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[57] ABSTRACT

A mechanical joint for a leg brace having portions at-
tachable to the leg above and below the knee joint and
interconnected by a link. The spaced ends of the
brace portions and the opposite ends of the link are
shaped to provide bearing plates which are secured
together by movable pivot means. This provides the
mechanical joint with dual bearings having a com-
bined pivotal movement closely simulating the flexing
action of an anatomical knee.

9 Claims, 13 Drawing Figures
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MECHANICAL JOINT FOR AN ORTHOPEDIC
BRACE OR PROSTHESIS

My invention relates generally to joints for orthope-.
dic braces or prosthetics and more particularly to a me-
chanical joint for a leg brace.

When a brace is worn to lend support to an injured
or weakened knee, it is generally desirable that the
properly supported limb be allowed. to operate in as
natural a manner .as possible so that appropriate mus-
cles and ligaments will become strengthened and even-
tually the support will no longer be required. Even if
the injury or weakness is permanent, the brace wearer
should not be hampered unduly by the device so that
his inability to use his leg in a normal manner is more
noticeable than would otherwise be the case.

A leg brace requires a mechanical joint which will
take some of a medially or laterally applied load off the
knee joint but the mechanical joint itself should not be
heavy, bulky or complex otherwise the brace is awk-
ward to wear and is noticeable through the wearer’s
clothing and is needlessly expensive. There are a num-
ber of artificial limbs which have mechanical joints de-
signed to reproduce as closely as possible the flexing
action of the human knee but such joints usually are of
quite complex construction and furthermore they oc-
cupy a major portion of the space between the upper
and lower parts of the artificial leg. This arrangement
is unsatisfactory for use in a leg brace wherein the joint
structure must lie alongside the anatomical knee joint
and be flat and compact so as not to provide an un-
sightly projection sticking out from one side of wearer’s
leg.

I have found that the above mentioned as well as
other disadvantages of conventional hinge structures
can be overcome by providing a simply and inexpen-
sively constructed brace with a mechanical joint which
is designed to reproduce very closely the natural move-
ments of a body joint. The mechanical joint is light in
weight as well as strong and it has an overall thickness
which is not much greater than the remainder of the
brace . which makes the device difficult to detect
through the clothing of the wearer. An athlete, for ex-
ample, who might have a knee injury such as a strained
ligament, could wear the present invention to protect
the knee from severe blows or stress which could quite
easily further damage the knee and incapacitate him
completely.

The mechanical joint. for an orthopedic brace con-
structed in accordance with the present invention inter-
connects brace portions which are attachable to parts
of a wearer’s body on opposite sides of a body joint, the
mechanical joint comprising a bearing plate on an end
of each brace portion near the body joint, a link ex-
tending across the body joint and having a bearing plate
on each opposite end thereof, said bearing plates of the
link overlapping the bearing plates of the brace por-
tions to provide dual bearings, and pivot means inter-
connecting the bearing plates of each of the dual bear-
ings, said pivot means providing the dual bearings with
transverse axes of pivot which are shiftable whereby
the link is movable away from and towards the brace
portions as-the body joint is flexed and straightened.

In drawings which illustrate preferred embodiments
of the invention,

FIG. 1 is a side elevation of a leg brace,
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FIG. 2 is a detail side elevation of a mechanical joint
of the leg brace,

FIG. 3 is a side elevation of a link which forms part
of the mechanical joint,

FI1G. 4 is a section taken on the line 4—4 of FIG. 3,

FIG. § is a vertical section showing a bearing plate of
the mechanical joint,

FIG. 6 is a transverse section taken on the line 6—6

of FIG. 2,

FIG. 7 is a transverse section taken on the line 7—7
of FIG. 2, ‘

.FIG. 8 is a vertical section taken on the line 8—8 of
FIG. 2,

FIG. 9 is a side elevation similar to FIG. 1 but show-
ing the mechanical joint bent as a result of the wearer’s
knee being flexed, ‘

FIG. 10 is a rear elevation of the mechanical joint as
shown in FIG. 9, ‘

FIG. 11 is a perspective view of a modified mechani-
cal joint for a leg brace,

FIG. 12 is a detail side elevation of the modified joint
with part of a link removed, and

FIG. 13 is a transverse section taken on the line
13—13 of FIG. 12.

This invention may be used to reinforce anatomical
joints such as the shoulder, elbow, hip and ankle but,
since the brace is especially designed to simulate the
gliding, rocking and rotational movement of the human
knee, it will be described herein as utilized exclusively
for that purpose. A person’s knee can be likened to a
ball and socket joint having a rather unusual action for
that type of mechanism. When the knee bends and
straightens during walking or running, the ball of the
upper leg and socket of the lower leg interact in such
a way as to move away from and towards one another.
The leg actually extends and contracts during locomo-
tion and, when the parts of the knee joint are separated,
the lower leg can twist slightly with respect to the upper
leg. It is only when the leg is straightened and support-
ing the weight of the body that the knee joint is locked
and the lower leg cannot twist as described. Thus, the
natural knee joint has a point of pivot which moves
about as the leg is alternately bent and straightened
with the knee providing a restricted universal action
unless firmly locked as described.

Referring first to FIG. 1 of the drawings, the numeral
10 indicates generally an orthopedic leg brace. The
brace 10 is shown attached to a leg 12 so as to lend sup-
port to the knee joint 14, This example of the brace 10
has a lower portion. 15 which is a flat strip of metal
shaped to extend alongside lower leg 16 with one end
of the portion preferably being secured by a fitting 17
to the shoe of the wearer. Upper portion 20 of the
brace is also a flat strip of suitably shaped metal which
is secured to a stiffened leather band 21, the longitudi-
nally divided band being clamped to the thigh 22 of the
wearer by means of straps 23. The adjacent ends of the
brace portions 15 and 20 are connected by a mechani-
cal joint generally indicated at 24, the joint being dis-
posed alongside the knee joint 14 when the brace 16 is
attached to the wearer’s leg as described.

The mechanical joint 24 comprises bearings 26 and

.28 (FIG. 2) which pivotally connect the brace portions

15 and 20 to a link 30. The link 30 is shown separately
in FIGS. 3 and 4 as being shaped to provide substan-
tially circular bearing plates 32 and 33. A flat web 34

-extends between the plates 32 and 33 along the front
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edge of the link. Plate 32 has an inner concave face 36
and an outer convex face 37. The outer convex face 37
is coated with a suitable plastic anti-friction material
and preferably this coating 38 is the synthetic material
known by the trade mark “Teflon.” Similarly, the bear-
ing plate 33 has a concave face 40 and a convex face
41 with the latter face having a plastic coating 42..

The lower portion 15 of the brace is provided with a
bearing plate 45, see particularly FIGS. 2 and 5, which
plate overlaps and closely fits the bearing plate 32 of
the link thereby forming the bearing 26. Preferably, the
bearing plate 45 is formed by a stamping process which
shapes the upper end of the metal brace portion 15 into
a dished configuration thus providing a concave inner
face 46 and a convex outer face 47, see FIG. 5. Firmly
bonded to the face 46 is a thin plastic coating 48. Thus,
the plastic coated faces 37 and 46 when placed in slid-
ing contact with one another provide the bearing 26
with a particularly smooth action which enables the
brace portion 15 to rock on the link 30 in several direc-
tions.

Referring now particularly to FIGS. 2 and 6, the
upper portion 20 of the leg brace will be seen to be
shaped to provide a bearing plate 50 having concave
and convex inner and outer faces 51 and 52. Face 51
has a plastic coating 53 which serves as anti-friction
material. The plastic coated face 51 fits over the under-
lapping and similarly coated face 41 of the link so that
the bearing 28 has an action similar to the action of the
bearing 26 whereby said link can move relative to the
brace portion 20 again in a number of different direc-
tions.

The plates 32 and 45 of the bearing 26 are held in
face-to-face sliding contact by pivot means generally
indicated at 60. As shown best in FIGS. 2, 3, 6 and 9
of the drawings, the means 60 comprises pivot pins 62
and 63 which are suitably secured to the plate 32 to
project outwardly from the convex face 37. These pivot
pins, which have short shanks and flattened heads, are
located on opposite sides of the center of the substan-
tially circular bearing plate 32 as can best be seen in
FIG. 3. Bearing plate 45 is provided with arcuate guide
slots 64 and 65, see particularly FIG. 2. The shank of
the pivot pin 62 projects freely through the slot 64 and
the shank of the pivot pin 63 similarly projects through
the relatively long guide slot 65 with the enlarged heads
of these pins slidably engaging the outer or convex face
47 of the bearing plate 45 to hold these two parts of the
bearing 26 against separation.

A similar pivot means 70 is provided to interconnect
the plates 33 and 50 of the bearing 28. The means 70
comprises identical pivot pins 72 and 73 which are se-
cured to the plate 33. Arcuate guide slots 74 and 75 are
formed in the bearing plate 50, see FIG. 2, and the
short shanks of the pins 72. and 73 project freely
through these slots with the heads of said pins slidably
engaging the convex face 52 of the plate to hold the
bearing 28 against separation.

The mechanical joint 24 includes stop means gener-
ally indicated at 80 for limiting swinging movement of
the lower brace portion beyond the position assumed
thereby when the wearer’s leg is straightened and the
upper and lower brace portions are substantially
aligned. Referring now particularly to FIG. 2, the
means 80 is shown to comprise opposing stops 82 and
83 which are flattened end edges of the bearing plates
45 and 50 respectively. These stops 82 and 83 come
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into contact with one another when the leg 11 is
straight and the knee 14 is locked. At this time, the
shanks of the pivot pins 62 and 63 are in contact with
the opposite ends of the guide slots 64 and 65. The pins
72 and 73 are similarly positioned in their slots 74 and
75. The upper and lower portions 15 and 20 are sub-
stantially aligned when the leg 11 is straight and it is at
this alignment that the stop means 80 comes into play
to halt further bending movement of the mechanical
joint 24 which might impose a strain on the locked
knee 14. In other words, the stops 82 and 83 cooperate
with the arrangement of pivot pins and slots to limit
swinging movement of the brace portions 15 and 20 be-
yond their substantially aligned positions.

The present joint 24 also includes locking means gen-
erally indicated by the numeral 90 for securing the
bearing plates of the dual bearings against relative
movement when the upper and lower brace portions
are in the substantially aligned position. Referring to
FIGS. 2, 7 and 8, the means 90 is shown to comprise
a flap 92 which extends across the center of the link 30.
A hinge 93 secures one end of the flap 92 to the web
34 of the link. In FIG. 7, a small spring 94 will be seen
incorporated into the hinge 93 to bias the flap 92 away
from the link, and said flap is fitted with a lug 95 which
contacts the web 34 to limit outward swinging move-
ment of the flap. The flap 92 is provided with spaced
dowels 96 and 97 which are adapted to enter holes 98
and 99 formed in the link 30 to register with the ends
of the slots 65 and 75 when he mechanical joint 24 is
in the FIG. 2 position.

Normally, the flap 92 is held in the FIG. 7 position by
the action of the spring 94 and lug 95 at which time the
dowels 96 and 97 are supported clear of the bearing
plates 45 and 50. The joint 24 is then free to operate
as required. At some time the wearer of the brace 10
might decide to lock the joint 24 so that his knee could
no longer be flexed and, in order to do so, he would
first straighten the leg to the limit determined by the
stop means 80. This places the holes 98 and 99 in regis-
ter with the dowels 96 and 97 whereupon the flap 92
can be pressed inwardly to project the dowels through
the slots 65 and 75 and into said holes where they are
held by friction. The joint 24 is then locked and cannot
be released until the flap 92 is moved manually to the
FIG. 7 position.

The operation of the mechanical joint 24 is best un-
derstood with reference to FIGS. 9 and 10. When the
lower leg 16 swings to the rear as the wearer of the
brace 10 walks, the joint 24 performs a hinging action
which closely simulates the flexing action of the knee
14. The several pivot pins of the bearings 26 and 28
allow the link 30 and brace portion 15 to swing relative
to the brace position 20 but, since these pins are free
to move as required within their arcuate slots, the ef-
fect is to provide the joint with a plurality of transverse
axes of pivot. In other words, the mechanical joint can
clongate slightly in the same manner as does the knee
joint when it is flexed. ’

Since the several plates of the bearings 26 and 28 are
segment of a thin-walled, hollow spheroid, the link 30
and brace portion 15 can also rotate slightly about their
longitudinal axes to assume positions substantially as
shown in FIG. 10. This allows the wearer to turn his
lower leg when the knee 14 is flexed as he may be re-
quired to do in order to execute a particular step. The
mechanical joint allows the knee joint to function in a
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natural manner while being supported to the extent
that any undue strain is unlikely to be placed thereon.

Referring to FIGS. 11, 12 and 13; the numeral 110
indicates generally a modified mechanical joint for a
leg brace having portions 112 and 114. The brace por-
tion 112 has a flat bearing plate 116, see FIG. 12, pro-
vided with arcuate guide slots 117 and 118. Brace por-
tion 114 has a similar flattened bearing plate 120 in
which arcuate slots 121 and 122 (FIG. 12) are formed.

A link 124, which is also flat as shown best in FIG.
13, has bearing plates 125 and 126 which overlap the
plates 116 and 120 of the brace portions. Pivot pins
130, 131, 132 and 133 are carried by the link 124 to
slidably project through the slots 117, 118 121 and 122
respectively. A cover 135 of substantially the same
shape as the link 124 extends over the bearing plates
116 and 120, the cover being secured to the link the
aforesaid pivot pins which are riveted over as shown in
FIG. 11. .

The above described arrangement provides the me-
chanical joint 110 with dual bearings which are gener-
ally indicated at 137 and 138. Since these dual bearings
are formed with flattened bearing plates, they allow the
brace portions 112 and 114 to hinge or fold in a sub-
stantially common plane but, of course, one position
cannot twist with respect to the other portion as is the
case when dished or concave-convex bearing plates are
used. The pivot pins 130 to 133 are still received in ar-
cuate slots so that the resulting pivot means provides a
plurality of transverse axes of rotation for the mechani-
cal joint 110. Such a joint is particularly intended for
use by paraplegics and others who might find it easier
to get around provided their legs were reinforced by
braces fitted with the modified joint.

The joint 110 has stop means and locking ‘means
which are generally indicated by the numerals 140 and
141 respectively. Since these two means are con-
structed substantially as their counterparts 80 and 90
of the main embodiment of the invention, and operate
in almost the same manner, detailed description of the
two devices is not considered necessary.

From the foregoing, it will be apparent I have pro-
vided a mechanical joint for a leg brace which is simply
yet sturdily constructed without being heavy or bulky.
The knee joint is not restricted in its movement any
more than is necessary to provide the required support
and therefore the wearer can walk and run with quite
a natural gate assuming the brace he is wearing is
equipped with the preferred mechanical joint. Both
embodiments of the invention provide a joint which
might be described as polyaxial, viz. there is no fixed
axis of pivot but rather a multitude of pivotal axes
which move about or shift as required to accommodate
the natural flexing action of the anatomical knee joint.

I claim:

1. In an orthopedic brace having portions attachable
to parts of a wearer’s body on opposite sides of a body
joint, a mechanical joint comprising a bearing plate on
an end of each brace portion near the body joint, a link
extending across the body joint and having a bearing
plate on each opposite end thereof, said bearing plates
of the link overlapping the bearing plates of the brace
portions to provide dual bearings, and pivot means in-
terconnecting the bearing plates of each of the dual
bearings, said pivot means providing each of the dual
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bearings with a plurality of transverse axes of pivot
which are shiftable to accommodate the natural pivotal
movement of the body joint whereby one of said brace
portions is movable away from and towards the other
of said brace portions as the body joint is flexed and
straightened. '

2. A joint as claimed in claim 1, in which said bearing
plate of each of the dual bearings have opposing con-
cave-convex faces whereby one of the brace portions
is rotatable about the longitudinal axis thereof and with
respect to the other brace portion and the link when
the body joint is flexed.

3. A joint as claimed in claim 1, and including stop
means for limiting folding movement of the mechanical
joint in one direction beyond a position assumed when
the body joint substantially is straight.

4. A joint as claimed in claim 3, and including locking
means for securing the mechanical joint against folding
movement in the opposite direction.

5. A joint as claimed in claim 1, in which said bearing
plates are flat whereby to move parallel to one another
and substantially in the vertical planes of the brace por-
tions. ‘

6. In an orthopedic brace having upper and lower
brace portions securable to a leg above and below the
knee joint, a mechanical joint comprising a bearing
plate on each of the upper and lower brace portions
near the point of pivot of the knee joint, a link extend-
ing across the knee joint and having a bearing plate
overlapping a bearing plate of each upper and lower
brace portions to provide dual bearings, said bearing
plates having opposing faces, one opposing face of each
of the dual bearings being convex and the other oppos-
ing face of said bearing being concave, one bearing
plate of each of the dual bearings having pivot pins
spaced apart thereon and the other bearing plate of
said joint having correspondingly spaced arcuate guide
slots through which said pivot pins project, said pivot
pins and arcuate guide slots providing each of the dual
bearings with a plurality of transverse axes of pivot
which are shiftable to accommodate the natural pivotal
movement of the knee joint and whereby the link and
the lower brace portion are rotatably about their longi-
tudinal axes and are movable away from the upper
brace member when the knee joint is flexed.

7. A mechanical joint as claimed in claim 6, and in-
cluding stop means for limiting swinging movement of
the lower brace portion beyond the position assumed
thereby when the wearer’s leg is straightened and the
upper and lower brace portions are substantially
aligned.

8. A mechanical joint as claimed in claim 7, and in-
cluding locking means for securing the bearing plates
of the dual bearings against relative movement when
the upper and lower brace portions are in the substan-
tially aligned position.

9. A mechanical joint as claimed in claim 8, wherein
said locking means comprises a hinged flap carried by
the link, said bearing plates of the upper and lower
brace portions each haaving a hole adapted to register
with a guide slot when said portions are substantially
aligned, and dowels carried by the hinged flap adapted
to project through the registering guide slots to enter

the holes.
* * * * *



