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(57) Abstract: A socket (1) for a hip joint prosthesis is made of
biocompatible and osteo-integratable material and has a substant-
tially spherical, cap-like shape with a distal surface (4) and a proxi-
mal cavity (5), wherein the proximal cavity (5) is suitable for hous-
ing both joint inserts (16) made of synthetic material and joint in-
serts (16) made of ceramic material. The cavity (5) of the socket (1)
comprises frustoconical portions (6, 7, 8), wherein the most frusto-
conical portion (6) has a channel (12) which can be coupled with at
least one respective projection extending from an outer surface of
a joint insert (16) made of synthetic material. This most proximal
frustoconical portion (6) has a substantially cylindrical recess (13)
adjacent the channel (12).
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Description

"Acetabular cup for hip joint prosthesis"

The subject of the present dinvention is an
acetabular cup for a hip joint prosthesis which is
suitable for receiving both inserts made of ceramic
material and inserts made Sf’éynthetic material.

Hip Joint ©prostheses comprising, amongst other
things, an acetabular cup and a cap-shaped insert, are
known. The acetabular cup is intended to be fitted in a
suitable seat formed in the region of the acetabulum by
surgical intervention. The cup defines an internal
cavity in which the cap-shaped insert, which performs
the role of the acetabulum, housing the substantially
spherical head of a femoral prosthesis, is fitted.

The acetabular cup is generally made of a
biocompatible and osteo-integratable material such as,
for example, titanium and some of its alloys. The cap-
shaped insert is usually made of a material with good
wear-resistance and a low coefficient of friction in the
coupling with the above-mentioned head of the femoral
prosthesis. Materials commonly used for the production
of these inserts are polyethylene with a high molecular

density, as well as some ceramic materials.
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However; there are some problems and disadvantages
in the coupling of the insert with the acetabular cup,
due both to the specific properties and diversity of the .
materials used and to the mechanical stresses to which
they are subjected.

With polyethylene inserts, play due to wear and/or
deformation of the polyethylene may arise between the
insert and the acetabuléirwcup over time. Extreme

consequences of this play may be rotation of the insert

‘in the cavity of the acetabular cup as well as expulsion

of the insert because of the resilience properties of
the material.

As well as adversely affectirg the operation of the
prosthesis, the play which arises over time also leads
to a change in the expected effect of the forces between
the bony structure and the individual components of the
hip Jjoint prosthesis, leading to secondary damage of
various kinds.

Whereas polyethylene inserts present the problem of
wear and of play in the coupling with the acetabular
cup, ceramic inserts lead to difficulties connected with
the high degree of fragility of these materials. In
fact, inserts made of ceramic material require a very
precise geometrical coupling with the acetabular cup to

prevent cracking and brittle breakage as a result of
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non-uniform lads and possible concentrations of
stresses.

The above-mentioned reasons for damage to the joint
inserts and for undesired play arising in the coupling
between the acetabular cup. and the Jjoint insert
constifute a very serious .problem, since a further

surgical operation on the patient is inevitable in order

~to re-establish the correct operative condition of the

prosthesis.

A further drawback éf the prior art 1is connected
with the fact that joint inserts of different materials
require different shaping and machining of the cavity
inside the acetabular cup. It is-therefore necessary to
have different acetabular cups available, according to
the material of which the corresponding insert is made.
As well as a danger of confusion, this also leads to
considerable constructional complexity and high
production costs.

The aim of the present invention is therefore to
solve the problems set out above by providing an
acetabular cup for a hip joint prosthesis which has
characteristics such that it can house both Jjoint
inserts made of ceramic material and joint inserts made
of synthetic material, particularly polyethylene, but

which satisfies the specific requirements of the two
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materials in order to ensure a secure and reliable
coupling.

The aim set out above is achieved by means of a
socket for a hip joint prosthesis, the socket being made
of biégompatible and osteo-integratable material and
having a substantially spherical, cap-like shape with a
distal surface and @ proximal cavity suitable for
housing both jbint inserté'made of synthetic material
and Joint inserts made of ceramic material,
characterized in that the cavity comprises frustoconical
portions, wherein the most proximal frustoconical
portion has at least one substantially circumferential
channel which can be coupled- with at least one
respective projection extending from an outer surface of
a joint insert made of synthetic material, and wherein
the most proximal ‘frustoconical portion has a
substantially cylindrical recess adjacent the channel.

For a better understanding of the invention, a non-
limiting embodiment thereof 1is described below and
illustrated in the appended drawings, in which:

Figure 1 is a proximal front view of the acetabular
cup according to the invention,

Figure 2 shows the acetabular cup of Figure 1 in a
cross-section taken on the line II-I1,

Figure 3 1s a proximal front view of the Fjoint
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insert made of synthetic material according to tﬁe
invention,

Figure 4 shows the Joint insert of Figure 3 in a
cross—~section taken on the line IV-IV,

Figure 5 is a proximal front view of a joint insert
made of ceramic material,

Figure 6 shows the Jjoint insert of Figure 5 in a
cross-section taken on the.line vIi-VI,

Figure 7 shows a section taken on the line VII-VII
of Figure 2,

Figure 8 shows the detail VIII of Figure 2 in an
enlarged cross-section,

Figure 9 shows, 1in cross-section, the coupling
between an acetabular cup according to the invention and
an insert made of synthetic material according to the
invention,

Figure 10 shows, in cross-section, the coupling
between an acetabular cup according to the invention and
a conventional insert made of ceramic material, and

Figure 11 shows schematically a hip Joint
prosthesis with an acetabular cup according to the
invention.

The acetabular cup shown in Figures 1 and 2
comprises a socket body 1 made of biocompatible and

osteo-integratable material.
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The socket 1 has a substantially spherical, cap-
like shape having a pole 2 and an equatorial
circumference 3 which constitute the distal end and the
proximal end of the cap, respectively. The socket 1
comprises a distal surface 4 and a proximal cavity 5.

The distal surface 4 1is substantially spherical,
except in the wvicinity of the pole 2, where it is
flattened. The surface 4 is also machined so as to have
a high degree of roughness.

The proximal cavity 5 is composed of 3
frustoconical portions 6, 7, 8 which are tapered
successively towards the ©pole 2, as well as a
substantially flat polar base 9. -

According to one embodiment, the socket 1 has a
radial through-hole 10 in the region of the pole 2, the
hole 10 being internally threaded and flared in the
region of the polar base 9.

According to a further embodiment, three further
through-holes 11 are formed substantially radially in
the frustoconical portions 7 and 8. The holes 11 have a
deep, rounded flare which extends almost throughout
their depth.

The frustoconical portion 6 has arknurled surface
in which the raised portions of the knurling extend

circumferentially, parallel to the equatorial
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circumference 3 of the socket 1. Moreover, the
frustoconical portion 6 is interrupted, approximately
centrally relative to its height, by a channel 12 which
is also substantially circumferential and parallel to
the equatorial circumference 3.

The channel 12 has. a substantially rectangular
shape in cross-section, and a depth of the same order of
magnitude as its width.

According to one embodiment, the width of the
channel is 1.1 mm and its maximum depth is at least 1.2
mm.

The depth of the channel 12 is not uniform but has,
for example, a substantially epicycloidal shape with
four cusps 14 distributed uniformly around its
circumference, as can be seen from Figure 7.

Beside the channel 12 in a proximal direction, is a
substantially cylindrical recess 13; the diameter of
which corresponds to the diameter of the immediately
adjacent frustoconical portion 6.

The channel 12 and the cylindrical recess 13
together extend around the entire circumference of the
frustoconical portion 6 but cover only a small fraction
of the overall surface 'area of the frustoconical portion

6.

Two shallow channels 15 are formed on two opposed
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sides of the proximal rim of the socket 1 and extend
throughout the thickness of the rim of the socket 1.

Figures 3 and 4 show a polyethylene joint insert 16
according to the invention.

The insert 16 is substantially cap-shaped, having a
proximal flange 17 as well as -an outer surface 18 and an
inner surface 19. The inner surface 19, which is formed
éo as to be smooth, defiﬁeé a substantially spherical
cavity, hereinafter referred to as the joint seat 20.

The outer surface 18 is composed of three
frustoconical portions 21, 22, 23 which are tapered
successively towards a flattened polar region 24.

The most proximal frustoconical portion 21 has a
finely knurled surface in which the raised portions of
the knurling extend circumferentially and parallel to
the proximal flange 17.

Moreover, the frustoconical portion 21 is
interrupted approximately centrally relative to its
height by an annular projection 25 which is also
substantially circumferential and parallel  to the
proximal flange 17.

The annular projection 25 has a substantially
trapezoidal cross-section in which the distal side has a
greaéer inclination than the proximal side. The entire

annular projection 25 1is consequently inclined in the
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proximal direction.

Beside the annular projection'25 in the proximal
direction, 1s a groove 26 which extends around the
entire circumference of the frustoconical portion 21.
The groove 26 has a rounded cross-section. The annular
projection 25 and the groove 26 together extend around
the entire circumference of the frustoconical portion 21
but cover only a small frécfion of the overall surface
area of the frustoconical portion 21.

According to one embodiment, the proximal flange 17
is divided substantially centrally into two portions 17a
and 17b. The portion 17a of the flange 17 has a uniform
thickness and a width which is tapered owing to a local
flare 27 in the rim, between the flange 17 and the joint
cavity 20. The portion 17b, on the other hand, has a
region which is reinforced and enlarged in the proximal
direction, increasing the internal surface 19 and
enabling the joint seat 20 to resist dislocation.

According to one embodiment, the proximal flange 17
has two holes which can house two pins of a locating
instrument.

In contrast with the joint insert made of synthetic
material (Figure 4), the frustoconical portion 21 of the
outer surface 18 of a joint insert 16 made of ceramic

material remains uninterrupted and does not have any
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projections or grooves (Figures 5 and 6).

The operation of the acetabular cup 1 for hip
prostheses is described below with reference to Figures
8, 9, 10 and 11.

After a natural seat 28 in the pelvic bone has been
milled to a hemispherical shape, the socket 1 1is
inserted in the seat 28, forming a press-fit coupling
(an interference fit). “Thé socket 1 1s positioned
precisely by means of a suitable instrument in the form
of a handle with a grip which is engaged in the threaded
hole 10 in the polar base 9 of the socket. A
substantially peripheral distribution of the forces
acting on the socket 1 is achieved by virtue of the
polar flattening of the socket 1. The tapered holes 11
can house screws for further anchorage of the socket 1
in the acetabulum. The roughness of the distal surface
4 of the socket, on the other hand, favours secondary,
biological anchorage. |

After the socket 1 has been positioned correctly
and fixed in the natural seat 28, the joint insert 16 is
inserted in the proximal cavity of the socket 1. This
operation can be facilitated by means of a locating
instrument with pins which engage suitable holes in the
proximal flange 17.

Figure 9 shows a polyethylene Jjoint insert
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positioned in the acetabular cup according to the
invention. During the insertion of the joint insert 16
in the socket 1, the annular projection 25 which is
present on the outer surface 18 of the insert 16 bends
in the proximal direction. By virtue of the groove 26,
the projection 25 is not subject to a risk of cutting or
plastic deformation  but can deform freely and
substantially resiliently,‘téﬁporarily filling the space
in the groove 26. At the moment at which the position
of the projection 25 corresponds to the position of the
channel 12, the projection 25 tends to regain its
natural shape and snaps into the channel 12, preventing
the joint insert 16 from coming out of the socket 1.

By virtue of the incompatibility between the
advantageously epicycloidal shape of the base of the
channel 12 and the uniform height of the projection 25,
the 'cusps 14 which are present in the base of the
channel 12 are impressed into the material of the
projection 25, giving rise to an engagement which
prevents rotation of the Jjoint insert 16 inside the
socket 1.

The polar flattening of the joint insert 16 creates
a space Dbetween the respective polar regions of the
insert 16 and of the proximal cavity of the socket 1.

This space favours the peripheral distribution of the
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forces and creates a defined coupling between the socket
1 and the joint insert 16, that 1is, between the
frustoconical portion 6 of the proximal cavity 5 and the
frustoconical portion 21 of the outer surface 18.

Figure 10 shows a ceramic joint insert 16 according
to the prior art positioned in the acetabular cup
according to the invention.

The 3joint insert 16 "méde of ceramic material is
generally inserted by pressure in the distal direction,
during which the outer surface 18 immediately engages
with the fine knurling of the frustoconical portion 6 of
the socket 1. Further movement of the ceramic insert
relative to the socket 1 is prevented by virtue of the
friction between the ceramic surface and the knurling.

As with the synthetic inserts, the polar flattening
of the insert 16 ensures a well-defined coupling between
the frustoconical portion 6 of the socket 1 according to
the invention and the frustoconical portion 21 of the
ceramic joint insert 16.

The provision of the recess 13 proximally adjacent
the channel 12 means that, during the insertion of the
joint insert 16 in the socket 1, the annular projection
25 is not cut or deformed irreversibly before snapping
into the channel 12.

The provision of the recess 13 adjacent the channel
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12 also removes any concentrations of forces in the-
ceramic material and consequently eliminates the risk of
cracking and breakage of the joint insert 16.

The approximately central arrangement of the
channel 12 as well as of the recess 13 relative to the
height of the frustoconical portion 6 also favours an
unusually homogeneous distribution of the coupling
forces. This effect is fufﬁher enhanped by virtue of
the limitation of the overall width of the channel 12
and of the recess 13 to a value of less than one quarter
of the height of the frustoconical portion 6.

The joint insert 16 itself is intended to house a
spherical head 30 of a femoral -prosthesis 31 in its
Jjoint seat 20.

The grooves 15 in the proximal rim 3 of the socket
1 afford acéess, for tools for extracting the Jjoint
insert 16 from the proximal cavity 5 of the socket 1 for
replacement or repositioning.

The acetabular cup 1 and the joint insert 16 for a
hip joint prosthesis have many advantages.

The combination of a socket according to Claim 1
and a joint insert according to Claim 18 achieves the
unusual advantage of preventing all of the problems
mentioned with reference to the prior art.

By virtue of the structure of the socket 1
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according ﬁo the invention, it is possible to use both
joint inserts 16 made of ceramic material and joint
inserts made of synthetic material, particularly
polyethylene, with a single type of socket.

The provision of a recess 13 adjacent the channel
12 prevents the formation of concentrations of forces in
ceramic Jjoint inserts and inhibits cracking or brittle
fracture of the insert durinﬁlinsertion and during use.

The polar flattening of the joint insert 16 favours
a peripheral distribution of the coupling forces between
the socket 1 and the insert 16 and ensures a well-
defined Dbearing surface, limited to the respective
frustoconical portions 6 and 21. -

The fine knurling of the frustoconical portion 6 of
the socket 1 ensures friction between the frustoconical
portion 6 and the frustoconical portion 21 of the insert
16 made of ceramic material.

The formation of the base of the channel 12 with an
epicycloidal shape prevents, to an unusual extent, any
rotation of a synthetic, particularly polyethylene,
joint insert inside the proximal cavity 5 of the socket
1. The absence of rotational movement also leads to
very low values of wear in the connection between the
socket 1 and the joint insert 16.

The engagement of the projection 25 in the channel
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12 prevents expulsion of the polyethylene Fjoint insert
16 due to resilient preloading of various origins.

The formation of a groove 26 beside the projection
25 1in the polyethylene Jjoint dinsert 16 allows the
projection 25 to bend freely during the insertion of the
joint insert in the socket and thus avoids the risk of
cutting and irreversible deformation of the projection
25.

The polar flattening of the socket body 1 favours
the peripheral distribuﬁion of the coupling forces
between the socket 1 and the acetabulum. The polar
flattening also allows the socket 1 to be forced into
the natural seat 28 in which it 4s held in position by
virtue of the annular force exerted by the bony
structure.

The roughness of the distal surface 4 of the socket
1l permits optimal secondary anchorage, offering a large
surface area for attachment to the bony tissue which is
regenerated after the surgical operation.

Naturally, variations and/or additions may be
provided for the embodiments described and illustrated
above, without departing from the scope of the
invention.

For example, the number and arrangement of the

channels 12 in the frustoconical portion 6 as well as of
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the projections 25 in the frustoconical portion 21 may
vary according to requirements for the fixing of the
joint insert 16. The channels 12 and the projections 25
preferably extend circumferentially and, with further
advantage, the channels 12 and the projections 25 form
closed rings.

According to one embodiment of the invention, the
channel 12 and the recess‘lé are arranged approximately
centrally relative to the height of the frustoconical
portion 6 and their overall width i1s advantageously
limited to a wvalue of less than one quarter of the
height of the frustoconical portion 6. With further
advantage, the overall width of the channel 12 and the
recess 13 1s limited to a value of less than one fifth
of the height of the frustoconical portion 6, and with
yet further advantage, the overall width of the channel
12 and of the recess 13 is between one fifth and one
sixth of the height of the frustoconical portion 6.
Clearly, in order to Dbe coupled, the respective
projection 25 and the groove 26 must be arranged in a
simiiar manner on the frustoconical portion 21 of the
synthetic joint insert 16.

The number of raised portions 14 in the base of the
channel 12 1is variable. In one embodiment of the

invention, two raised portions are provided in
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substantially opposed positions. The base of the
channel 12 advantageously has an epicycloidal shape with
four cusps 14 distfibuted uniformly around the
circumference. The ©preferred embodiment of the
invention provides for three cusps spaced apart
uniformly by angles of 120°.

The number of holes 11 for the fixing of the socket
1 by means of screws 25 ﬁay vary according to the
specific requirements of the surgical operation. The
holes 11 may even be omitted. In this particular
embodiment, the connection between the natural seat 28
and the socket 1 is purely of the press-fit type.

The socket 1 may be made of- any biocompatible and
osteo~integratable material which dis not subject to
corrosion and which has a high degree of shape stability
and mechanical strength. The socket according to the
invention is advantageously made of titanium or titanium
alloy.

The roughness of the distal surface 4 of the socket
1 is advantageously formed by the technique of plasma-
spraying under vacuum or alternatively by corundum-
blasting.

The enlargement of the portion 17b of the proximal
flange 17 may also be omitted if a joint seat which

resists dislocation is not required.
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Naturally, in order to satisfy contingent and
specific requirements, a person skilled in the art may
apply to the acetabular cup for a hip joint prosthesis
according to the present invention further modifications

5 and variations all of which, however, are included
within the scope of the invention as defined by the

appended claims.
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Claims

1. A socket (1) for a hip Jjoint prosthesis, the
socket (1) being made of biocompatible and osteo-
integratable material, and having a substantially
spherical, cap-like shape with a distal surface (4) and
a proximal cavity (5) suitable for housing both joint
inserts (16) made of synEhetic material and Jjoint
inserts (16) made of ceramic material, characterized in
that the cavity (5) comprises frustoconical portions (6,
7, 8), wherein the most proximal frustoconical portion
(6) has at 1least one substantially circumferential
channel (12) which can be coupled with at leést one
respective projection (25) extending from an outer
surface (18) of a joint insert (16) made of synthetic
material, and wherein the most proximal frustoconical
portion (6) has a substantially cylindrical recess (13)
adjacent the channel (12).

2. A socket (1) according to Claim 1 in which the
recess (13) is disposed on the proximal side of the
channel (12).

3. A socket (1) according to Claim 2 1in which the
diameter of the recess (13) corresponds to the diameter
of the immediately adjacent frustoconical portion (6).

4. A socket (1) according to Claim 3 in which the
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channel (12) and the recess (13) are disposed
approximately centrally relative to the height of the
frustoconical portion (6).

5. A socket (1) according to Claim 4 in which the
overall width of the channel (12) and of the recess (13)
is less than one fifth of the height of the
frustoconical portion (6).

6. A socket (1) acco£ding to Claim 5 in which the
overall width of the channel (12) and of the recess (13)
is between one fifth and one sixth of the height of the
frustoconical portion (6).

7. A socket (1) according to any one of the
preceding claims in which the base of the channel (12)
has at least one raised portion (14) constituting means
for resisting rotation.

8. A socket (1) according to Claim 7 in which the
base of the channel (12) has, around its circumference,
a substantially epicycloidal shape, forming at least one
cusp (14).

9. A socket (1) according to Claim 8 in which the
base of the channel (12) has four cusps (14) distributed
substantially uniformly around its circumference.

10. A socket (1) according to Claim 8 in which the
base of the channel (12) has two «cusps (14) 1in

substantially opposed positions.
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11. A éocket (1) according to Claim 7 in which the
base of the channel (12) has three cusps spaced apart by
angles of 120°.

12. A socket (1) according to any one of the
preceding claims in which the polar region (2) of the
distal surface (4) is flattened.

13. A socket (1) according to any one of the
preceding claims in which-tﬂe distal surface (4) has a
high degree of roughness.

14. A socket (1) according to Claim 13 in which the
roughness 1is p;oduced by the technique of plasma-
spraying under vacuum.

15. A socket (1) according to Claim 13 in which the
roughness is produced by corundum-blasting.

le. A socket (1) according to Claim 1, having three
suitably flared radial holes (11) for housing screws
(29) for the anchorage of the socket (1) in the boﬁy
tissue.

17. A socket (1) according to any one of the
preceding claims, made of titanium or titanium alloy.

18. A joint insert (16) made of synthetic material
having a substantially cap-like shape and comprising a
joint seat (20) for housing a spherical head (30) of a
femoral prosthesis (31), and an outer surface (18)

composed of frustoconical portions (21, 22, 23) which
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are tapered -towards a polar region (24), wherein the
most proximal frustoconical portion (21) has a
substantially annular projection (25) which can engage a
channel (12) provided in a socket (1) for the coupling
of the joint insert (16) with the socket (1),
characterized in that, a groove (26) is formed beside
the annular projection (25) in a proximal direction, and
extends around the Aen£i£e circumference of the
frustoconical portion (21).

19. A joint insert (16) according to Claim 18 in
which there are three frustoconical portions (21, 22,
23) .

20. A joint insert (16) according to Claim 19 in
which the substantially annular projection (25) is
disposed approximately centrally relative to the height
of the most proximal frustoconical portion (21).

21. A joint insert (16) according to any one of
Claims 18 to 20 in which the projection (25) is inclined
in the proximal direction.

22. A Jjoint insert (16) according to Claim 18,
comprising a proximal flange (16).

23. A Jjoint insert (16) according to Claim 22 in
which the proximal flange (16) has a region which is
reinforced and enlarged in the proximal direction, for

enabling the joint seat (20) to resist dislocation.
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24. A Jjoint insert (16) according to any one of

Claims 18 to 23, made of polyethylene.
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