesis according to an embodiment of the present
invention comprises the acetabular prosthesis component 2 described above and a
femoral head prosthesis component 24. The femoral head prosthesis component 24 is
a modular component, designed to cooperate with a stem and femoral neck prosthesis
components in a known manner. For example the femoral head prosthesis component
may comprise a recess 27 that forms one part of a Morse taper fixation arrangement,
the recess being shaped to be received on a trunnion part of a femoral neck prosthesis
component. The head 24 has a highly polished outer bearing surface designed to be
received in an articulating manner against the inner bearing surface 14 of the liner 6.
The head is formed from a ceramic material and according to the present embodiment
is formed from the same ceramic material as the liner, which may for example be
Alumina or Zirconia toughened Alumina. The hip prosthesis of the present invention
thus provides a ceramic on ceramic articulation at the primary articulation of the joint,

ceramic on ceramic being the lowest wearing material combination available.

Implantation and operation of the prosthesis will now be described with reference to the
Figures. It will be understood that the details of the operative technique used may
vary, including the order in which the femoral and acetabular prosthesis components
are prepared and implanted. The following explanation is merely exemplary in nature,

focussing on the issues specific to the prosthesis of the present invention.

Considering first the acetabular component, once the bone surface has been fully
prepared, the shell 4 is implanted into the acetabulum of a patient. The level of fixation
required in order to securely implant the shell 4 will vary according to the condition of
the patient bone tissue. In some patients, there may be sufficient healthy bone tissue
remaining in the acetabulum for the shell 4 to be implanted using simply a friction fit, or
with the assistance of bone cement. In such cases, the openings 16 on the shell 4 and
cooperating attachment means 18 may not be used. In order to maintain the physical
continuity of the bearing surface of the shell 4, the openings 16 may be plugged using
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caps (not shown) formed from the same carbon fibre reinforced polymer material as the

shell. Alternatively, the openings may be left uncovered in the implanted shell 4.

In patients experiencing significant degradation of acetabular bone tissue, there may
not be sufficient healthy bone tissue available to enable a secure fixation using only
friction and bone cement. In these cases, additional fixation is provided by the
attachment screws 18, which are passed through the attachment openings 16 and into

the surrounding bone tissue.

Once the shell is implanted into the patient acetabulum, the liner 6 may be inserted into
the shell 4. As discussed above, the liner 6 and shell 4 articulate under boundary

lubrication, which is not impacted by the presence of the CFR-PEEK screws.

The femoral prosthesis components, including stem, femoral neck and the femoral
head 24 are prepared and assembled in a known manner, and a series of trial
reductions may be carried out to ensure correct sizing and placement of components.
Once the correct femoral head component 24 is correctly seated on the femoral neck
and stem components, the head 24 is introduced into the liner 6, until the femoral head
bearing surface articulates against the inner bearing surface 14 of the liner 6. The
circlip 22 is then snapped around the femoral neck and into engagement with the liner
6 and shell 4 to hold the femoral head in place in engagement with the inner bearing

surface 14 of the liner 6 (see Figure 4).

Once implanted, the principal articulation of the prosthesis is between the ceramic
femoral head component 24 and the ceramic liner 6. At extremes of motion, the
articulation between the ceramic liner 6 and the CFR-PEEK shell 4 is engaged. During
articulation, the circlip 22 prevents micro separation or dislocation of the femoral head

24, as well as acting as a “bumper” to cushion the components.

The prosthesis of the present invention may be provided as a kit of parts, comprising
shell 4, liner 6, circlip 22, attachment means 18 and femoral head 24 in a range of
sizes, allowing a surgeon to select the most appropriate sizing combinations for a

particular patient.
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CLAIMS

1. A prosthesis component comprising: a shell formed from a fibre reinforced
polymer material and having a fibre reinforced polymer material inner bearing surface;
and a liner having an outer bearing surface formed from a ceramic material; wherein
the liner is received in an articulating manner within the shell, wherein the ceramic

material is in contact with the fibre reinforced polymer material.

2. A prosthesis component as claimed in claim 1, wherein the shell further

comprises one or more openings on the inner bearing surface.

3. A prosthesis component as claimed in claim 2, wherein the one or more openings
extend through the thickness of the shell to open on an outer surface of the shell.

4. A prosthesis component as claimed in claim 2 or 3, wherein the openings are
suitable to receive one or more attachment means operable to secure the prosthesis

component in place.

5. A prosthesis as claimed in any one of claims 2 to 4, further comprising one or
more attachment means, operable to extend through the openings to secure the
prosthesis component in place.

6. A prosthesis component as claimed in claim 5, wherein the attachment means

are formed from a fibre reinforced polymer material.

7. A prosthesis component as claimed in any one of the preceding claims, wherein
the shell is formed from a carbon fibre reinforced polymer material.

8. A prosthesis component as claimed in any one of the preceding claims, wherein
the shell is formed from carbon fibre reinforced polyether ether ketone (CFR-PEEK).

9. A prosthesis component as claimed in any one of the preceding claims, wherein
a hydroxyapatite (HA) coating is formed on an outer surface of the shell.

10. A prosthesis component as claimed in any one of the preceding claims, wherein
a porous metal coating is formed on an outer surface of the shell.
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11. A prosthesis component as claimed in any one of the preceding claims, wherein
the prosthesis component is an acetabular prosthesis component.

12. A prosthesis component as claimed in any one of the preceding claims, wherein

the liner is formed from a ceramic material.

13. A prosthesis component as claimed in any one of the preceding claims, wherein
the liner further comprises an inner bearing surface operable to receive a femoral head
prosthesis component.

14. A prosthesis component as claimed in claim 13, wherein the component further
comprises a retaining element, operable to cooperate with the liner and the shell to
retain a femoral head prosthesis component in engagement with the inner bearing
surface of the liner.

15. A prosthesis component as claimed in claim 14, wherein the retaining element is
formed from a carbon fibre reinforced polymer material.

16. A prosthesis component as claimed in claim 14 or 15, wherein the retaining

element comprises a circlip.

17. A hip replacement prosthesis comprising a prosthesis component as claimed in
any one of the preceding claims and a femoral head prosthesis component.

18. A hip replacement prosthesis as claimed in claim 17, wherein the femoral head

prosthesis component is formed from a ceramic material.

19. A hip replacement prosthesis as claimed in claim 17, wherein the femoral head

prosthesis component is formed from a coated metallic material.

20. AKkit of parts for a hip replacement prosthesis comprising: an acetabular shell
formed from a fibre reinforced polymer material and comprising a fibre reinforced
polymer material inner bearing surface; an acetabular liner having an outer bearing
surface formed from a ceramic material and operable to articulate with the inner

bearing surface of the shell such that the ceramic material is in contact with the fiber
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reinforced polymer material, and an inner bearing surface; and a femoral head
prosthesis having a bearing surface formed from a ceramic material and operable to
articulate with the inner bearing surface of the liner.
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