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TEMPORARY PROSTHESIS HEAD

Technical field

The present invention relates to a prosthesis head, or spacer, and more particularly to
a temporary prosthesis head for a hip implant. The present invention also relates to a
device for manufacturing a prosthesis head, and more particularly a temporary
prosthesis head for a hip implant. Moreover the present invention relates to a method
of manufacturing .a prosthesis head, and more particularly to a method of
manufacturing a temporary prosthesis head for a hip implant.

Background of the invention

In conventional hip joint replacement the femoral head is replaced by a femoral implant
with an artificial implant head. In the same operation, the acetabulum, i.e. the hip
socket in the pelvic bone, is excavated and receives an acetabular cup adapted for
engaging with the head of the femoral implant. Although this is increasingly becoming a
standard procedure, with about 300,000 cases per year in the U.S. alone, it is
estimated that about 1.5 per cent of the patients suffer from an infection following this
surgery. The conventional treatment for these infections foresees removing the
implanted acetabular cup from the acetabulum as well as removing the femoral implant
from the femur. Thé femoral implant is entirely replaced by a temporary implant, known
in the art as a “spacer”, during the recovery period. Once the infection has healed, the
acetabular cup is re-implanted in the pelvic bone, and the spacer is again removed
from the femur and replaced by the perrhanent femoral implant.

Fig. 1 shows a cross section of the typical post hip replacement situation. As is known
in the art, a femoral prosthesis 10 generally comprises a femoral implant body 11 with
a distal end embedded in the femur and a proximal end 13 located adjacent the
patient’s hip joint. An implant neck 14 protrudes in the proximal direction from the
proximal end 13 of the femoral implant body 11. The implant neck 14 may have a
tapered proximal end, such as a Morse taper, as is known in the art, to accommodate a
substantially spherical prosthesis head 15. The prosthesis head 15 is provided with a
matching tapered socket 16 and can be pushed onto the implant neck 14. The
prosthesis head 15 and the implant neck 14 are then retained by friction. The
prosthesis head 15 typically takes the form of a joint ball or bearing, sometimes with a
cylindrical protrusion in the form of a hub 17 extending in the distal direction,
surrounding the tapered socket 16 for receiving and engaging with the implant neck 14.
The prosthesis head 15 rests against an acetabular cup 18 which has been implanted
into the pelvic bone 19. In general, such an acetabular cup 18 comprises an inlay,
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typically made from polyethylene (PE), ceramics, or other suitable inert materials
known in the art for this purpose. The acetabular cup 18 essentially has the shape of a
concave, or hollow, half-sphere. The external diameter of the spherical prosthesis head
15 is adapted to and essentially corresponds to the inner diameter of the inlay of the
acetabular cup 18. it is further known to provide the acetabular cup with an inlay that is
usually selected from polyethylene (PE), porcelain, or ceramics. Together, the
prosthesis head 15 and the acetabular cup 18 form the new hip joint.

In an alternative embodiment, it is known to provide the acetabular cup 18 in a conical
form.

When a complication, such as an infection of the pelvic bone, occurs, the typical
treatment foresees the temporary removal of the implanted acetabular cup 18 as well
as the entire femoral implant body 11. A temporary implant, known as “spacer” in the
art, is then embedded in the femur. It is noted that, during the healing period, no
acetabular cup 18 is present, and the head of the spacer or of the temporary implant
rests in direct contact with the pelvic bone. The head of the spacer is therefore
dimensioned to fill the cavity vacated by removing the implanted acetabular cup from
the pelvic bone. Frequently the spacer body is made from biocompatible material, such
as poly methyl methacrylate (PMMA), and it may further comprise one or more
pharmaceutically active substances, such as an antibiotic or antimycotic, which are
released from the spacer material over time.

Fig. 2 shows an alternative form of a prosthesis head 15 that is also known in the art. In
contrast with the illustration of Fig. 1, the prosthesis head 15 is without a cylindrical hub
extending in the distal direction. An implant neck 14 protrudes in the proximal direction
from the femoral implant body 11. In the absence of a cylindrical hub, it is the tapered
socket 16 provided inside the prosthesis head 15 which receives and engages with the
implant neck 14. The tapered socket 16 can be pushed onto the matching implant neck
14. The prosthesis head 15 and the implant neck 14 are then retained by friction. The
prosthesis head 15 typically takes the form of a joint ball or bearing.

However, the removal of the implant from the femur places this bone at increased risk
of mechanical or other damage, which may be permanent. Moreover, being made from
PMMA or other similar materials, the known temporary spacer suffers from a lack of
mechanical strength which may result in dislocation, loosening and, in the extreme,
breakages. In particular a breakage necessitates a surgical removal of the spacer,
which is a severe complication that further inconveniences the patients.

Consequently, there is a need to address the deﬁciencies that exist in the current state
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of the art with regard to conventional approaches. Such deficiencies and other needs

. are addressed by one or more of the various embodiments of the present invention.

It is therefore an object of the present invention to overcome or at least ameliorate one
or more of the deficiencies that are identified hereinabove. It is further an object of
certain embodiments of the present invention to increase the mechanical strength of
the implant whilst at the same time allowing to treat the infected hip. It is another object
of certain embodiments of the present invention to reduce the inconvenience to the
patient resulting from follow-up surgery following infection.

Summary of the invention

The present invention is based on the realisation that it is sometimes not possible or
advisable to remove the entire implant. In accordance with the present invention it is
therefore proposed to remove the acetabular cup from the infected site, to leave the
femoral implant in place within the femur and to merely replace the implant head by a
temporary prosthesis head, or spacer head.

According to a first aspect of the present invention there is provided a prosthesis head
for hip implants. The prosthesis head comprises an essentially spherical core element,
wherein the core element is surrounded by an essentially spherical outer coating.

At least the core element may further comprise a socket, wherein a longitudinal axis of
the socket is arranged in a radial direction with respect to the core element so that it is
adapted for receiving a neck of a femoral implant body.

The socket may have an essentially conical shape, so that is adapted for receiving a
conical neck of a femoral implant body. '

The outer coating may have a cut-out which substantially coincides with the socket in
the core element or a projection thereof in the distal direction.

Preferably a centre point of the core element and a centre point of the outer coating
may be displaced with respect to each other by a predetermined distance along the
longitudinal axis of the socket.

At the bottom of the socket the core element may further comprises a bore hole of
s_maller diameter than the socket, wherein the bore hole is optionally provided with a
threading.
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The core element may be selected from metal, preferably from titanium (Ti).

The core element may be essentially spherical, option‘ally in the form of a spherical
segment.

The outer surface of the core element may further comprise a plurality of recesses.

The outer coating may be selected from plastics material, preferably from poly (methyl
methacrylate), known as PMMA.

The outer coating may comprise at least one pharmaceutically active substance,
optionally in the form of an antibiotic and/or antimycotic.

The outer coating may be essentially spherical, optionally in the form of a spherical
segment.

The prosthesis head may be adapted for hip implants.

According to a second aspect of the present invention there is provided a device for
manufacturing a prosthesis head. The device comprises a mould and a core
positioning element. The mould has a substantially spherical cavity, optionally in the
form of a substantially spherical segment. A core positioning means has a longitudinal
axis and comprises a first end. The first end is adapted for receiving a socket of a core
element of a prosthesis head. The mould comprises means for receiving the core
positioning means, so that the first end of the core positioning means rests within the
substantially spherical mould cavity. The means for receiving the core positioning
means further align the longitudinal axis of the core positioning means with a radial
direction with respect to the spherical cavity.

The core positioning means may further comprise means for adjusting in the
longitudinal direction the position of the first end of the core positioning means. This
allows the centre point of a core element received on the first end of the core
positioning means to be displaced in the radial direction with respect to the centre point
of the spherical mould cavity.

The mould may comprise a first mould portion and a second mould portion. The first

“mould portion may comprise a first substantially semi-spherical concave recess,

optionally in the form of a substantially semi-spherical segment. The second mould
portion may comprise a second substantially semi-spherical concave recess, optionally
in the form of a substantially semi-spherical segment. The first mould portion and the
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second mould portion may be adapted for being placed in abutment with each other
when in use, so that the semi-spherical concave recesses face each other and are
aligned and placed in tight abutment, thereby forming an essentially spherical cavity for
manufacturing a prosthesis head.

In the first mould portion the means for aligning the longitudinal axis of the core
positioning means may comprise a first substantially semi-cylindrical channel extending
from the first substantially semi-spherical concave recess to an adjacent side wall.

In the second mould portion the means for aligning the longitudinal axis of the core
positioning means may comprise a second substantially semi-cylindrical channel
extending from the second substantially semi-spherical concave recess to an adjacent
side wall.

The core positioning means may be of substantially the same diameter as the
essentially semi-cylindrical concave recesses of the first and second mould portions.

The core positioning means may comprise a neck portion at its proximal end for
attaching a core element.

The core positioning means may further comprise a bolt, wherein the neck portion is
provided at the proximal end of the bolt."

The core positioning means may further comprise means for adjusting the position of
its neck portion to a predetermined position when placed into the substantially spherical
cavity.

The ‘means for adjusting the position of the neck portion to a predetermined position
may comprise an outer threading at the distal end of the bolt.

According to a third aspect of the present invention there is provided a method of

manufacturing a prosthesis head, comprising the steps of

a) providing a core element;

b) providing a core positioning means having a longitudinal axis and comprising a
first end, the first end adapted for receiving a socket of a core element of a
prosthesis head;

c) providing a mould, the mould comprising a substantially spherical cavity,
wherein the mould further comprises means for receiving the core positioning
means;

d) attaching the core element to the first core bositioning means end;
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‘e) introducing the core positioning means into the mould, so that the first end of

the core positioning means rests within the spherical mould cavity and the
longitudinal axis of the core positioning means is aligned with a radial direction
‘with respect to the substantially spherical cavity; and

f) filling the remainder of the substantially spherical cavity with a coating material .
for coating the core element.

The step ¢) may further comprise

providing a first mould portion, the first mould portion comprising a first semi-
spherical concave recess and a first semi-cylindrical channel extending from the first
semi-spherical concave recess of the mould along the intersecting plane to a first
proximal side wall; and

providing a second mould portion, the second mould portion comprising a
second semi-spherical concave recess and a second semi-cylindrical channel
extending from the second semi-spherical concave recess of the mould along the
intersecting plane to a second proximal side wall.

The step b) may further comprise providing a core positioning means of substantially
the same diameter as the first and second semi-cylindrical concave recesses of the
first and second mould portions, the core positioning means comprising a neck portion
for attaching a core element at the first end of the core positioning means.

The step d) may further comprise attaching the core element to the neck portion of the
first end of core positioning means.

The step f) may further comprise the steps of:
1) providing a mouldable coating material;

f2) inserting the mouldable coating material into the first and second semi-spherical
concave recesses of the first and second:mould portions;
3) inserting the core element into the mouldable material provided in the first semi-

spherical concave recess of the first mould portion, such that the attached core
positioning means is inserted into the first semi-cylindrical channel;

f4) placing the second mould portion in abutment with the first mould portion so that
the semi-spherical concave recesses face each other and are aligned and
placed in tight abutment such that the semi-cylindrical concave channels are
also aligned with each other, whereby the core element is inserted into the
mouldable material provided in the second semi-spherical concave recess of
the second mould portion,

5) allowing the mouldable coating material to cure;

6) separating the first mould portion from the second mould portion, and removing
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the core positioning means from the coated core element, such that a
substantially spherical prosthesis head is obtained in the form of core element
coated with a moulded outer coating.

The axial position of the core element in the mould may be adjusted such that a
desired axial displacement between the core element and the outer coating results.

The length of the core positioning means may be selected such that a desired axial
displacement between the core element and the outer coating results.

The method may further comprise adjusting the length of the core positioning means.
The method may further comprise selecting a core positioning means of desired length.
The mouldable coating material may be selected from PMMA.

The mouldable coating material may comprises at least one pharmaceutically active
component, optionally in the form of an antibiotic and/or antimycaotic.

The core element may be selected from titanium.

According to a fourth aspect of the present invention there is provided a kit comprising
a device for manufacturing a prosthesis head for hip implants in accordance with any
one of the configurations of the second aspect, and further comprising instructions for
carrying out the method of manufacturing a prosthesis head for hip implants in
accordance with any one of the cohﬁgurations of the third aspect.

According to a fifth aspect of the present invention there is provided a method of
treating an infected acetabulum. The method comprising the steps of:

a. removing an implanted acetabular cup from a pelvic bone of a patient;

b. removing a femoral implant head from a femoral implant, while leaving
the femoral implaht in the femur; _

c. placing a prosthesis head in accordance with any one of the
configurations of the first aspect onto the femoral implant, wherein the
diameter of the prosthesis head is chosen to substantially correspond to
the cavity in the pelvic bone vacated by removing the implanted hip
socket; and ' '

d. placing the prosthesis head of the femoral implant into the cavity in the
pelvic bone previously vacated by removing the implanted acetabular
cup.
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The method may further comprise the step of selecting a prosthesis head with antibiotic
and/or antimycotic properties.

Other objects, features, and advantages of the present invention will become more
apparent from the following detailed description when read in conjunction with the
accompanying drawings.

Brief description of the drawings

These aspects and further embodiments of the present invention will now be described
with reference to the following non-limiting Figures.

Fig 1 illustrates schematically a known implant body and prosthesis head.

Fig 2 illustrates schematically a second example of a known implant body and
prosthesis head.

Fig 3 is a drawing of a first embodiment of a prosthesis head in accordance with the
present invention. .

Fig 4 and Fig 5 show a detailed cross section of a second embodiment of a prosthesis
head in accordance with the present invention.

Fig 6 is an isometric view of a first mould portion in accordance with the present
invention.

Fig 7 is an isometric view of a second mould portion in accordance with the present
invention.

Figs 8A and 8B illustrate a cross-section and a top view of a core positioning means in
accordance with the present invention, when placed into a first mould portion.

Fig 9 is an isometric view of a core positioning means in accordance with the present
invention, when placed into a first mould portion. '

Fig 10 is an isometric view of a bolt,in accordance with the present invention.

Fig 11 is an isometric view of a sleeve in accordance with the present invention.



WO 2014/072076 PCT/EP2013/003403

10

15

20

25

30

35

40

-9-
Fig 12 is an isometric view of.a holding plate in accordance with the present invention.

Figs 13 a) to e) are illustrations of the placement of the core element in the outer
coating for different sizes of prosthesis heads in accordance with the present invention.

Detailed technical description of the invention

The present invention relates to a prosthesis head, and more particularly to a
temporary prosthesis head for a hip implant. The present invention also relates to a
mould for manufacturing a prosthesis head, and more particularly to a temporary
prosthesis head for a hip implant. Moreover the present invention relates to a method
of manufacturing a prosthesis head, more particularly a temporary prosthesis head for
a hip implant. Particular embodiments will be described in the following with reference
to the non-limiting drawings.

The present invention is based on the concept that it is sometimes not possible or
advisable to remove the entire implant. The inventors therefore proposed to leave the
femoral implant in place in the femur and to merely remove the acetabular cup and
replace the femoral implant head by a suitable prosthesis head in accordance with the
present invention.

The prosthesis head

A first embodiment of a prosthesis head in accordance with the present invention is
illustrated in Fig 3. A femoral prosthesis 10 generally comprises a femoral implant body
11 with a distal end embedded in the femur (not shown for simplicity) and a proximal
end 13 located adjacent the patient’s hip joint. An implant neck 14 protrudes in the
proximal direction from the proximal end 13 of the femoral implant body 11. The
implant neck 14 may have a tapered proximal end, such as a Morse taper, as is known
in the art.

In accordance with a first aspect of the present invention a prosthesis head 20 for hip
implants comprises a core element 25, which is surrounded by an outer coating 21.
The core element 25 further comprises a socket 26, so that it is adapted for receiving a

- neck of a femoral implant body. It may be advantageous to provide the socket 26 in the

form of a blind bore.

The socket 26 may preferably have a conical or tapered shape, so that is adapted for
receiving a conical or tapered neck of a femoral implant body.
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The outer coating 21 of the prosthesis head 20 is of essentially spherical shape.
Advantageously the outer coating 21 may have an essentially circular cut-out 22, which
may be oriented to substantially coincide with the socket 26 in the core element 25.

In accordance with the geometry of the patient’'s anatomy, the core element 25 and the
coating 21 may be displaced by a predetermined distance along the axis of the socket
26. The calculation of this displacement is described in more detail below.

Inside the socket 26 the core element 25 may further comprise a bore 27 of smaller
diameter, as shown in Fig 4. Preferably the bore 27 may be provided in the form of a
blind bore. Moreover, the bore 27 may be provided with a threading 28. The threading
28 allows the core element 25 to be fixed to a neck 54 of a core positioning means 50
during manufacturing of the prosthesis head 20.

The core element 25 may preferably be selected from metal, optionally from titanium
(Ti). It may further be preferred-that the core element 25 is essentially spherical, and
more advantageously in the form of a spherical section.

The outer surface of the core element 25 may further comprise a plurality of recesses
29. These recesses 29 may be provided in the form of a number of blind bores which
may be distributed evenly or unevenly around the circumference of the core element
25, as illustrated in Fig 5. The recesses 29 allow the outer coating 21 to engage and
interlock with the outer surface of the core element 25 to form a mechanically stable
prosthesis head 20 during the manufacturing, respectively moulding process.

The outer coating 21 of the prosthesis head 20 may be selected from plastics material,
preferably from poly (methyl methacrylate) (PMMA). The plastics material selected for
outer coating 21 may optionally comprise at least one phérmacologically active agent,
preferably in the form of one of antibiotic or antimycotic. It will usually be preferred to
provide the outer coating 21 in essentially spherical shape, and more advantageously
in the form of a spherical section.

The diameter of the prosthesis head 20 is advantageously selected to essentially
correspond to the diameter of the acetabular cavity after the acetabular cup has been

removed from the infected site.

Referring again to the particular embodiment of the invention shown in Fig 3, a
prosthestic head, or spacer, 20 for hip irhplants comprises a substantially spherical
core element 25 which is surrounded by an outer coating 21. The core element 25
further comprises a socket 26, so that it is adapted for receiving a neck of a femoral
implant body. The socket 26 is in the form of a blind bore with a conical or tapered
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shape, so that is adapted for receiving a conical, or tapered neck of a femoral implant
body. The outer coating 21 of the prosthesis head 20 has a cut-out 22, which
substantially coincides with the socket 26 in the core element 25. Inside the socket 26
the core element 25 further comprises a bore 27 of smaller diameter. The bore 27 has
the form of a blind hole and is provided with an internal threading 28. The internal
threading 28 allows fixing the core element 25 to a neck of a core positioning means
during manufacturing of the prosthesis head 20. The core element 25 is selected from
titanium (Ti). Moreover the core element 25 is essentially spherical. The outer surface
of the core element 25 further comprises a plurality of recesses 29. These recesses 29
are provided in the form of a number of blind bores which may for instance be
distributed in two circles around the circumference of the core element 25. The
recesses 29 allow the outer coating 21 to engage and interlock with the outer surface
of the core element 25 to form a mechanically stable prosthesis head 20. The outer
coating 21 of the prosthesis head 20 is selected from poly (methyl methacrylate)
(PMMA). The plastics material selected for outer coating 21 may optionally comprise at
least one pharmacologically active agent, preferably in the form of one of antibiotic or
antimycotic. Furthermore, the outer coating 21 has an essentially spherical shape.

Determining the dimensions of the prosthesis heads

Referring to Fig 1 and Fig 2, the following dimensions have been obtained from
conventional prosthesis implants: '

S M Los | Lsp | XL | XXL
a+h[mm]|30.1)]308|336|356)|40]|40.2
dext[mm] 28 | 28 | 28 32 [ 32| 28
Rest[mm] | 11 11 11 9 9 [ 11
x [mm] 1 1 1 1 1 1
hiot [mm] 4211428 456|456 | 50 [52.2
Table 1: dimensions of conventional implants

The total height hy: can be célculated from the measured values listed in Table 1 for
the six different original sizes (labelled from “S” to “XXXL") of the prostheses, wherein:

. a = distance border of ball to prosthesis shoulder

. " h = height of the respective ball 15

. Rest = rsocket — dext/2 (ball radius)

. x = distance between socket joint and pelvic bone (approximately 1mm)

. hwt = (@ + h) + Rest + x = height to be reached with the spacer 20 of the present

invention
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Since it results that the total heights h,, for the sizes L,s und L, are the same, these
have been allocated one standard size L, wherein the index 28, respectively 32,
denotes the respective ball diameters in millimetres for the original femoral prosthesis
10. The index is not relevant for the present invention and will be ignored in the
following.

The core element 25, preferably in the form of a titanium ball, is arranged at a
predetermined position on the conical part of the implant neck 14. This neck geometry
is fixed and cannot be varied. Accordingly, the only variation in geometry can be
achieved by adjusting the internal conﬁgufation of the prosthesis head, wherein the
spherical outer coating 21 is displaced along the axial direction with respect to the core
element 25.

The total height hy'(cf. Fig. 1 and Table 1) of the prosthesic head 20 is axially
adjustable via the dimensions y and z, wherein the sum of y + z remains constant for
each size of the prosthesis head 20. The dimensions y and z result from the axial
placement of the core element 25 in the outer coating 21. Likewise constant and due to
construction are the dimensions a and h of the core element 25, respectively the
implant neck 14 (see Figs. 1 and 2). For the purpose of clearer distinction the index “Ti”
has been introduced for these two dimensions, ar; and hy, in order to indicate that
these relate to the new spacer construction in accordance with the present invention.

S M Los |Lsz | XL | XXL
ap[mm] 11291291129 (129 (129129
hn[mm] |27 27 |27 {27 |27 |27
hee[Mm] | 42.1142.8 | 456 {456 |50 |52.2
ylmm] |22 |29 |57 |57 |10.1]123
z[mm] |121(114|86 (86 |4.2 |2
Table 2: dimensions of the prosthesis heads in accordance with the
present invention, so that for each size "h,,' remains unchanged with
respect to the corresponding dimensions given in Table 1

The dimensions to be used for the prosthesis head 20 in accordance with the present
invention can then be calculated as:

* ¥ = hyt— (ari + hy))

. Z = height of the mould (e.g. 41,3mm) — (y + hy)

The mould

In accordance with a second aspect of the present invention, a device is proposed that
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allows the manufacturing of a prosthesis head.

Fig 6 shows a first portion of the manufacturing device in the form of a first mould
portion 30. The first mould portion 30 is made from a substantially die-shaped block
which comprises four sidewalls, a first face 31 and a first rear face. The first face 31 is
arranged so that, when in use, it faces the second face of a second mould portion
(described below with reference to Fig 7). Advantageously, the block may be made
from polytetrafluoroethylene (PTFE), also known as Teflon®. Of course, it is understood
that other suitable materials might also be used.

As further illustrated in Fig 6, a substantially semi-spherical recess 32 is formed in the
centre of the first face 31 of the first mould portion 30. Moreover, a semi-cylindrical
recess 33 extends along the first face 31 towards an adjacent sidewall 34. Four holes
35 are foreseen, extehding vertically through the first face 31 and through the first
mould portion 30. The holes 35 are adapted for receiving fitting studs or bolts.

Moreover, a rim 36 is provided along the length of the edges of the first face 31 as well
as along the edge of the intersection of the semi-spherical recess 32 and the semi-
cylindrical recess 33 with the first face 31, respectively. The rim 36 circumscribes a
recessed plane 39 in the first face 31. In addition, a groove 37 is provided in a central
section of the rim 36, preferably diametrically opposite the semi-cylindrical recess 33.
Whilst the rim 36 serves to ensure tight abutment with the other mould portion during
the moulding process, the recessed plane 39 allows to collect excess coating material
when, in use, the mould portions are tightly pressed together.

Fig 7 shows a second portion of the manufacturing device in the form of a second
mould portion 40. Like the first mould portion 30, the second mould portion 40 is made
from a substantially die-shaped block which comprises four sidewalls, a second face 41
and a second rear face. The second face 41 is arranged so that, when in use, it faces
the first face 31 of the first mould portion 30 (described above with reference to Fig 6).
Advantageously, the block may be made from polytetrafluoroethylene (PTFE), also
known as Teflon®. Of course, it is understood that other suitable materials might also
be used.

, As further illustrated in Fig 7, a substantially semi-spherical recess 42 is formed in the

centre of the second face 41 of the second mould portion 40. Moreover, a semi-
cylindrical recess 43 extends along the second face 41 towards an adjacent sidewall
44. Four holes 45 are foreseen, extending vertically through the first face 41 and
through the first mould portion 40. The holes 45 are adapted for receiving fitting studs
or bolts.
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Moreover, a rim 46 is provided along the length of the edges of the first face 41 as well
as along the edge of the intersection of the semi-spherical recess 42 and the semi-
cylindrical recess 43 with the second face 41, respectively. In addition, a groove 47 is
provided in a central section of the rim 46, preferably diametrically opposite the semi-
cylindrical recess 43. The rim 46 further circumscribes a recessed plane 49 in the first
face 41. Whilst the rim 46 serves to ensure tight abutment with the other mould portion,
the recess allows to collect excess coating material when, in use, the mould portions
are tightly pressed together.

" Both the first mould portion 30 and the second mould portion 40 each comprise semi-

spherical . concave recesses 32, 42 in their central sections. In use, these semi-

. spherical concave recesses are aligned and placed in tight abutment, which allows an

essentially spherical shape to be moulded. A fitting stud or bolt may be placed in each
of the holes 35, 45 for precisely adjusting the\position of the first and second mould
portions 30 and 40 with respect to each other. Moreover, during the moulding process
the fitting studs or bolts firmly press together the first mould portion 30 and the second
mould portion 40 and hold them in tight abutment.

Referring now to Fig 8A and Fig 8B, a core positioning means 50 is adapted for being
inserted into the semi-spherical recesses 33 and 43 in the first and second mould
portions 30 and 40. The core positioning means 50 is essentially cylindrical and
comprises a cylindrical bolt 51. At one end the bolt 51 features a tapered bolt neck 54
which is adapted for being inserted into the matching socket of the core element 25. At
the end of the tapered bolt neck 54 a threaded end section 59 is provide'd for being
screwed into a corresponding internal threading provided in the core element 25. .
Around a central part of the bolt 51, an external threading 53 is provided. At the other
end, the bolt 51 is provided with a handle or dial 58. The core positioning means further
comprises a sleeve 52 which surrounds the bolt 51, but leaves the bolt neck 54 free.
The external diameter of the sleeve substantially corresponds with the internal
diameter of the semi-cylindrical recesses 33 and 43 in the first and second mould
portions 30 and 40. The internal 'diameter‘of the sleeve essentially corresponds to the
external diameter of the bolt 51. A groove 56 is foreseen around the circumference of
the sleeve 52. The groove 56 serves to fix the position of the sleeve with respect to a
holding plate 61, which is attached to a sidewall of the first mould portion. The length of
the sleeve 52 is selected such that is leaves a section of the bolt adjacent the handle or
dial 58 free. This allows a position-setting washer 57 to be fitted to the free section of
the bolt 51. The sleeve 52 further comprises an internal threading 55 adapted for
engaging with the external threading 53 of the bolt 51. When the bolt 51 is inserted into
the sleeve 52, the internal threading 55 engages with the external threading 53 of the



WO 2014/072076 PCT/EP2013/003403

10

15

20

25

30

35

40

-15-

bolt 51. By rotating the handle or dial 58, the position of the bolt neck 54 with respect to
the sleeve 52 can be adjusted.

Fig 9 illustrates the first mould portion 30 with a holding plate 61, into which the core
positioning means 50 has been inserted. A core element 25 is shown attached to the
bolt neck. A C-shaped or slotted position-setting washer 57 is fitted to the free section
of the bolt 51, shown in Fig 10. By rotating the handle or dial 58, the position of the bolt
neck can be adjusted with respect to the sleeve 52 to correspond to the thickness of
the position-setting washer 57. The thickness of the position setting washer 57 thus
allows setting the position of the bolt .neck 54, see Fig 10, and therefore also the
position of the core element 25 within semi-spherical recess 32 of the first mould
portion 30.

The cylindrical bolt 51 is shown in Fig 10. At one end the bolt 51 features a tapered bolt
neck 54 which is adapted for being inserted into the matching socket of the core
element 25. At the end of the tapered bolt neck 54 a threaded end section 59 is
provided for being screwed into a corresponding internal threading provided in the core
element 25. Around a central part of the bolt 51, an external threading 53 is provided
which is adapted for engaging with the internal threading 55 of the sleeve 52. At the
end of the bolt 51 opposite the bolt neck 54, a handle or dial 58 is provided.

As illustrated in Fig 11 a groove 56 is foreseen around the circumference of the sleeve
52. The groove 56 serves to fix the position of the sleeve with respectto a holding plate
61, which is attached to a sidewall of the first mould portion. The external diameter of
the sleeve substantially corresponds with the diameter of the semi-cylindrical recesses
and in the first and second mould portions. The internal diameter of the sleeve 52
essentially corresponds to the external diameter of the bolt 51. Thereby the groove 56
of the sleeve 52 engages with the holding plate, which secures the sleeve 52 against a
translational movement in the axial direction. The length of the sleeve 52 is selected
such that it leaves a section of the bolt adjacent the handle or dial 58 free. The sleeve
52 further comprises an internal threading 55 adapted for engaging with the external
threading 53 of the bolt 51.

Fig 12 is an isometric representation of the holding plate 61. As described above with
reference to Fig 8A and Fig 8B, the holding plate 61 is mounted to a sidewall 34 of the
first mould portion 30 by means of fitting studs or bolts passing through long holes 62
provided in the holding plate 61. The fitting studs or bolts are attached to corresponding
bore holes 38 provided in the sidewall 34 of the first mould portion 30. In order to hold
the groove 56 in a predetermined position, the holding plate 61 is provided with a semi-
circular recess 63, which substantially corresponds in diameter to the diameter of the
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groove 56 in the sleeve 52. Additionally, the thickness of the holding plate 61 is chosen
to essentially match the width of the groove 56 in the axial direction.

In order to allow different positions to be set, a nhumber of washers 57 of different
thicknesses may be provided. It may be advantageous to use various predetermined
washer thicknesses in order to produce the different sizes corresponding to the values
determined in Table 1 and 2. The distance-setting washer 57 is attached to the distal
end of the cylindrical bolt 51and is locked into place by a dial 58 which from the second
end of the cylindrical bolt 51.

As shown in Fig. 6 and 7, both the first mould 30 and the second mould 40 each
comprise a semi-cylindrical channel 33, 43 extending from the centrél section of the
mould along the intersecting plane to a proximal side wall 34, 44. In use, when first
mould 30 and the second mould 40 face each other and are placed into abutment,
these semi-cylindrical concave channels 33, 43 are aligned with each other, which
allows a core positioning means 50 to be placed in the resulting cylindrical channel.
The diameter of the sleeve 52 and the cylindrical channel 33, 43 are chosen such that
in use they result in a tight fit, in order to prevent any liquid coating material from
leaking.

At the proximal end of the first mould 30, a holding plate 61 is provided for supporting
the part of the sleeve 52 that extends beyond the edge of the first mould 30.

It is understood by those skilled in the art that other distance setting means may be
used without departing from the present invention. It may, e.g. be preferred to use core
positioning means of different predetermined lengths instead of washers of different
thickness. The effect, however, remains the same: the axial position of the core
positioning means neck 54, and thereby also the position of the core element 25 within
the moulds can be precisely determined prior to moulding.

The manufacturing

The device comprising the first and second mould portions 30 and 40 is used for
casting an outer coating 21 around the core element 25. The core element 25 is
preferably chosen to be titanium of grade 2, which is destined for medical purpdses.
The material for casting the outer coating 21 is preferaibly chosen from biocompatible
material, such as poly methyl methacrylate (PMMA), which is suitable for medical
purposes. The material chosen for outer coating 21 may further comprise one or more
pharmaceutically active substances, such as an antibiotic or antimycotic, which may be
released from the material over.time.
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The device used for casting comprises a first mould portion 30 and a second mould
portion 40. It is advantageous to choose e.g. polytetrafluoroethylene (PTFE), also
known as Teflon®, polyoxymethylene (POM-C) otherwise known as acetal copolymer,

. or another suitable material for the first mould portion 30 and the second mould portion

40. Of course, it is understood that other suitable materials might alternatively be used.

The core element 25 is attached to a core positioning means 50 with a conically-
shaped neck 54. This conically shaped neck 54 has exactly the same angle as the
implant neck 14 used in hip implants. The neck 54 further comprises a threaded end
section 59 with a thread to which the core element 25 can be tightly screwed.

Since the core element 25 is always arranged at the same position on the conically
shaped neck 54, the conically shaped neck 54 can translatingly be moved in the
forward or backward direction by rotating the handle or dial 568. This allows adjusting
the respective dimensions for y and z (see Fig 13 a to e) in order to manufacture the
different sizes ranging from “S” to “XXL” per Table 2.

For manufacturing, the coating material is cast into the first mould portion 30 and the
second mould portion 40. The two mould portions 30 and 40 are then joined.
Advantageously bolts or studs (not shown in the drawings) are used for tightening and
pressing the two mould portions 30 and 40 tightly against each other.

The fine thread 53 in the bolt 51 is preferably self-locking, so that the bolt 51 cannot
dislocate due to the pressure of the mould portions or any exothermal solidification
process of the coating material. This ensures compliance with the respective sizes. For
easier handling, positioning devices 57, e.g. in the form of C-shaped or slotted washers
57 of different thicknesses may be provided and may advantageously be identified with
e.g.. S, M, L, XL und XXL. These positioning washers 57 are form-fittingly inserted at
the end between the sleeve 52 and the bolt 51.

After expiry of the dwell period the first mould portion 30 and the second mould portion
40 are separated. The finished prosthesis head 20 can then be removed from the
mould portions 30 and 40. It may be advantageous to release any tension between the
conical neck 54 and the core element 25 prior to removing the finished prosthesis head
20 by rotating the handle 58 on the threaded end section 59 of the cylindrical bolt 51, in
order to separate of the PMMA coated core element 25 from the conical neck 54.

The use in treatment

It may often not be advisable, or even possible, to remove the entire implant, when the
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infection is restricted to the acetabulum or when the removal of the implant out of the
femur is live threatening.

In accordance with a further aspect of the present invention it is therefore proposed to
leave the main body of the implant in place in the femur in these cases and to merely
replace the original implant head by a prosthesis head which has been obtained in
accordance with the present invention. At the same time, the acetabular cup is
removed from the pelvic bone. ‘

Once the infection has healed, the prosthesis head may be removed and be replaced
by a definitive implant head. At the same time, the hip joint socket is again placed into
the pelvic bone.

While the technique presénted herein has been described in relation to its preferred
embodiments, it is to be understood that this description is for illustrative purposes
only. It will be appreciated by the person of skill in the art that various modifications
may be made to the above described embodiments without departing from the scope of
the present invention. Accordingly, it is intended that the invention be limited only by
the scope of the claims appended hereto.
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10 femoral prosthesis
11 femoral implant body
13 proximal end

14 implant neck

15 prosthesis head

16 tapered socket

17 cylindrical protrusion
18 hip socket joint

19 pelvic bone

20 prosthesis head

21 outer coating

22 cut-out

25 core element

26 socket

27 bore

28 threading

29 recess

30 first mould portion

31 first face

32 semi-spherical recess
33 semi-cylindrical recess
34 adjacent sidewall
35hole

36 rim
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30

35

40

45

50
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37 groove

39 recessed plane

40 second mould portion
41 second face

42 semi-spherical recess
43 semi-cylindrical recess
44 adjacent sidewall

45 hole

46 rim

47 groove

49 recessed plane

50 core positioning means
51 cylindrical bolt

52 sleeve

53 external threading

54 bolt neck

55 internal threading

56 groove

57 position-setting washer
58 handle or dial

' 59 threaded end section

61 holding plate
62 long hole
63 semi-circular recess - .
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A prosthesis head (20), characterised in that it comprises an essentially
spherical core element (25), wherein the core element (25) is surrounded by an
essentially spherical outer coating (21).

The prosthesis head of claim 1, wherein at least the core element (25) further
comprises a socket (26), wherein a longitudinal axis of the socket (26) is
arranged in a radial direction with respect to the core element (25) so that it is
adapted for receiving a neck of a femoral implant body.

The prosthesis head of claim 2, wherein the socket (26) has an essentially
conical shape, so that is adapted for receiving a conical neck of a femoral
implant body.

The prosthesis head of claim 2 or 3, wherein the outer coating (21) has a cut- |
out (22), which substantially coincides with the socket (26) in the core element
(25) or a projection thereof in the distal direction.

The prosthesis head of any one of the preceding claims, wherein a centre point
of the core element (25) and a centre point of the outer coating (21) are
displaced with respect to each other by a predetermined distance along the
longitudinal axis of the socket (26).

The prosthesis head of any one of the preceding claims, wherein at the bottom
of the socket (26) the core element (25) further comprises a bore hole (28) of
smaller diameter, wherein the bore hole (28) is optionally provided with a
threading (27).

The prosthesis head of any one of the preceding claims, wherein the core
element (25) is selected from metal, preferably from titanium (Ti).

The prosthesis head of any one of the preceding claims, wherein the core
element (25) is essentially spherical, optionally in the form of a spherical

segment.

The prosthesis head of any one of the preceding claims, wherein the outer
surface of the core element (25) further comprises a plurality of recesses (29).

The prosthesis head of any one of the preceding claims, wherein the outer



WO 2014/072076 PCT/EP2013/003403

10

15

20

25

30

35

40

11.

12.

13.

14.

15.

" 16.

-21-

coating (21) is selected from plastics material, preferably from poly (methyl
methacrylate) (PMMA). '

The prosthesis head of any one of the preceding claims, wherein the outer
coating (21) comprises at least one pharmaceutically active substance,

optionally in the form of an antibiotic and/or antimycotic.

The prosthesis head of any one of the preceding claims, wherein the outer

-coating (21) is essentially spherical, optionally in the form of a spherical

segment.

The prosthesis head of any one of the preceding claims, wherein the prosthesis
head (20) is adapted for hip implants. '

A device for manufacturing a prosthesis head, the device comprising

a mould (30, 40), the mould comprising a substantially spherical cavity
(32, 42), optionally in the form of a substantially spherical segment;

a core positioning means (50) having a longitudinal axis and comprising
a first end (54), the first end (54) adapted for receiving a socket of a core
element of a prosthesis head;

wherein the mould (30, 40) comprises means (33, 43) for receiving the
core positioning means (50), so that the first end (54) of the core positioning
means (50) rests within the substantially spherical mould cavity (32, 42), and

wherein the means (33, 43) further align the longitudinal axis of the core
positioning means (50) with a radial direction with respect to the spherical cavity
(32, 42).

The device of claim 14, wherein the core positioning means (50) further
comprises means (51, 52, 53, 55, 56, 57, 58) for adjusting in the longitudinal
direction the position of the first end (54) of the core positioning means (50), so
that the center point of a core element received on the first end (54) of the core
positioning means (50) can be displaced in the radial direction with respect to
the center point of the spherical mould cavity (32, 42).

The device of any one of claims 14 to 15, wherein the mould comprises a first
mould portion (30), and a second mould portion (40),

the first mould portion (30) comprising a first substantially semi-spherical
concave recess (32), optionally in the form of a semi-spherical segment; -

the second mould portion (40) comprising a second substantially semi-
spherical concave recess (42), optionally in the form of a semi-spherical



WO 2014/072076 PCT/EP2013/003403

10

15

20

25

30

35

40

17.

18.

19.

20.

21.

22.

-22.

segment, ) _

the first mould portion (30) and the second mould portion (40) adapted
for being placed in abutment with each other when in use, so that the semi-
spherical concave recesses (32, 42) face each other and are aligned and
placed in tight abutment, thereby forming an essentially spherical cavity (32, 42)
for manufacturing a prosthesis head.

The device of any one of claims 14 to 16, wherein the means (33, 43) for
aligning the longitudinal axis of the core positioning means (50) comprise

in the first mould portion (30), a first semi-cylindrical channel (33)
extending from the first semi-spherical concave recess (32) to an adjacent side
wall (34); and

in the second mould portion (40), a second semi-cylindrical channel (43)
extending from the second semi-spherical concave recess (42) to an adjacent
side wall (44). .

The device of any one of claims 14 to17, wherein the core positioning means
(50) is of substantially the same diameter as the semi-cylindrical concave
recesses (33, 43) of the first and second mould portions (30, 40), and wherein
the core positioning means (50) comprises a neck portion at its proximal end
(54) for attaching a core element.

The device of claim 18, wherein the core positioning means (50) further
comprises a bolt (51), wherein the neck portion is provided at the proximal end
(54) of the bolt (51).

. The device of any one of claims 18 to 19, wherein the core positioning means

(50) further comprises means for adjusting the position of its neck portion (54)
to a predetermined position when placed into the substantially spherical cavity
(32, 42).

The device of claim 20, wherein the means for adjusting the position of the neck
portion (54) to a predetermined position comprise an outer threading at the
distal end of the bolt (51).

A method of manufacturing a prosthesis head, the method comprising the steps

of

a) providing a core element (25);

b) providing a core positioning means (50) having a longitudinal axis and
comprising a first end (54), the first end (54) adapted for receiving a
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socket of a core element of a prosthesis head;

c) providing a mould (30, 40), the mould comprising a substantially
spherical cavity (32, 42), wherein the mould (30, 40) further comprises
means (33, 43) for receiving the core positioning means (50);

d) éttaching the core element (25) to the first core positioning means end
(54);
e) introducing the core positioning means into the mould (30, 40), so that

the first end (54) of the core positioning means (50) rests within the
substantially spherical mould cavity (32, 42) and the longitudinal axis of
the core positioning means (50) is aligned with a radial direction with
respect to the substantially spherical cavity (32, 42); and

f) filing the remainder of the spherical cavity (32, 42) with a coating
material for coating the core element (25).

The method of claim 22, wherein step ¢) further comprises

providing a first mould portion (30), the first mould portion comprising a
first semi-spherical concave recess (32) and a first semi-cylindrical channel (33)
extending from the first semi-spherical concave recess (32) of the mould along
the intersecting plane to a first proximal side wall (34); and |

providing a second mould portion (40), the second mould portion
comprising a second semi-spherical concave recess (42) and a second semi-
cylindrical channel (43) extending from the second semi-spherical concave
recess (42) of the mould along the intersecting plane to a second proximal side
wall (44).

The method of any one of claims 22 to 23, wherein step b) further comprises

providing a core positioning means (50) of substantially the same
diameter as the first and second semi-cylindrical concave recesses (33, 43) of
the first and second mould portions (30, 40), the core positioning means (50)
comprising a neck portion for attaching a core element (25) at the first end (54)
of the core positioning means (50).

The method of any one of claims 22 to 24, wherein step d) further comprises
attaching the core element (25) to the neck portion of the first end (54) of
core positioning means (50). ' '

The method of any one of claims 22 to 25, wherein step f) further comprises

1) providing a mouldable coating material;

2) inserting the mouldable coating material into the first and second semi-
spherical concave recesses (32, 42) of the first and second mould portions (30,
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40);

3) inserting the core element (25) into the mouldable material provided in
the first semi-spherical concave recess (32) of the first mould portion (30), such
that the attached core positioning means (50) is inserted into the first semi-
cylindrical channel (33); '

f4) placing the second mould portion (40) in abutment with the first mould ‘
portion (30) so that the semi-spherical concave recesses (32, 42) face each
other and are aligned and placed in tight abutment such that the semi-cylindrical
concave channels (33, 43) are also aligned with each other, whereby the core
element (25) is inserted into the mouldable material provided in the second -
semi-spherical concave recess (42) of the second mould portion (40),

5) allowing the mouldable coating material to cure;

6) separating the first mould portion (30) from the second mould portion
(40), and removing the core positioning means (50) from the coated core
element (25), such that a substantially spherical prosthesis head (20) is
obtained in the form of core element (25) coated with a moulded outer coating
(21).

The method of any one of claims 22 to 26, wherein the axial position of the core
element (25) in the mould is adjusted such that a desired axial displacement
between the core element (25) and the outer coating (21) results.

The method of claim 27, wherein the length of the core positioning means (50)
is selected such that a desired axial displacement between the core element
(25) and the outer coating (21) resuilts.

The method of claim 28, further comprising adjusting the length of the core
positioning means (50). '

The method of claim 28, further comprising selecting a core positioning means
(50) of desired length.

The method of any one of claims 22 to 30, wherein the mouldable coating
material is selected from PMMA.

The method of any one of claims 22 to 31, wherein the mouldable coating
material comprises at least one pharmaceutically active component, optionally

in the form of an antibiotic and/or antimycotic.

The method of any one of claims 22 to 32, wherein the core element is selected
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from titanium.

A kit comprising a device for manufacturing a prosthesis head for hip implants in
accordance with any one of claims 14 to 21, and further comprising instructions
for carrying out a method of manufacturing a prosthesis head for hip implants in

accordance with any one of claims 22 to 33,

of:

a)
b)

c)

d)

A method of treating an infected acetabulum, the method comprising the' steps

removing an implanted acetabular cup from a pelvic bone of a patient;
removing a femoral implant head from a femoral implant, while leaving
the femoral implant in the femur; .

placing a prosthesis head in accordance with any one of claims 1 to 13
onto the femoral implant, wherein the diameter of the prosthesis head is
chosen to substantially correspond to the cavity in the pelvic bone
vacated by removing the implanted hip socket; and

placing the prosthesis head of the femoral implant into the cavity in the
pelvic bone previously vacated by removing the implanted acetabular
cup.

The method of claim 35, further comprising the step of selecting a prosthesis
head with antibiotic and/or antimycotic properties.
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

35, 36
because they relate to subject’matter not required to be searched by this Authority, namely:

Method for treatment of the human or animal body by surgery

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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