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ABSTRACT OF THE DISCLOSURE

A hip prosthesis having a head member provided with
a continuous periphery disposed between a neck portion
and a rounded joint portion with the neck portion adapted
to be rigidly secured to a mounting stem and the joint
portion adapted to be shiftably mounted in the socket of
a hip joint. The joint portion has a convex outer surface
terminating at the continuous periphery of the head
member and the convex outer surface has a curvature
different from the curvature of the continuous periphery
to provide a non-spherical configuration for the head
member.

This invention relates to improvements in prosthesis
and, more particularly, to a hip prosthesis having a non-
spherical head member.

The present invention provides a hip prosthesis having
a head member adapted to be coupled to the socket of
a hip joint. The head member is comprised of a neck
portion adapted to be secured to a mounting stem and
a joint portion integral with the neck portion and adapted
to be shiftably mounted in a hip socket. While the inven-
tion is herein directed to a replacement prosthesis for
the hip, those skilled in the art will realize, after reading
the following specification, that the teachings of the in-
vention are applicable to the design of prostheses for
use in any human body joint or in the practice of veteri-
nary medicine.

Hip joint prostheses of conventional construction are

provided with spherical head meémbers which are shiftably
received within the hip joint. These devices have been
found to operate satisfactorily for a certain period of
time, of the order of one to three years. However, beyond
that time, a patient oftentimes experiences. considerable
pain as the prosthesis moves within the socket of the hip
joint.
: A major difficulty with the use of conventional pros-
thesis is that the articular cartilage of the acetabulum
(lining of the socket of the hip joint) is often worn away
exposing the underlining sensitive bone, thus causing
pain. In addition, this wearing away of the cartilage and
the resulting debris causes thickening, inflammation and
pain in the synovial lining and capsule of the joint. The
cartilage which covers the articulating ends of bone is
tough, elastic and porous. It is a sponge-like living tissue
which must derive its nutrition from either the synovial
fluid of the joint or from the diffusion of nutrients from
the underlying bone. To cause adequate circulation of
nutrients through the cartilage, it must be subjected to
intermittent pressures. Currently, one theory is now ex-
pounded that these intermittent pressures are provided by
the weight of the body being put alternately on the hip
joints by activities such as walking.

The teachings of the present invention are based upon
the fact that the aforesaid intermittent pressures of weight
bearing do not suffice under ordinary circumstances to
cause the adequate circulation of nutrients through the
cartilage. It is also based upon the fact that the articulat-
ing area of the prosthesis, i.e., the shape of the part that
is in proximity of the cartilage, must be slightly irregular
and not a sphere so that, with motion, the areas of
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cartilage in the acetabulum compressed by the prosthesis
are alternated and not always the same. (The normal hip
joint is always under some pressure because of the ten-
sions of the muscles, the tendons, ligaments, and cap-
sule about the joint.) A sphere, no matter how seated,
will always exert pressure on the same areas of the
acetabulum to thereby deprive the cartilage of normal
nutrition and results in necrosis or death of the cartilage
cells and the subsequent wearing away of the cartilage.
The nerve endings associated with the joint thus become
exposed and then are contacted by the spherical head
of the prosthesis. The wearing away of the cartilage can
be considered analogous to the constant pressure on the
back of a bedridden patient causing bedsores on the
patient’s back.

A second theory currently being advanced is that
weight is distributed more near the top of the head of the
femur and that the weight is less and less away from that
area. This theory is not believed to be correct and the
present invention has been based also upon the fact that
weight is more evenly distributed over all opposing
cartilage by an elastic-hydraulic mechanism. Since the
articulating cartilage between the bone of the femoral
head and the acetabulum is elastic and porous and per-
meated with synovial fluid, the cartilage behaves much
as a fluid and is relatively incompressible under weight-
bearing conditions. The compression of the cartilage is
only proportional to the amount of synovial fluid that can
escape from the cartilage during the brief moment of
weight-bearing, such as during walking, Synovial fiuid is
viscous and the pores of cartilage are very small so that
the amount of synovial fluid which can escape is small.
Thus, compression dte to weight-bearing is small.

On the other hand, irregularities of shape of the head
of the prosthesis, as in this invention, with motion causes
compression in alternating areas of the cartilage, Thus,
nutrients are drawn or pumped in, out of and through
the cartilage more rapidly. The cartilage thus requires
some irregularity in the shape of the prosthesis head to be
properly provided with the necessary nutrients. The. de-
gree of irregularity should be somewhere between a
sphere (but not including a sphere) and the amount of
irregularity to which normal elastic cartilage can be ex-
pected to accommodate. If the articular surface is too
irregular, pressures at the points of contact would be too
high and would wear the cartilage out too rapidly. The
irregular shape of the prosthesis head of this invention
will, due to the above described mechanism, allow for the
proper nutrition of the acetabulum cartilage and allow the
cartilage to adapt itself to the new shape of the head. The
prosthesis of this invention is, therefore, distinct from con-
ventional hip prostheses in that the latter are intentionally
and desirably made spherical.

The primary object of this invention is therefore to
provide a joint prosthesis whose head member has a non-
spherical configuration to provide means for subjecting
the cartilage in the socket of a body joint to intermittent
pressures and thereby cause adequate circulation of
nutrients through the cartilage to be maintained as the
prosthesis serves as a replacement at the body joint.

Another object of this invention is to provide a joint
prosthesis of the type described wherein the head member
has a continuous central periphery of a first radius of
curvature and a rounded joint portion whose convex outer
surface is of a second radius of curvature so that the head
member itself will depart from a spherical configuration

. as is found in conventional prostheses and thereby be able

to provide compressive forces at alternating locations of
the cartilage to thereby assure a rapid pumping of
nutrients therethrough.

Other objects of this invention will become apparent as
the following specification progresses, reference being had
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to the accompanyirig drawings for a preferred embodiment
of the invention.

In the drawings:

FIG. 1 is a side elevational view of one form of the
prosthesis of this invention;

FIG. 2 is a cross-sectional view taken along line 2—2
of FIG. 1;

FIG. 3 is a cross-sectional view taken along line 3—3
of FIG. 1;

FIG. 3b is a view similar to FIG. 3a but showing the
cross-section of another form of the invention;

FIG. 4 is a schematic view of a hip socket with the head
member of the prosthesis of this invention shiftably
mounted therein; and

FIGS. 5a, 5b, 5c, 5d, 5¢ and 5f are cross-sectional
views through the head member of the prosthesis taken
along lines a—a, b—Db, c—c, d—d, e—e and f—f of
FIG. 3.

The hip prosthesis of this invention is broadly denoted
by the numeral 10 and includes a head member 12
secured to a mounting stem 14 in the manner shown in
FIG. 1. Head member 12 includes a rounded joint portion
16 and a neck portion 18 integral with joint portion 16.
Portion 16 is adapted to be shiftably mounted in the
socket of a hip joint in the manner shown in FIG. 4 and
portion 18 is rigidly secured to one end of stem 14. The
opposite end of the stem tapers to a point so that the
stem is adapted to be driven into bone structure adja-
cent to the joint. In this way, the prosthesis is held in a
position with joint portion 16 maintained in the hip socket.

Head member 12 has a substantially smooth outer
surface and it tapers in the region of neck portion 18,
the latter having an outer surface 20 at the junction of the
head member and the stem. Surface 20 is shaped to seat
properly against the adjacent anchoring bone structure
which generally is severed so that it also has a slightly
convex end surface. The adjacent surfaces in contact with
each other thus assure no relative movement between the
prosthesis and the anchoring bone structure.

FIG. 1 illustrates the prosthesis for the right hip in that
the anterior extremity of head member 12 is viewable as
the central portion of the Jatter between the superior and
inferior extremities. The posterior extremity will, of
course, be opposite to the anterior extremity and is not
shown in FIG. 1. The left hip prosthesis will generally
be a mirror image of the right hip prosthesis for most
patients so that a description of the right unit will suffice
as a description for both units.

Prosthesis 10 is provided with a centrally disposed,
continuous outer periphery denoted by the numeral 24,
periphery 24 being substantially at the junction of portions
16 and 18. Each of portions 16 and 18 has a continuous
extremity which merges smoothly and terminates at
periphery 24 as shown in FIGS. 5a-5f.

In a first form of the invention, periphery 24 is defined
by a first pair of opposed stretches 26 which have a radius
of curvature denoted by x; and a second pair of opposed
stretches 28 having a radius of curvature denoted by xXo,
radius x; being different from radius x;. Each stretch 28 is
disposed between and connects with respective ends of
stretches 26. The respective lengths of the stretches and
their locations relative to the superior, inferior, anterior
and posterior extremities are shown by the arcuate lines in
FIG. 3a.

The outer surface of joint portion 16 is different in
curvature from periphery 24 to provide a mon-spherical
configuration for head member 12. To set forth this differ-
ence, reference is had to two mutually perpendicular
sagital planes passing through joint portion 16 and extend-
ing substantially along lines 2—2 and d—d of FIG. 3.
For the a—a and d—d planes (FIGS. 54 and 5d), the
radius of curvature of joint portion 16 is x3, which is dif-
ferent from radii x; and x,. Radius x; is larger than radii
x, and x, and, since portion 16 merges smoothly with
periphery 24, the outermost extremity 30, which will be
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substantially midway between the superior and inferior
extremities and substantially midway between the anterior
and posterior extremities, will be slightly pointed or will
present a slight projection or raised area, whereby head
rember 12 will have a non-spherical configuration. Since
radius x; is larger than radii x, and x,, the centers of curva-
ture of the two convex surfaces of revolution on opposite
sides of the dashed center line perpendicular to periphery
24 (FIGS. 5a-5f) will also be on opposed sides of the
dashed line as shown in FIGS. 5a and 5d. To illustrate
the pointed character of the extremity 30, an arcuate
dashed line having radius x; is drawn tangent to this ex-
tremity with a center of curvature at the intersection of
the center line and periphery 24.
To carry out the teachings of this invention, the values
of xi1, xy and x5 are approximately in accordance with the
following relative values:

x1=1
xp=5%42
x3==1 42

Minor variations in these values may occur due to bi-
ologic variations encountered in specific cases. The de-
sired end is to have prosthesis 10 accommodate to physio-
logic function.

Head member 12 can be of any size but normally it
will have an average diameter at periphery 24 in the
range of 1% inches to 2% inches. However, regardless
of the size of head member 12, the values of x;, x; and x3
will generally remain proportional to each other in ac-
cordance with the foregoing relative values.

FIGS. 35b, 5¢, 5e and 5f show cross-sectional views of
head member 12 through other sagital planes, those de-
noted by lines b—b, c—c, e—e, and f—f of FIG. 3a.
These views also show the pointed character of extremity
30 and reveal the non-spherical configuration of the head
member as caused by the difference in radii x; and x,.

The head member of the prosthesis of this invention
therefore deviates from a sphere in at least three ways.
These are as follows: The first deviation arises because of
the difference between the average radius of curvature of
periphery 24 and the radius of curvature of the outer sur-
face of joint portion 16. The second deviation arises be-
cause pointed extremity 30 results from the way in which
the convex outer surface of joint portion 16 is formed
notwithstanding the fact that the radius of joint portion 16
is the same at least in both of the sagital planes corre-
sponding to lines a—a and d—d of FIG. 3a. The third
deviation arises because of the slightly oval configuration
of head member 12 due to the presence of stretches 26
and 28 defining continuous periphery 24.

A second form of the head member is shown in FIG.
3b and differs from the form of FIG. 3a in that pe-
riphery 24 has a uniform radius x, throughout its entire
extent. This form of the invention is adapted for use where
production techniques are not as advanced as those which
produce the first form of the invention. To carry out the
teachings of the invention with respect to the second form
of the invention, the radii x; and x4 have relative values
of 1 and 1344 respectively. Thus, the head member will
have have the pointed character of its outermost extremity
and thereby be of a non-spherical configuration.

In use, prosthesis 10 is inserted in place within a hip
joint whose socket 34 (FIG. 4) is covered with a car-
tilage 36. Joint portion 16 is shiftably mounted in the
socket and slidably engages cartilage 36, while stem 14 is
secured to the adjacent bone structure which is the femur
whose femoral head has been removed. As head member
12 moves within socket 34, joint portion 16 shifts relative
to cartilage 16 and the shape of the head member sub-
jects the cartilage to intermittent pressures which main-
tains the cartilage supplied with nutrients. Thus, the car-
tilage is prevented from wearing away.
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In the form of the invention shown in FIG. 34, joint
portion 16 will define a surface of revolution about the
axis defined by the dashed center line perpendicular to
periphery 24. The motion of head member 12 in the hip
socket will generally not be limited to movement about the
aforesaid axis. Thus, the action on the cartilage will be
more nearly normal and the cartilage will be subjected
to the desired intermittent pressures which draw nutrients
into, through, and out of the cartilage,

The prosthesis of this invention is especially useful in
the treatment of the following hip conditions: (1) some
fractures of the femoral head or neck; (2) degenerative
arthritis of the hip; (3) asceptic necrosis of the head of
the femur; (4) tumors of the head and neck of the femur;
(5) fusion of the hip joint; and (6) some other mechani-
cal disorders of the hip joint.

While several embodiments of this invention have been
shown and described, it will be apparent that other adap-
tations and modifications can be made without departing
from the true spirit and scope of the invention.

What is claimed is:

1. In a hip prosthesis: a head member having a pair of
interconnected sections, one of the sections having an
outer surface and adapted to be shiftably mounted in the
socket of a hip joint, said outer surface being substantial-
ly convex throughout its entire extent, the other section
extending outwardly from said one section and adapted to
be secured to bone structure adjacent to said socket, the
head member having a continuous outer periphery and
having a maximum transverse dimension at said periph-
ery, the latter defining the junction of said sections, the
periphery defining at least one stretch having a curvature
different from the curvature of said convex outer sur-
face.

2. In a hip prosthesis as set forth in claim 1 wherein
the curvature of said one stretch is greater than the curva-
ture of said convex outer surface.

3. In a hip prosthesis: a head member having a pair of
interconnected sections, one of the sections adapted to be
shiftably mounted in the socket of a hip joint and the
other section adapted to be secured to bone structure ad-
jacent to said socket, the junction between said sections
defining a continuous outer periphery, said head member
baving a maximum transverse dimension at said periph-
ery, one stretch of said periphery having a first radius of
curvature and a second stretch of the periphery having a
second radius of curvature, said first section having a
convex outer surface terminating at said periphery and
having a radius of curvature different from the radii of
curvature of said stretches.

4. In a hip prosthesis as set forth in claim 3 wherein
said convex outer surface has a radius of curvature greater
than the radii of curvature of said stretches.

5. In a hip prosthesis: a head member having a rounded
joint portion adapted to be shiftably mounted in the
socket of a hip joint and a neck portion adapted to be
secured to one end of a mounting stem for securing the
head member to bone structure adjacent to said socket,
said head member further having a continuous outer
periphery at the junction of said joint and neck portions
with the periphery being disposed in a first plane ex-
tending through the head member, said joint and neck
portions having respective, continuous extremities termi-
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nating at and merging with said periphery, said joint
portion being provided with a convex outer surface
throughout its entire extent and having a first radius of
curvature in a second plane passing through said head
member with the second plane being substantially per-
pendicular to said first plane, said periphery having a sec-
ond radius of curvature less than said first radius of curva-
ture to provide a non-spherical configuration for said head
member.

6. In a hip prosthesis as set forth in claim 5, wherein
said convex outer surface has said first radius of curvature
in a third plane passing through the head member and
being substantially perpendicular to said first and second
planes.

7. In a hip prosthesis as set forth in claim 5, wherein
said periphery has a pair of interconnected stretches, one
of the stretches having a radius of curvature different
from the radius of curvature of the outer stretch.

8. In a hip prosthesis as set forth in claim 7, wherein
the ratio of the radius of curvature of said one stretch
to the radius of curvature of the other stretch is approxi-
mately 1:3%4,,

9. In a hip prosthesis as set forth in claim 5, wherein
the ratio of the average value of said second radius of
curvature to said first radius of curvature is approximately
1:114,,

10. In a hip prosthesis as set forth in claim 5, wherein
said periphery is circular and said second radius of curva-
ture is less than said first radius of curvature.

11, In a hip prosthesis as set forth in claim 10, wherein
the ratio of said first radius to said second radius is 1%4:1.

12. In a prosthesis for a hip joint: a head member hav-
ing a superior extremity and an inferior extremity and
provided with a continuous outer periphery disposed in
a first plane extending through said extremities, there
being a neck portion on one side of said plane and a
rounded joint portion on the opposite side of the plane,
said neck portion adapted to be secured to a mounting
stem, said joint portion adapted to be shiftably disposed
in the socket of a hip joint and being provided with a
convex outer surface terminating at said periphery, said
convex outer surface extending across a plurality of
angularly disposed sagital planes passing through said head
member, being disposed substantially perpendicular to said
first plane, and intersecting at 'a common location cen-
trally of said joint portion, said convex outer surface de-
fining a pair of arcs in respective, mutually perpendicular
sagital planes, the arcs having substantially the same
radius of curvature with said radius being greater than the
average value of the radius of curvature of said periphery
to provide a non-spherical configuration for said head
member.
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