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(57) ABSTRACT 

Aball and socket joint for implanting in the body is provided 
wherein the socket portion of the joint can have various 
orientations with respect to the patient’s anatomy, and the 
orientation used for a particular patient can be selected 
and/or changed in situ, that is, during or after implantation 
of the joint. In addition, the con?guration of the joint, e.g., 
constrained versus semi-constrained, as well as the materials 
making up the socket portion of the joint, e.g., plastic versus 
metal, can be selected and/or changed in situ. 

REEXAMINATION RESULTS 
The questions raised in reexamination request Nos. 90/004, 
732, ?led Aug. 26, 1997 and 90/005,596, ?led Jun. 22, 1999, 
have been considered and the results are re?ected in this 
re issue . 

14 Claims, 10 Drawing Sheets 
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BALL AND SOCKET BEARING FOR 
ARTIFICIAL JOINT 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATION 

This is a continuation-in-part of copending application 
Ser. No. 473,431, ?led Mar. 8, 1983 no US. Pat. No. 
4,642,123. 

BACKGROUND OF THE INVENTION 

1. Field Of The Invention 

This invention relates to arti?cial joints and in particular 
to arti?cial joints of the ball and socket type. 

2. Description Of The Prior Art 
As is Well knoWn in the art, arti?cial hip and shoulder 

joints conventionally employ ball and socket articulations. 
The socket is embedded in one bony structure, for example, 
the pelvis for a hip reconstruction. The ball is attached to an 
arm composed of a neck and a stem or shaft, the stem or 
shaft being embedded in another bony structure, for 
example, the femur for a hip reconstruction. 
A number of methods are knoWn for retaining the ball in 

the socket. In the most common method, referred to herein 
as the “semi-constrained” construction, the patient’s oWn 
anatomy, i.e., his muscles, tendons and ligaments, are used 
to retain the ball Within the socket. For this construction, a 
hemispherical socket typically is used Which alloWs the ball 
and its attached arm the maximum amount of movement 
Without contact of the arm With the edge of the socket. The 
surgeon, When installing such a semi-constrained joint, 
aligns the ball and socket as closely as possible With the 
patient’s natural anatomy so that the patient’s movements do 
not tend to dislocate the ball from the joint. As a general 
proposition, such precise alignment is easiest the ?rst time 
an arti?cial joint is placed in a patient. Subsequent recon 
structions are much more dif?cult to align because of 
deterioration of anatomical landmarks as a result of the ?rst 
operation, the healing process after the operation and 
changes in the anatomy caused by the presence of the 
arti?cial joint. 

In order to increase the inherent stability against disloca 
tion of such semi-constrained constructions, it has become 
conventional to add a cylindrical portion to the hemispheri 
cal socket to make it deeper. Although the ball is not 
physically constrained by the socket by this adjustment, the 
ball does not have further to travel than if just a hemisphere 
had been used and thus some reduction in the propensity 
towards dislocation is achieved. Ball and socket joints of this 
type generally provide an are or range of motion of approxi 
mately 115° When a 28 mm diameter sphere is used and the 
socket is made a feW millimeters deeper than a hemisphere. 
Larger ranges of motion can be obtained by keeping the siZe 
of the arm attached to the ball constant and increasing the 
diameter of the ball. In this Way, the angular extent of the 
arm relative to the ball becomes smaller. In the limit, if the 
ball could be made progressively larger and larger, a range 
of motion of 1800 could be achieved. In practice, hoWever, 
the largest sphere in common use in arti?cial joints, and in 
particular arti?cial hip joints, has a diameter of 32 mm and 
provides a range of motion of approximately 120°. It should 
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2 
be noted hoWever, that such larger sphere sizes are not 
universally favored because frictional torque increases With 
diameter. 

A recent study by the Mayo clinic, Which appeared in 
December, 1982 edition of The Journal of Bone and Joint 
Surgery, reported a dislocation frequency of 3.2% for 10,500 
hip joint implant procedures using the semi-constrained 
construction. Such dislocations essentially make the patient 
immobile and can necessitate a second operation. As dis 
cussed above, the critical alignment required for the semi 
constrained construction is even more dif?cult to achieve 
When a second implantation is performed. Accordingly, even 
higher dislocation frequencies are encountered for second 
and subsequent implantations. 
An alternative to the semi-constrained construction is the 

construction Wherein the ball is physically constrained 
Within the socket. In this construction, a spherically-shaped 
bearing surrounds the ball and serves as the socket. The 
bearing is attached to a ?xation element Which is embedded 
in, for example, the patient’s pelvic bone. The bearing 
encompasses more than one-half of the ball and thus con 
strains the ball and its attached arm from dislocation. 

The bearing is typically made from plastic, such as 
ultra-high molecular Weight polyethylene (UHMWPE), or 
metal. For plastic bearings, the ball and bearing are usually 
assembled by forcing the bearing over the ball. The more of 
the ball Which is encompassed by the bearing, the greater the 
required assembly force, and the greater the constraining 
force to prevent postoperative dislocation of the joint. In 
addition, the more that the bearing encompasses the ball, the 
smaller the range of motion for the ball prior to contact of 
the bearing With the arm attached to the ball. 

An example of a constrained arti?cial joint employing a 
plastic bearing is shoWn in Noiles, US. Pat. No. 3,996,625. 
As can be seen in FIG. 1 of this patent, a plastic bearing 17 
?tted With a metal reinforcing band (un-numbered) extends 
beyond the diameter of ball 24 so as to physically constrain 
the ball Within the bearing. The bearing itself is attached to 
?xation element 12. The metal reinforcing band is 
assembled over the lip of the opening of bearing 17 after that 
bearing has been forced over sphere 24. The reinforcing 
band increases the force required to dislocate the joint. In 
practice, the design shoWn in FIG. 1 of US. Pat. No. 
[3,966,625] 3,996,625 has been found to provide a range of 
motion of approximately 85° When a sphere diameter of 28 
mm is used and to resist direct dislocating forces of several 
hundred pounds. 

For constrained constructions such as that shoWn in US. 
Pat. No. 3,996,625, it has been found in use that a dislocating 
force is created When the neck of the arm attached to the ball 
impinges on the rim of the bearing. Because of the leverage 
associated With the arm and the long bone of the patient to 
Which it is attached, e.g., the patient’s femur, the dislocating 
force produced When the neck contacts the rim of the bearing 
can be considerable. For example, a force on the order of 25 
pounds applied to a patient’s leg can produce a dislocating 
force of over several hundred pounds because of the lever 
ages involved. This type of dislocation force can be avoided 
by geometrically aligning the arti?cial joint With the 
patient’s anatomy so that the neck does not come in contact 
With the rim of the bearing during normal motion of the 
patient’s limb. That is, the leverage based dislocation forces 
can be avoided in the same Way as dislocations are avoided 

in the [seim-constrained] semi-constrained construction, 
i.e., through precise alignment of the arti?cial joint With the 
natural anatomy of the patient. Unfortunately, as is apparent 
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from the geometry of the situation, the more the socket 
bearing encompasses the ball, the greater the restraining 
force on the ball, but at the same time the less the range of 
motion prior to the neck impinging upon the edge of the 
bearing to create undesired leverage. In practice, arti?cial 
hips having the construction shoWn in Us. Pat. No. 3,996, 
625 have been found to suffer dislocation due to the leverage 
effect in feWer than 0.5% of the implantations performed. 
This is signi?cantly better than the 3.5% dislocation fre 
quency reported in the Mayo clinic study discussed above, 
but an even loWer dislocation frequency is obviously desir 
able. 

Aconstrained construction using a metal socket bearing is 
shoWn in Noiles, US. Pat. Re. 28,895 (reissue of US. Pat. 
No. 3,848,272). This construction provides approximately a 
90° range of motion Where the sphere diameter is 28 mm. In 
a practical sense, the metal bearing can be said to be 
non-dislocatable. The force required to eXtract the metal 
sphere from the enclosing metal socket bearing is more than 
several thousand pounds. Accordingly, is use, rather than the 
metal ball dislocating from the metal socket bearing, any 
overly severe dislocating leverage Will cause the ?xation 
element to be disrupted from the bone in Which it has been 
embedded. 
As a general proposition, metal balls in metal socket 

bearings are used in only a minority of joint reconstructions 
because the medical profession is not in agreement that a 
metal sphere in a metal bearing is as biologically acceptable 
as a metal sphere in a UHMWPE plastic bearing, even 
though clinical use over 15 years has failed to shoW the 
metal to metal joint to be inferior to a metal to plastic joint. 
A third type of arti?cial ball and socket joint, referred to 

as an endoprosthesis, eliminates the ?Xation element asso 
ciated With the socket and simply uses a ball surrounded by 
a plastic socket bearing in a spherical metal head, Which 
head is placed in the patient’s natural socket but not secured 
to bone. For this construction, the ball can rotate Within the 
bearing up to the rim of the bearing (the bearing is greater 
than a hemisphere so as to be retained on the ball), and then 
the bearing and its attached head rotates in the patient’s 
socket. As With the semi-constrained construction, anatomi 
cal alignment is used to avoid dislocations, in this case 
betWeen the metal head and the natural socket. 

In vieW of the foregoing, it is apparent that in semi 
constrained and endoprosthesis hip joints, reconstructive 
geometry of the prosthesic components is critical in ensuring 
the stability of the prosthesis against dislocation. Moreover, 
in ball and socket constructions Which constrain the ele 
ments against dislocation, the range of motion inherent in 
the prosthesis is reduced and thus because of the possibility 
of leverage type dislocations, similar demands are placed on 
the surgeon to establish the geometry of the reconstruction 
Within rather narroW limits. 

Accordingly, an object of this invention is to provide a 
ball and socket joint Which provides the surgeon With 
increased latitude in geometric positioning of the prosthetic 
components over those ball and socket joints presently 
available. 
A further object of the invention is to provide a ball and 

socket joint the materials and con?guration of at least a 
portion of Which can be selected and/or changed in situ, that 
is, during or after implantation of the joint in the patient. 
An additional object of the invention is to provide a ball 

and socket joint including a bearing member Which can be 
readily replaced in situ With either a bearing member of the 
same or of a different type depending on the patient’s 
post-operative history. 
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Another object of the invention is to provide a ball and 

socket joint Wherein (1) the socket portion of the joint has 
more than one orientation With respect to the ball portion of 
the joint, the preferred orientation being a function of the 
patient’s anatomy, and (2) the orientation of the socket 
portion With respect to the ball portion can be selected and/or 
changed in situ, that is, during or after implantation of the 
joint in the patient. 
A further object of the invention is to provide a prosthetic 

ball and socket joint of increased inherent range of motion 
Which is readily assembled and disassembled at the surgical 
site. 
An additional object of the invention is to provide a ball 

and socket bearing for an arti?cial joint Which constrains the 
joint from dislocating and at the same time provides a range 
of motion Which is greater than that available in the con 
struction of the constrained type described above. 

SUMMARY OF THE INVENTION 

To achieve these and other objects, the invention, in 
accordance With one of its aspects, provides a ball and 
socket joint for implantation in a patient’s body comprising 
a ball portion and a socket portion, 
the ball portion including: 

a ball; and 
?rst ?Xation means for implantation in a ?rst bony 

structure, said ?Xation means being connected to said 
ball; and 

the socket portion including: 
a bearing for receiving the ball; said bearing de?ning an 

orientation betWeen itself and the patient’s body; 
second ?Xation means for implantation in a second bony 

structure; and 
connecting means associated With the bearing and the 

second ?Xation means for connecting the bearing to the 
second ?Xation means in more than one orientation. 

In accordance With a further one of its aspects, the 
invention provides a ball and socket joint for implantation in 
a patient’s body comprising a ball portion and a socket 
portion, 
the ball portion including: 

a ball; and 
?rst ?Xation means for implantation in a ?rst bony 

structure, said ?Xation means being connected to said 
ball; and 

the socket portion including: 
a bearing for receiving the ball, said bearing being one 
member of a family of interchangeable bearings, the 
family including at least one member Which is made 
from a different material or Which has a different 
con?guration or Which is both made from a different 
material and has a different con?guration from at least 
one other member of the family; 

second ?Xation means for implantation in a second bony 
structure; and 

connecting means associated With the bearing and the 
second ?Xation means for interchangeably connecting 
any bearing in the family to the second ?Xation means. 

In accordance With an additional one of its aspects, the 
invention provides a ball and socket joint for implanting in 
the body Which comprises: 
a ball; 
a cup With a spherical cavity, said cup to be affixed to bone; 

and 
a bearing member surrounding a portion of the ball and 

rotatable Within said spherical cavity about only one aXis, 
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said bearing member having an asymmetric opening 
therein, the opening having an angular extent of less than 
180° in at least one plane. 
In accordance With another one of its aspects, the inven 

tion provides an arti?cial joint of the ball and socket type for 
implantation in the body Which comprises: 
a ball; 
a bearing for forming a socket to receive the ball, the bearing 

having an asymmetric opening therein, the opening hav 
ing an angular extent of less than 180° in a ?rst plane; 

means for pivoting the bearing about an axis lying in a plant 
other than the ?rst plane; and 

means for af?xing the means for pivoting to bone. 
In accordance With another of its aspects, the invention 

provides a socket for a ball and socket joint for implantation 
in the body Which comprises (1) a cup With a cavity, and (2) 
a bearing for receiving the ball of the ball and socket joint, 
said bearing being constrained to rotate Within said cavity 
about a single axis. 

In accordance With certain preferred embodiments of the 
invention, the asymmetric opening into the sockets is less in 
one direction than it is at 90° to this one direction. The 
socket bearing is movably retained Within the cup about an 
axis Which is (1) parallel to the face of the cup and (2) in the 
direction of the greater opening in the socket bearing. The 
socket bearing is retained Within the cup by tWo stub half 
round pins integral With the cup and extending part Way 
through the Wall thickness of the socket. The axes of the half 
round pins coincide With an axis of the spherical cup like 
cavity and they are also coaxial in the direction of the greater 
opening in the socket bearing. 
When the ball and the neck of the arm of the prosthesis 

move in the direction of the lesser opening in the socket 
bearing, the total range of motion is the sum of the arc of 
motion Which the neck can make Within the bearing plus the 
arc of motion Which the bearing can make Within the cup. 
The cup can be a hemisphere or even less. Rotation of the 
ball is limited by impingement of the neck against the rim of 
the cup, or alternatively, and most preferably, by limiting the 
rotation of the socket bearing so that the neck comes just up 
to, but not actually into contact With, the rim of the cup. In 
this regard, reference is made to copending U.S. patent 
application Ser. No. 553,518 to Alfred Frederick DeCarlo, 
Jr., ?led simultaneously hereWith and assigned to the 
assignee of the present application. This application, the 
pertinent portions of Which are incorporated herein by 
reference, discloses a preferred system for limiting the 
rotation of the socket bearing to keep the neck of the arm of 
the prosthesis out of contact With the rim of the cup. 
When the diameter of the ball is approximately the 28 mm 

in common use, and the socket bearing Wall thickness is 
approximately 7 mm, the inner diameter of the cup, and thus 
the outer diameter of the bearing, is approximately 42 mm 
(28 mm+7 mm+7 This outer diameter for the bearing 
is larger than the largest diameter sphere commonly used in 
semi-constrained arti?cial hip replacements, and thus the 
present constrained construction achieves a greater range of 
motion than the semi-constrained construction, and at the 
same time, restrains the ball Within the socket. 
When the ball and the neck move in the direction of the 

greater opening in the socket bearing, the neck contacts the 
?at side of a stub half round pin, rather than the rim of the 
cup, or alternatively, and most preferably, a Web portion of 
the socket bearing in the region of the stub half round pins 
(see, for example, element 106 in FIGS. 13, 15 and 21 
beloW). To alloW the neck and ball to move through the same 
arc in this direction, the ?at sides of the pins can be 
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contoured. With this feature, the total range of motion in all 
quadrants, using the above dimensions, is approximately 
135°. 
To summariZe, in accordance With the above preferred 

embodiments of the invention, When motion is in the plane 
of the stub pins, the total motion is by movement of the ball 
Within the bearing. When motion is at 90° to the plane of the 
pins (the “90° plane”), the total motion is the sum of the 
motion of the ball Within the bearing and the motion of the 
bearing Within the cup. In other planes, the motion of the ball 
Within the bearing is greater than it is in the 90° plane and 
the motion of the bearing Within the cup is less than it is in 
the 90° plane. In this Way, the invention provides a con 
strained ball and socket prosthesic joint With a total range of 
motion signi?cantly greater than hitherto generally avail 
able. 

In connection With arti?cial hip joints, it is advantageous 
to orient the cup in situ so that the axis of the stub pins is 
inclined according to the anatomical requirements of the 
patient as determined by the surgeon. For example, the axis 
can be inclined someWhat upWard in the forWard direction. 
In this manner almost all highly repetitive load bearing 
motions of the hip joint fall Within the motion capability of 
the sphere Within the socket bearing. Additional motion is 
furnished by movement of the bearing Within the cup in such 
activities as crossing the legs When seated, or in signi?cant 
abduction. To conveniently permit such orientation of the 
stub pins, in certain embodiments of the invention, the cup 
includes ?rst and second portions, the ?rst portion to be 
af?xed to bone, the second portion having associated there 
With the pin members are being moveable With respect to the 
?rst portion to provide a plurality of possible orientations for 
the axis of rotation of the bearing member Within the 
spherical cavity. 

In connection With both arti?cial hip joints and other 
types of ball and socket joints, it is advantageous for the 
surgeon to have as Wide a range of joint con?gurations and 
materials to choose from as possible. It is particularly 
advantageous for the surgeon to be able to re?ne his selec 
tion of materials and con?gurations during the operative 
procedure, after he has seen the diseased joint and has a full 
appreciation of the patient’s medical condition and anatomy. 
Along these same lines, it is also advantageous to be able to 
re-operate and change materials and/or joint con?gurations 
as a function of the patient’s post-operative history Without 
substantially disturbing the established ?xation of the joint 
to bony structures. For example, a patient originally ?tted 
With a semi-constrained joint may be found to be especially 
prone to dislocations so that a constrained construction, 
perhaps including a metal socket, Would be more appropri 
ate. 
To achieve these types of ?exibility, in accordance With 

certain preferred embodiments of the invention, a family of 
interchangeable socket bearings of different con?gurations 
and/or materials is provided to the surgeon. Each of the 
bearings includes means for interchangeably connecting the 
bearing to a ?xation element for the socket portion of the 
joint in such a Way that the bond betWeen the ?xation 
element and the patient’s bone is not substantially disturbed 
by the connecting process. In vieW of this easy 
interchangeability, during the initial operation, the surgeon 
need not choose the speci?c socket bearing to be used until 
after completing the implantation of the ?xation element, 
and during subsequent operations, if any, he can substitute a 
different bearing or replace a Worn bearing Without breaking 
the bond betWeen the ?xation element and the patient’s 
bone. 
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In the description of the preferred embodiments Which 
appears below, constructions are shoWn using both plastic 
and metal socket bearings, as Well as bearings employing a 
combination of metal and plastic components. Also, various 
assembly and disassembly constructions are illustrated. It is 
to be understood, of course, that both the foregoing general 
description and the folloWing detailed description are 
explanatory only and are not restrictive of the invention. 

The accompanying draWings, Which are incorporated in 
and constitute part of the speci?cation, illustrate the pre 
ferred embodiments of the invention, and together With the 
description, serve to explain the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of an arti?cial joint embody 
ing the present invention. 

FIG. 2 is an exploded vieW shoWing the components of 
the joint of FIG. 1. 

FIG. 3 is a cross-sectional vieW along lines 3—3 in FIG. 
1 shoWing the ball and the socket bearing partially inserted 
into the cup. 

FIG. 4 is a cross-sectional vieW along lines 3—3 of FIG. 
1 shoWing the range of motion of the ball Within the socket 
bearing With the socket bearing stationary. 

FIG. 5 is a cross-sectional vieW along lines 3—3 of FIG. 
1 shoWing the range of motion of the ball Within the socket 
bearing When the socket bearing moves Within the cup. 

FIG. 6 is an exploded vieW of an alternate embodiment of 
the invention Wherein the cup includes tWo portions Which 
are moveable relative to each other. 

FIG. 7 is a cross-sectional vieW along lines 7—7 in FIG. 
6 after the joint has been assembled. 

FIG. 8 is a cross-sectional vieW along lines 8—8 in FIG. 
6 after the joint has been assembled. 

FIG. 9 is an alternate embodiment of the embodiment 
shoWn in FIGS. 6—8 Wherein a tWo piece metal socket 
bearing is used. 

FIG. 10 is a cross-sectional vieW along lines 10—10 in 
FIG. 9 after the joint has been assembled. 

FIG. 11 is an exploded vieW shoWing an alternative 
method for rotatably retaining the socket bearing Within the 
cup. 

FIG. 12 is a cross-sectional vieW along lines 12—12 in 
FIG. 11 after the joint has been assembled. 

FIGS. 13 and 14 shoW alternative socket bearings for use 
With the present invention. 

FIG. 15 is an exploded vieW of an arti?cial joint similar 
to that shoWn in FIGS. 6—8 but employing a system of the 
type disclosed in the DeCarlo patent application referred to 
above to limit the range of motion of the socket bearing 
Within the joint. 

FIG. 16 is a cross-sectional vieW along lines 16—16 in 
FIG. 15. 

FIG. 17 is a cross-sectional vieW along lines 17—17 of 
FIG. 15. 

FIG. 18 is a perspective vieW of the outer surface of the 
bearing member of FIG. 15. 

FIGS. 19 and 20 are schematic diagrams illustrating the 
relationships betWeen the angular extents of the various 
components of the arti?cial joint shoWn in FIGS. 15—17. 

FIG. 21 is an exploded vieW of an arti?cial joint of the 
semi-constrained type embodying the present invention and 
employing a system of the type disclosed in the DeCarlo 
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patent application referred to above to limit the range of 
motion of the socket bearing Within the joint. 

FIG. 22 is a cross-sectional vieW along lines 22—22 in 
FIG. 21. 

FIG. 23 is a cross-sectional vieW along lines 23—23 in 
FIG. 21. 

FIG. 24 is an exploded vieW of an arti?cial joint of the 
constrained type constructed in accordance With the present 
invention and including a metal reinforcing band to increase 
the amount of force required to dislocate the joint. This 
embodiment also employs a system of the type disclosed in 
the DeCarlo patent application referred to above to limit the 
range of motion of the socket bearing Within the joint. 

FIG. 25 is a cross-sectional vieW along lines 25—25 in 
FIG. 24. 

FIG. 26 is a perspective vieW of a plastic socket bearing 
constructed in accordance With the present invention and 
designed to produce a completed joint of the non-rotating, 
constrained type. 

FIG. 27 is a front vieW of the bearing of FIG. 26. 

FIG. 28 is a cross-sectional vieW along lines 28—28 in 
FIG. 27. 

FIG. 29 is a cross-sectional vieW along lines 29—29 in 
FIG. 27. 

FIG. 30 is a side vieW of the bearing of FIG. 26. 

FIG. 31 is a side vieW of a plastic socket bearing con 
structed in accordance With the present invention and 
designed to produce a completed joint of the non-rotating, 
semi-constrained type. 

FIG. 32 is a side vieW of a plastic socket bearing similar 
to the bearing of FIG. 31 but including a lip to help restrain 
dislocations of the completed joint. 

FIG. 33 is an exploded vieW of an arti?cial joint of the 
non-rotating, constrained type constructed in accordance 
With the present invention and employing a metal socket 
bearing. 

FIG. 34 is a cross-sectional vieW along lines 34—34 in 
FIG. 33. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference noW to the draWings, Wherein like refer 
ence characters designate like or corresponding parts 
throughout the several vieWs, there is shoWn in FIG. 1 an 
assembly 20 of ball or sphere 10, socket bearing 12 and cup 
14 for a prosthetic joint. The neck 16 of arm 30 is interme 
diate ball 10 and stem or shaft 18, Which stem or shaft is 
?xed to, for example, the femur bone at the time of implant 
surgery. 

FIG. 2 shoWs in more detail socket bearing 12 of assem 
bly 20. The preferred material for bearing 12 is ultra-high 
molecular Weight polyethylene (UHMWPE). Inner spherical 
bearing surface 21 of bearing 12 is concentric With outer 
spherical bearing surface 22. Cylindrical surfaces 24 are 
coaxial With each other and With the center of spherical 
surfaces 21 and 22 and are tangent to surfaces 26. Small 
barb-shaped protuberances 28 serve a detent function 
described beloW. 

In the plane passing through the lines P—P in FIG. 2, 
socket bearing 12 encompasses less than one half of ball 10. 
In the plane passing through the lines S—S, the socket 
bearing encompasses more than half of ball 10. 
OWing to the resilience and elasticity of the plastic 

material of socket bearing 12, socket bearing 12 can be 
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snapped over ball 10. The amount of interference betWeen 
the equator of the ball and socket bearing 12 depends on the 
angular extent of the bearing’s opening in the plane passing 
through the lines S—S in FIG. 2. [the] The amount of 
interference should be such as Will cause an elastic defor 
mation of socket bearing 12 While the bearing is being 
assembled over the ball 10. To aid in assembly, socket 
bearing 12 can be heated to a non-destructive temperature 
(for example 70°—80° C. for UHMWPE). Plastic in general, 
and UHMWPE in particular, has a large coef?cient of 
thermal expansion and such thermal expansion due to heat 
ing signi?cantly aids in assembly. 
As shoWn in FIG. 2, cup 14 has a hemispherical inner 

surface 32 and tWo coaxial stub half pin members 34 Which 
are structurally integral With cup 14. The pins 34 are shoWn 
bevelled at 36. Recesses 38 are provided at the inner rim of 
the cup at locations 90° displaced from the pins 34. The 
exterior surface 40 of cup 14 is of any conventional contour 
for ?xation in bone Whether by use of cement, or Without 
cement by means of impaction, screWing in, or by bone 
ingroWth into porous metal or the like. Cup 14 is normally 
made of metal, and it is to be understood that the metal used 
is to be structurally and biologically suitable for surgical 
implantation. 
A step midWay in the process of assembly is schemati 

cally shoWn in FIG. 3 Where bearing 12 has been positioned 
against neck 16 at 42 and the bearing 12 and arm 30 have 
been inserted into cup 14 With neck 16 contacting the rim of 
cup 14 at 44. Cylindrical surface 24 of bearing 12 engages 
stub pin 34 as the entering rim 46 of bearing 12 contacts 
inner surface 32 of cup 14. At this time the bearing 12 is 
pressed ?rmly enough into cup 14 to compress protuberance 
28, alloWing bearing 12 to be rotated clockWise about ball 10 
and pin 34 While it is in contact With inner spherical surface 
32. 
When bearing 12 has been rotated suf?ciently for protu 

berance 28 adjacent rim 46 to reach recess 38, protuberance 
28 expands to resist rotation in the reverse direction and 
thereby resist disassembly of the ball and socket joint 20 
unless a tool is inserted into recess 38 to again compress 
protuberance 28 as rotation in the disassembly direction is 
started. 

The assembled joint is shoWn in FIG. 1, Where the neck 
16 of arm 30 can move through the arc from the position 
shoWn to that Which is symmetrically opposite. That is, the 
neck of the prosthesis can move in the plane through lines 
P—P of FIG. 2 from a position of contact With loWer stub pin 
34 to contact With upper stub pin 34. When ball 10 has a 
diameter of 28 mm and the outer diameter of bearing 12 is 
42 mm, the arc or range of motion of neck 16 is someWhat 
greater than 135°, depending on the design of the neck 16. 

To achieve this same range of motion in the plane through 
lines S—S in FIG. 2 requires tWo motions. First, as shoWn 
in FIG. 4, the neck 16 and ball 10 move through the angle 
A by the ball 10 turning inside the socket bearing 12, at the 
completion of Which neck 16 contacts the rim of bearing 12. 
Thereafter, as shoWn in FIG. 5, to achieve the full range of 
motion A‘, ball 10 and bearing 12 rotate in unison, at the 
completion of Which neck 16 contacts cup 14. 

Normally, until neck 16 reaches the rim of socket bearing 
12, socket bearing 12 Will remain stationary relative to cup 
14. This is so because frictional torque is the product of 
friction force times the distance from the center of rotation. 
Given similar materials, ?nish and geometric accuracy, so 
that the coef?cient of friction for ball 10 and cup 14 against 
bearing 12 are equal, the frictional force on inner surface 21 
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Will be the same as that on outer surface 22 When ball 10 
rotates Within cup 14, because the load transmitted across 
the tWo bearing surfaces is the same. Since the radius to the 
outer surface 22 is the greater, the frictional torque at the 
outer surface Will be greater and thus motion Will occur 
along surface 21 rather than surface 22. 

For major oscillation of ball 10 and neck 16 in the plane 
through lines P—P in FIG. 2, the entire excursion is due to 
rotation of ball 10 Within bearing 12. The total possible 
oscillation in all planes is the same, hoWever, the contribu 
tion made by rotation of bearing 12 increases as the plane of 
oscillation moves from that including the lines P—P to that 
including the lines S—S in FIG. 2. 
As described above, bearing 12 constrains ball 10 from 

dislocation. Further, socket bearing 12 is constrained Within 
cup 14 by cylindrical surfaces 24 being journaled by the stub 
half pins 34 in all positions of bearing 12 as bearing 12 
moves to alloW arm 30 to move through angle A‘. In the 
complete assembly 20, the constraint against dislocation of 
ball 10 by deformation of plastic bearing 12 is greater in 
magnitude than the force required to assemble bearing 12 
over ball 10 because, in addition to the fact that the assembly 
operates at the body temperature of 37° C., the bearing 12 is 
noW itself constrained against the de?ection of dislocation 
by being captured Within metal cup 14. 

FIGS. 6, 7 and 8 shoW an alternate construction intended 
to (1) facilitate ?nal assembly at the operative site, and (2) 
for hip joint replacements, alloW the axis of stub pins 34 to 
be inclined accordingly to the anatomical requirements of 
the patient as determined by the surgeon. Cup 14 noW 
includes tWo portions—portion 64 Which is af?xed in the 
patient’s bone, and retaining ring portion 74 Which carries 
stub pins 34 and is engageable With portion 64 at a number 
of locations to provide a plurality of orientations for the axis 
through pins 34 about Which socket bearing 12 rotates. 
Portion 64 is shaped to accept and hold retaining ring 74 by 
means of bayonet spaces 68 and lugs 70. Inner spherical 
surface 72 is continuous With spherical surface 76 of ring 74. 
Ring 74 carries stub half pin members 34, has recesses 38 
and bayonet lugs 78. A particularly preferred construction 
for portion 64, and, in particular, for the exterior surface of 
this portion, is disclosed in copending US. patent applica 
tion Ser. No. 553,519 to Douglas G. Noiles, ?led simulta 
neously hereWith and assigned to the assignee of the present 
application. The pertinent portions of this application are 
incorporated herein by reference. 
With the embodiment shoWn in FIGS. 6—8, the portion 64 

of cup 14 is implanted in the patient’s bone by conventional 
techniques, or, most preferably, by the techniques described 
in the above-referenced copending application to Douglas 
G. Noiles. Ball 10 and bearing 12 are assembled into 
retaining ring 74 after stem 18 of arm 30 has been implanted 
in, for example, the patient’s femur, the assembly procedure 
being the same as that described above With reference to 
FIG. 3 except that protuberance 28 is compressed only once 
it contacts the back surface of ring 74. The sub-assembly of 
ball 10, bearing 12 and retaining ring 74 is then inserted into 
portion 64 in any of the several angular positions the bayonet 
lug ?ttings Will permit. Afraction of a turn in either direction 
Will engage the lugs 78 of ring 74 under lugs 70 of portion 
64. Alternatively, lugs 78 can be beveled at either their right 
or left hand leading edges so that insertion by rotation in 
only one direction is facilitated, e. g., clockWise rotation. The 
engagement of bayonet lugs 78 and 70 is locked by con 
ventional means, such as by one or more pins 80. Holes 79 
and 81 for such locking pins can be precisely made in the 
cooperating parts at the time of manufacture. Although only 
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one hole 81 is shown in FIGS. 6 and 7, a hole Would 
normally be drilled at each bayonet space 68 so that ring 74 
can be locked in place for any of its possible orientations. 
An embodiment of the present invention similar to that 

shoWn in FIGS. 6—8 but employing the system disclosed in 
the DeCarlo patent application referred to above is shoWn in 
FIGS. 15—20. In this embodiment, spherical surface 72 has 
associated thereWith pin or projection 50. This projection is 
located at the geometric pole of the spherical cavity formed 
by spherical surfaces 72 and 76. As shoWn in the ?gures, pin 
50 has sloping sides 60. 

Projection 50, in combination With aperture 13 formed in 
outer surface 22 of bearing member 12, serves to constrain 
the rotation of bearing 12 so as to prevent the bearing from 
being rotated out of the spherical cavity once the joint is 
assembled and to limit the rotation of the bearing so as to 
keep neck 16 just out of contact With the rim of ring 74, e.g., 
on the order of a half a millimeter above the rim. In 
particular, bearing 12 can rotate only to the point Where 
polar pin 50 and one of the end Walls 52 or 54 of aperture 
13 are in engagement. As discussed beloW, this constrained 
condition for bearing 12 occurs automatically as the joint is 
assembled Without any additional assembly steps. Also, the 
constraining of socket bearing 12 Within the joint is accom 
plished irrespective of the angular orientation chosen for 
retaining ring 74 With respect to body portion 64 of cup 14. 

Aperture 13 has a long aXis parallel to side Walls 56 and 
58 and a short aXis at 90° to side Walls 56 and 58. The 
angular eXtent of aperture 13 along its short aXis is suf?cient 
to accommodate polar pin 50. The angular eXtent of aperture 
13 along its long aXis determines the range of motion of 
socket bearing 12. As discussed above, a particularly pre 
ferred range motion for bearing 12 is one in Which neck 16 
is kept just out of contact With ring 74. In this case, as shoWn 
in FIGS. 19—20, the angular eXtent (0t) of aperture 13 along 
its long aXis is determined by: (1) the maXimum angular 
eXtent of socket bearing 12: (2) the minimum angular 
eXtent (y) of cup 14; (3) the angular eXtent (6) of polar pin 
50; and the angular offset (6) of neck 16 from cup 14. In 
particular, the angular eXtent of aperture 13 is given by: 

Similar relationships can be derived for other desired 
ranges of motion for socket bearing 12. 

The placement of pin 50 at the pole of the spherical cavity 
formed by surfaces 72 and 76 alloWs retaining ring 74 to be 
inserted into body portion 64 of cup 14 in any of the possible 
orientations provided by the mating of bayonet lugs 78 With 
bayonet lugs 70. That is, once socket bearing 12 is rotated 
about stub pins 34 until at least some portion of aperture 13 
is located over the central aXis of ring 74, ring 74 can be 
mated With body portion 64 in any of their possible relative 
orientations, because, for each of those orientations, aperture 
13 Will slip over projection 50. Since placing aperture 13 
about pin 50 results in the restraining of bearing 12 in cup 
14 Without any further action by the surgeon, it can be seen 
that assembly of the joint automatically produced the desired 
restraining function. 
A typical sequence of steps for implanting the prosthesis 

of the embodiment shoWn in FIGS. 15—20 in a patient are as 
folloWs. Stem 18 of arm 30 is implanted by conventional 
techniques in, for eXample, the patient’s femur bone. Body 
portion 64 of cup 14 can also be implanted by conventional 
techniques, or, most preferably, by the techniques described 
in the above-referenced copending application to Douglas 
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G. Noiles. Bearing 12 is assembled into ring 74 and then ball 
10 is forced into bearing 12. Alternatively, bearing 12 can 
?rst be placed on ball 10 and that combination assembled 
into ring 74. In either case, the sub-assembly of ball 10, 
bearing 12 and retaining ring 74 is then inserted into body 
portion 64 in any of the several angular positions the bayonet 
lug ?ttings Will permit With polar pin 50 sliding into aperture 
13. A fraction of a turn in either direction Will engage the 
lugs 78 of ring 74 under lugs 70 of portion 64. Alternatively, 
as discussed above, lugs 78 can be beveled at either their 
right or left hand leading edges so that insertion by rotation 
in only one direction is facilitated, e.g., clockWise rotation. 
To aid in the rotation of ring 74, the ring can include 
apertures 122 for engagement With a spanner Wrench or the 
like. Note that because of the polar location of pin 50, ring 
74 and its attached bearing 12 can be rotated to engage lugs 
78 and 70 irrespective of Where pin 50 is located along the 
length of aperture 13. The engagement of bayonet lugs 78 
and 70 is locked by one or more screWs 83 Which pass 
through openings 100 and 98 in lugs 70 and 78, respectively, 
and then through holes 102 to engage the bone into Which 
cup 64 has been implanted. 

For hip joints, the possibility of a number of orientations 
for the aXis of rotation of bearing 12 is used to place that ads 
in an orientation in Which the greater required range of 
motion is aligned approximately With aXis P—P. For 
eXample, the aXis of rotation can be oriented upWard in the 
forWard direction to achieve this result. In this Way, almost 
all of the highly repetitive [lead] load bearing motions of the 
joint Will occur along or close to this aXis. As discussed 
above, motions along or near to the aXis of rotation of 
bearing 12 consist primarily of ball 10 moving in bearing 12, 
rather than bearing 12 moving in cup 14. As also discussed 
above, the frictional torques involved further favor move 
ment of ball 10 in bearing 12. Accordingly, by placing the 
aXis of rotation of bearing 12 in a favorable orientation, most 
repetitive motion Will occur by movement of ball 10. This is 
an important advantage because it means that the joint Will 
have loW friction in that friction increases With the diameter 
of the moving member and ball 10 has a smaller diameter 
than bearing 12. Put another Way, by orienting the aXis of 
rotation of the bearing 12 in the manner described above, the 
joint of the present invention for the great majority of 
motions of the patient’s limb eXhibits the frictional behavior 
of a small ball, e.g., a 28 mm ball, While providing a range 
of motion corresponding to a large ball, e.g., a 42 mm ball. 

FIGS. 9 and 10 shoW another embodiment employing 
retaining ring 74 in Which the socket bearing comprises tWo 
metal half bearings 82. A groove 86 is formed along the 
junction of the bearings and ends short of the edge of the 
bearing to form shoulders 88. Metal half bearings 82 are 
brought together to encompass ball 10, and the ball, half 
bearings, retaining ring 74 and portion 64 of cup 14 are 
assembled in the same manner as described above in con 
nection With FIGS. 6—8. 

ScreWs 94 having screW heads 96 are conveniently used 
both to lock lugs 70 and 78 in place and to prevent socket 
bearing 12 from rotating back out of retaining ring 74. ScreW 
heads 96 ride in groove 86 and engage shoulders 88 When 
socket bearing 12 has been moved through its full range of 
motion about stub pins 34. Lugs 70 and 78 have appropriate 
openings 100 and 98, respectively, to receive screWs 94 and 
alloW the screWs to be engaged With, in this case, threaded 
screW holes 102. Although only tWo openings 100 and tWo 
threaded screW holes 102 are shoWn in FIGS. 9 and 10, such 
openings and threaded holes Would normally be provided at 
each lug 70 so that ring 74 can be locked in place for any of 
its possible orientations. 
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As shown in FIGS. 9 and 10, and most clearly in FIG. 10, 
screw heads 96 for the present embodiment lie above the 
plane of the front face of retaining ring 74. So as to provide 
the same range of motion of socket bearing 12 for this 
embodiment as for the embodiment of FIGS. 6—8, stub pins 
34 also lie above this plane, so that the axis of rotation of 
socket bearing 12 is in the plane of screW heads 96. For this 
arrangement, the motion of bearing 12, and thus arm 30, is 
limited by screW head 96 contacting shoulder 88, rather than 
by neck 16 contacting retaining ring 74. 
A further embodiment of the present invention is shoWn 

in FIGS. 11 and 12. This embodiment employs means other 
than half stub pins 34 to de?ne the axis of rotation of socket 
bearing 12 Within cup 14. In particular, a dovetail arrange 
ment is used Wherein male portion 90 of the dovetail is 
attached to socket bearing 12 and female portion 92 of the 
dovetail is cut into surface 32 of cup 14. Socket bearing 12 
and cup 14 are assembled in a manner similar to that shoWn 
in FIG. 3. That is, after socket bearing 12 has been placed 
over ball 10, the ball and socket bearing are moved into cup 
14 until the center of ball 10 lies at the center of the cup’s 
spherical cavity. Thereafter, socket bearing 12 is rotated so 
that male portion 90 and female portion 92 of the dovetail 
engage With each other. To retain socket bearing 12 Within 
cup 14, screWs 94 can be inserted into threaded holes 104 in 
cup 14 so as to block the outWard passage of male portion 
90 of the dovetail from cup 14. 

FIGS. 13 and 14 shoW alternate socket bearings for use 
With the present invention. 

In FIG. 13, cylindrical surfaces 24 do not extend com 
pletely through the Wall of bearing 12, but rather stop 
approximately half Way through to leave Webs 106. So as to 
provide as large a range of motion of arm 30 in the plane 
through lines P—P as possible (see FIG. 2), the Webs extend 
to just above height of stub pins 34 at the end of bevels 36. 
In this Way, as discussed above, the motion of ball 10 in the 
plane through lines P—P is limited by arm 16 contacting Webs 
106. The Webs, although small, help restrain ball 10 Within 
bearing 12. 

FIGS. 14 and 21—23 shoW embodiments of bearing 12 
Which do not physically [contrain] constrain ball 10. For 
these embodiments, inner surface 21 of bearing 12 has a 
cylindrical shape 108 beyond its equator. This provides a 
semiconstrained type of construction having a greater depth 
than presently available. Such a bearing can be used With the 
other components of the present invention to provide the 
advantages, discussed above, of (1) producing a Wider range 
of motion, e.g., on the order of 135°, and (2) providing a 
level of friction characteristic of a small ball for the majority 
of the motions of the patient’s limb. 

FIGS. 24—25 shoW another embodiment of the present 
invention Wherein a plastic bearing 12 is ?tted at its rim 118 
With a metal reinforcing band 120 to produce a constrained 
joint able to Withstand higher dislocation forces than, for 
example, the joints including plastic bearings shoWn in 
FIGS. 1—8 and 15—20. For this joint, the order of assembly 
is ?rst to combine bearing 12 With ring 74, then to force the 
bearing 12 over ball 10 and ?nally to assemble band 120 to 
the rim of bearing 12. If the ball portion of the joint has 
already been implanted in the patient, this assembly order 
means that band 120 has to be placed over ball 10 before the 
bearing is mounted onto the ball. 

The constructions of FIGS. 6—8, 9—10, 15—20, 21—23 and 
24—25 illustrate various joint con?gurations Which can be 
interchangeably connected to body 64 by means of bayonet 
lugs 70 and 78 on body 64 and ring 74, respectively. These 
con?gurations share the common characteristic that bearing 
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12 is free to rotate about stub pins 34 in the ?nal assembled 
joint. They differ from one another in the degree of con 
straint imposed on the ball by the bearing and/or the types 
of materials used to construct the bearing. Because the 
bearings are free to rotate, these joints, When applied to hip 
reconstructions, also share the characteristic that there is a 
preferred orientation of the joint With respect to the patient’s 
anatomy, namely, an orientation Wherein most of the highly 
repetitive load bearing motions of the joint occur along or 
close to the axis of rotation of the bearing. 

FIGS. 26—34 shoW further examples of joint components 
Which can be interchangeably connected to body 64 by 
means of bayonet lugs 70 and 78 on body 64 and, in this 
case, on bearing 12, respectively. These joint con?gurations 
have the common characteristic that bearing 12 is stationary 
With respect to body 64. As With the joints of the prior 
examples, these joints differ among themselves in the degree 
of constraint imposed on the ball by the bearing and/or the 
types of materials used to construct the bearing. 
More particularly, FIGS. 26—30 shoW a construction of 

the constrained type employing a plastic socket bearing to 
Which has been added a metal reinforcing band 120 at rim 
118 of the bearing so as to increase the bearing’s ability to 
Withstand dislocation forces. As shoWn in the ?gures, the 
bearing includes a recess 126 at its pole Which alloWs the 
bearing to be used With a body 64 Which includes a polar pin 
50. Of course, if body 64 does not have a polar pin, the 
bearing need not have recess 126. 
Assembly of a completed joint using this bearing is 

accomplished as folloWs. First, bearing 12 is forced over ball 
10 and band 120 is forced over the bearing’s rim 118. If the 
ball portion of the joint has already been implanted in the 
patient, band 120 must be placed over ball 10 before bearing 
is mounted onto the ball. The sub-assembly of ball 10, 
bearing 12 and reinforcing band 120 is then inserted into 
body 64 in any of the several angular positions the bayonet 
lug ?ttings Will permit. Polar pin 50 is received in recess 126 
during this process. Since the bearing of FIGS. 26—30 is 
symmetric and thus does not de?ne a particular orientation 
With respect to the patient’s anatomy, the speci?c [oritenta 
tion] orientation of the bearing With respect to body 64 is 
immaterial. Once placed into body 64, a fraction of a turn in 
either direction Will engage the lugs 78 on the bearing under 
the lugs 70 of body 64. If desired, as described above, lugs 
78 can be beveled at either their right or left hand leading 
edges so that insertion by rotation in only one direction is 
facilitated, e.g., clockWise rotation. To aid in the rotation of 
bearing 12, the bearing can include slots 128 for engagement 
With a spanner Wrench or the like. The engagement of 
bayonet lugs 78 and 70 is locked by one or more screWs 83 
Which pass through openings 100 and 98 in lugs 70 and 78, 
respectively, and then through holes 102 in body 64 to 
engage the bone in Which cup 64 has been implanted (see 
FIGS. 33 and 34). 

FIG. 31 shoWs another plastic socket bearing of essen 
tially the same design as the bearing of FIGS. 26—30 except 
that rather creating a constrained joint, this bearing produces 
a semi-constrained joint. That is, the bearing of FIG. 31 does 
not encompass more than one half of ball 10 and thus does 
not constrain the ball Within the joint. Assembly of a joint 
using this bearing simply involves inserting and locking the 
bearing in body 64 using bayonet lugs 78 and one or more 
bone screWs, and then placing ball 10 into bearing 12 using 
the standard techniques employed in semi-constrained sur 
gical reconstructions. 

FIG. 32 shoWs another plastic socket for use in a semi 
constrained reconstruction, in this case With an added lip 130 










