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Tel erobot Labs S.r. 1.
Aid device for the novenment and/or rehabilitation of

one or nore fingers of a hand.

The present invention relates to an aid device for
the novenent and/or rehabilitation of one or nore
fingers of a hand, conprising an exoskeleton intended
to be positioned on the back of at |east one finger and
to be nmechanically constrained to the finger itself and
not ori zed means for exerting a change in t he
configuration of said exoskel eton.

The loss of hand nobility is a conmmon disease that
often can be caused by cortical lesions due to
cerebrovascul ar diseases or due to a stroke. Stroke
every year affects about 0.2-0.5% of the population of
i ndustrialized countries in the world and 1.5-3% of the
popul ation survives such disease. Cenerally 76-88% of
stroke survivors are affected by notor inpairnents, 70%
of them has the arm functionality tenporarily altered.
At the sanme time about 40% of stroke survivors are
affected by a permanent 1loss of functionality in the
affected arm

Rehabilitation can help in restoring at |east a
part of the lost nobility of one hand and therefore can
help in generally inproving the quality of life.

Everyday activities such as eating or getting
dr essed can be r egai ned by hand rehabilitation
prograns. The efficacy of the several rehabilitation
therapies can be influenced by a series of factors that

interact with each other and that make the therapies
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difficult especially in case of long-term disability.

Recent searches have proved that the robotic
therapy involves the possibility of an intense notor
activity based on a task-oriented training. Such
activity aimng at performng a specific task provides
a great nunmber of specific novenents that have to be
carried out for conpleting the task and that are
repeated many tinmes. The use of a robotic device for
carrying out such therapy reduces costs of a post-
stroke treatnment while mnimzing the tinme therapists
dedicate to a single patient and it increases neanwhile
the therapy intensity, thus making it nore efficient.

Moreover for the patients that are not able to
regain the functional autonony of the hand and in
particular of the fingers, the use of a robotic device
allows help to be given for performng the nobvenents
necessary for the daily activities.

It is clear that the application of the device can
be extended to all the activities helping the nobility
or notor rehabilitation regardless of the reasons that
have generated the disabilities of the patients,
therefore in addition to nerely neurological reasons
deriving from a stroke, the device according to the
pr esent i nvention is appl i ed al so for t he
rehabilitation of I|inbs and particularly of the hand
due to disabilities deriving from orthopedic trauna.

In the robotic rehabilitation therapy exoskel etons
are used by nmeans of which it is possible to mnimze
the effects of the loss of functionalities of the linb

and particularly of the hand by the fact that said
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exoskel etons conplete the kinematic chain of the hand
by the external system

Wth reference to the hand, the exoskeleton is a
mechani cal structure directly connected to a hand and
designed such that its kinematic behavior corresponds
to the kinematic behavior of the hand and such that the
two coupled systenms can exchange forces and reaction
forces. In order to obtain a coherent novenent and a
working area of the exoskeleton suitable for the hand,
the device has to be designed by considering the
kinematic constraints such as nobility and degrees of
freedom of the fingers, considering also the limted
space available for the mechani sm The fact of
designing a light structure able to closely cooperate
with human fingers and having a direct contact with the
human skin is very difficult and currently the
devel oped exoskeleton systens cannot be considered
conpl enentary with the human hand for the whole
conplete range of novenents and functionalities. Wth
reference to the control system it is further
necessary to provide to arrange force sensors and
position encoders for properly carrying out t he
novenents of the fingers.

The object of the present invention is to devel op
a device of the type described hereinbefore for helping
the rehabilitation of fingers that have lost the notor
functionality and that contenporaneously is suitable
for guaranteeing the functional nobility of the hand in
patients with no expectations of regai ni ng t he

aut ononous functionality of fingers.
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In particular the object of the present invention
is to provide a device of the above nentioned type
overcom ng the drawbacks of the known devices and that,
as regards the kinematic and encunbrance perspectives
is in conpliance wth kinematics and dinensions,
anat ony and nor phol ogy of the hand

The invention achieves the objects nentioned above
by a aid device for the novement and/or rehabilitation
of one or nore fingers of a hand, conprising a
exoskel eton intended to be positioned on the back of at
| east one finger and to be mechanically constrained to
the finger itself and notorized neans for exerting a
novenent or a change in the configuration of said
exoskel eton, in which device said exoskeleton conprises
an underact uat ed nodul ar structure, conpri si ng a
plurality of substantially identical rigid elenments
arranged on a row and articulated with each other.

A preferred enbodinment provides an aid device for
the novenent and/or rehabilitation of one or nore
fingers of a hand, conprising a exoskeleton intended to
be positioned on the back of at least one finger and to
be nmechanically constrained to the finger itself and
notori zed neans for exerting a change in the
configuration of said exoskel et on, wher ei n sai d
exoskeleton conprises a plurality of rigid elenents
arranged on a row one behind another along a
| ongi t udi nal axis par al | el to t he | ongi t udi nal
extension of the finger and are articulated with each
other such to follow the extension and closure novenent

of the fingers and said notorized neans are conposed of
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pul ing and/or pushing neans that act on one or nore of
said elenents of the exoskeleton such to cause the
extension and contraction novement.

In particular according to one enbodinent Ilinted
to carry out an action extending the fingers, the
device according to the invention conprises a series of
rigid structures positioned on a back surface of the
hand and of the fingers along its length and which
structures are connected with each other such to be
separated and rotated one with respect to each other
for a predetermned distance and for a predeterm ned
specific angle respectively. The actuation force is
transmtted by a direct current notor, through all the
nmechanism to the distalnbost rigid structure of the
exoskeleton by using a cable such to exert a pulling
action resulting in a novenment straightening the whole
exoskel et on .

Such straightening is due to the reaction forces
i nduced anong the rigid elenents of the structure that
are generated upon driving the nechanism therefore a
finger that is connected to the exoskeleton from the
| ast phalange is obliged to follow the nmovenent of the
exoskeleton and to adapt itself to the shape (in this
case extended shape) thereof.

A particular enbodi ment provi des t he rigid
elements of said exoskeleton to be constrained wth
each other by nmeans of a continuous |ongitudinal
el enent conposed of a chain whose l|links are articul ated
with each other according to parallel articulation

axes, whi ch axes are oriented par al | el to the
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articulation axes of the phalanges of the finger in the
extension and cl osure novenent thereof,

the rigid elements pivoting with respect to each
other according to parallel articulation axes, which
axes are oriented parallel to the articulation axes of
the finger phalanges, and are novable near and away
from each other, each one of said rigid elenents being
pivotally fastened about an axis of articulation of two
chain links with respect to each other,

there being provided at least one pulling elenent
passing through the rigid elenents and freely slidable
t heret hrough, which pulling elenment is flexible and
constrained at one end to the end elenent placed at the
distal end of the finger and at the opposite end to a
pul I'i ng nenber.

Furt her advant ageous characteristics of t he
invention are the subject matter of the dependent
clains.

In particular in its nost conplete configuration
the device provides an exoskeleton associated to each
finger of the hand and the possibility of controlling
in an active or passive manner both the extension and
flexion novements, and the adduction and abduction
novenent s of the fingers as well as the thunb
opposi tion novenents.

A preferred enbodinment on the contrary provides an
intermediate  solution, wherein the exoskeleton is
associated only to some fingers and especially to the
i ndex, m ddl e, ring and little fingers, while no

exoskeleton is associated to the thunb.
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Mor eover advantageously the device in any of its
versions with an exoskeleton for each one or nore of
the fingers of the hand is nade as a wearable device as
a glove or an assenbly of glove parts.

Al though the detailed enbodinment described below
relates to a variant provi di ng only the action
ext endi ng, that is straightening, the fingers, t he
invention can be extended, in an obvious nmanner for the
person skilled in the art, also to one enbodi nent where
also the flexion novenent of the fingers can be
controlled. Wth a specific reference to the enbodi nent
described and shown, the double functions nanely
adduction and abduction can be obtained by using for
exanpl e push-pull cables that therefore are able to
exert both a pulling and a pushing action.

As regards the novenent actuating nmeans, both the
notors and the novenent transmission neans can be of
different type and are not intended as being limted
only to the provision of push or pull cables and notors
of the electric type, but they can conprise any type of
driving/actuating system such as for exanple pneunatic
or hydraulic systens.

As it clearly results from t he pr esent
description, <claims and from the detailed description
of one enbodinment in the annexed figures, by neans of
its configuration, wunlike the known devices, the device
according to the present invention weasily neets a
series of bonds and specification necessary for
efficaciously carrying out exercises for recovering

reduced or lost nobility of the hand and also for being
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used as an aid for nobility in case of permanent | oss
of hand nobility, which are listed bel ow
a) the novenent mnade possible by the device covers

nost (if not all) of the working positions of the

fingers i ncl udi ng t hose provi di ng t he fingers
conpl etely fl exed and t he fingers strai ght ened
(extended) ; in particular such adaptability allows also

spastic conditions of the joints to be imtated such as
for exanple in the case of the "claw' hand wth the
met acar pus-f extended and the phal ange-IF fl exed;

b) the space necessary for grasping objects with a
pi nching grasp or power grasp is free and therefore no
parts of the device can extend inside said space;

c) the device allows the fingers to be operated
all together or in a manner independently from each
ot her ;

d) in case of the index, ring, mddle and little
fingers the nobility of all the three joints - MP,
Pr oxi mal I nt er phal angeal Joi nt (PIP) and Di st al
I nt er phal angeal Joi nt (DI P) is provided and t he
extension of the driven novenent allows a user to open
the hand w thout having a hyper-extension and to close
the fingers to grasp a small object;

e) the patients that survived a stroke wusually
have nore problens in opening the fingers than closing
them thus the device is specifically made for helping
the nmobility in the opening novenent;

f) the handling of the pain both when coupling the
hand to the device and when exerting the action

extending the fingers is inportant and therefore the
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possible pain is mnimzed,

g) the assistance function of the device requires
fingers to be noved with a speed allowing objects
slowy noving in our wusual environment to be grasped.
Since such requirenment is highly subjective and has to
be defined by clinical tests the novement speeds of the
device are adjustable depending on enpirically defined
paraneters ;

h) the exerted forces are enough for extending the
fingers till reaching the straight position also in
case of conplete opposition;

i) the dinensions of the whole system are such to
allow patients to carry out a rehabilitation at hone
such that the treatnment is not an obstacle for their
daily activities and allows it to be used at hone,
reducing the travel costs for the patient to a
rehabilitation center;

j) the device can be inplenented by a "plug and
pl ay" technology that allows a conputer to be connected
and which can be powered by batteries or by the
conputer itself.

In an early step of the rehabilitation process the
finger novement can be carried out with the conplete
assistance of the robotic system while in the final
steps of the rehabilitation better results can be
achieved by wusing the system only for inproving the
human aut ononbus novenments and for helping in reaching
a conplete range of novenents of the joints. Therefore
the system can operate in two nodes one of which with a

conpletely active finger position control and one wth
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a sem -active control

According to a further inprovement, in order to
maximze the effects of rehabilitation, exercises are
conbined with a visual feedback software that can be
executed by a personal conputer. Thus it is possible to
avoid the patient from being denotivated by being
bored. Exercises can be conbined with a rehabilitation
program in the form of a goal-oriented game and wth
difficulty levels that are nodified on the basis of the
progr esses achi eved in t he rehabilitation and
corresponding to the success level in the ganes.

The device according to the present invention
further conprises a control wunit that has a human
operator interface.

The control uni t can be rmde according to
har dwar e- software constructional nobdes currently in use
and avail able on the market.

More specifically, it is possible to provide at
| east the foll ow ng nodes:

- direct control by activating the opening comand
by an interface (a standard button or a sw interface) ;

- di rect control of t he activation by
el ect romyogr aphy f eedback by a sui tabl e system
capturing and interpreting the signals from the rmnuscles
(existing t echnol ogy and whose i ntegration is
provi ded) ;

- "aut omatic" control dependi ng on t he
rehabilitation prograns nentioned above

The design of a system conplenentary to the hunman

hand is inpossible wthout defining the suitable

10
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10 In the tables below and in the description wth
the acronynms MP, PIP DIP and MC we nean the
i nternmedi at e phal ange, the proximal phal ange, t he
di stal phal ange and the netacarpus respectively.
Table 1
15 Length of the phal anges of the human fingers
Length [mm] ([1] / [2] / resulting)
Finger
Thumb Index Middle Ring Little
Phalange
Metacarpals 46,2 /51,2 / 48,7 - - - -
Proximal phalanges | 31,6/40,0/35,8 | 39,8/45,5/42,7 44,7 /42 /43,4 41,4/- | 32,7/-
Intermediate phalanges - 22,4/26,0/24,2 26,3/30,9/28,6 25,6/ - 18,1/ -
Distal phalanges 27,3/32,2/29,8 | 19,7/23,0/21,4 | 21,3/259/23,6 | 21,2/- | 19,7/-
The device according to the present invention

allows a control
PIP and DIP joints of
The

of MCP,

20 little fingers.

thumb is

i ndex,

to be exerted on the fl exion/extension

m ddle, ring and

considered as being

constrained by an orthosis or a splint.

t he nmovenents of

in the table 2 bel ow
Table 2

each one of the

11

three joints

The range of

is shown
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Range of the angul ar novenent of the joints

Range of movements [°]
finger MCP PIP DIP
Abduction - Adduction Extension - Flexion Extension - Flexion Extension - Flexion
INDEX -20+20 0+80 0+90 0+70
MIDDLE -20+ 20 0+ 80 0+90 0+70
RING -20+20 0+80 0+90 0+70
LITTLE -20+20 0+80 0+90 0+70

The maximum forces that can be applied to each
5 phalange while a grasping novenent is being perfornmed
are shown in table 3 by the first value, while the
second value shows the fingers in the null and
strai ghtened condition. The forces shown for the thunb
have been neasured in the configuration with the thunb
10 pushed against the index finger, which seens to be the
configuration al | owi ng the maximum force to be
produced .
Table 3
Maxi mum forces exerted by the human fingers by the
15 internediate phal ange during a gr asp/ nul
configuration.

Force [N] ([9]/ [10])
Finger Index Middle Ring Little Thumb
Phalange (130)
Proximal phalanges 42 /- 24 /- 15/ - 7/- -
Intermediate phalanges 22/- 40/ - 28/ - 20/ - -
Distal phalanges 62 /50 68 /50 44 [/ 40 31/- 109

In literature, the rotational velocity of the PIP

joint is |IOrad/s for the "natural velocity" novenent

12
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and 3-6 rad/s for the MCP joint and the PIP joint in
the "slow' novenent. The "normal" novenent velocities
of the fingers is about three tinmes slower than the
mexi nrum one - in 10s the fingers can be closed and
opened about 8 tinmes, with a consequent velocity of MP
and PIP joints of about 3rad/s and the related velocity
of DIP joint is about 2rad/s.

The characteristics listed above and ot her
characteristics and advantages of the present invention
wll be nore clear from the followng description of
some enbodi nrents shown in the annexed draw ngs wherein:

Fig.l is a side view of a first enbodinent of the
device according to the present invention in the form
of a wearable glove and with one exoskeleton only for
the mddle finger.

Fig.2 is a further enbodinent of the device
according to the present i nvention, still of the
wearable type, but with an exoskeleton for each index,
mddle, ring and little fingers and wherein the glove
is replaced by individual glove parts intended to be
worn on predetermned parts of the fingers and of the
hand.

Fig.3 is a view of the hand palm wearing the
device according to figure 2.

Fig. 4 is a view of the hand with the device of
figures 2 and 3 taken from a direction of view on the
di stal ends of the fingers.

Figure 5 is a top view of a linb wearing the
device according to the preceding figures 2 to 4.

Figure 6 schematically is a rigid elenent of the

13
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exoskel et on .

Figure 7 is a chain segnment for connecting the
exoskel eton rigid elements with each other.

Figure 8 is tw rigid elenents in a condition
angularly offset from each other. Figure 9 like figure
8 is three rigid elements in the angularly offset
condition.

Figures 10, 11 and 12 schematically are three
different enbodinments of a variant enbodinment of the
invention wherein the exoskeleton rigid elenments are
connected with each other by a continuous flexible
el enent conposed of a sequence of flexible connection
elements nmade in order to have an overall deformation
on a preferential flexion plane.

Wth reference to figure 1 the device according to
the present invention has been initially configured as
a glove 30 to be worn. The glove 30 on the back side of
at least one finger 130 of the glove has an exoskel eton
structure 100 intended to force the finger on which the
glove 30 is worn to take the extended condition, nanely
the straight condition. The finger of the glove 30, in
this case, generates the nmechanical constraint between
the finger of the hand and the exoskel eton.

In particular the mechanical constraint between
the exoskeleton and the finger of the hand can be
further strengthened by neans of clanmping elenents 230
provided at predetermned points of the finger and of
the hand and for exanple nade in the form of clanping
annul ar bands or strips 230 that are wound around the

finger.

14
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As it wll be nore clear from the follow ng
description, a tension rod 3 in the form of a cable
slidably passes through the series of rigid elenents 1
that form the exoskeleton structure and that adhere on
the back side of the finger. Therefore the tension rod
freely passes through each one of the rigid elenents 1
and it is fastened by its distal end only to at |east
one of the rigid elements 1 provided at the distal end
of the exoskeleton. Said distal rigid element 1 is
constrained with the distal phalange by a clanping band
230 and a cap elenment 330 that is inserted on the end
of the distal phalange or a termnal coupling to said
di stal end of the distal phal ange.

In the variant of figure 2 and in the follow ng
ones the device provides a separated and dedicated
exoskeleton for each index, mddle, ring and little
finger, while the thunb is imobilized in the novenent
by an orthosis.

In order to adapt itself to the dinmensions and to
the conplex kinematics of the fingers each exoskel eton
is conposed of a serial underactuated rmechani sm
meani ng a nechanism having a |ower nunber of actuators
than degrees of freedom |In particular the exoskel eton
is made as a grasping underactuated mnechanism noved by
cabl es.

Each man-machine interaction system that directly
contacts the human skin should provide wearing and use
confort. No pain and no unpleasant skin irritation have
to be caused by any device. In the case of the device

shown in figure 1 and in the followng ones, the

15
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pressure is applied to the back side of the finger when
exerting the action forcing the finger in the straight
position. Such pressing action is mainly exerted at the
areas of the joints. To this end, a foamfabric pad is
pl aced on the finger.

The fingertip is another point where the force
extending the finger is directly applied. According to
a possible advant ageous sol ution, in the device
according to the present invention there are provided
natural |eather strips wound in the form of cylindrical
bushings . Such solution provided in the enbodinents of
figures 2 to 5 permts a good adaptation to the
different dinensions of the tip of the fingers and it
reduces the painful effects at the tip of the finger
when the finger is forced in the extended condition. At
the sanme tinme such solution allows a certain |evel of
tactile perception for the fingertip to be guaranteed
and it is less bulky.

The end bushi ngs made of | eat her act as
fingerstalls where the end of the distal phalange of
the corresponding finger is inserted. Said bushi ngs
have the sane reference nuneral 330 of the anal ogous
el ement provided in the enbodinment of figure 1.

Moreover as it results from figure 2, 4 and 5 the
| eat her band form ng each end bushi ng or end
fingerstall 330 is locked by being clanped by a
termnal 331 on the distal end of the exoskeleton that
rests against the last rigid element 1' at the distal
end of the exoskeleton 100. Said termnal 331 at the

sane tine is an abutnent holding an enlarged head of

16
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the corresponding pull cable 3. Said enlarged head is
conposed of an end clanp 332 tightened on the free
distal end of the cable protruding past the distal
rigid element 1* and the associated term nal 331.

As it results from figures 2, 4 and 5 the system
is connected to the palm by a sem-rigid plate 231 that
is clanped on the hand by neans of two straps 232 wth
the connection for the fastening to the plate 231
conposed of closures 233 of the hook and |oop fastening
type. Said rigid plate 231 is made of a thernoplastic
material and this allows the surface of contact between
the hand and the device to be maximzed. The
arr angemnent further mnimzes the contact pressure,
while it does not |imt the novenents of the fingers
and of the wist although the device is firmy fastened
to the hand.

Still with a particular reference to figures 2, 3
4 and 5 the device in its preferred configuration
conprises the rigid thernoplastic plate 231 that waps
a part of the back of the hand starting from the
attachnent of the thunb turning around the externa
side of the hand and extending also on the palm thereof
(see fig. 3). The two ends of the rigid thernoplastic
plate 231 are fastened to the hand by neans of clanping
belts fastened to the part of the plate 231 by neans of
coupling neans of the hook and loop type or the Iike.
The plate 231 at the back side of the hand has
exoskel eton nounting brackets, denoted by 234, that can
rotate and that permt freedom in abduction/adduction

novenents of the fingers.
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The main conponent of the system which is the
series of rigid elenments 1 arranged on a row with the
means for limting the distance between said rigid
elements, is connected to the finger by a leather strip
whose edges are held by the termnal 331 such to form
distal fingerstalls housing the ends of the distal
phal ange of the respective finger and of an annular
fabric band 230 provided in an intermediate position of
the longitudinal extension of the finger, particularly
at the proxinmal phal ange. The pull cable 3 passes
through all the elenments and it is fastened to the |ast
rigid element as disclosed above. The pull <cable is
guided to the pulling notorized assenbly by a sheath.

The followwng figures 6 and 7 show wth nore
details the constructional characteristics of one
enbodi nent of the exoskeleton structure provided for
each finger in the device according to the present
invention and the principle for the configuration of
the exoskeleton in the different situations.

More generally, the inventive concept provides a
series of differential nmechanisns connected with each
other which is the base of an underactuated mnechanism
and that when applied to the hands, performs an
adaptive sel f -configuration very cl ose to t he
ki nematics of human fingers in the activity grasping
obj ect s. An underactuated finger is kinematically
under-constrained and dynamcally unstable, however,
when it closes around an object, the finger obtains the
m ssing external constraints and it configures its

shape on the object. As a result, in the case of a hand
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with at |east three underactuated fingers (that gives
t he m ni num nunber of poi nt s of cont act for
constraining an object in the space) , an automatic
grasping action is generated around the object with a
configuration of the fingers suitable for the object
and therefore with a higher stability.

Conceptually the device is conposed of a series of
rigid structures or rigid elements arranged on a row on
a back surface of the hand and of the fingers along all
their length. The relative novenent between said rigid
elements ains at straightening the fingers, by neans of
a tension rod acting on the last elenent at the distal
end of the exoskel eton. The above permts a great
flexibility in the adaptation to any finger |ength.

In a preferred enbodinent, the rigid elenents are
conposed of parallelepiped shaped blocks in conbination
with nmeans limting the separation distance between the
adj acent par al | el epi ped bl ocks such to equal |y
distribute straightening forces anong each one of said
el ements/ bl ocks when the finger is flexed. Moreover
said separation |limting means reduce the wundesired
nmobility of the blocks such as particularly a rotation
about the longitudinal axis of the finger.

In a preferred enbodi ment t he i nvention
advant ageously provides a <chain as the separation
[imting means.

Wth such sol ution t he rotation al ong t he
longitudinal plane is prevented while the blocks are
free to pivot in the sagittal plane. Mreover the chain

passes into a central passage openi ng of each
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par al | el epi ped bl ock generating a backbone-1i ke
structure .
In particular, in order to guarantee the highest

adaptability of the exoskeleton to the corresponding
finger, each parallelepiped block in the |ongitudinal
direction of the finger has a relatively t hin
di rension, nanmely smaller than the dinensions of the
block in the other two directions. The thickness is
selected such to neet different conflicting needs. On
one side the reduction of the thickness of the block in
the longitudinal direction of the finger increases the
adaptability of the exoskeleton to the shape of the
back side of the finger on which the exoskeleton is in
contact. On the other side, an excessive reduction of
the thickness di nensi ons of the bl ocks in the
I ongitudinal direction of the finger conplicates the
structure both as regards the nunber of pieces and as
regards the <configuration of the distance limting
nmeans and the relevant neans for the fastening to the
i ndividual rigid elenents.

As it  wll be seen in the specific shown
enbodi nent, the dinmension of the blocks in the
| ongi t udi nal direction of the fingers is such to
maintain the structure strong enough and to allow the
i ndi vi dual blocks to be articulated to a limting
element made in the form of a chain, all wthout
conpr om si ng the adaptability of the exoskel eton
structure to the norphology and kinematics of the
finger .

Figure 5 shows a top plan view of the device
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coupled to one hand. In this configuration the device
allows index, mddle, ring and little fingers to be
operated. The operating nodes can be selected both for
moving the fingers all together and for operating
individually each finger by noving it independently
from the ot her ones. Qovi ousl y ot her novenent
conbi nations can be easily set. The thunb is considered
to be constrained by the use of orthosis in a position
allowing objects to be picked up, that is allowing it
to operate in opposition to the other fingers.

Figure 5 further shows the notor driving the pull
cables denoted by 5 and a unit transmtting the driving
notion of the motor to the individual cables 3 denoted
by 6. Both the notor and the transmi ssion unit are nade
with wearable unit, advantageously provided fastened to
t he arm.

By going in the details of figures 6 and 7, each
paral |l el epiped block 1 of the series is identical to
the other blocks. In the central part of each block 1
there is provided an opening 101 with a substantially
rectangul ar shape. The opening has such a shape and
size to provide a space sufficient for the passage of
the elenment I|imting the distance between the blocks
which is conmposed of the chain 2 a segnent thereof
being shown in figure 7. Said chain 2 has |inks hinged
with each other about axes parallel to each other and
t hat in the nounted condi tion are substantially
parallel to the axes of the angular novenent of the
joints between the phalanges of the finger. Said chain

2 runs along the whole row of blocks 1. A pull cable 3
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passes through each block 1 and is caused to pass
through a central opening 201 in the upper side of the
block 1 delimting the central opening 101. The chain 2
is a kind of backbone of the finger and it is
constrained to each block 1 by a pivot pin 102. Said
pin advantageously is the pivot pin of two successive
links of the chain that protrudes past said links wth
end portions intended to rotatably engage corresponding
seats 301 in t he t wo opposite si des of t he
corresponding block perpendicular to said pin 102. In
order to adapt itself to the shape of the finger and to
keep an equal pressure along the whole back surface of
the finger, the lower side of the blocks intended to
rest on the back side of the finger is shaped in an
anatomically curved manner by neans of a curved notch
401 particularly like a sector of a cylinder.

The structure of the chain is conposed of two
types of links very simlar to each other and connected
in series alternately to each other said two types of
links being denoted by 202, 302 in figure 7. The two
types of links are different in that they have a
different shape of the abutnment surfaces denoted by 402
and 502. The two links 202 and 302 of different type
form a chain segnment iteratively repeating along the
length of the chain and only one block 2 is articulated
to the first Ilink 302 of the relevant |ink segnent
formed of the tw Ilinks 202, 302. This occurs as
descri bed above by nounting the block on the projecting
parts of the axis of articulation of the first |ink 302

to the second link 202 of the adjacent segnent, while
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the two ||inks 202 and 302 of each segnent are
articulated with each other by a pin 602 ending flush
with the external sides of the link.

Considering the kinematics of the chain and the
shape thereof, as it results from figure 6, the
substantially rect angul ar central openi ng has
extensions in the form of enlargenent grooves denoted
by 501 that adapt such opening to the naxinum
encunbrance section of the chain 2.

A constructional exanpl e provides parall el epiped
bl ocks with dinmensions of 4.8 nm of thickness, 13 mm of
height that is in the direction perpendicular to the
articulation axes and 12 mm of wdth that is in a
direction parallel to the articulation axes.

The links of the chain 2 are long as 7.8 nm have
a thickness of 3 mm and a width of 6 mm Wth such
dinmensions it is still advantageously possible to use a
standard manufacturing process and this considerably
reduces the manufacturing costs.

Links 302 are articulated to the corresponding
block 1 by nmeans of a pin with a length of 12 nm

As regards the Kkinematic behavior of the device
two cases have to be considered:

The first case is about the last parallelepiped
block 1+ which is connected to the tip of the finger,
and also the pull cable 3 is connected thereto.

The situation is summarized in figure 8. Such
block 1 pulls the finger and it acts as the end
element of the kinematic chain and it acts for lifting

the weight generated by the tip of the finger and this
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is denoted by Q in figure 8. In order to lift the
finger, therefore by the |last block, the force F
applied by the cable 3 has to generate a torque higher
than the weight exerted by the fingertip and i.e.

MFT> MJT, where MFT = Ft*r and MJI = Q*r

where MT is the torque exerted by the pulling
force .

Ft is the conponent of the pulling force
perpendi cular to radius r;

Qt is the conponent of the weight perpendicular to
the radius .

MJT is the torque exerted by the weight generated
by the finger;

r is the radius between the articulation axis of
the joint of the finger and the axis of the pull cable

In the worst case the force Ft wll have the
smal | est values for the maxi num opening angle a = 34.5°
made possible by the structure of the exoskeleton 100
In such situation the pulling force exerted by the |ast
block 1 is calculated as being about 0,95 of the force
applied by the <cable 3, while the MJ torque is
calculated as a constant value equal to a factor of
0.29 of the force with which the fingertip opposes the
extension/lifting

The second case provides the behavior of the
internediate blocks 1 and it is schematically shown in
figure 9. By pulling the cable 3, a force F' and F''
is generated. The orientation of said tw forces is
per pendi cul ar to t he orientation of t he cabl e

i mredi atel y bef ore entering the i-th Dblock. The
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vertical conmponents of this force denoted by Fiy and

Fiy' ' act for pushing the i-th block downwardly and
therefore for straightening all the structure and the
finger. Thus the device extends the fingers by pulling
the finger upwardly and at the sanme tine by pushing all
t he back surface of the finger downwardly.

The anount of blocks used in the system causes the
angle a to change. Generally the smaller the angle a
is, the nore force is transmtted to the fingertip due
to the lower friction, while the generated vertical
force pushing the finger downwardly is smaller. The
length of each series of blocks is easily adjustable
and in the shown exanple 111 blocks in total are
provided to form the exoskeleton of four fingers.

As already nentioned in the introduction of the
present description, in conmbination with the nechani cal
part there are provided sensors for the novenent and
for the exerted force. These sensors can be selected
anong the sensors available on the market and this is a
selection nmade by the person skilled in the art within
hi s/ her basic technical know edge.

This is valid also for the provision of a control
and processing unit that can be nade in the form of a
pr ocessi ng unit wherein a control and processing
program i s | oaded.

Said unit can be worn by the patient or it can be
renote and connected to a data transmission wunit that
receives and transmits the data collected by the
sensors and that transmts the configuration and

control signals to the device, that is to the notor and
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to the transm ssion unit.

Several possibilities are known and widely used in
distributing the control tasks and the processing tasks
among several wunits of which a renote and fixed part
and a wearable part. The devices can be dedicated
electronics interfacing with the device and having a
section for the interface wth general processi ng
devices of the retail type such as personal conputer,
tablet, smartphones and other ones. In this case the
person skilled in the art can carry out any selection
considered as being the nost suitable for the specific
case both as regards costs and as regards confort of
use and functionalities. Sinply by wusing its basic
t echni cal know edge.

A particular enbodinment provides a program for
managi ng t he rehabilitation exerci ses t hat are
inmplemrented in the form of a ganme, the objectives of
the gane being defined such to progressively increase
the difficulty level of the exercises. Advantageously
by nmeans of the present sensors, the processing wunit
that executes the program can automatically evaluate
the achi evenent of specific difficult | evel s and
therefore can automatically set new difficult |evels.

The interfaces between the possible dedicated
processi ng and control el ectronics and possi bl e
traditional processing and control electronics, in both
the cases where the processing and control devices are
fixed or worn, can be of the wireless type or of the
cabl e type.

Wth reference to figure 10, it shows a variant
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enmbodi mrent wherein the <chain 2 is conposed of a
continuous flexible elenent that forms the sequence of
flexible connections between the individual rigid
elements 1 of the exoskel eton.

The elenment 2 can be made in several manners and
according to the non-limtative shown enbodinment it is
a band made of one-piece flexible material

The flexible connection element is a continuous
el ement wherein it is possible to integrate in several
manners and at predeterm ned distances the several
rigid elements 1 such to form an exoskeleton with the
functional characteristics substantially equal to those
of the precedi ng enbodi nent.

Such as shown in figures 11 and 12 the rigid
elements can be fastened at different points of the
flexible element 2.

The  distances bet ween t he i ndi vi dual rigid
elenents 1 can be selected on the basis of the
conditions of use.

In one enbodinment the flexible connection elenent
2 can be nmde of only one material or of several
materials for exanple conbinations of layers applied
for giving particular nechanical behaviors.

Moreover the rigid elenents 1 and the elenent 2
connecting them can be nmde as a continuous solution
for exanple nmde of a sane nmaterial or different
mat eri al s, particularly by neans of injection, co-
i njection, over - nol di ng processes and ot her rapid
prototypi ng techniques .

By using plastic materials or other materials that
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can be fornmed with co- nol di ng or over - nol di ng
processes, it is possible for exanple to mneke the
exoskel eton according to figures 11 and 12 by using
materials that are different for the rigid elenents 1
and for the sequence of flexible elenents, t hus
optim zing the mechani cal characteristics of t he
material formng said two parts with reference to their
function and therefore to the stresses they are
subj ected to.

As it is clear the exoskeleton structure is nmade
of the sequence of rigid elenents 1 and of the sequence
of flexible connection elenments that connect t he
individual rigid elenents with each other in a flexible
manner, formng a kind of filmlike hinge

The nuneral 3 denotes the pull/extension cable
that acts in the same manner as described for the
precedi ng enbodi nment.

Still according to a further variant, the material
used for the flexible connection elenents of the
sequence 2 of said elements can have not only
flexibility characteristics, but also an elastic
behavior tending to recover the initial shape once it
is biased in a tensile, conpression manner and also
possi bly other nanners. Such behavior can be set by
acting on the material that can be nade of a particular
conmbi nation of plastic materials or other one or by
acting on the dinensions of the elenments such as
t hickness, width, length, on the shape and also on the
fact of providing different parts coupled to each

other, such as for exanple a structure conposed of
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different Ilayers coupled with each other, at |east at
the areas where a certain elastic response is required
or desired.

By nmeans of such elastic characteristics it is
possible to obtain a higher adaptation to the different
conditions of use.

Finally it has to be noted that the elenent 2 of
figure 10 can be both an element l|ike the chain 2 of
the previous enbodinent to which the rigid elenents 1
have to be associated which can also be of the type
described in the previous enbodinent, but at the sane
time it can be a basic integrated form of an
exoskel eton, wherein the coil -shaped band acts as the
rigid elenent and flexible elenent connecting the rigid
elements with each other, the rigid elenents being
conposed of t he parts ori ented substantially
transversely to the |ongitudinal extension and the
flexible connection elenents being conposed of the

curved sectors of the coil shape.
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CLAI M5

1. Ai d devi ce for t he novenent and/ or
rehabilitation of one or nore fingers of a hand,
conprising a exoskeleton intended to be positioned on
the back of at least one finger and to be nechanically
constrained to the finger itself and notorized neans
for exerting a novenent or a change in the
configuration of said exoskel eton,

characterized in that

said exoskel et on conpri ses an under act uat ed
nodul ar structure, conpri sing a plurality of
substantially identical rigid elenents arranged on a
row and articulated with each other;

and wherein said rigid elenents are arranged in
said row one behind another along a longitudinal axis
parallel to the |longitudinal extension of the finger
and are articulated with each other such to follow at
| east one or nore of the followng finger novenents:
ext ensi on and fl exion, adducti on and abducti on,
opposition of the thunb and said notorized neans for at
| east a part of said novenents and particularly for the
extension and flexion novements are composed of pulling
and/ or pushing neans that act on one or nore of said
rigid elements of the exoskeleton such to produce said
at | east one finger novenent;

and said rigid elenents of said exoskel eton being
constrained with each other by means of a continuous
| ongi tudinal elenment conmposed of a chain whose 1inks

are articulated with each other according to parallel
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articulation axes, which axes are oriented parallel to
the articulation axes of the phalanges of the finger in
the extension and closure novenment thereof,

the rigid elenents pivoting with respect to each
other according to parallel articulation axes, which
axes are oriented parallel to the articulation axes of
the finger phalanges, and are novable near and away
from each other each one of said rigid elenents being
pivotally fastened about an axis of articulation of two
links of the chain with respect to each other,

there being provided at least one pulling elenent
passing through the rigid elenents and freely slidable
t heret hrough, which pulling elenment is flexible and
constrained at one end to the end elenent placed at the
distal end of the finger and at the opposite end to a
pul I'i ng nmenber.

2. Device according to claim 1, wherein each
plurality of aligned rigid elenents can conprise a
variable nunber of rigid elenents and/or can be
translated along the alignnment axis such to nodify the
length of the chain depending on the different
di mensi ons of the patient fingers.

3. Device according to claim 1 or 2, wherein said
rigid elements are conposed of blocks or plates with a
substantially rect angul ar annul ar shape, W th a
speci fic thickness, and they are provided wth a
support surface and a through hole for the I ongitudinal
articulation elenment, the inner walls of the through
hole at the posts oriented perpendicular to the

articulation axes being provided with holes, such holes
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engaging the opposite ends of a pin provided on the
chain elenent and extending on the opposite sides of
the chain elenent at an articulation axis and wherein
each rigid elenent is provided possibly with at |[east
one through hole obtained in the direction of the
adjacent rigid elements and intended to be passed
t hrough by the pulling elenent.

4. Device according to one or nore of the
preceding clains, wherein the end elenent placed at the
distal end of the finger is associated to neans | ocking
and constraining it to the pulling elenment.

5. Device according to one or nore of the
pr ecedi ng cl ai ns, wherein each rigid elenent is
articulated at an articulation axis of a link of the
chain el enent, there being provided at |east one
internediate articulation axis between tw adjacent
rigid elements, a rigid elenent being not articulated
on such internediate articulation axis

6. Device according to one or nore of the
preceding clains, wherein the rigid elenents are
nmounted on a supporting structure coupling to the hand
conprising a stiffening disc intended to adhere to the
pal m

7. Device according to <claim 6, wherein the
supporting structure is in the form of a continuous
gl ove .

8. Device according to <claim 6, wherein the
supporting structure conprises at |east one fingerstall
end segnent for the distal end of the finger and at

| east one internediate annular segnent fastenable to
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the finger.

9. Device according to one or nore of the
preceding clains, wherein the pulling neans conprise at
| east one actuating wunit for the pulling action
provi ded nounted on the back side of a wistband and
which pulling means are operatively connectable to each
pul | cabl e such t hat t he pul I'i ng action is
cont enpor aneously exerted by all the pull cables and/or
by each pull cable selectively and independently one
with the other or by sub-groups of pull cables as
regards such sub-groups the pulling action is exerted
cont enpor aneousl y for t he pul | cabl es of t he
correspondi ng sub-group.

10. Device according to one or nore of the
preceding clainms, wherein a differential nechanism can
be interposed between the at least one pulling unit and
at least two pulling neans for controlling at |east two
pul ling means by a single pulling unit.

11. Device according to one or nore of the
preceding clains, wherein there are provided position
sensors and force sensors connected to an electronic
unit operating and/ or control ling t he novenent
depending on the signals detected by said sensors.

12. Device according to one or nore of the
preceding clainms, wherein the exoskeleton is coupled to
the forefinger, ring finger, mddle finger and little
finger, and the pulling nmeans conprise four actuating
units, each one acting on a single finger, the control
uni t being intended to independently control t he

exoskel eton on each finger.
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13. Device according to one or nore of the
preceding clains, wherein there are provided neans for
driving and transmtting exoskel et on novenent s
corresponding to adduction and/or abduction novenents
and opposition novenents of the thunb which neans are
individually activatabl e/deactivatable such to let the
adducti on/ abduction novenents and the thunb novenents
free or such to lock the fingers in a predeterm ned
position or such to actively actuating the finger
novenent .

14. Device according to one or nore of the
preceding clains, wherein there are provided neans
executing a logic program managing and controlling the
exoskeleton in the form of a videogane or another
predeterm ned program and there being provided neans
for changing the difficulty of the game or of the
associated action on the basis of the achievenent of
predet erm ned notor performances.

15. Device according to one or nore of the
preceding clains, wherein the chain (2 articulating
the rigid elements (1) with each other is conposed of a
conti nuous and one-piece elenent that forns a flexible
connection sequence conposed of bridges of a material
or of filmlike hinges to which the rigid elenents (1)
are coupled distributed spaced from each other along
the |ongitudinal extension of said connection elenent 2
and which elenment generates an overall deformation of
the exoskeleton according to a preferential flexion
pl ane .

16. Device according to claim 15  wherein the
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flexible connection elenent is made at least of two
different materials.

17. Device according to claim 1, wherein the
flexible connection elenment is made at least partially
or for its whole extension of an elastically flexible
mat eri al

18. Ai d devi ce for t he novenent and/ or
rehabilitation of one or nore fingers of a hand,
conprising a exoskeleton intended to be positioned on
the back of at least one finger and to be nechanically
constrained to the finger itself and notorized neans
for exerting a novenent or a change in the
configuration of said exoskel eton,

characterized in that

said exoskel et on conpri ses an under act uat ed
nodul ar structure, conpri sing a plurality of
substantially identical rigid elenents arranged on a
row and articulated with each other;

and wherein said rigid elenents are arranged in
said row one behind another along a longitudinal axis
parallel to the longitudinal extension of the finger
and are articulated with each other such to follow at
| east one or nore of the followng finger novenents:
ext ensi on and fl exion, adducti on and abducti on
opposition of the thunb and said notorized neans for at
| east a part of said novenents and particularly for the
extension and flexion novements are composed of pulling
and/ or pushing neans that act on one or nore of said
rigid elements of the exoskeleton such to produce said

at | east one finger novenent;
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and said rigid elenments of said exoskel eton being
constrained with each other by nmeans of a continuous
| ongi tudinal elenent conposed of a flexible and/or
el astic sequence of connection elenents, to which
conti nuous | ongitudinal el ement (2) the individual
rigid elenents (1) are coupled at the expected
di st ances from each other and which conti nuous
| ongi t udi nal el enent (2) is made such to have an
overall deformation on a preferential flexion plane.

19. Device according to claim 18, wherein the
preferenti al flexion plane is oriented in a manner
corresponding to the articulation axes of the phal anges
of the finger in the extension and closure novenent
t her eof

and there being provided at Ileast one pulling
el ement passing through the rigid elenents and freely
sl i dabl e t her et hr ough, whi ch pul i ng el enment is
flexible and constrained at one end to the end el enment
placed at the distal end of the finger and at the
opposite end to a pulling nenber.

20. Device according to clains 18 or 19,
characterized in that it conprises the characteristics

of one or nore of the preceding clains 2 to 17.
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. m Claims Nos.: 16-20

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210
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Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).
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This International Searching Authority found multiple inventions in this international application, as follows:

1. I:' As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I IAs all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
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3. | | As only some of the required additional search fees were timely paid by the applicant, this international search report covers
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restricted to the invention first mentioned inthe claims; it is covered by claims Nos. :

Remark on Protest | |The additional search fees were accompanied by the applicant's protest and, where applicable, the

'—' payment of a protest fee.
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Claims Nos.: 18-20

The subject-matter of independent claim 18 and dependent claims 19 and
20, appear to be directed to three different embodiments represented
schemati cal ly in figures 10, 11 and 12 and descri bed on page 26, line 30
to page 29, line 19.

Due to the fact that the filed drawi ngs do not

contai n figures 10 to 12, it is not possi ble to completely understand the
menti oned three embodiments neither to clearly defi ne the scope of claims
18 to 20. Hence, a meaningful search of the subject-matter of claims 18
to 20 coul d not be carri ed out (Arti cle 17(2) (a) (ii) PCT).

Claims 1to

17 have been completely searched.

The applicant 's attenti on is drawn to the fact that claims rel ati ng to
inventi ons in respect of which no internati onal search report has been
establ ished need not be the subject of an internati onal prel iminary
examinati on (Rule 66. 1(e) PCT). The applicant is advi sed that the EPO

pol icy when acti ng as an Internati onal Prel imi nary Examining Authori ty is
normal ly not to carry out a prel iminary examinati on on matter which has
not been searched. This is the case irrespecti ve of whether or not the
claims are amended fol |owing recei pt of the search report or duri ng any
Chapter 11 procedure. |If the applicati on proceeds into the regi onal phase
before the EPO, the applicant is reminded that a search may be carri ed
out duri ng examinati on before the EP0 (see EPO Guidel ines C-lIV, 7.2),
shoul d the probl ems which led to the Arti cle 17(2) decl arati on be
overcome.
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