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[57] ABSTRACT

A surgical prosthesis or implant for replacing the natu-
ral components of a bicondylar joint in a human limb
(leg or arm). Thus, a natural knee or elbow joint con-
sists of two pairs of coacting load-bearing condyles.
The prosthetic implant has two pairs of coacting male
and female condylar components. The male and female
components which replace the natural lateral condyles .
are spherical or spheroidal in shape to simulate a ball
and socket joint, while the male and female components
which replace the natural medial condyles are consti-

~ tuted by a rib or ridge and a groove. Both the rib and

the groove are curved, in a plane normal to the general

" axis of the limb when straight or extended, to an arc of

a circle centered on the center of articulation of the ball

‘and socket, and are also curved in a plane parallel to the

limb, the radius of the crest of the rib being less than the
radius of the coacting base of the groove. Both male
components and both female components can be
formed on respective rigid carriers, or they may option-
ally be separate for individual fixation to the patient’s
limb.

16 Claims, 10 Drawing Figures
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REPLACEMENTS FOR BICONDYLAR J OINTS IN
S ~ HUMAN LIMBS S

| Matte_r." enclesed in heavy brackets‘ { ] ap.pears-'in the

original patent but forms no part of this reissue specifica-

. _tion; matter prmted in italics mdlcates the additions made

by reissue., -

" This.invention relates to replacements for bicondylar

. joints in human limbs and has for an object to provide

10

" an artificial replacement or prosthetic implant for the |

.. natural joint structure which simulates as nearly as is

~reasonably possible the true action of a healthy joint
| Whlch throughdisease or damage, has to be replaced.
LA blcondylar joint is one in which the members of the
limb are-articulated through two pairs of coacting male
 and female formations which serve both to carry the
external loads normally imposed on the articulation and
“to govern the action of the articulated limb members
during flexing and extension movements. Considering,
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by way of example, a knee which articulates the tibia to

the femur, this joint is not a simple hinge having a single
fixed axis of rotation. In flexion and extension the tibia
navigates a helical course on the lower end of the fe-
mur, rotating outward on extension and inward on flex-
ion. When the thigh muscles are relaxed, the tibia may
be freely rotated on the femur, but when the muscles are
contracted, and especially in weight bearing, there is
synchronous rotation of the tibia on the femur, that is,
 the tibia always rotates outward when the knee joint
._extends, and inward when it flexes.
The lower .end of the femur is bicondylar in shape
) 'The medlal condyle is longer and curved, while the
- lateral condyle is rounded, and acts as a ball-and-socket
joint with the lateral condyle of the tibia. Thus, as the
‘knee straightens, the medial condyle of the tibia rotates
outward on the axis of the lateral, taking a longer course
on the medial femoral condyle. Thus, the tibia moves on
~the. femur between the fully flexed and the fully ex-
tended posifion in a generally helicoidal path under-the
control of the muscles in the thigh. It is the action of
these muscles which ensures the stability of the joint.
The elbow joint is similarly constructed except that
the counterparts in the forearm to the tibial condyles are
formed separately on the radius and the ulna, respec-
~tively, and these two bones moves mdependent]y when
| -'the forearm pronates and supmates | S
" The present invention is a prosthetic 1mplant or ‘re-
‘placement assembly for a bicondylar joint in a human
limb (whether natural or artifical) having two pairs of
male and female condylar components, the male com-

ponents comprising lateral and medial protruberances

—-each engaging a complementary lateral or medial fe-
-male component such that during flexion and extension
“of the joint, one of the two portions of the limb articu-
lated by the joint deflects relative to the other simulta-
‘neously about axes in two planes at right angles, one

 plane lying substantially parallel to the general axis.of

the limb and the other lying substantially normal
thereto. Thus, for example, the normal helicoidal’ mo-

‘tion. of the tibia on the femur during flexion is repro-
duced by the implant. R .

A preferred feature of the invention is that the male
lateral condylar component is a part-spherical or: sphe-

‘roidal- protruberance and the coacting. female lateral
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-now be described by way of example only, as applied to
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' condylar component'is a part-spherical or spheroidal

socket of closely similar dimensions.
- According to-a further feature of the invention, the

‘male medial condylar component 1s an arcuate rib or

ridge having a curvature in each of the said two planes,
the curvature in the substantially normal plane being

centred. at the common centre of. the lateral compo-
-nents, and the coacting female condylar component is a
groove having the same radius of curvature in the said

normal plane but a greater radius of curvature than that

of the ndge in the plane which is substantially parallel

to the axis of the limb.

“Alternatively, the contour of the base of the medial
groove may be formed as an arc ef a eomplex non-cir-
cular curve. |

It is normally enwsaged that the present invention
will be applied to a natural complete limb (leg or arm)
of a patient. In such a case, unless the entire joint has
been damaged, as by widespread disease or complete
fracture, as much as possible of the original bone sur-
rounding the actual coacting bearing surfaces will be
preserved intact, and only that part of each limb mem-
ber which, in the healthy condition, included these
surfaces will be removed, leaving a cavity into which
will be fitted snugly -a prosthetic implant or unit on
which the replacement male or female surfaces are
formed. This unit will then be secured in any appropri-
ate way — as by adhesives or pegs — in such a way that
the repaired limb will function i in the same way as the
ongmal healthy limb.

The invention 1s, however, also applicable to artificial

“"limbs, in which case the male and female components of

the replacement joint assembly may be formed inte-
grally with the respective artificial limb members.
- A practical embodiment of the present invention will

a knee joint, with reference to the aecompanymg draw-

ings in which:

FIG. 115 a dlagrammatle representatmn of a flexed
natural knee joint; - '

FIG. 2 is a composite under-plan view of the natural
joint of FIG. 1 showmg the two limit positions of the
tibia;

FIG 3 is a schematic layeut of the female cempo—
nents of a replacement assembly according to the pres-
ent invention as seen in the:plane which is substantially
normal to the general axis of a leg;
~ FIG. 4 is a part-seetlonal elevation on the hne

| IV—IV of FIG. 3.

FIGS. 5 and 6 are plan views of the femoral and tibial

condyles, respectively, of a replacement knee joint, the

35

- femur and tibia being shown lying parallel to each other

with their medial sides adjacent;

FIG. 715 a part-seetlenal anterior elevation of a re-
placement rlght kne:e joint in the extended or stralght
position; |

-~ FIG. 8 IS a side elevatlon on the arrow VI1II of FIG.

7.

‘60

&5
“are articulated for rotation about a generally horizontal
‘mean axis represented by the line X—X. The line A—A
represents the axis of the tibia in flexion, and the line

FIG 9 is a view similar to FIG. 7 showing the re-
plaeement joint in full: elevatlon at the limit position of

: ful] extension, and

FIG. 10 is a view similar to FIG 9 showing the jomt
palj_tly flexed. |

' Referring first to FIGS. 1 and 2, which are applicable
to ‘a right leg, the femur 10 and tibia 11 of a natural leg
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B—B represents the axis of the tibia in extension. These
three axes intersect at a point (- which represents the

centre of a ball and socket joint the ball part 12 of which
constitutes the lateral femoral conclyle whlch works 1n
a socket at 13 on the tibia.

- The medial femoral condyle 14 partly rolls and partly
glides on the coacting medial tibial condyle part 18, so
that, as the tibia 11 moves between the flexed position
- represented by the axis A—A and the extended position
represented by the axis B—B in FIG. 1, it also rotates on
its longitudinal axis in the direction indicated by the
arrow a in FIG. 1; whilst when it moves from the ex-
‘tended to the flexed position it rotates in the reverse
direction, as indicated by the arrow b in FIG. 1. The
~ directions of rotation illustrated are applicable to a right
leg, and will, of course, be opposite for a left leg. Dur-
ing these flexing and extending movements of the tibia,
the mean axis of rotation X—X is actually displaced
angularly between limit positions shown at Y—Y and
Z—7Z. in FIG, 2. This figure shows, in full lines at 11a,
the position of the head of the flexed tibia relative to the
bicondyloid end of the femur which is represented by
the chain-dotted line 10; and in dotted lines at 11b the
position of the head of the extended tibia relative to the

10
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ened slightly in the anterior-posterior direction. This
condylar protruberance mates with a similarly prolate
spheroidal tibial lateral condylar socket in the replace-
ment joint unit 17 of FIG. 6. The femoral medial con-
dyle 24 of the replacement unit 16 (FIG. 5) is a curved
rib which fits snugly, in the transverse direction, into a
tibial medial condylar groove 25 (FIG. 6) in the replace-
ment unit 17 in which the femoral condyle 24 is free to
roll in the anterior-posterior direction.

One of the replacement units 16, 17 is preferably of

‘'metal and the other is preferably of a low-friction syn-

thetic resin plastic material. As shown in FIG. 7, the
femoral replacement unit 16 is of solid metal whilst the

~ tibial replacement unit consists of a metal base or carrier
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femur. The figure thus illustrates how the mean axis of 25

rotation X—X of FIG. 1 actually displaces through an
angle centered at 0 from a flexed position Y—Y to an
extended position Z—Z, in FIG. 2.

While this angular displacement of the mean axis
X—X of rotation of the knee joint has been taking place
in a plane represented by FI1G. 2 which is substantially
normal to the general axis of the complete leg, another
angular displacement of the axis X—X takes place in a
plane substantially normal thereto—i.e. substantially
parallel to the general axis of the complete limb. This 1s
due to the motion of the femoral medial condyle 14 on
its counterpart surface 15 on the tibia 11, and as a result
the tibia performs a helicoidal motion during flexion
under the control of the leg muscle. |

In order to simulate this motion, and thus to avoid
muscular strain or distortion, when repairing a damaged
bicondylar limb joint, counterpart mechanical compo-
nents are made which, according to the present inven-
tion, cooperate to constrain the tibia to move through
the same path as that dictated by the natural condyles
under the control of their associated muscles.

- FIGS. 3 and 4 illustrate schematically the basic ge-
ometry of the knee joint which leads to the helicoidal
motion of the tibia during flexion. In FIG. 3, the lateral
tibial condyle 13 is represented as a part-spherical de-
pression, and the medial tibial condyle 135 as an arcuate
groove having a radius R, in the plane normal to the
tibial axis. In FIG. 4, the medial tibial condyle 15 1s
-~ shown as having a radius R, in a plane parallel to the
tibial axis whilst the eeaetmg femoral medial condyle 14
" has a lesser radius R; in the same plane. The radius of
the femoral medial condyle 14 in the plane of FIG. 3 1s

R,; Thus, as the tibia 11 flexes on the femur 10, its me-

dial condyle 15 rolls in the planes of both FIGS. 3 and
4 while its lateral condyle 13 twists on the femoral
lateral condyle 12. In a natural joint the lateral condyles
12, 13 tend to be sphereldal rather than purely Sphen-
cal.

The invention embodies the above geemetry in feme-
ral (FIG. 5) and tibial (FIG. 6) replacement units 16, 17

respectively. In FIG. 5, the lateral condyle 22 of the

femoral replacement unit 16 is of prolate Sphemldal
form — i.e. it forms a part of a sphere which is length-
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18 which is coated or lined with a layer of low-friction

- synthetic resin plastic material 19. Each unit 16, 17 has

an integral I‘lgld fixing peg or spike 20, 21 respectively
for insertion, in conventional manner, into the bone to
secure the respective implant firmly and rigidly in posi-
tion. The size and shape of this peg or spike 20 or 21 is
optional, and may be straight curved, or shaped like a
corkscrew to improve the grip normally provided by a
cement or like fixative.

As seen in FIGS. 7-10, the femoral replacement unit
16 or implant may have an integral uwpward antérior
extension 26 the outer face of which is shaped at 27 to
simulate the trochlear groove which, in a healthy knee,
locates the patella 28 (FIG. 5) which may itself be natu-
ral or artificial.

The two views of FIGS. 9 and 10 indicate the helicoi-
dal excursion of the tibia relative to the femur during
flexion with a replacement joint according to the pres-
ent invention. In FIG. 9, the units or implants 16, 17-are
shown in the extended position of the tibia. The femoral
lateral and medial condyles 22, 24, respectively, nest in
their respective coacting lateral and medial condyles 23,
25, the pegs 20, 21 being substantially parallel. The
femoral medial condyle 24 rests on the base of the cor-
responding tibial medial condyle 25 at or near the ante-
rior end of the latter. As the tibia flexes, the zone of
contact between the replacement femoral and the tibial
medial condyles moves posteriorly while that between
the replacement lateral condyles 22, 23 remains in sub-
stantially the same position. Consequently, as seen in
FIG. 10, the replacement tibial unit 17 both rotates-and
rolls outwards in a helicoidal path which is substamially
identical with that of the natural knee joint.

The deepness of the tibial condyles 23, 25 and- the
snugness of their fit to the respective femoral condyles

22, 24 can be chosen at will according to the pathologi-

cal condition of the particular limb under treatment, and
contribute significantly to the stablhty of the rep]aee-
ment joint.

In a modification of the construction illustrated in
FIG. 4 of the drawings, the radius R, is not constant

over the full length of the tibial medial condylar groove

15, the base of the latter being an arc of a complex curve
having a somewhat straighter or flatter intermediate
section. The contour of the groove 25 in the tibial re-
placement unit 17 will then be correspondingly modi-

fied as required to restore the modified natural helicoi- -
dal motion of the tibia. |
- When the invention is to be applied to an elbow joint,

the male condyles are shaped similarly to the femoral
condyles 22 24 on a common prosthetic implant or unit
to be secured to the humerus, but the female condyles,

‘which are shaped similarly to the tibial condyles 23, 25
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are separately mounted on the radius and the ulna re-
spectively.

Although in the foregoing descrlptlon the replace-
ment male condyles 22, 24 have been described as femo-
ral and the coacting female condyle formations 23, 23 as
tibial, it is to be understood that this arrangement may,
if preferred, be reversed so that the replacement male
condyles are secured to the tibia and the coacting re-
placement female condyles are secured to the femur.

Furthermore, the replacement condyles on either the
femur or the tibia, or on both, may be separate implants,
or may be interconnected by a narrow bridge on the
anterior or posterior side of the joint. Such modifica-
tions may be of advantage if it is desired to avoid de-
tachment of the stabilizing ligaments.

I claim:

1. A replacement assembly for a bicondylar joint
articulating two members of a human limb comprising

two pairs of coacting male and female load-bearing

condylar components, |

the male components consisting of one spherical or

spheroidal protruberance and one arcuate ridge
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having a curvature in each of two planes at right -

angles, one of said planes being normal to the gen-
~ eral axis of the limb when straxght and the other
being parallel to the said axis,
the female components consisting of one sPhencal or
spheroidal socket adapted to coact with the corre-
spondingly shaped male component, and one arcu-
ate groove being a curvature in each of the said

two planes,
the curvature of the arcuate ridge and the arcuate

groove in the plane normal to the general axis of

the limb being an arc of a circle struck about the
centre of the sphere represented by the spherical or
spheroidal components.

2. A replacement assembly as claimed in claim 1
wherein the curvature of the crest of the ridge in the
plane parallel to the limb is less than that of the base of
the arcuate groove in the same plane.

3. A replacement assembly as claimed in claim 1
wherein the male components are formed integrally on
a common carrier, and the carrier 1s adapted to be se-
cured to the limb. -

4. A replacement assembly as claimed in claim 1
wherein the female components are formed integrally
on a common carrier, and the carrier is adapted to be
secured to the limb.

5. A replacement assembly as c:lalmed in claim 1
wherein the componenis representing the condyles on
one half of the joint are of metal and the coacting com-
ponents are at least coated with a low-friction synthetic
plastic material.

6. A replacement knee joint assembly compnsmg
lateral and medial palrs of cmctlng condylar compo-

23

30

35

40

6

effective centre of rotatlon of the lateral condylar com-
ponents. ~

7. A replacement knee joint assembly as claimed 1n
claim 6 having integral fermoral condylar components
united on the anterior side by a forward and upward
curved trochlear extension the anterior surface of
which has a shallow groove for locating the patella.

8. A replacement elbow joint as claimed in claim 1
having integral male condylar components for fixation
to the humerus and separate female condylar compo-
nents for fixation to the radius and ulna respectively.

9. A replacement assembly for a bicondylar joint articu-
lating two members of a human limb comprising two pairs
of coacting male and female load-bearing mechanical
condylar components, the male components consisting of
one spherical or spheroidal protmbemnce and one arcuate
ridge having a curvature in each of two planes at right
angles, one of said planes being normal to the general axis
of the limb when straight and the other being parallel to the
said axis, one of the female components being provided
with a spherical or spheroidal socket adapted to coact with
the correspondingly shaped male component and the other
of the female components being provided with one arcuate

groove having a curvature in at least one of the said two
planes, the curvature of the arcuate ridge and the arcuate
groove in the plane normal to the general axis of the limb

being an arc of a circle struck about the center of the sphere
represented by the spherical or spheroidal components.

10. A replacement assembly as claimed in claim 9
wherein said at least one of the said two planes is the plane
normal to the general axis of the limb.

11. A replacement assembly as claimed in claim 9 com-

prising a common carrier supporting the male components,

the carrier being adapted. to be secured to one of the mem-
bers of the limb. |
12. A replacement assembly as claimed in claim 1 com-

prising a common carrier supporting the female compo-

nents, the carrier being adapted to be secured to one of the
members af the limb.

13. A replacement assembly as claimed in claim 9
wherein one pair of said components is of metal and the
coacting pair of components includes a lining of a low-fric-
tion synthetic plastic material.

14. A replacement-elbow joint as claimed in claim 9

“having integral male condylar components for fixation to

the humerus and separate female condylar components for

45 fixation to the radius and ulna respectively.
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nents, the lateral pair comprising a male femoral com-

ponent in the form of a spherical or Sphermdal protrub-
erance and a female tibial component in the form of a
coactmg spherlcal or spheroidal socket, and the medial

pair comprising a male femoral component in the form 60

of a ridge having a curvature in a plane normal to the
axis of the femur and a curvature in a plane parallel to
the axis of the femur and a female tibial component in
the form of a coacting groove having a curvature in a
plane normal to the axis of the tibia and a curvature in
a planc parallel to the axis of the tibia, the curvatures in
the planes normal to the axes of the femur and the tibia
being arcs of circles of the same radius struck about the

65

15. A replacement knee joint assembly comprising lat-
eral and medial pairs of coacting mechanical condylar
components, the lateral pair comprising a male femoral
component in the form of a spherical or spheroidal protrub-
erance and a female tibial component in the form of a
coacting spherical or spheroidal socket, and the medial pair
comprising a male femoral component in the form of a
ridge having a curvature in a plane intersecting the axis of
the femur and a curvature in a second plane intersecting
the first said plane and extending in generally the same
direction as the axis of the femur and a female tibial com-

ponent in the form of a coacting groove having a curvature

in a plane intersecting the axis of the tibia, the curvatures
in the planes intersecting the axes of the femur and the
tibia being arcs of circles of the same radius concentric with
the effective center of rotation of the lateral candyfar com-

ponents.

16. A replacement knee joint assembly as claimed in
claim 15 comprising a forward and upward curved troch-
lear extension, said femoral condylar components being
united on the anterior side by said trochlear extension the
anterior surface of which has a shallow groove for locating

the patella.
* Xk L * %k
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