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(57) Abstract

An acetabular prosthesis (8) having an ortentable me-
tal socket bearing (13) and a cup (10) for fixation to bone (6)
1s provided. The bearing (13) has a male taper (26) which
locks 1nto a corresponding female taper (28) formed in the
cup (10). Two screws (135) are used to seat the bearing (13) in
the cup (10) and to further secure the taper lock. The assem-
bly of the bearing (13) and cup (10) forms a set of peripheral
apertures (4) through which bone screws (15) can pass to fur-
ther secure the cup (10) to the patient’s bone (6).
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ACHTABULAR PROSTHESIS HAVING A METAL SOCKET BEARING

BACXGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to acetabular prostheses
having metal socket bearings and, in particular, to an
improved mechanism for affixing a metal socket bearing

CO an acetabular cup.

2. Description of the Prior Art
Acetabular prostheses having metal socket

bearings are known in the art. Early constructions are
shown 1in Sivash, U.S. Patents Nos. 3,820,167,
3,943,576, and 4,077,070, and Noiles, U.S. Patents
Nos. 3,848,272, and Re 28,895. These prostheses were
of the constrained type wherein the Dbearing
encompassed more than half of the ball. The bearing
consisted of two pieces which were placed around the

‘ball and secured to the cup by riveting or screw
threads. Because of the difficulty of assembling the

prosthesis in situ, the Surgeon was provided with an
assembled joint comprising both the femoral and
acetabular components. ' -

. PCT Patent Publication No. WO 83/02555 shows a
variation of these earlier comstructions wherein the

‘metal bearing could encompass 180° or less of the

femoral ball. Attachment between the bearing and the
cup was again by means of a screw thread.
Accordingly,' although 1in ' situ assembly’ was not
impossible, it was still generally impractical because
of the screw thread.

Noiles, U.S. Patent No. 4,678,472, shows two
metal bearing  constructions. In the first
construction (Figures 9-10 of the '472 patent), the
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bearing comprises two pieces which encompass more than
half of the ball and which are held together around the
ball by means of retaining ring 74. For this
construction, in the assembled joint, the bearing can
rotate within the cup to provide a greater range of motion
for the joint. In the second construction (Figures 33-34
of the '472 patent), the bearing again comprises two parts
which in this case are locked in place within the cup by

wedge 136.

Other constructions for acetabular prostheses
employing metal socket bearings are disclosed in Frey et

al., U.S. Patent No. 4,969,910.

SUMMARY OF THE INVENTION

According to the invention, there is provided a
prosthesis for use in forming an implantable ball and
socket joint comprising: a socket bearing having a cavity
for receiving the ball of the ball and socket joint, said
socket bearing having an external surface at least a
portion of which comprises a male taper; a cup for fixation
to bone, said cup having a cavity for receiving the socket
bearing, said cavity having a surface at least a portion
of which comprises a female taper for locking engagement
with the male taper of the socket bearing; and loosening
means for loosening the locking engagement between the
male taper of the bearing and the female taper of the cup;
wherein said male and female tapers comprise a self-
locking taper and said loosening means applies force

between the socket bearing and the cup.
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The accompanying drawings, which are incorporated in and
constitute part of the specification i1llustrate the preferred
embodiments of the invention and together with the
description, serve to explain the prainciples of the invention.
It is to be understood, of course, that both the drawings and
the description are explanatory only and are not restrictive

of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Specific embodiments of the invention will now be

described, by way of example only, with the use of drawings 1n

which:

Figure 1 is an exploded view of a prosthesis constructed
in accordance with the invention and comprising a metal socket

bearing insert, a cup, set screws, and bone screws.

Figure 2 is a top view of the assembled prosthesis of

figure 1.

Figure 3 is a cross-sectional view along lines 3-3 1in
Figure 2 showing the use of a set screw to seat the metal

socket bearing insert in the cup.

Figure 4 shows an instrument for use in loosening the

metal socket bearing from the cup.

Figure 5 is a cross-sectional view along lines 5-5 1in
Figure 2 illustrating the application of the invention to a

constrained, two-piece, metal socket bearing insert.

Figure 6 is a cross-sectional view along lines 6-6 in

Figure 2 showing the use of a bone screw to fasten the cup to

bone.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

With reference now to the drawings, wherein like
reference characters designated like or corresponding parts
throughout the several views, there is shown in Figure 1 an
exploded view of an acetabular cup 10 and a metal socket

bearing 13 constructed in accordance with the invention.

Bearing 13 includes cavity 32 for receiving the ball of
the femoral portion of the prosthesis. To aid in restraining
dislocations of the ball, the bearing includes lip 17. During
implantation, the lip 1s oriented in a direction which
provides a range of motion and level of stability which best
fits the anatomy of the patient. Preferably, a family of
bearings haviﬂg lips of different angular offsets is provided
to the surgeon so that a suitable match can be achieved
between the function of the prosthesis and the needs of the

patient. See Noiles, U.S. Patent No. 4,678,472.

Acetabular cup 10 includes outer surface 12 for
engagement with bone and inner cavity 30 for receiving bearing
13. Various constructions known in the art can be used for
outer surface 1l2. A particularly preferred construction 1is
that disclosed in commonly assigned, Noiles and DeCarlo, Us
Patent Application Serial No. 07/838,577, entitled “Sintered
Coatings for Implantable Prostheses’”, filed February 19, 1992
and now 1i1ssued as United States Patent 5,263, 986.

B e T T  H HE T N L I N T R A L I I R I I I E T T MM NN N T I N A M T MM AT I I I N I T T I N I Y I I T I I T IR NN H IR E R R L T I I T T T T P T T T M T L TR N T T T TR LT T T UL T T T LT T T 7 Tos T S T T A



='VO 93/16662 210 7074 PCI/US93/01886

10

15

20

-5 -

Bearing 13 and cup 10 mate by means of a precise
male taper 26 formed on the outside surface of the
bearing and a precise female taper 28 formed on the
inside surface of cavity 30. To ensure a secure fit
between these components, the taper angle is chosen to
be within the range of self-locking tapers. For
example, a total included taper angle (both sides of
the taper) in the range of from about 6° to about 17°
will achieve this result. To allow for removal of the
bearing from the cup, the taper angle is preferably
chosen towards the high end of the range of lLocking
tapers. In practice, a total included taper angle of

about 14° has been found to work successfully.

To ensure security of the 1locking taper, set

~screws 15 are_used'to seat bearing 13 in cup 10. The

set screws operate by means of_ slots 22 formed in the

outer surface of bearing 13 and slots 20 formed in the
inner surface of cup 10. Slots 20.inc1ude threads 21
which engage the threads of set screws 15. Slots 22,
“which are unthreaded, include end surfaces 23 against
which set SCrews 15 abut. - As the set screws are

t:.ghtened they force bearing 13 into cup 10 by

. ‘pushing agaznst surfaces 23 thereby 1ock1ng tapers 26
fp;pp;h;dfjr “wfand 28 together (see Flgure 3). |
. t'w'oq- dlametrn.cally opposed non- threaded slots 22

hav::.ng end surfaces 23 To avoid bzndn.ng of the
 Yig tapers, set screws 15 are preferably tightened- agaxnst

As shown in Figures 1 and 2 bear:.ng 13 includes

© end surfaces 23 in alternating increments.  If

N . .
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des:Lred - add:.t:.onal slots 22 and set screws 15 can be
‘used. Agan.n, an alternat:.ng pattern for ;tlghten:mg
the screws should be used. A single set screw can
‘also be employed but, ‘in.general,.is not preferred.

Threaded slots 20 in cup 10 are zpreferably

-arranged 1n multn.ple' sets of dn.ametr:.cally opposed
slots w1th which the non- threaded slots 22 of bearing
13 can be allgned._ In this way, the ‘bearing can be



WO 93/16662 PCT/US93/017 "~

10

15

20

25

30

35

Secured to the cup in the selected orientation. For
example, in Figure 1, cup 13 includes four sets of
diametrically-opposed threaded slots 20. Accordingly,
bearing 13 has elght orientations with respect to cup
10.  Of course, more or fewer sets of threaded slots
20 can be used as desired to achieve more or fewer
possible orlentatlons ©f the Dbearing with respect to
the cup.

To aid in the assemblyv of bearing 13 and cup 10,

- the bearing preferably includes pilot hub 34, and the

Cup includes mating aperture 36 (see Figure 3). The
hub and aperture will preferably engage prior to the
engagement of tapers 2'6 and 28 and thus prevent
cocking of the bearing in the cup. Also, hub 34 can

conveniently be used as a holding point during
machining of the bearing._ Likewise, aperture 36 can |

be used by the surgeon as a seat for ‘an implantation

- instrument, as well as a viewing port The 1nclus:.on
'of threads in aperture 36 can further facilitate
- implantation, as well as manufacture of the cup.

As can best be seen in F:Lgures 1 and 3, bearing

~ bearing within the cup or complete removal of the
bearing if desn.red In the assembled prosthesis,

notches 38 sit proud of the face 44 of cup 10 (see

- Figure 3), and thus can be engaged by tang 42 of
loosem.ng instrument 40 (see F:Lgure 4) . Once engaged,

the tang is used to pry the bearing free from the cup.

Other loosening technlcrues may be employed if
des:.red such as the placement of full-length, threaded
slots on bearing 13 and cooperatlng partial- length

non- threaded slots on cup 10. The turning of a set

screw in this combination will drive the bearing out
Oof, rather than into, the cup. Mechanisms of this

gy st
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type have been employed to disengage pulleys or gears

from shafts upon which they have been mounted using a
taper lock and set screw mechanism. See Gates
Power-Grip Timing Belt Catalog, 1991, pages 72 and 82.

Figure 5 shows an embodiment of the invention
wherein the bearing is made in two halves and thus can
be used to form a -constrained prosthesis, i.e., a
prosthesis wherein the bearing surrounds more than
half the ball. The bearing construction used for this
embodiment is eggentially identical to that of Figures
1-3 except for the division of thebearing zbody into
two parts. To assure alignment of the parts, key 46
1s formed on one half and a mating slot 48 is formed
in the other. This key and slot arrangement in
conjunction with thé halves being seated in taper 28
of the cup ensures the continuity of spherioal cavity
32 in the assembled prosthesis. As shown in Figure 5,
bearing 13 has an oblique face 50 which forms lip 17.
If desired a scalloped perimeter of . the type shown in
F:Lgure 33 of U.S. Patent No. 4, 678 472 oan be used in
both this embod:.ment and that of Figures 1-3.

In addition to non-threaded, partial- -length slots
22, bearing = 13 (whether constrained, or

non-constrained) = includes non- threaded, full-length

slots 24. When slots 22 are aligned with one of the
sets of slots 20 in cup 10, full-length slots 24 also

‘align with slots 20. In this way, bone screws 15 can
be inserted through . the apertures formed by the
o -._allgnment of slots 20 and 24. "

In order for the heads of the bone screws to be

recessed below the face 50 of ‘bearing 13 and engage

with cup 10, ' slots 24 have a diameter sllghtly greater

‘than that of the head of the screw. In order for the

bone screw to not pass through slot 20, the diameter
of the: screw head must be greater than the minor

diameter of screw thread 21 in slot 20 and is
preferably the same diameter as the major diameter of
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SCrew thread 21. In this way, the head of screw

10 (see Figure 6). Typical diameters for the slots
and bone scraws which will achieve this result are:
slot 24 -- 0.262"; minor diameter of screw thread 21
- 0.201"; major diameter of screw thread 21 --
0.242"%; screw head -- 0.250"; and maximum diameter of
bone screw body -- 0.197". Other dimensions can of

course be used if desired.

Thas components cf che prosthesis can Dbe
constructesd of wvarious biocompatible metals known in
Ciz art. Preferably, the bearing is a cobalt-chromium
alloy (see ASTM-F75 and ASTM-F799) and the cup is pure
titanium or a titanium alloy such as Ti 6Al 4V (see
ASTM-F136) . The Dbone screws' and set screws are
preferably a Ti 6Al 4V alloy, although other materials
can be used. |

As is known in the art, fretting can take place
where two metal parts meet if motion, including motion
at .the micron level (micro-motion), takes place

'___between the parts under repetitive cyclic loading. It
‘is for this reason that a secure locking engagement is

critical to the success of an acetabular prosthesis
employing a metal 'socket bearing. The ‘locking taper

- mechanism dlsclosed above :Ln combination with the use
- of set screws to ensure secure seating of the tapers

provn.des the necessary secur:.ty against motion between

-,'the parts and thus overcomes the hazard of fretting
) durlng long term use 0of the prostheszs

A varlety of modifications which do not depart
from the scope and spirit of the invention will be

evident to persons of ordn.nary skill in the art from

| the disclosure 'herein.' -~ The following claims are

intended to cover the specific embodiments set forth
herein as well as such modifications, variations, and
equivalents. ' '
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A prosthesis for use in forming an implantable
ball and socket joint comprising:

a) a socket bearing having a cavity for receiving
the ball of the ball and socket joint, said socket bearing
having an external surface at least a portion of which
comprises a male taper;

b) a cup for fixation to bone, said cup having a
cavity for receiving the socket bearing, said cavity having
a surface at least a portion of which comprises a female
taper for locking engagement with the male taper of the
socket bearing; and

c) loosening means for loosening the locking
engagement between the male taper of the bearing and the
female taper of the cup;

wherein said male and female tapers comprise a self-
locking taper and said loosening means applies force
between the socket bearing and the cup.

2. The prosthesis of Claim 1 wherein the total
included taper angle of the locking male and female tapers
is between about six degrees and about seventeen degrees.

3. The prosthesis of Claim 2 wherein the total
included taper angle of the locking male and female tapers
1s about fourteen degrees.

4. The prosthesis of Claim 1 further comprising
driving means for driving the male taper into the female
taper.

5. The prosthesis of Claim 4 wherein the means for

driving comprises a ScCrew.
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6. The prosthesis of Claim 5 wherein the bearing
includes a non-threaded slot having an open end and a
closed end, the cup includes a threaded-slot, and the
screw 1s received in an aperture formed by alignment of
the non-threaded slot with the threaded slot.

7. The prosthesis of Claim 6 wherein the cup
includes a second threaded slot and the bearing includes a
non-threaded slot having two open ends which can cooperate
with the second threaded slot of the cup to form an
aperture which will allow passage of the body but not the

head of a bone screw.

8. The prosthesis of Claim 7 wherein the thread of
the second threaded slot prevents passage of the head of
the bone screw through the aperture.

9. The prosthesis of Claim 6 wherein the cup
includes a plurality of threaded slots and the non-
threaded slot of the bearing can be aligned with any one
of said threaded slots to form an aperture for the screw.

10. The prosthesis of Claim 9 wherein the bearing
includes a non-threaded slot having two open ends which
can cooperate with a threaded slot of the cup to form an
aperture which will allow passage of the body but not the

head of a bone screw.

1ll. The prosthesis of Claim 10 wherein the thread of
the threaded slot prevents passage of the head of the bone

screw through the aperture.

12. The prosthesis of Claim 1 wherein the means for
loosening comprises a groove formed in the external

surface of the bearing.
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3.

13. The prosthesis of Claim 1 wherein the socket
bearing comprises two pieces.

14. The prosthesis of Claim 13 including means for
aligning the two pieces of the socket bearing.

15. The prosthesis of Claim 14 wherein the means for
aligning comprises a key on one of the pieces and a slot on

the other piece.
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