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Title: '"Support for human joints"

The present invention relates to a support for human joints, in particular to be
used in a knee splint in order to limit the bending movements of a knee. The invention
also relates to a knee splint which includes such a support for joints.

It is known in the art to use knee splints for limiting possible bending
movements of a knee, for example in the course of rehabilitation of the knee after an
accident or a surgical intervention.

Knee splints of this type typically comprise a tubular band which wraps around
the knee and the parts of the leg adjacent to the knee. The band comprises pockets on
opposite sides with respect to the knee, in each of which is received an articulated
support for the joint. The articulated supports according to the prior art comprise a
first rod and a second rod connected to each other by means of one or more hinges.

In use, the first rod of the support remains .substantially solidly attached to the
thigh of the user, whilst the second rod is substantially solidly attached to the tibia of
the user.

The articulated supports comprise locking means for limiting the reciprocal
rotation possible between the two rods and, consequently, also the maximum bending
permitted to the knee supported by the knee splint.

According to one prior art, the locking means are provided by small abutment
blocks which are fixed to the rods of the support and/or to the articulation means in
order to prevent the reciprocal rotational movement of the rods beyond certain
permitted angles. The abutment blocks comprise abutment surfaces on which abut the
movable parts of the articulated support on reaching the maximum angle of rotation.

This type of prior art, described for example in US-A 4 844 057, is subject to a



10

15

20

25

WO 2012/014164 PCT/IB2011/053342

series of problems.

The loads which are transmitted by the rods to the abutment blocks are
relatively high, in relation to the dimensions of the parts and of the abutmeﬁt surfaces
of the blocks themselves. This results in high localized stresses, with the risk of
premature breakage of the support, or wear.

Moreover, in order to be able to adjust the maximum angle of rotation
permitted by the support, it is necessary to replace the abutment blocks with other
blocks of a different size and shape. This makes adjustment laborious and entails the
need to stock a plurality of replacement abutment blocks.

Moreover, the locking of the rotation, being imposed by an abutment surface, is
rather brusque, and may prove unpleasant or even dangerous for the user of the
support.

According to a different technology, illustrated for example in EP-A 0 522 484,
the means for limiting the reciprocal angular displacement of the articulated supports
comprise a pair of flexible cables connected, with the interposition of respective helical
springs, to the rods which form the articulated support. For each of the flexible cables,
one end is fixed in a stable manner to the first of the rods while the other end,' after
passing through a small threaded tube, is provided with a small plate. Coaxially with
each of the flexible cables, the helical spring is positioned between the end of the
threaded tube and the end plate.

The threaded tube is axially displaceable by means of a collar mounted
thereupon and on the rod so as to be able to rotate with respect to the latter without
however being displaced longitudinally.

The end of each threaded tube determines an abutment position that can be

adjusted by means of the collar against which the plate of the corresponding flexible
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cable abuts when the cable is pulled counter to the helical spring during the use of the
articulated support.

The known device illustrated in EP-A 0 522 484 has numerous drawbacks
during use because, for example, it does not prové easy to determine the magnitude of -
the angular displacement to be permitted to the rods of the support, this involving an
operation to be carried out on the adjustment collar of the threaded tube and in addition
because, after the choice of a specific abutment position has been made for the plate
connected to the flexible cable, during use of the device it may occur that, even
inadvertently, the collar is moved and that therefore the articulated support loses its
adjustment, with possible damage to the limbs to which the support is fitted.

In view of the state of the art described, it is an aim of the present invention to
provide a support for joints which is resistant to wear, and avoids the occurrence of
high localized stresses in the suppo‘l:t itself.

A further aim of the invention is to provide a support for joints which can be
adjusted easily and rapidly, even when the splint is being worn.

Another aim of the invention is to provide a support which permits gradual, or
damped, locking of the rotation between the rods.

According to the present invention, this aim is achieved by means of a support
for human joints 'which comprises a first rod intended to be attached substantially
solidly to a first human body part and a second rod intended to be attached
substantially solidly to a second human body part, the first and the second rod being
connected to each other via articulation means suitable for permitt.i‘ng the reciprocal
rotation of the two rods about at least one rotation pin, the support comprising locking
means for limiting the rotation between the two rods in at least one angular direction,

the locking means comprising at least one flexible cable, the support comprising first
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fixing means for anchoring a first end of the cable to the first rod and second fixing
means for fixing a second end of the cable to the second rod, the cable being under
tension when the two rods reach a maximum reciprocal inclination permitted by the
length of the cable, wherein the first fixing means are adjustable, in order to be able to
vary the anchorage position of the first end of the cable with respect to the first rod.
The features and advantages of the present invention will become clear from
the following detailed description of some forms of practical embodiment, provided by
way of non-limiting example with reference to the attached drawings, in which:
- Figure 1 shows a perspective view of a knee splint which comprises joint supports
according to the invention;
- Figure 2 shows an exploded view of the rods and of the articulation means of the
support;
- Figure 3 shows a perspective view of a support in a substantially extended position;
- Figure 4 shows a view similar to the previous view, with the support in the bent
position;
- Figure 5 shows an enlarged view of the cable return means;
- Figure 6 shows an enlarged view of the cable fixing means;
- Figure 7 shows a perspective view of a modified form of embodiment of the support
of Figure 3;
- Figure 8 shows a perspective view of the form of embodiment of Figure 7, viewed
from the opposite side with respect to that of Figure 7.
Figure 1 shows a knee splint 11, comprising a first tubular portion .12 intended
to wrap around the user's thigh 14 and a second tubular portion 13 intended to wrap
around the lower part of the leg, below the knee.

The knee splint also comprises closure means 18, 19, intended to lock the
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portions 13 and 12 respectively on the leg parts 15 and 14, fixing the tubular band on
the leg itself.

The knee splint also éomprises an elongate pocket 16, disposed in the
longitudinal direction of the knee splint and extending from the portioh 12 to the
portion 13 of the knee splint. The pocket 16 is suitable for housing a support 10, of the
type illustrated in Figures 3 and 4. Th¢ pocket 16 is accessible by opening a zip
fastener 17, which extends along the pocket itself. By opening the zip fastener 17 it is
possible to gain access to the support 10, for example to adjust or replace it.

The pocket 16 is positioned in such a way as to remain, in use, on the lateral or
medial side of the user's knee. On the opposite side of the knee, the knee splint may
be provided with another, similar pocket, intended to receive a further support 10.

The support 10 comprises a first rod 20 suitable for being attached substantially
solidly to a first human body part, in the exemplary embodiment described, to the thigh
14 of a user.

The support 10 further comprises a second rod 21 suitable for being attached
substantially solidly to a second human body part, in the exemplary embodiment
describ_end, to the lower part 15 of the user's leg.

The attachment of the rods 20, 21 to the user's leg is effected by means of the
portions 12, 13 of the knee splint.

According to the invention, the first and the second rod 20, 21 are connected to
each other via articulation means 22 suitable for permitting reciprocal rotation of the
two rods about at least one rotation pin. The rods 20, 21 are connected to each other at
respective ends.

In a preferred embodiment, the rods 20 and 21 are flattened in shape.

The rods 20, 21 are elongate in form. Preferably, the rods 20, 21 may have a
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length greater than 10 ¢cm, and more preferably greater than 15 cm. The width of the
rods 20, 21 may be between 10% and 25% of their length.

In a preferred embodiment of the invention, the articulation means 22 comprise
three pins 27, 28, 29 and at least two connecting elements 23 and 24 connected
between the two rods 20, 21 in sequence by means of the pins 27, 28, 29.

This makes it possible to form a more gentle bend between the rod 20 and the
rod 21, with a certain radius of curvature which approximates to that of the human
joint to be supported.

The rotation pins 27, 28, 29 of the articulation means are normal to the plane in
which the rods 20, 21 extend.

Preferably, the articulation means 22 also comprise the two connecting
elements 25, 26, which are assembled rigidly and parallel respectively to the
connecting elements 23 and 24.

The connecting elements 23-26 are preferably formed by flattened rods. Each
connecting element 23-26 is provided with two holes at the opposite ends. The
flattened rods 23-26, when assembly is completed, are arranged substantially in a plane
parallel to the plane in which the rods 20, 21 extend.

The connecting elements 23 and 25 are hinged to the rod 21 by means of the
pin 27 and to the elements 24 and 26 by means of the pin 28. The elements 24 and 26
are hinged at one end to the elements 23 and 25, and at the opposite end to the rod 20.

The rod 21 is interposed with one of its ends between the element 23 and the
element 25. Similarly, the rod 20 is interposed between the element 24 and the
element 26.

The attachment means 22 have toothed couplings between the connecting

elements 23-26 and the rods 20, 21 such as to impart a single degree of freedom to the
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system formed by the rod 20, rod 21 and securing means. Preferably, the toothed
couplings impart - in any possible position assumed by the support 10 - reciprocal
inclinations of equal magnitude between the various components 20-26 that are
adjacent to one another. In other words, in a preferred form of the invention, the angle
between the rod 20 and the connecting element 24 is always equal to the angle between
the connecting element 24 and the connecting element 23, and also to the angle
between the connecting element 23 and the rod 21.

This makes it possible to guide the bending of the joint to be supported in a
desired manner, causing the rods 20, 21 and the articulation means 22 to form a
trajectory without sharp angles.

Preferably, the element 24 has at one end a toothed portion 30 which meshes
with a toothed portion 31 present on the end of the rod 21. The element 25 has at one
end a toothed portion 32 which meshes on a toothed portion 33 present at one end of
the rod 20. The toothed couplings 30-33 impart a single degree of freedom to the
assembly formed by the components 20-26, as described previously.

According to the invention, the support 10 comprises locking means for
limiting the rotation between the two rods in at least one direction of rotation. The
locking means comprise at least one flexible cable 40.

At one of its ends the flexible cable 40 can be fixed to a rod 21 or to the
articulation means 22, and at the opposite end to the other rod 20 or to the articulation
means 22.

According to the invention, the cable 40 is under tension when the two rods 20,
21 reach a maximum reciprocal inclination permitted by the locking means. To a great
extent, the length of the cable 40 limits the reciprocal rotation of the two rods 20, 21 in

an angular direction, when it is completely under tension and works in traction. This
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makes it possible to avoid having abutment surfaces on which high pressures are
exerted when the support reaches the position of maximum inclination permitted. In
addition, the cable which is of a certain length, can extend slightly owing to its natural
resilience, avoiding abrupt locking of the rotation when the rods reach the maximum
inclination; damped locking of the rotation is thus obtained.

Preferably, as illustrated in Figures 3 and 4, the cable 40 can be fixed at one
end to the rod 20 and at .the opposite end to the rod 21.

This makes it possible to cause the cable 40 to follow an outline with a certain
radius of curvature, defined by the articulation means 22 which has a plurality of pins.
In this way, it is possible to reduce the wear and stresses on the cable itself.

Preferably, the support comprises two cables 39, 40, substantially similar, and
each intended to limit the reciprocal rotation of the rods 20, 21 in angular directions
opposed to each other. In particular, the cable 40 limits the bending of the knee, while
the cable 39 limits the maximum extension of the joint. In general, the cable 40 is
under tension with the rods bent at a certain angle between them other than zero, while
the cable 39 is under tension when the rods are substantially aligned with each other.

Preferably, the cable 40 imposes a limit on rotation in the direction of bending
(or flexing) of the support 10 which is between 0° and 90°. The cable 39 imposes a
limit on rotation of the rods in the direction of extension of between 0° and 50°.

The cable 40 can be fixed to the rod 21 via fixing means 35 and 42, indicated in
Figures 2 and 3 and which, in the context of the present description are also defined as
second fixing means.

| In particular, the cable 40 is fixed by passing through two holes 35 provided on
the rod 21 and via a washer 42 fixed to the rod 21 by a suitable pin.

Similarly, the cable 39 can be fixed to the rod 21 via holes 35, and a washer 41
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attached to the rod 21 by means of a respective second pin which, within the scope‘of
the present description are also defined as fourth fixing means.

Preferably, the cables 39, 40 form a loop at their end fixed to the rod 21, which
winds around the pin for fixing the respective washer 41, 42 to the rod 21. It is to be
understood that fixing means of another type may also be used for fixing the cables 39,
40 to the rod 21 such as, for example, those illustrated in Figures 7 and 8 in which the
ends of the cables are connected to each other forming a knot N.

According to a particularly preferred embodiment of the invention, the fixing
means 44 which fix the other end of the cable 40 are adjustable, in order to be able to
vary the anchorage position of the end of the cable with respect to the rod 20.

This makes it possible to vary the maximum inclination that can be reached by
the rods 20, 21, enabling the maximum bending of the human joint supported by the
support 10 to be adjusted. This possibility is very important during the rehabilitation
of a patient, since in the course of time it should be possible for a different freedom of
movement of the joint to be permitted.

The possibility of adjusting the fixing position of the cable 40 enables the
maximum inclination of the rods to be adjusted without having to replace any
component of the support, as happened in the prior art, where it was necessary to have
available a set of abutment blocks of varied dimension to be inserted into the support
or to intervene in order to adjust the collar of the abutment device. Adjustn;ent
therefore becomes much easier and more convenient.

In the preferred embodiment shown in the drawing, the fixing means 44, also
defined as first fixing means, comprise a plurality of hooks 44a, 44b, 44c; one end of
the cable 40 forms a loop 50 suitable for being selectively engaged with one of the

hooks (Fig. 4). To each hook there corresponds a different maximum inclination that
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can be reached by the rods 20, 21, for example 30°, 50° or 75°.

Preferably, the hooks 44a, 44b, 44c are distributed in sequence in a direction
substantially transverse to the longitudinal extent of the rod 20.

The hooks themselves 44a, 44b, 44¢ are formed on a larger face of the rod 20.
Preferably the hooks are formed on a body 36 of flattened form which can be fixed on
a face of the rod 20.

The support also comprises adjustable fixing means 45, also defined as third
fixing means for an end of the cable 39. The fixing means 45 may also advantageously
comprise a plurality of hooks 45a, 45b, 45c, similar to the hooks 44 previously
described, formed on the body 36 and arranged in sequence in a direction substantially
transverse to the longitudinal extent of the rod 20.

To each hook 45a, 45b, 45¢ there corresponds a different degree of inclination
between the rods 20 and 21, for example 15°, 30° or 45° it therefore being possible to
adjust also the maximum alignment permitted. |

Advantageously, the hooks 44 have inclinations different from one another
with respect to the longitudinal axis of the rod 20, or, an increasing inclination with
respect to that axis as the distance between the hook and a lateral edge of the rod 21
increases. This makes it possible to have a hook substantially oriented always in the
direction of the respective cable 40 to be attached, increasing the resistance of the
hooks to the tensile stresses exerted by the cable.

The hooks 45 are in a similar arrangement to the hooks 44, also with regard to
inclination.

Preferably, the support 10 comprises return means 37, 38 which, in an
intermediate position between their two ends, cause the cables 39 and 40 to pass into at

least one passage point arranged at a distance from the axis of rotation of at least one
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pin of the articulation means 22.
Preferably, the return means 37, 38 are mounted on the connecting elements 23,
24.
In an advantageous embodiment, the return means comprise at least one
5  element 37 mounted on the connecting element 23 and an element 38 mounted on the
connecting element 24.
Preferably the elements 37, 38 each form eyelets which provide a passage point
for the cables 39 and 40.
Advantageously, the elements 37, 38 are annular in shape, in order to be
10  slipped respectively onto the connecting element 23 and 24.
As is clearly shown in Figure 5, the annular element 37 surrounds the
connecting element 23 and the connecting element 25 solidly connected thereto.
The annular element 38 surrounds the connecting element 24 and the
connecting element 26 and is equipped with an appendage 38c which, in the form of
15 embodiment of Figures 3, 4 and 5, engages with the pin 29 for connection between the
rod 20 and the connecting elements 24 and 26.
Each annular element 37, 38 forms two eyelets 37a, 37b, 38a and 38b disposed
on opposite sides of the connecting elements 23, 24.
More generally, it is advantageous for the passage points defined by the return
20  means to be in proximity to the straight lines tangent to the lateral edges of the rods 20,
21. In this way, the cable passes at a maximum distance from the rotation pins, and it
is possible to vary substantially the angles of maximum rotation between the rods even
with a small displacement of the fixing point for the end of the cable.
Preferably, the return means associated with each cable 39, 40 form a passage

25  point for the cable solidly connected to a connecting element 23, and a passage point
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solidly connected to a second connecting element 24. The cables can thus be made to
follow as rounded a trajectory as possible, avoiding sudden changes of direction which
could damage the cable or cause it to wear more rapidly.

Advantageously, the annular element 37 is locked with respect to the
connecting element 23 since it remains engaged between the heads of the two pins 27
and 28 (Fig. 5) and the annular element 38 is not free to slide with respect to the
connecting element 24 because the appendage 38c is engaged with the head of the pin
29.

However, according to the form of embodiment illustrated in Figures 7 and 8§,
the appendage 38c is absent and the annular element 38 remains locked between the
arcuate profile 23a of the connecting element 23 and the head of the pin 29.

Figure 6 shows an embodiment of the body 36 in the form of a small plate, on
which are formed the adjustable fixing vmeans for the ends of the cables 39 and 40.
The body 36 advantageously has two straight sides parallel to the edges of the rod 21,
and two curved sides 52, 53, respectively concave and convex. On the face to the rear
of that on which the hooks 44, 45 are formed, the body 36 has means 54 for
engagement on the rod 20.

With reference to the form of embodiment of Figures 7 and 8, the engagement
means 54 are absent because the body 36 is provided in one piece with the end of the
rod 20.

In proximity to the side which, in use, faces towards the articulation means, the
body has a groove 55, transverse to the axis of the rod 20 and suitable for receiving a
cable 43 (shown in Figure 3). The cable 43 surrounds the body 36 and the rod 20 and,
in use, also the cables 39, 40, in such a way as to prevent the loops 50 and 51 of the

cables 39, 40 from being disengaged from the respective hooks 44, 45 when the cables
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are not under tension.

The cable 43 may be made resilient and, when it is wished to adjust the fixing
point of the cables 39, 40, can easily be extended so that the loops 50, 51 can be
moved.

The latter, according to the form of embodiment of Figures 7 and 8, are
provided with respective tongues 50a and 50b which make it easier for the user to grip
with the fingers. The tongues may also each be provided with the indication of the
function of the corresponding cable. For example, they may be provided with an F for
the cable intended for adjustment of the flexion, and with an E for the cable intended
for the adjustment of the extension of the device.

Advantageously, the cables 39 and 40 may be made of very high molecular
weight polyethylene. For example, "Dyneema" cables may be used.

At th'i‘s point it becomes clear that the objects of the present invention have
been achieved.

In particular, a support for hun_1an joints is provided, in particular for the knees,
which is particularly resistant to wear, and avoids the occurrence of high localized
stresses when the limit of rotation imposed by the support is reached. Moreover, the
adjustment of the maximum angles permitted, generally about 44°, is particularly easy
and rapid, without requiring the replacement of locking elements in the support itself.

Naturally, a person skilled in the art, for the purpose of fulfilling contingent
and specific requirements, may apply numerous modifications and variants to the
configurations described above, all however included within the scope of protection of

the invention as defined by the following claims.
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CLAIMS

1. A support (10) for human joints comprising a first rod (20) intended to
be attached substantially solidly to a first human body part and a second rod (21)
intended to be attached substantially solidly to a second human body part, the first and
second rods being connected to each other via articulation means (22) suitable for
permitting reciprocal rotation of the two rods (20, 21) about at least one rotation pin
(27), the support comprising locking means for limiting the rotation between the two
rods in at least one angular direction, the locking means comprising at least one
flexible cable (40), the support (10) comprising first fixing means (44) for anchoring a
first end of the cable (40) to the first rod (20) and second fixing means (42) for fixing a
second end of the cable (40) to the second rod (21), the cable (40) being under tension
when the two rods (20, 21) reach a maximum reciprocal inclination permitted by the
length of the cable, characterized in that the first fixing means (44) are adjustable, in
order to be able to vary the anchorage position of the first end of the cable (40) with
respect to the first rod (20). |

2. A support according to claim 1, characterized in that the locking means
comprise a second flexible cable (39) and the support (10) comprises third fixing
means (45) for anchoring a first end of the second cable (39) to the first rod (20) and
fourth fixing means (41) for fixing a second end of the second cable (39) to the second
rod (21), the second cable (39) being intended to limit the reciprocal rotation between
the two rods‘ (20, 21) in an opposite angular direction with respect to the angular
direction limited by the first flexible cable (40), the third fixing means of the second
cable (45) being adjustable, in order to be able to vary the anchorage position of the

first end of the second cable (39) with respect to the first rod (20).
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3. A support according to one or more of the preceding claims,
characterized in that the first and third fixing means (44, 45) comprise respective
pluralities of hooks (44a, 44b, 44c, 45a, 45b, 45¢), the end of the first flexible cable
(40) and the end of the second flexible cable (39) forming respective loops suitable for
being engaged selectively with one of the hooks of the respective plurality of hooks.

4. A support according to claim 3, characterized in that the plurality of
hooks comprise hooks, each of which is integral with the first rod (20).

5. A support according to any one of the preceding claims, characterized
in that the plurality of hooks (44a, 44b, 44c, 45a 45b, 45¢) comprise hooks arranged in
sequence in a direction substantially transverse to the longitudinal extent of the rod
(20) on which they are provided.

6. A support according to one or more of the preceding claims,
characterized in that it comprises return means (37, 38) which, in a position
intermediate between the two ends of the cable (40) and/or of the second cable (39),
cause the cable (40) and/or the second cable (39) to pass into at least one passage
point disposed at a distance from the axis of rotation of the rotation pin (27).

7. A support according to one or more of the preceding claims,
characterized in that the articulation means (22) comprise three rotation pins (27-29)
and two connecting elements (23, 24) articulated in sequénce by means of the three
pins (27-29) in order to connect the two rods (20, 21).

8. A support according to one or more of the preceding claims,
characterized in that the return means (37, 38) are mounted on the connecting elements
(23, 24).

9. A support according to one or more of the preceding claims,

characterized in that the return means comprise two annular elements (37, 38), each
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slipped onto a respective connecting element (23, 24), the annular elements forming at
least one return eyelet (37a, 37b, 38a, 38b) for a cable (39, 40).

10. A knee splint comprising a first tubular portion suitable for being
slipped onto the user's thigh, a second tubular portion suitable for being slipped onto
the lower portion of the leg and a knee which connects the two tubular portions, the
knee splint comprising at least one support (10) according to one or more of the
preceding claims, the support being disposed, in use, on at least one side of the knee
splint with the rods (20, 21) each rigidly connected to one of the tubular portions (14,
15) and the articulation means at knee height, the two rods (20, 21) being substantially

aligned respectively with the first and the second tubular portion (14, 15).
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