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Description

[0001] The present invention relates to continuous
passive motion devices for rehabilitation therapies. Spe-
cifically, to a device for rehabilitation of a diarthrodial and
synovial joint comprising means for inducing a flexion-
extension movement of the joint.

BACKGROUND ART

[0002] Continuous passive motion devices are used in
postoperative rehabilitations, for example after an ar-
throtomy, an open fracture reduction, a patellectomy, lig-
amentous injuries, synovectomy, biological resurfacing
of large defects (with periosteal graft), surgical repair of
atendon section, arigid internal fixation of a metaphyseal
osteotomy or a total joint prosthesis.

[0003] In the diarthrodial or synovial joints (e.g. knee
or elbow) one of the bones has a convex articular surface
and the other has a concave articular surface, rolling over
one another when performing a flexion or extension of
the joint. However, the presence of ligaments and ten-
dons makes the rolling or angular turn to further overlap
with a slip between the two articular surfaces.

[0004] For example, in the case of the knee joint, it is
a sliding of the femur’s articular surface with respect to
the tibia’s articular surface. Such a slide has an antero-
posterior or posteroanterior trajectory in the sagittal
plane, depending on whether there is an extension or a
flexion of the leg respectively.

[0005] There are documents in the prior art describing
the motion of a joint as a slide attached to an angular
rotation. Documents US4665899, US4974830 or
US5228432 describe devices comprising some form of
floating or pivoting support that allows certain slippages.
Other systems such as described, for example, in docu-
ments US4825852, US4671257 comprise some sort of
special hinge which allows a polycentric rotation of the
joint.

[0006] However, known devices fail to reproduce the
natural articular movement in the same manner as phys-
ical therapist who, when acting (with his hands) on the
jointtakes into account both the flexion/ extension motion
and the slide, so that the passive exercise being per-
formed with the patient is satisfactory.

SUMMARY OF THE INVENTION

[0007] The aim of the present invention is to improve
at least partially, the performance of the rehabilitation
being performed with continuous passive motion devic-
es.

[0008] One aspect of the invention describes a contin-
uous passive motion device for rehabilitation of a diar-
throdial and synovial joint between a proximal member
having afirstarticular surface and a distal member having
asecond articular surface, wherein the device comprises
means for inducing a flexion-extension movement of the
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joint and is characterized in that it further comprises
means for inducing a slide between the two articular sur-
faces, said means acting on one of the members of the
joint during the flexion-extension movement.

[0009] According to this aspect, the means to induce
a slide between the two articular surfaces provide an ex-
ternal thrust directly on one of the members of the joint
during the flexion-extension movement. Therefore, per-
mit to more closely mimic the native articular movement,
in a way similar to what a physical therapist would do
providing such a thrust or external force with his hands.
Thus they improve at least partially the performance of
the rehabilitation.

[0010] In some embodiments, the means for inducing
a slide may comprise first means which may act on the
proximal member of the joint.

[0011] In some embodiments, the means for inducing
a slide between the two articular surfaces of the joint may
comprise second means forinducing a slide. Said second
means may act on the distal member of the joint during
the flexion-extension movement. In some cases it may
be preferable to induce the slide on the distal member;
if both the first and second means for inducing a slide
are further included, an accuracy improvement with
which the natural articular movement is reproduced can
be achieved.

[0012] Additional objects, advantages and features of
embodiments of the invention will become apparent to
those skilled in the art upon examination of the descrip-
tion, or may be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Particular embodiments of the present inven-
tion will be described in the following by way of non-lim-
iting examples, with reference to the appended drawings,
in which:
Figures 1 a and 1b schematically show the slides
accompanying the angular rotation during natural

flexion and extension of the knee;

Figure 2 shows a perspective of a continuous pas-
sive motion device for rehabilitation of the knee;

Figure 3 shows a perspective view of one embodi-
ment of the present invention in extended position;

Figure 4 shows a side view of Figure 3;

Figure 5 shows a side view of the device of figures
3 or 4, but in a flexed position;

Figure 6 shows a perspective view of another em-
bodimentofthe presentinventionin aflexed position;

Figure 7 shows an exploded view of Figure 6;
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Figures 8a - 8f schematically show the operation of
various embodiments of the present invention;

Figures 9 and 10 show in perspective another em-
bodiment of the present invention, in extension po-
sition and in flexion position;

Figures 11 and 12 show an enlarged detail of figures
9 and 10; and

Figure 13 is a diagram showing a procedure for ex-
panding a conventional rehabilitation device using a
kit according to an embodiment of the presentinven-
tion.

DETAILED DESCRIPTION OF EMBODIMENTS

[0014] Every joint has a proximal member comprising
a first articular surface and a distal member comprising
a second articular surface. For example in the knee joint,
the proximal member is the femur and the distal member
is the tibia, whereas in the ankle joint the proximal mem-
ber is the set tibia-fibula and the distal member is the
talus and in the elbow joint the proximal member is the
humerus and the distal member is the ulna.

[0015] All through the present specification, the term
"proximal" is used for the member which binds the body
and the term "distal" is used for the member farther from
the point of attachment to the body. The members can
thus change their relative position with respect to the
main body. For example, the tibia is the distal member
in the knee joint and the proximal member in the ankle
joint.

[0016] Figure 1 aschematically shows with arrows, the
sliding of the articular surface of the femur 1 over the
articular surface of tibia 2 during the natural flexion move-
ment of the leg. In particular two specific moments are
shown, about 30° and 60°. The arrows in figure 1b rep-
resent the sliding occurring during the natural extension
movement of the leg.

[0017] Figure 2 shows a device for knee comprising
means forinducing a flexion-extension movement 50 and
which does not fall within the scope of patent protection,
but which is described in order to facilitate understanding
of the embodiments of the invention. The means for in-
ducing a flexion-extension movement 50 may comprise
a first pivot point 30a that, in use, may be associated to
a proximal end of the femur (proximal member of the
knee joint), i.e. the hip joint. These means 50 may further
comprise a second pivot point 30c which, in use, may be
associated to a distal end of the tibia (distal member of
the knee joint), i.e. the ankle joint.

[0018] The means for inducing the flexion-extension
movement 50 may thus comprise three well-defined ar-
ticulation points: first pivot point or hip-femur joint 30a,
joint itself (femur-tibia) 30b and second pivot point or tibia
-foot joint 30c.

[0019] Moreover, the means for inducing the flexion-
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extension movement 50 may comprise a support for the
femur (proximal member) 31 which may comprise a pair
of parallel bars 31 a, 31 b which may be interconnected
by means of a "U" shaped profile 33.

[0020] The femur support 31 may be doubly articulat-
ed. One end 36 may be hinged to a base 3 of the device,
at the first pivot point 30a. The other end 37 may be ar-
ticulated to an end 38 of a support for the tibia 34 at the
joint itself 30b. Similarly, the tibia support 34 may com-
prise a pair of parallel bars 34a and 34b, which may be
interconnected by means of a "U" shaped profile 35.
[0021] The tibia support 34 may further be hinged at
both ends. As mentioned, its end 38 may be articulated
at the joint 30b (femur-tibia) to the end 37 of the femur
support 31. And its other end 32 may be articulated at
the second pivot point 30c (tibia-foot joint) to a foot sup-
port 40.

[0022] Figures 3 and 4 show a continuous passive mo-
tion device for the knee according to an embodiment of
the invention in an extended position of the leg. This em-
bodiment may be mounted for the left leg. Figure 3 shows
a perspective view and figure 4 a side view. In this ex-
ample, the device may be for knee, the proximal member
is thus the femur and the distal member is the tibia.
[0023] As shownin Figure 3, the device may comprise
a base 3, means for inducing a flexion-extension move-
ment of the leg such as described in connection with fig-
ure 2 and means for inducing a slide 10, 20 which will be
described later.

[0024] Figures 2 and 3 show that the base 3 may be
firmly arranged on a flat surface and may comprise a
control 5 (wireless or connected to the base 3 by means
of a cable as it is drawn).

[0025] The base 3 may comprise an extension 6. Such
an extension 6 may be telescopic. The base 3 of the
device may further comprise means for adjusting the
length of the extension 6 to different leg lengths. Said
means for adjusting the length of the extension 6 may
for example be a screw 7.

[0026] Figures 2 and 3 further show that each bar of
the pair of parallel bars 31 a, 31 b of the femur support
may have a different length. The longest bar 31 a may
be articulated to the extension of the base 3. Said longer
bar 31 a may be that in which an outer area of the leg is
supported. This way, the internal area of the leg, at the
height of the hip joint 30a, is left free, thus being more
comfortable for the user; the final weight of the device is
furthermore reduced. However, in some embodiments
both bars 31 a, 31 b may have the same length, whereby
the device may be more stable.

[0027] Furthermore, the extension 6 of the base may
comprise a rod adjustable in length. Said rod may be
inserted into holes 300 of the base 3. The base 3 may
thus comprise at least two holes 300, right and left, in
which the extension may be inserted, according to the
leg, left or right, being rehabilitated.

[0028] The base 3 may comprise a top area or surface
301. Said top surface 301 may comprise a track, groove
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or guide 8 arranged longitudinally. Along the track 8 a
first 12 and a second 4 displaceable elements may move.
[0029] The firstdisplaceable element 12 may drive the
first means for inducing a slide 10 and the second dis-
placeable element 4 may drive the means for inducing
the flexion-extension movement 50.

[0030] On the other hand, the first means for inducing
a slide 10 may comprise a femur support 11. Such a
femur support 11 may be pivotally mounted by one of its
ends 111 at the first pivot point 30a of the means for
inducing the flexion-extension movement 50, i.e. at the
hip joint. This way, the femur support 11 may move
around the first pivot point 30a separately from the move-
ment of the femur support 31 of the means for inducing
a flexion-extension movement 50.

[0031] The femur support 11 may comprise a pair of
parallel bars 11a, 11 b which may be joined at its end
112, opposite to the end 111, by a "U" shaped profile 14.
Said "U" shaped profile 14 may be hinged to the first
displaceable element 12 by means of a rigid bar 13 (see
also figures 8a and 8b). In some embodiments, the rigid
bar 13 may be replaced by a hydraulic cylinder (reference
19infigures 8c and 8e) and the first displaceable element
may coincide with the second displaceable element 4
which actuates the means for inducing the flexion-exten-
sion movement 50 (see figures 8c and 8e). Or, the hy-
draulic cylinder (19a reference of figure 8f) may be at-
tached to a pivot point of the means for inducing the flex-
ion-extension movement that, in use, may be associated
to the joint 30b (see figure 8f).

[0032] Furthermore, eachbar ofthe pair of parallel bars
11a, 11 b may have a different length. The longest bar
11a may be hinged to the base 3 (or an extension 6 of
the base) and may be that in which the outer area of the
leg lies.

[0033] The femur support 11 may further comprise an
"L" shaped profile 15, horizontally arranged with the short
stroke of the "L" downwards. Said short stroke may be
coupled to the shorter bar 11 b of the support 11, leaving
the long stroke of the "L" in contact with the top of the
leg. This way, the side contacting the outer area of the
leg is left open thereby facilitating rehabilitation with
drains placed.

[0034] Inturn, the rigid bar 13 may be doubly articulat-
ed, to the "U" shaped profile 14 of the femur support 11
and to the first displaceable element 12.

[0035] Figure 3 further shows that the device may fur-
ther comprise second means for inducing a slide 20 com-
prising a support for the tibia 21. The tibia support 21
may be articulated at one end 212 to a second pivot point
30c of the means for inducing the flexion-extension
movement 50 wherein a footrest 40 also articulates. The
tibia support 21 may thus pivot separately from the tibia
support 34 of the means for inducing a flexion-extension
movement 50.

[0036] The tibia support 21 may comprise a pair of par-
allel bars 21 a and 21 b joined at one end 211, opposite
to the end 212, by a "U" shaped profile 24. Such a "U"

10

15

20

25

30

35

40

45

50

55

shaped profile 24 may be hinged to the first displaceable
element 12 by means of a hydraulic cylinder 23 (see also
figure 8e). In some embodiments, the "U" shaped profile
24 may be hinged to a third displaceable element 29 by
means of arigid bar 23a (see figure 8d). Or, the hydraulic
cylinder (reference 23b of figure 8f) may be articulated
to a pivot point of the means for inducing the flexion-
extension movement that, in use, may be associated to
the joint 30b (see figure 8f).

[0037] Furthermore, at the same end 211 in which the
pair of parallel bars 21 a and 21 b are joined, the tibia
support 21 may also comprise an "L" shaped profile 25
horizontally arranged with the short stroke of the
"L "downwards. Such a short stroke may be coupled to
one of the bars of the tibia support 21, namely the bar 21
b which supports the inside area of the leg, leaving the
long stroke of the "L" in contact with the top area of the leg.
[0038] Depending on whether the right or left leg is
being rehabilitated, the "L" shaped profiles 15, 25 of the
femur and tibia supports 11 and 21 may be mounted on
one or another bar of the pair of bars 11a, 11 b and 21
a, 21 b. Furthermore, in the case of the femur support 11
the two bars of the pair of rods 11a, 11 b may also be
interchangeable, in those embodiments in which they do
not have an equal length.

[0039] Furthermore, both "U" shaped profiles 14, 24
and "L" shaped profiles 15, 25 may be rigid profiles that
may comprise pads or any other padding element allow-
ing covering the profiles at least partially, so as to convert
them into a comfortable element to, for example, a leg.
[0040] In addition, the "L" shaped profiles 15, 25 may
be mounted so that they can slide along a slot 16, 26
provided in a housing 17, 27 of the bar 11b, 21 b of the
pair of bars on which the "L" shaped profiles are mounted
15, 25. This sliding may be regulated, for example, by
means of a screw 18, 28 (see also figure 4). This way,
these "L" shaped profiles remain slidably mounted on the
femur 11 and tibia 21 supports and may be adjusted to
the length of the proximal and distal members (femur and
tibia) they withstand.

[0041] Figures 4 and 5 show respective side views of
one embodiment of the device in extension and flexion
respectively. Comparison of both figures show that, in
order to move from the extended position (figure 4) to
the flexed position (figure 5), the first displaceable ele-
ment 12 and the second displaceable element 4 are
moved along the slot (reference 8 of figure 3) in the di-
rection of arrow A (distal-proximal direction for flexion
and proximal-distal direction for extension).

[0042] Said movement, indicated by arrow A, may
cause the rigid bar 13 to push the "U" shaped profile 14
of the femur support 11. Due to this push, the femur sup-
port can rotate around the first pivot point 30a (hip-femur
joint). Such a rotation results, in the femur-tibia joint 30b
area (i.e. at the knee joint itself) in a displacement d1 of
the bars 11a and 11b of the femur support 11 of the first
means for inducing a slide 10 with respect to the bars 31
a and 31 b of the femur support 31 of the means for
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inducing a flexion-extension movement 50. The displace-
ment d1 is in a posteroanterior direction in the sagittal
plane during flexion and in an anteroposterior direction
(arrow B in figure 5) during extension.

[0043] The displacement, indicated by arrow A, may
further cause the hydraulic cylinder 23 to push the "U"
shaped profile 24 of the tibia support 21. Because of this
push, the tibia support can rotate about the second pivot
point 30c (tibia-foot or ankle joint). Such arotation results,
in the femur-tibia joint 30b area (i.e. at the knee jointitself)
in adisplacement d2 of the bars 21 aand 21 b of the tibia
support 21 of the second means for inducing a slide 20
with respect to the bars 34a and 34b of the tibia support
3 of the means for inducing a flexion-extension move-
ment 50. Displacement d2 is in an anteroposterior direc-
tion in the sagittal plane during flexion and in a poster-
oanterior direction (arrow C in figure 5) during extension.
[0044] Some parameters of the device, for example
the length of the rigid bar 13 or the distance between the
displaceable elements 4, 12, 29 or the speed of displace-
ment of the displaceable elements 4, 12, 29 are adjust-
able so as to enable the means for inducing the slide 10,
20 to cause an adequate slide.

[0045] Itis understood that an adequate slide is a slide
that maintains the distance between the articular surfac-
es during rotation of the joint. In order to achieve this goal
the pivot points 30a, 30b, 30c of the device may be placed
at the height of the centers of the hip joint, knee joint and
ankle joint respectively. Additionally, it is possible to fix
the proximal and distal members of the leg to the femur
11 and tibia 21 supports of the first and second means
for inducing a slide 10, 20 respectively. This way, dis-
placements d1, d2 of said femur 11 and tibia 21 supports
may induce, in the knee joint 30b, a slide in the same
plane as that of the natural flexion-extension movement
of the leg.

[0046] Figure 6 shows a device comprising means for
inducing a flexion-extension movement 50 and first
means for inducing a slide 10. This embodiment does
not include second means for inducing a slide action on
the tibia as the device of the previous embodiment. The
remainder of its operation corresponds to that described
in connection with figures 3 to 5.

[0047] Figure 7 shows an exploded view of the device
of figure 6 in which certain components, such as the first
displaceable element 12 or the second displaceable el-
ement 4 among others are shown in detail.

[0048] Figures 6 and 7 show an embodiment in which
the first displaceable element 12 and the second dis-
placeable element 4 may be joined together (see also
figure 8a). This binding is achieved, for example, by
mounting both displaceable elements 4, 12 on the same
platform 9. Said platform 9 may be provided with means
for slidably coupling to the track or groove 8 arranged on
the top surface 301 of the base 3.

[0049] The means for slidably coupling to the track 8
may comprise a protrusion 90 arranged on a top surface
of the platform 9. The protrusion 90 may comprise, in its
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upper part, a frame 91 having a dovetail longitudinal slot
shape and a pair of side flanges 92 (or projections) pro-
truding from a bottom part the frame 91. These side flang-
es 92 and a top surface of the platform 90 define a lateral
slot (schematically indicated by arrow 93). Said lateral
slot 93 may be fitted into a sidewall of the track or slot 8.
[0050] Furthermore, the first displaceable element 12
may comprise a pair of parallel plates 121 each provided
with a hole 122 for a hinged coupling to the rigid bar 13
that articulates with the femur support 11. The first dis-
placeable element 12 may further comprise a dovetail
shaped profile 123 which may fit into the dovetail slot of
the frame 91 of the platform 90.

[0051] The first displaceable element 12 may also
comprise adjustment means 124 (e.g. a screw) of the
dovetail shaped profile 123 to the frame 91. This way,
the distance between the first displaceable element 12
and the second displaceable element 4 may be adjusted
(increase or decrease), in those embodiments in which
they are attached (see also figure 8a).

[0052] On the other hand, the second displaceable el-
ement 4 may comprise a pair of parallel plates or lugs
401 provided with a pair of holes 402 for a hinged coupling
with the "U" shaped profile 35 of the tibia support 34.
[0053] Inaddition, the platform 90 may comprise a hole
94 through which a shaft, threaded or not (not drawn)
may pass allowing platform 90 to move along said axis.
Said shaft may be provided with stops for limiting the
movement of the platform 90. The platform 90 may also
be driven (in the sense of arrow A of figures 4 and 5) by
a pneumatic cylinder.

[0054] In the embodiment shown in Figures 6 and 7,
the movement of the platform 90 (schematically shown
by arrow A of figures 4 and 5), implies a movement of
the means for inducing a flexion-extension movement
and the first means for inducing a slide. However, the
platform could also actuate the second means for induc-
ing a slide, in those embodiments in which such means
are attached tothe first means forinducing a slide (figures
3 to 5). Alternatively the platform may comprise two or
three separate sections, one for the means for inducing
the flexion-extension movement, one for the first means
forinducing a slide and / or another for the second means
forinducing a slide. Embodiments in which, for example,
the first and second means for inducing a slide are actu-
ated from the same displaceable element and the means
for inducing the flexion-extension movement are pro-
voked from another displaceable element are also pos-
sible. In all these cases, the speed of the displaceable
elements may be adjustable.

[0055] Figures8a-8c show diagrams of some possible
embodiments in which the means for inducing a slide
only comprise fist means for inducing a slide and figures
8d - 8f show diagrams of some possible embodiments in
which the means for inducing a slide comprise first and
second means for inducing the slide.

[0056] Figure 8a thus shows an embodiment in which
the means for inducing a flexion-extension movement 50
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may be driven from a second displaceable element 4,
the first means for inducing a slide 10 may be actuated
from a first displaceable element 12 attached to said
means 10 by a rigid bar 13 and the first displaceable
element 12 may be joined to the second displaceable
element 4.

[0057] Figure 8b shows an embodiment which differs
from the previous one (figure 8a) in that the first displace-
able element 12 may not be attached to the second dis-
placeable element 4 and both may be moved in a syn-
chronized manner.

[0058] Synchronization positively contributes so that
at the joint, the flexion-extension movement is accompa-
nied by a slide between both articular surfaces.

[0059] Figure 8c shows an embodiment in which the
means for inducing a flexion-extension movement 50
may be driven from a second displaceable element 4 and
the first means for inducing a slide 10 may be driven from
the same second displaceable element 4 via a hydraulic
cylinder 19.

[0060] Figure 8d shows an embodiment in which the
means for inducing a flexion-extension movement 50
may be driven from a second displaceable element 4,
the first means for inducing a slide 10 may be actuated
from a first displaceable element 12 attached to said
means 10 by a rigid bar 13 and the second means for
inducing a slide 20 may be driven from a third displace-
able element 29 joined to said means 20 by another rigid
bar 23a. In this case the three displaceable elements 12,
4 and 29 may act in synchrony.

[0061] Figure 8e outlines an embodiment which differs
from the previous one (figure 8d) in that the first means
forinducing a slide 10 and the second means for inducing
a slide 20 may be actuated from two separate hydraulic
cylinders 19 and 23 joined to the second displaceable
element4 of the means for inducing the flexion-extension
movement 50.

[0062] And figure 8f outlines an embodiment which dif-
fers from the previous ones in that the hydraulic cylinders
19a and 23b that drive the first 10 and second 20 means
for inducing a slide may be joined to a pivot point 30b of
the means for inducing the flexion-extension movement
that, in use, may be associated with the jointitself (femur-
tibia).

[0063] In alternative embodiments, the displaceable
elements may comprise a cart with wheels at the bottom.
In these cases, the track or guide may comprise stops
to limit its displacement.

[0064] The device of the present invention may be
powered by any electric power source or battery.
[0065] Although the device has been described in de-
tail for the knee joint, with the relevant size adjustments
it could be valid for other diarthrodial and synovial joints.
[0066] In figures 9 to 12 another embodiment of the
invention is shown.

[0067] Figures 9 and 10 are perspective views of this
further embodiment, in extended position and in flexed
position, respectively. This embodiment has some ele-
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ments which are similar to the previously described em-
bodiments in which not great emphasis will be done.
[0068] In this case, means for inducing a flexion-ex-
tension movement 50’ may include a first pivot point 30a’
associated in a specific case to the hip joint, a second
pivot point 30c¢’ associated in a specific case to the ankle
joint, and displaceable on the base 3’ as in the case of
the previous embodiment, and a pivot point 30b’ associ-
ated in a specific case to the femur-tibia joint itself.
[0069] Moreover, the means for inducing the flexion-
extension movement 50° may comprise a support for the
tibia 34’ with a pair of first parallel bars 34a’, 34b’ (joined
by rigid bars to the pivot point 30¢’) and a support for the
femur 31°, which in this case comprises an articulated
parallelogram at each side 31 a’, 31 b’, in order to allow
the patient to adopt a proper position, with the hip furthest
from the pivot point 30a’.

[0070] These articulated parallelograms include a pair
of second bars 31 a", 31 b" of which figure 9 only shows
the second bar 31 a": this bar may be bent at its two ends,
and may extend between the pivot point 30a’ and a pivot
point 31a" in which the second bar 31 a" is articulated
to a point of the first bar 34a’. The bar 31 b" is mounted
in the same way, on the other side of the device.
[0071] According to the embodiment shown, the de-
vice comprises means 20’ for inducing a slide between
the two articular surfaces during the flexion-extension
movement that, in this case, may comprise a support 21’
for the tibia; this support 21’ may extend parallel to the
pair of first bars 34a’, 34b’, and be mounted on these first
bars so as to be displaceable with respect to these bars
in a direction substantially perpendicular to its direction,
as will be explained later.

[0072] In particular, the support 21’ may comprise a
pair of parallel bars 21 a’, 21 b’, of which, in figures 9 and
10, bar 21 b’ is clearly visible, while much of the bar 21
a’ is hidden behind the bar 34a’.

[0073] The support21’ may further comprise a first fas-
tening piece 25’ for the tibia, which may extend between
the two bars 21 a’, 21 b’, and a second fastening piece
26’, which may have a coupler 27’ for engagement by
fitting into one of two corresponding hooks 28’ integral
with the bars 21 a’, 21 b’, so that it can be mounted in
each case atthe most convenient side of the device. The
second fastening piece 26’ may have a hinge for closing
in order to clamp the tibia between the pieces 25’ and 26'.
[0074] At the free end of the bars 21 a’, 21 b’, which
may be telescopic to accommodate to the size of each
patient, the foot support 40’ may be articulated.

[0075] The support 21’ for the tibia may be mounted
with respect to the bars 34a’, 34b’ in the manner de-
scribed following.

[0076] On one hand, at one end of the bars 34a’, 34b’
guides 60’ may be mounted in which corresponding run-
ners 61’ may slide that are integral with the bars 21 a’,
21 b’, so as to allow and guide the displacement of the
support 21’ in a direction perpendicular to the pair of first
bars 34a’, 34b’.
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[0077] On the other hand, the support 21’ may be cou-
pled to the first bars 34a’, 34b’ using a cam unit 70’ which
provokes their distancing from the firstbar during aflexion
movement of the device.

[0078] Thecamunit70’may comprise two similar parts
70a’, 70b’, one at each side of the device, which may be
interposed between the first bars 34a’, 34b’ and the bars
21 a’, 21 b’ of the support 21’ respectively.

[0079] Details related to the cam unit 70’ will be better
understood with reference to figures 11 and 12 showing
an enlarged view of the cam unit 70’ in the same extended
and flexed positions of figures 9 and 10.

[0080] As can be seen, the part 70a’ of the cam unit
70’ may be associated to the pivot point 31a" mentioned
above, and may comprise a cam surface 71 a’ made in
the same (hidden and drawn in dashed lines in figures 9
and 11), in which a cam follower 72a’ integral with the
bar 21 a’ may slide.

[0081] Part 70b’ of the cam unit 70’ (visible in figures
9 and 10) is mounted in a similar manner and the set may
comprise means (not shown) to ensure synchronization
between the two parts.

[0082] Part70a’ of the cam unit 70’ may be associated
to the pivot point 31 a" so that, when using the device in
a rehabilitation, the cam unit 70’ rotates together with the
bar 31 a"; a particular manner in which the coupling be-
tween the part 70a’ and the bar 31 a" may be carried out
will be explained later.

[0083] When the cam unit 70’ rotates driven by the ro-
tation of the pivot point 31a" (i.e. during the flexion-ex-
tension movement, in which the bar 31 a" rotates relative
to the bar 34a’ as appreciated by comparing figures 9
and 10), the cam surface 71 a’ also rotates, and the fol-
lower 72a’ moves, as it follows the cam surface 71 a’.
[0084] The shape of the cam surface 71 a’ may be
appropriate such that the follower 72a’ drag the bar 21
a’ and displace it in a direction perpendicular to the bar
34a’, so that during the flexion-extension movement the
support 21’ may displace the tibia perpendicularly to the
pair of bars 34’ thus causing a slippage between the two
articular surfaces.

[0085] More specifically, the cam surface may lead to
the distancing of the support 21’ of the pair of bars 34’
(in the direction of arrow D in figure 12) during a flexion
movement, as can be seen by comparing figures 11 and
12.

[0086] The cam surface 71 a’ may have substantially
the shape of a portion of an ellipse. It has been found
that an elliptical shape allows the slide induced between
the articular surfaces for each flexion angle to be closer
to the values recommended in the literature.

[0087] It should be noted that the angle of rotation of
the cam unit 70’ associated to the pivot point 31 a" es-
sentially coincides with the rotation angle of the pivot
point 30a’: i.e., that corresponding to the joint between
the tibia and the femur which is the object of the rehabil-
itation. Mounting the associated cam to the pivot point
31 a" allows maintaining free the pivot point 30a’, for
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example, for a sensor of the rotated angle during flexion.
[0088] In order for a device according to the invention
to allow a rehabilitation treatment with a greater or lesser
degree of slide between the articular surfaces, for exam-
ple depending on the degree of rehabilitation reached,
the pain felt by the patient, etc.., it is envisaged that in
embodiments of the invention the cam unit may have an
adjustable position, so that each mounting position of the
cam unit corresponds to a magnitude of displacement of
the displaceable support 21’ with respect to the pair of
bars 34’ during the flexion movement.

[0089] In order to perform this adjustable mounting,
the cam unit 70’ is rotatably mounted about a point (not
visible in the figures) of the bar 34a’, and the device com-
prises a pair of auxiliary plates, of which the plate 80a’
is visible in figures 9 to 12.

[0090] As shown by these figures, the auxiliary plate
80a’ may be integral to the bar 31 a" by flanges and there
may be means for adjusting the position of the cam unit
70’ with respect to the plate 80a’: for example, the figures
show anembodimentwith a hole inthe plate 80a’, a series
of holes 81 a’ made in the part 70a’ of the cam unit 70’,
and a pin 82a’ intended to be inserted through the holes
to fix the relative position of the two parts 70a’, 80a’, and
therefore the position of the cam unit 70’ relative to the
bar 31 a".

[0091] Itshould be understood that when changing the
position of the cam unit 70’ with respect to the auxiliary
plates, rotating the cam unitaroundits point of articulation
in the bar 34a’ and then fixing it by the pin 82a’, the el-
liptical shaped cam surface 71 a’ is more or less inclined
with respect to the direction of the bar 34a’: therefore,
the displacement induced by the cam surface 71 a’ in the
cam follower 72a’ (and therefore in the tibia support 21
") will vary.

[0092] The invention further relates to a kit allowing
expanding a conventional rehabilitation device compris-
ing means for inducing a flexion-extension movement of
the joint, so that it can also induce a slide between both
articular surfaces.

[0093] An embodiment of the kit comprises means for
inducing a slide between both articular surfaces, destined
to act on one of the members of the joint during the flex-
ion-extension movement, and means for coupling to the
device, in accordance with figures 9 to 12, the kit may
comprise the movable support 21’ and the cam unit 70’
for coupling said movable support to the pair of first bars
34’, so that said support is displaceable in a direction
substantially perpendicular to said pair of bars 34’, as
described above.

[0094] The kit may also comprise other suitable ele-
ments for mounting the movable support 21’ and the cam
unit 70, such as the guides 60’, the runners 61’, the aux-
iliary plates, etc..

[0095] Figure 13 schematically shows a method of
adapting a kitto a conventional rehabilitation device com-
prising means forinducing a flexion-extension movement
of the joint.
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[0096] As can be seen, the method may comprise to
free the foot support40’, to mount the guides 60’, to install
the cam unit 70’ (with its auxiliary plate if applicable), to
mount the support 21’ for the tibia between the cam unit
70’ and the guide 60’, and to place the foot support 40’
at the end of the support 21’ for the tibia.

[0097] It should be noted that although the embodi-
ment of figures 9 to 13 has been described in connection
with a device for the rehabilitation of the knee joint, similar
devices (and corresponding expansion kits) could also
be used for other joints; likewise devices (and corre-
sponding expansion kits) for inducing a slide acting on
the proximal member of the joint (for example the femur),
instead of acting on the distal member (for example the
tibia) could be designed.

[0098] A kitanalogous to that described with reference
to figure 13 could also be used to adapt or expand other
conventional devices, for example that shown in figure
2, with the kinematic, mechanical, etc... modifications
that may be required.

[0099] Furthermore, although reference is made to
continuous passive motion devices, active or non-con-
tinuous motion devices could be designed inducing a
slide between the articular surfaces.

Although only a number of particular embodiments and
examples of the invention have been disclosed herein,
it will be understood by those skilled in the art that other
alternative embodiments and/or uses of the invention and
obvious modifications and equivalents thereof are pos-
sible. Furthermore, the present invention covers all pos-
sible combinations of the particular embodiments de-
scribed. Reference signs related to drawings and placed
in parentheses in a claim, are solely for attempting to
increase the intelligibility of the claim, and shall not be
construed as limiting the scope of the claim. Thus, the
scope of the present invention should not be limited by
particular embodiments, but should be determined only
by a fair reading of the claims that follow.

Claims

1. Continuous passive motion device for rehabilitation
of a diarthrodial and synovial joint between a proxi-
mal member with a first articular surface and a distal
member with a second articular surface, wherein the
device comprises means for inducing a flexion-ex-
tension movement (50; 50’) of the joint and is char-
acterized in that it further comprises means for in-
ducing a slide (10; 20; 20’) between the two articular
surfaces, said means (10; 20; 20’) acting on one of
the members of the joint during the flexion-extension
movement.

2. Continuous passive motion device according to
claim 1, wherein the means for inducing a slide (10;
20; 20’) and the means for inducing the flexion-ex-
tension movement (50; 50°) act in a synchronized
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10.

manner.

Continuous passive motion device according to any
of claims 1 or 2, wherein the means for inducing a
slide (10; 20) comprise first means (10) acting on the
proximal member of the joint.

Continuous passive motion device according to
claim 3, wherein the means for inducing a flexion-
extension movement (50) comprise a first pivot point
(30a) that, in use, is associated with a proximal end
of the proximal member of the joint and the first
means for inducing a slide (10) comprise a first sup-
port (11) for the proximal member, one end of said
first support being mounted pivotally at said first pivot
point (30a).

Continuous passive motion device according to
claim 4, wherein the first support (11) is actuated
from a first displaceable element (12) arranged at
the base (3) of the device, said first displaceable el-
ement being longitudinally displaceable in the direc-
tion of the flexion-extension movement.

Continuous passive motion device according to
claim 5, wherein the first support (11) is driven from
the first displaceable element (12) by a rigid bar (13)
or a hydraulic cylinder (19), doubly articulated.

Continuous passive motion device according to
claim 4, wherein the first support (11) is driven by a
hydraulic cylinder (19a) mounted between an end of
the first support (11) and a pivot point of the means
for inducing the flexion-extension movement that, in
use, is associated with the joint.

Continuous passive motion device according to any
of claims 5 to 6, wherein the first displaceable ele-
ment (12) is joined to a second displaceable element
(4) longitudinally displaceable in the direction of the
flexion-extension movement that actuates the
means for inducing the flexion-extension movement.

Continuous passive motion device according to any
of claims 1 to 8, wherein the means for inducing a
slide between the two articular surfaces of the joint
comprise second means (20) acting on the distal
member of the joint during the flexion-extension
movement.

Continuous passive motion device according to
claim 9, wherein the second means for inducing a
slide (20) comprise a second support (21) for said
distal member, one end of said second supportbeing
pivotally mounted in a second pivot point (30c) of the
means for inducing the flexion-extension movement
(50) that, in use, is associated with a distal end of
the distal member of the joint.
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Continuous passive motion device according to
claim 10, wherein the second support (21) is driven
from a third displaceable element (29) longitudinally
displaceable in the direction of the flexion-extension
movement, said third displaceable element (29) be-
ing arranged on a base (3) of the device.

Continuous passive motion device according to
claim 11, wherein the second support (21) is driven
from the third displaceable element (29) by a rigid
bar (23a) or a hydraulic cylinder (23), doubly articu-
lated.

Continuous passive motion device according to any
of claims 11 or 12, wherein the first displaceable el-
ement (12) and the third displaceable element (29)
operate in a synchronized manner.

Continuous passive motion device according to
claim 13, wherein the first and third displaceable el-
ement are the same displaceable element.

Continuous passive motion device according to
claim 10, wherein the second support (21) is driven
by a hydraulic cylinder (23b) mounted between an
end of the second support (21) and a pivot point of
the means for inducing the flexion-extension move-
ment that, in use, is associated with the joint.

Continuous passive motion device according to any
of claims 4 to 15, wherein each support (11, 21) com-
prises a "U" shaped lower piece (14, 24) and an "L"
shaped upper piece (15, 25) connected at one of its
ends to the support (11, 21), while the upper piece
(15, 25) is slidably mounted on the support (11, 21)
so as to adjust to the length of the limbs they support.

Continuous passive motion device according to any
of claims 1 or 2, wherein the means for inducing a
flexion-extension movement (50’) comprise at least
one first bar (34’) associated with the distal member
of the joint, and the means for inducing a slide be-
tween both articular surfaces comprise a movable
support (21’) for said distal member of the joint, the
support (21°) being mounted on said first bar (34’)
such that it is displaceable with respect thereto in a
direction substantially perpendicular to the direction
of said first bar (34’).

Continuous passive motion device according to
claim 17, wherein the movable support (21’) is ar-
ranged parallel to the first bar (34’), the movable sup-
port being coupled to said first bar by means of a
cam unit (70’) causing their distancing from the first
bar (34’) during a flexion movement.

Continuous passive motion device according to
claim 18, wherein said cam unit (70’) is associated
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with a pivot point (31a") of the means for inducing
a flexion-extension movement (50°) whose angle of
rotation essentially corresponds to the angle of ro-
tation of the joint object of the rehabilitation, and it is
adapted to rotate when rotating said joint.

Continuous passive motion device according to any
of claims 18 or 19, wherein the cam unit (70’) is at-
tached to the means for inducing a flexion-extension
movement (50°) in an adjustable manner, such that
each mounting position of the cam unit (70’) corre-
sponds to a magnitude of displacement of the mov-
able support (21’) with respect to the first bar (34’)
during the flexion movement.

Continuous passive motion device according to any
of claims 18 to 20, wherein the cam unit (70’) com-
prises a cam surface (71 a’) whose shape is sub-
stantially a portion of an ellipse and in which a cam
follower (72a’) integral with the movable support (21°)
slides.

Continuous passive motion device according to any
of claims 18 to 20, wherein the movable support (21°)
is further coupled to said first bar (34’) at another
point by a guide (60, 61’) which allows the displace-
ment in a direction perpendicular to the first bar (34’).

Expansion kit for a continuous passive motion device
for rehabilitation of a diarthrodial and synovial joint
between a proximal member with a first articular sur-
face and a distal member with a second articular
surface, comprising means (50, 50°) for inducing a
flexion-extension movement of the joint, the kit com-
prising means for inducing a slide (20’) between both
articular surfaces intended for acting on one of the
members of the joint during the flexion-extension
movement, and means for coupling to the device
(70’, 60’, 61°).

Expansion kit according to claim 23, comprising a
movable support (21’) for said distal member of the
joint, and a cam unit (70’) intended for coupling said
movable support (21°) to a first bar (34’) of the means
for inducing a flexion-extension movement (50°)
such that said support (21’) is displaceable with re-
spect to said first bar (34’) in a direction substantially
perpendicular thereto, and such thatit causesits dis-
tancing from the first bar (34’) during a flexion move-
ment.
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