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(54) HAND REHABILITATION DEVICE WITH FIXING MECHANISM

(57) A hand rehabilitation device comprising a thumb rehabilitation assembly (20) and a thumb fixing mechanism
(40) coupled thereto for the anthropometric positioning of a thumb of a user. The thumb fixing mechanism (40) comprises:
a fixing/releasing mechanism (10, 110) comprising an elongated member (1, 1’); a first part (2) comprising a through
hole for sliding said part (2) along said elongated member (1, 1’); a joint (8) comprising two parallel hollow canals (3A,
4A, 6A; 3B, 4B, 6B) that go through the joint (8) from a first side to a second side thereof, opposite to the first side, said
joint (8) comprising a through hole (3C, 4C, 6C) configured to mount the joint (8) concentrically along said elongated
member (1, 1’) until the joint (8) is supported on said first part (2); guiding means (5) comprising two sections (5A, 5B)
inserted along respective said two parallel hollow canals (3A, 4A, 6A; 3B, 4B, 6B), said two sections (5A, 5B) being
capable of sliding along said canals (3A, 4A, 6A; 3B, 4B, 6B), wherein one end (5x, 5y) of each of said two sections (5A,
5B) are connected to said thumb rehabilitation assembly (20); a nut (7) configured to be concentrically mounted on said
joint (8) along said elongated member (1, 1’). The fixing/releasing mechanism (10, 110) is configured to manually switch
from a first position to a second position and vice versa: a first unlocked position in which the joint (8) and the guiding
means (5) are free to perform a plurality of independent movements in different directions for adjusting said thumb
rehabilitation assembly (20); and a second locked position in which the movement of said joint (8) and guiding means
(5) is blocked, thus fixing the thumb rehabilitation assembly (20) in the position selected after performing said plurality
of independent movements.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to the field of de-
vices for rehabilitation ofimpaired limbs and, in particular,
to devices for rehabilitation of impaired hands and fin-
gers.

STATE OF THE ART

[0002] Finger function can be lost or damaged as a
result of neurological injuries, such as stroke, spinal cord
injuries, traumatic brain injuries or Parkinson disease.
For example, stroke may cause paralysis of one side of
the body. Examples of damaged finger functions are fail-
ure to extend fingers, poor finger coordination, loss of
finger independence, poor grasping or manipulation abil-
ity and inability to control constant grip force. Since the
brain has certain capacity to reorganize the damaged
neural connections, a partial (or even complete) recovery
of the damaged functions is possible.

[0003] There exist active apparatuses for hand reha-
bilitation, including finger rehabilitation. Such rehabilita-
tion aims at stimulating the recovery, usually by perform-
ing repeated movements involving the impaired limb.
[0004] One well-known type of hand rehabilitation sys-
tems is based on exoskeletons, which are robotic skel-
etons that externally embrace a limb or part of the body.
For example, United States patent US-5516249-A de-
scribes an exoskeletal control apparatus based on a
glove framework into which a hand can be inserted. A
similar system is disclosed in United States patent US-
8574178-B2.

[0005] There are also less-complex finger rehabilita-
tion systems, such as the one disclosed in International
patent application WO-2010/140984-A1, which compris-
es a support on which an impaired arm is fixed and five
sub-systems, each of them comprising a finger fixation
(strap) and a clutch system. Each finger strap is actuated
by means of a cable (guided through a pulley) pulling in
one direction and a bow spring in the other. However,
this system is hardly portable due to its non-compact-
ness.

[0006] Finally, the availability of simple low-cost devic-
es could extend the duration of rehabilitation, allowing
robot-supported exercises at the patient's home, under
remote monitoring and/or evaluation by the therapists.
[0007] A common problem shared by conventional
hand rehabilitation devices is the adjustment of the
thumb, because the size and shape of the thumb varies
significantly from person to person. For example, Krebs
HI, Volpe BT, Williams D, et al. in "Robot-aided neurore-
habilitation: a robot for wrist rehabilitation", IEEE Tran-
sNeural Syst Rehabil Eng 2007; 15:327-335, disclose a
device that has no thumb adjustment. This problem has
been address by Takahashi CD, Der-YeghiaianL, Le VH
and Cramer SC in "A robotic device for hand motor ther-
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apy after stroke", International Conference on Rehabili-
tation Robotics, ICORR Proceedings; 28 June-1 July
2005; Chicago, USA. This device includes adjustment of
the thumb, but only to a certain extent, because it only
provides 1 degree of freedom (DOF).

[0008] Therefore, there is a need to provide a hand
rehabilitation device which provides optimized and quick
adjustment, fixation and release of the thumb.

DESCRIPTION OF THE INVENTION

[0009] Itis an object of the invention to provide a hand
rehabilitation device with an improved mechanism for
thumb adjustment and fixation.

[0010] According to an aspect of the presentinvention,
there is provided a hand rehabilitation device comprising
a thumb rehabilitation assembly and a thumb fixing
mechanism coupled to said thumb rehabilitation assem-
bly for the anthropometric positioning of a thumb of a
user. The thumb fixing mechanism comprises: afixing/re-
leasing mechanism comprising an elongated member; a
first part comprising a through hole for sliding said part
along said elongated member; a joint comprising two par-
allel hollow canals that go through the joint from a first
side to a second side thereof, opposite to the first side,
said joint comprising a through hole configured to mount
the joint concentrically along said elongated member until
the joint is supported on said first part; guiding means
comprising two sections nserted along respective said
two parallel hollow canals, said two sections being ca-
pable of sliding along said canals, wherein one end of
each of said two sections are connected to said thumb
rehabilitation assembly; a nut configured to be concen-
trically mounted on said joint along said elongated mem-
ber; wherein the fixing/releasing mechanism is config-
ured to manually switch from a first position to a second
position and vice versa: a first unlocked position in which
the joint and the guiding means are free to perform a
plurality of independent movements in different direc-
tions for adjusting said thumb rehabilitation assembly;
and a second locked position in which the movement of
said joint and guiding means is blocked, thus fixing the
thumb rehabilitation assembly in the position selected
after performing said plurality of independent move-
ments.

[0011] In a particular embodiment, the fixing/releasing
mechanism of said thumb fixing mechanism further com-
prises a lever having an end terminated in a cam-like
mechanism and a part, wherein one end of said elongat-
ed member is coupled to said cam-like mechanism, said
part being configured to slide along said elongated mem-
ber until it contacts said cam-like mechanism, said two
positions of the fixing/releasing mechanism being ac-
tioned by said lever. More particularly, the end of said
elongated member coupled to said cam-like mechanism
comprises two protrusions that exceed the section of the
elongated member and said cam-like mechanism com-
prises respective holes aligned with each other, each of
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said two protrusions being configured to couple with a
corresponding hole.

[0012] In an alternative embodiment, the fixing/releas-
ing mechanism of said thumb fixing mechanism is formed
by a screw, said screw comprising said elongated mem-
ber.

[0013] In a particular embodiment, the joint of said
thumb fixing mechanism comprises: a second part hav-
ing a through hole, the second part being configured to
be inserted along said elongated member, that receives
a convex surface of said part until it is supported on said
first part; and first and second swivels of spherical cap
shape, having respective through holes, said first and
second swivels being configured to couple with each oth-
er at their respective non-convex sides, and configured
to be inserted along said elongated member through said
through holes until they are supported on said second
part.

[0014] In a particular embodiment, said plurality of in-
dependent movements for adjusting said thumb rehabil-
itation assembly are performed thanks to five contact sur-
faces that are released in said first unlocked position of
the fixing/release mechanism, said contact surfaces be-
ing: a first contact surface between said first part and
said second part; a second contact surface between said
second part and said lower swivel; a third contact surface
between said lower swivel and said upper swivel; a fourth
contact surface between said upper swivel and said nut;
and a fifth surface between said first part and said fix-
ing/releasing mechanism.

[0015] In a particular embodiment, the guiding means
of said thumb fixing mechanism comprises two curved
sections, thus allowing anthropometric positioning of the
thumb.

[0016] In sum, the mechanism of the invention permits
to adjust 4 degrees of freedom and only 1 lock is needed
to block them all.

[0017] Additional advantages and features of the in-
vention will become apparent from the detail description
that follows and will be particularly pointed out in the ap-
pended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Tocomplete the description and in order to pro-
vide for a better understanding of the invention, a set of
drawings is provided. Said drawings form an integral part
of the description and illustrate an embodiment of the
invention, which should not be interpreted as restricting
the scope of the invention, but just as an example of how
the invention can be carried out. The drawings comprise
the following figures:

Figures 1A, 1B, 1C and 2 show different views of a
portable hand rehabilitation device comprising a
thumb fixing mechanism, according to a possible
embodiment of the invention.

Figures 3A and 3B show the thumb fixing mechanism
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according to a possible embodiment of the invention.
Figure 3A shows a break-up of the thumb fixing
mechanism, while figure 3B shows the mechanism
once assembled.

Figures 4A and 4B show a section view of the thumb
fixing mechanism of figures 3A and 3B. Figure 4A
shows a section view of the break-up of the mecha-
nism while figure 4B shows a section view of the
mechanism once assembled.

Figure 5 shows a view of an exemplary part of the
mechanism. This partacts as areference for all other
parts.

Figure 6 shows two views of another exemplary part
of the mechanism. This partis designed to be placed
on the part shown in figure 5.

Figure 7 shows two views of an exemplary lower
swivel of the mechanism.

Figure 8 shows two views of an exemplary upper
swivel of the mechanism.

Figures 9A and 9B show a comparison between
"open" and "locked" positions of the thumb fixing
mechanism.

Figure 9C shows a detail of the contact surfaces be-
tween different parts in the "open" position of the
thumb fixing mechanism.

Figure 9D shows another view of the thumb fixing
mechanism in "locked" position.

Figures 10A-10C show different views of an alterna-
tive embodiment, in which the fixing/releasing mech-
anism has been replaced with a conventional screw.
Figures 11A-11D show afirst allowed movement en-
abled by the thumb fixing mechanism of the inven-
tion.

Figures 12A-12D show a second allowed movement
enabled by the thumb fixing mechanism of the in-
vention.

Figures 13A-13D show a third allowed movement
enabled by the thumb fixing mechanism of the in-
vention.

Figures 14A-14B show a fourth allowed movement
enabled by the thumb fixing mechanism of the in-
vention.

DESCRIPTION OF A WAY OF CARRYING OUT THE
INVENTION

[0019] In this text, the term "comprises" and its deriva-
tions (such as "comprising”, etc.) should not be under-
stood in an excluding sense, that is, these terms should
not be interpreted as excluding the possibility that what
is described and defined may include further elements,
steps, etc.

[0020] In the context of the presentinvention, the term
"approximately" and terms of its family (such as "approx-
imate", etc.) should be understood as indicating values
very near to those which accompany the aforementioned
term. That is to say, a deviation within reasonable limits
from an exact value should be accepted, because a
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skilled person in the art will understand that such a de-
viation from the values indicated is inevitable due to
measurementinaccuracies, etc. The same applies to the
terms "about" and "around" and "substantially".

[0021] The following description is not to be taken in a
limiting sense but is given solely for the purpose of de-
scribing the broad principles of the invention. Next em-
bodiments of the invention will be described by way of
example, with reference to the above-mentioned draw-
ings showing apparatuses and results according to the
invention.

[0022] Figures 1A-1C and 2 show respective views of
an exemplary portable hand rehabilitation device 30 com-
prising a thumb rehabilitation assembly 20. The device
30 comprises a thumb fixing mechanism 40 according to
an embodiment of the invention. The thumb fixing mech-
anism 40 is not limited to this exemplary hand rehabili-
tation device 30. What is more, the thumb fixing mecha-
nism 40 is not limited to this exemplary thumb rehabili-
tation assembly 20. On the contrary, the thumb fixing
mechanism 40 of this invention is to be used in any hand
rehabilitation device requiring adjustment of a part or
group of parts dedicated to the rehabilitation of a thumb,
such as the thumb rehabilitation assembly 20 illustrated
in figures 1A-1C and 2. Figures 1B and 1C explain how
the rehabilitation assembly 20 is attached to the locking
mechanism 40. The two rod ends 5x 5y (described later
and shown in detail in figure 3A) are press-fit to corre-
sponding matching receptacles 21 22 on the rehabilita-
tion assembly 20.

[0023] The exemplary hand rehabilitation device 30 is
configured to be grasped by the hand to be trained or
rehabilitated, in such a way that the palm, fingers and
thumb (inner part of the hand) surround the grasped de-
vice 30. When grasping the hand-held device 30 by an
impaired hand, the inner part of the fingers and thumb
are disposed on several supports or "finger rests" (for
example the thumb is supported on rest or support 21).
The remaining supports for the fingers (index, middle,
ring and little fingers) are not explained because they are
not relevant for the present invention. In this example,
the thumb support 21 is attached to a structure 20 which
holds the transmission mechanism for that support 21.
Inuse of the device 30, the supports or rests for the thumb
and fingers are moved, actuated by one or more motors,
provoking the flexion/extension of the thumb and fingers
supported on the corresponding supports or rests. As
can be observed, device 30 permits independent reha-
bilitation of the thumb by means of support 21 and cor-
responding transmission mechanism. Rehabilitation of
the index, middle ring and little fingers is out of the scope
of the present invention. The exemplary device 30 per-
mits passive rotation of finger (and thumb) supports for
self-alignment with hands of varying sizes.

[0024] Figure 3A shows a break-up of thumb fixing
mechanism 40 (or thumb lock mechanism) according to
apossible embodiment of the invention. Figure 3B shows
the mechanism once assembled. The mechanism 40

10

15

20

25

30

35

40

45

50

55

serves at adjusting the initial position of the thumb prior
to starting a rehabilitation session. The thumb size may
vary from person to person. The mechanism 40 works
both of a right hand thumb and of a left hand thumb. The
mechanism 40 provides a joint 8 that allows the adjust-
ment of four independent positions of the bent rod (re-
ferredtoas 5A, 5B, 5x, 5y) where the thumb rehabilitation
assembly is attached, thus providing 4 degrees of free-
dom (DOF). This way, the thumb assembly can be ad-
justed in 4 different angles. The 4 DOF can all be
locked/unlocked with a single movement or click of the
mechanism.

[0025] Mechanism 40 is based on a joint 8 composed
of upper and lower halves defining two cylindrical canals
in between, in such a way that guiding means, such as
a curved rail or rod, can move (slide) along the canals,
between the two halves of the joint, or be clamped (fixed)
in place there between. The shape of the curved sliding
rail is such that it allows anthropometric positioning of
the thumb with respect to a large range of human hand
sizes.

[0026] Mechanism 40 comprises several parts. It com-
prises a quick fixing/releasing mechanism 10. The fix-
ing/releasing 10 has an elongated member, such as a
bolt, stick or skewer 1. In a particular embodiment, one
of the ends of the elongated member 1 forms two protru-
sions 101 102 that exceed the section of the elongated
member. The protrusions 101 102 are preferably perpen-
dicular to the elongated member 1 and aligned with each
other, that is to say, forming a 1800 angle with respect
to each other. In other words, member 1 has a "T" shape
or hammer shape. The fixing/releasing 10 may comprise
a part 12 having a thru hole along which the elongated
member 1 can slide with clearance. So, part 12 enters
the elongated member 1 through its end not ended in two
protrusions 101 102. The fixing/releasing 10 of this em-
bodiment also comprises an arm 11 having an end ter-
minated in a cam or rotating mechanism. The elongated
member 1 is connected, preferably by means of the pro-
trusions 101 102, to this cam or rotating mechanism. This
cam-like mechanism is implemented in this embodiment
by two members 111 112 defining respective holes which
are aligned with each other, defining a rotation axis. The
two members 111 112 form a single part with the arm
11. Since the arm 11 works as a lever, both terms "arm"
and "lever" are used equally to refer to element 11. The
quick fixing/releasing mechanism 10 has two positions
actioned by arm 11 that will be explained later in this text.
Protrusions 101 102 of the elongated member 1 couple
with corresponding holes in the cam or rotating mecha-
nism 111 112. The cam-like mechanism 111 112 of lever
11 makes the elongated member 1 move up-down de-
pendingonthe angle ofthelever 11. Part 12 has asurface
(labeled with dotted arrows in figure 9D) that is in contact
with the cam mechanism 111 112 in lever 11.

[0027] Mechanism 40 also comprises a part or support
2. Part 2 is a fixed part acting as a reference for all other
parts, which are connected to part 2. Besides, part 2 rep-
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resents the geometry required at the hand rehabilitation
device to which the thumb lock is connected to, that is to
say, part 2 needs to align with a particular hand rehabil-
itation device to which this thumb lock may be connected
to. In other words, the geometry of part 2, specially its
outer shape, may vary in alternative embodiments, de-
pending on the robot to which the thumb lock mechanism
is connected to. Part or support 2 is configured to be
inserted along the elongated member 1, preferably once
part 12 has been inserted. Part 2 may take any shape,
provided it has a thru hole that enables part 2 to be in-
serted along the elongated member 1, as shown for ex-
ample in figures 3A and 3B. In a particular embodiment,
part 2 could be fixed to part 12. So, part 12 is coupled to
part 2. In particular, the upper surface of part 12 is in
contact with the lower surface of part 2. As already men-
tioned, part 2 plays the role of being a reference for the
other parts. In particular, the other parts involved in the
locking mechanism (parts 3, 4, 6, 7, as described later)
are supported on part 2 as mechanism is built by sliding
those parts along elongated member 1. Part 2 is prefer-
ably an independent part with respect to the elongated
member 1 (and mechanism 10, if any). Alternatively, it
could be, together with part 12, an integral part of the
lower portion of the elongated member 1. In use of the
mechanism, part 2 does not move. Figure 5 shows one
view of part 2 according to the embodiment illustrated in
figures 3A-3B. The thru hole required for sliding part 2
along the elongated member 1 is shown. The particular
implementation of part 2 illustrated in figure 5 has two
straight parallel sides and two curved sides. However,
this shape may vary, depending on the robot to which to
thumb lock mechanism is connected.

[0028] Mechanism 40 also has a joint 8 that, when as-
sembled, takes the form of a housing. It is made of three
pieces or parts 3 4 6. Joint or housing 8 comprises a
substantially semispherical part 3. Part 3 defines a spher-
ical cap shape receptacle. It also has a smaller normal
hole to let the elongated member 1 thru. Figure 6 shows
two views of part 3 according to the embodiment illus-
trated in figures 3A-3B. Part 3 has a through hole 3C in
its central position that permits the insertion of part 3
along the elongated member 1. Therefore, the through
hole 3C of part 3 has substantially the same section as
the diameter of the elongated member 1. In use of the
mechanism 40, when part 3 is inserted along the elon-
gated member 1, the elongated member 1 receives the
convex surface of part 3. Part 3 is then placed on part 2,
which has previously been placed on part se 12. In order
for a correct adjustment of part 3 on top of part 2, part 3
should be manufactured so that there is no interference
in order to reduce friction during readjustment. Once the
mechanism is in the "locked" configuration, then parts 3
and 2 do not move and are "fixed" together with surface
friction labeled "I" (seen for example in Fig 9A (unlocked
position) and in Fig. 9C (locked position)).

[0029] Housing 8 also comprises two swivels or rotat-
ing joints 4 6. Figures 7 and 8 respectively show views
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of swivels 4 and 6 according to the embodimentiillustrated
in figures 3A-3B. Swivels or rotating joints 4 6 are of
spherical cap shape. Swivels 4 6 also have a through
hole 4C 6C in its central position that permits their inser-
tion along the elongated member 1. Swivels 4 6 are sub-
stantially complementary, in such a way that when they
are coupled to each other in their non-convex side, they
form a substantially closed part perforated by a through
hole. The hollow has truncated-cone shape. Swivels 4 6
are solid parts on which two substantially parallel canals
4A 4B 6A 6B have been done. Part 4 has a conical hole.
Part 6 has a "spherical cap" hole. Therefore there is a
lower swivel 4 and an upper swivel 6. The through hole
of each swivel 4 6 has a larger section than the diameter
of the elongated member 1, in order to receive a nut 7.
Nut 7 is substantially semispherical. Nut 7 is a lockable
adjusting nut. As shown in figure 3B, when the three parts
3 4 6 forming housing 8 are inserted along elongated
member 1 and nut 7 is also inserted on top of housing 8,
the free end of elongated member 1 slightly shows up at
the upper side of the assembly, surrounded by nut 7. In
use of the mechanism, nut 7 is screwed to elongated
member 1 and remains always at the same position.

[0030] Finally, mechanism 40 also has guiding means
5 preferably formed by a curved rail or rod. Guiding
means 5 forms two sections 5A 5B that can move (slide)
along two substantially parallel canals 4A 4B 6A 6B de-
fined in the hollow portion of swivels 4 6. Guiding means
5 is preferably formed by a single rod bended on one
end, thus providing two substantially parallel sections 5A
5B. Alternatively, guiding means 5 can be formed by two
independent substantially parallel rods. In other words,
the two sections 5A 5B can be part of a single rod which
has been bent or by two independent rods. When as-
sembling the mechanism 40, guiding means 5 is de-
signed to be inserted between swivels or rotating joints
4 6, as clearly appreciated for example in the section
view of figure 4A. In particular, the two sections 5A 5B
of guiding means 5 are inserted between corresponding
pairs of canals 4A, 6A, and 4B, 6B defined in swivels 4
6. Figure 7 shows two views of a particular embodiment
of swivel 4, in detail. Figure 8 shows two views of a par-
ticular embodiment of swivel 6, in detail. Swivel 4 has
two substantially parallel canals 4A 4B, disposed sub-
stantially in symmetry with respect to the through hollow
4C. Swivel 6 has two substantially parallel canals 6A 6B,
disposed substantially in symmetry with respect to the
through hollow 6C and designed to match the two corre-
sponding canals 4A 4B of swivel 4. Thus, when assem-
bling the mechanism 40, when the two sections 5A 5B
of guiding means 5 are longitudinally disposed on canals
4A 4B of the lower swivel 4 and the upper swivel 6 is then
disposed on the lower swivel 4, making the canals 6A 6B
of the upper swivel 6 match the canals 4A 4B of the lower
swivel 4, the two sections 5A 5B of the guiding means 5
remain between the swivels 4 6. Depending on the po-
sition (unlocked or locked) of the quick fixing/releasing
mechanism 10, guiding means 5 can freely slide along



9 EP 3 199 137 A1 10

those canals (unlocked position) or they are caught (cap-
tured) between the two swivels 4 6 (locked position). As
already explained, guiding means 5 can be one single
piece or two pieces. In any case, guiding means 5 has
at least two free ends 5x 5y designed to adapt to the
thumb rehabilitation assembly to be fixed or adjusted, as
explained with reference to figures 1B and 1C.

[0031] Turning back to the substantially spherical cap
shape part (receptacle) 3, shown in detail in figure 6, it
can be observed that part 3 also has two canals 3A 3B
designed to match the canals 4A 4B of the lower swivel
4, in such a way that when the mechanism 40 is assem-
bled, part 3 guides the two sections 5A 5B of guiding
means 5. The two substantially parallel canals defined
in joint 8 (respectively formed by canal 3A 4A 6A and
canal 3B 4B 6B), that go through joint 8 from a left side
to a right side of the joint as seen for example in figure
3B, do not interfere with the through hole that also goes
through the joint 8 from an upper side to a lower side of
the joint, configured to receive the bolt 1, as seen for
example in figure 3B.

[0032] Figure 4A shows a section view of the break-
up of the thumb fixing mechanism 40 of figures 3A and
3B, while figure 4B shows a section view of the mecha-
nism 40 once assembled.

[0033] Figures 9A and 9B show a comparison between
"open" (unlocked) (figure 9A) and "closed" (locked) (fig-
ure 9B) positions of the thumb fixing mechanism 40 of
figures 3A and 3B. The quick fixing/releasing mechanism
10 has two positions actioned by arm or lever 11. The
two positions are shown in figures 9A and 9B and imply
a rotation of the lever 11 of around 900. In a first position
(loose position), which in a particular embodiment may
occur (but not in a limitative way) when arm 11 is aligned
with the longitudinal axis of elongated member 1, the
fixing/releasing mechanism 10 (and therefore the thumb
fixing mechanism 40) is in open (unlocked) position (fig-
ure 9A). In this position, the contact surfaces I, II, llI, IV
and V between different parts of the mechanism are
loose, that is to say, there is a gap in those surfaces
between the affected parts. A second position (locked
position) occurs when all contact surfaces |, II, 11l, IV and
V are tight, meaning thatthere is no gap in those surfaces
between the affected parts, because friction in the con-
tact surfaces locks all parts in place. It is remarked that
with the quick fixing/releasing mechanism 10, nut 7 is
always (both inlocked and unlocked position) inthe same
position relative to the cam-like mechanism 111 112 of
lever 11. In a particular embodiment, which should not
be taken in a limiting way, this tight position is achieved
after moving lever 11, for example by rotating lever 11
about the rotation axis defined by holes in the cam-like
mechanism 111 112. The fixing/releasing mechanism 10
(and therefore the thumb fixing mechanism 40) is in
locked position (figure 9B). The quick fixing/releasing
mechanism 10 (formed by elongated member 1, lever 11
and part 12) can be replaced by an alternative fixing/re-
lease mechanism 110 as illustrated in figures 10A-10C,
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as discussed later. This mechanism 110 is composed of
a screw.

[0034] The mechanism 40 is locked (figure 9B) when
surfaces I, II, lll, IV and V in figure 9A are in contact due
to the compression force applied by the elongated mem-
ber 1 and the nut 7. Lever 11 pushes elongated member
1 and, as a consequence, nut 7 compresses everything
in between (that is to say, parts 3, 4, 6). In other words,
lever 11 pulls elongated member 1 downward and this,
inits upper position, is used to tighten the entire assembly
while nut remains untouched. In a less preferred embod-
iment, nut 7 may be tightened instead of using the lever
(11, 12), which would remain untouched. The mechanism
40 is open (unlocked) (figure 9A) when the contact be-
tween surfaces I, II, lll, IV and V in figure 9A is released.
This contact between surfaces is released preferably by
releasing the compression force applied from elongated
member 1 and nut 7. The mechanism 40 has 5 contact
surfaces (referred to with Roman numerals in figures 9A
and 9C) that are in substantial close contact when nut 7
is locked (preferably by manipulating lever 11) and are
released when nut 7 is released (preferably by manipu-
lating lever 11). This means that with a single part (nut
7), the mechanism 40 is capable of simultaneously lock-
ing or unlocking the 4 degrees of freedom of the mech-
anism 40. The five surfaces I, Il, I, IV, V are involved in
the achievement of these 4 DOF. In other words, releas-
ing lever 11 has the effect of releasing the surface friction
between all parts. Figure 9D shows another view of the
locked mechanism. It can be observed that part 12 has
a surface (labeled with dotted arrows in figure 9D) that
is in contact with the cam mechanism 13 in lever 11.
[0035] In other words, prior to the use by a user of a
thumb rehabilitating device having a thumb fixing mech-
anism 40, the mechanism 40 being connected to the
thumb rehabilitating structure by means of the two ends
5x 5y of guiding means 5, the user (or a therapist, for
example), having the mechanism 40 in open position (fig-
ure 9A), adjusts or selects 4 possible positions of the
orientation of the guiding means 5. Once the four posi-
tions are selected but not fixed, by a single movement of
arm 11 the mechanism 40 is locked (figure 9B).

[0036] Figure 9C shows a detail of the "open" position
(released or unlocked mechanism) of the thumb fixing
mechanism 40. The 5 contact surfaces involved in
achieving the 4 DOF are labelled: Roman | refers to the
contact surface between part (support) 2 and part (re-
ceptacle) 3. Roman Il refers to the contact surface be-
tween receptacle 3 and lower swivel or rotating joint 4.
Roman lll refers to the contact surface between the lower
swivel or rotating joint 4 and upper swivel or rotating joint
6. Roman IV refers to the contact surface between upper
swivel or rotating joint 6 and nut 7. Roman V refers to the
contact surface between part 12 and part 2.

[0037] Figures 10A-10C show an alternative embodi-
ment, in which the quick fixing/releasing mechanism 10
has been replaced by another fixing/releasing mecha-
nism 110 composed of conventional screw 110 (in par-
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ticular, M5 screw). The screw 110 comprises an elongat-
ed member 1’. In the former embodiment (lever 11, elon-
gated member 1 and part 12) the compression, thanks
to which the contact between surfaces is tight- is
achieved by manipulating lever 11. However, in this em-
bodiment using screw 110, the compression is achieved
by fixing (turning) the screw 110, which is usually done
with an Allen key. Itis remarked that, in this embodiment,
nut 7 is loose with respect to the screw 110 in the un-
locked position, and nut 7 is tight with respect to the screw
110 in the locked position.

[0038] In any of the described embodiments, the four
allowed movements that permit fixing the thumb with 4
DOF are:

(1) Afirstmovementis the turn of joint 8 and therefore
of sliding guiding means 5. This first movement is
represented in figures 11A-11D. Figures 11A and
11C show respective side and top views of a first
position of the mechanism. Figures 11B and 11D
show respective side and top views of a turned po-
sition with respect to the first one, after performing
this first movement.

(2) A second movement is the tilting of parts 4, 5 and
6 (the three of them together) with respect to part 3.
Part 5 is rigidly clamped by parts 4 and 6. Parts 4
and 6 act as a clamp; if part 4 moves, then part 6
also moves equally. Sliding rods 5 move together
with parts 4 and 6. In other words, in this degree of
freedom, parts 4, 5, 6 are clamped together and
move together.This second movement is represent-
ed in figures 12A-12D. Figures 12A and 12C show
respective side and top views of a first position of
the mechanism. Figures 12B and 12D show respec-
tive side and top views of a second position with re-
spect to the first one, in which rod 5 has slid back-
wards.

(3) A third movement is a displacement of the sliding
guiding means 5 along the canals defined by the two
parts 4 6. This third movement is represented in fig-
ures 13A-13D. Figures 13A and 13C show respec-
tive side and top views of a first position of the mech-
anism. Figures 13B and 13D show respective side
and top views of a second position with respect to
the first one, in which rod 5 has swang.

(4) A fourth movement is the basculation/tilting/rota-
tion of parts 4, 5 and 6 (the three of them together)
with respect to part 2, but the direction of the rotation
axis is different than the one in movement (2). Part
5 is rigidly clamped by parts 4 and 6. Part 3 does not
move. Figures 14A and 14B show front views of the
mechanism. Figure 14B shows a swing of part 3 with
respect to figure 14A.

[0039] Infigures 9A-9C all the labeled surfaces are im-
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portant and are involved in all different positions. This
implies that the mechanism permits to adjust 4 degrees
of freedom and only 1 lock is needed to block them all.

[0040] Insum,when auser (person havinganimpaired
hand) is going to start using a hand rehabilitation device
having a thumb rehabilitation assembly, he/she first ad-
justs the thumb rehabilitation assembly by means of the
thumb fixing mechanism that has been described in this
text. This is done as follows: first, arm 11 is released (by
manipulating and substantially aligning it with respect to
the bolt, as shown in figure 9A). Then, the four possible
movements (4 DOF) are manipulated and selected ac-
cording to the size of the thumb and hand of the user.
Once the four independent positions are selected, arm
11 is manipulated again, and with a single lock the 4 DOF
are fixed (figure 9B). Instead of the assembly formed by
arm 11, elongated member 1 and part 12, screw 110 can
be used.

[0041] In conclusion, a simple thumb adjustment
mechanism has been provided. It permits the adjustment
of the thumb in fourindependent positions, thus providing
4 degrees of freedom (DOF), with a single click (same
click for the simultaneous fixation of the four DOF). Thus,
anthropometric positioning of the thumb with respect to
a large range of human hand sizes is allowed.

[0042] On the other hand, the invention is obviously
not limited to the specific embodiment(s) described here-
in, but also encompasses any variations that may be con-
sidered by any person skilled in the art (for example, as
regards the choice of materials, dimensions, compo-
nents, configuration, etc.), within the general scope of
the invention as defined in the claims.

Claims

1. A hand rehabilitation device comprising a thumb re-
habilitation assembly (20) and a thumb fixing mech-
anism (40) coupled to said thumb rehabilitation as-
sembly (20) for the anthropometric positioning of a
thumb of a user,
the device being characterized in that the thumb
fixing mechanism (40) comprises:

- a fixing/releasing mechanism (10, 110) com-
prising an elongated member (1, 1°);

- a first part (2) comprising a through hole for
sliding said part (2) along said elongated mem-
ber (1, 1°);

- ajoint (8) comprising two parallel hollow canals
(3A,4A, 6A; 3B, 4B, 6B) that go through the joint
(8) from a first side to a second side thereof,
opposite to the first side, said joint (8) comprising
athrough hole (3C, 4C, 6C) configured to mount
the joint (8) concentrically along said elongated
member (1, 1) until the joint (8) is supported on
said first part (2);

- guiding means (5) comprising two sections (5A,
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5B) inserted along respective said two parallel
hollow canals (3A, 4A, 6A; 3B, 4B, 6B), said two
sections (5A, 5B) being capable of sliding along
said canals (3A, 4A, 6A; 3B, 4B, 6B), wherein
one end (5x, 5y) of each of said two sections
(5A, 5B) are connected to said thumb rehabili-
tation assembly (20);

-anut(7) configured to be concentrically mount-
ed onsaid joint (8) along said elongated member
(1, 1)

wherein the fixing/releasing mechanism (10, 110) is
configured to manually switch from a first position to
a second position and vice versa: a first unlocked
position in which the joint (8) and the guiding means
(5) are free to perform a plurality of independent
movements in different directions for adjusting said
thumb rehabilitation assembly (20); and a second
locked position in which the movement of said joint
(8) and guiding means (5) is blocked, thus fixing the
thumb rehabilitation assembly (20) in the position
selected after performing said plurality of independ-
ent movements.

The device of claim 1, wherein said fixing/releasing
mechanism (10) of said thumb fixing mechanism (40)
further comprises a lever (11) having an end termi-
nated in a cam-like mechanism (111, 112) and a part
(12), wherein one end of said elongated member (1)
is coupled to said cam-like mechanism (111, 112),
said part (12) being configured to slide along said
elongated member (1) until it contacts said cam-like
mechanism (111, 112), said two positions of the fix-
ing/releasing mechanism (10) being actioned by said
lever (11).

The device of claim 2, wherein said end of said elon-
gated member (1) coupled to said cam-like mecha-
nism (111, 112) comprises two protrusions (101,
102) that exceed the section of the elongated mem-
ber (1) and said cam-like mechanism (111, 112)
comprises respective holes aligned with each other,
each of said two protrusions (101, 102) being con-
figured to couple with a corresponding hole.

The device of claim 1, wherein said fixing/releasing
mechanism (110) of said thumb fixing mechanism
(40) is formed by a screw (110), said screw compris-
ing said elongated member (1’).

The device of any preceding claims, wherein the joint
(8) of said thumb fixing mechanism (40) comprises:

- a second part (3) having a through hole (3C),
the second part (3) being configured to be in-
serted along said elongated member (1, 1’), that
receives a convex surface of said part (3) until
it is supported on said first part (2); and
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- first and second swivels (4, 6) of spherical cap
shape, having respective through holes (4C,
6C), said first and second swivels (4, 6) being
configured to couple with each other at their re-
spective non-convex sides, and configured to
be inserted along said elongated member (1, 1°)
through said through holes (4C, 6C) until they
are supported on said second part (3).

The device of claim 5, wherein said plurality of inde-
pendent movements for adjusting said thumb reha-
bilitation assembly are performed thanks to five con-
tact surfaces that are released in said first unlocked
position of the fixing/release mechanism (10, 110),
said contact surfaces being: a first contact surface
between said first part (2) and said second part (3);
a second contact surface between said second part
(3) and said lower swivel (4); a third contact surface
between said lower swivel (4) and said upper swivel
(6); a fourth contact surface between said upper
swivel (6) and said nut (7); and a fifth surface be-
tween said first part (2) and said fixing/releasing
mechanism (10, 110).

The device of any preceding claim, wherein the guid-
ing means (5) of said thumb fixing mechanism (40)
comprises two curved sections (5A, 5B), thus allow-
ing anthropometric positioning of the thumb.
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