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(54) HAND REHABILITATION DEVICE

(57) A hand rehabilitation training device comprises
a wrist component and one or more finger components
removably connectable with the wrist component, the
wrist component comprising a hand sleeve and one or
more dorsal bridges movably connected to the hand
sleeve via an adjustment mechanism for reversibly ad-
justing and securing a proximal-distal position of the
bridge relative to the hand sleeve. The device comprises
one or more flexible members removably connecting
each finger component to one or more of the dorsal bridg-

Fig. 1

es to tension the flexible member(s) to one or more con-
nected finger components.

The hand sleeve may accommodates the hand and
wrist of awearer, exposing the wearer’s fingers, and com-
prises areversibly openable portion for opening and clos-
ing the hand sleeve about the wearer’s wrist. The finger
components may comprise a soft and pliable finger por-
tion and a rigid backbone and/or leave a space for ex-
posing at least part of the middle phalanx of the wearer’s
finger.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to hand rehabil-
itation training, in particular a hand rehabilitation device
for being worn on a wearer’s hand, for stretching the
wearer’s fingers by dorsal tension.

BACKGROUND

[0002] Spasticity is a problem that occurs as a result
of many neurological disorders (cerebral palsy, multiple
sclerosis, stroke, traumatic brain injury, etc.). In the case
of upper limb spasticity, both the fingers and the wrist
can be in a constant involuntarily contracted state. Be-
cause of the damage to the central nervous system the
information traveling through the motor neurons to the
muscles urges contraction, and prevents voluntary ex-
tension. Beyond a lack of motor control, the sensory in-
formation being sent back to the central nervous system
is also frequently disrupted.

[0003] With this in mind, various rehabilitation devices
have been proposed, e.g. US 9,387,110 B2 discloses a
variable tension rehabilitation glove including a glove
body configured to receive a hand of a user, a wrist band
surround the wrist portion, and a plurality oftension bands
connecting distal portions of finger portions to a movable
tension device for varying the tension of the tension
bands.

[0004] US 5,538,488 A discloses a glove for exercising
digits of a human hand. The device includes an inner
glove for receiving a human hand therewithin. Digit cups
are secured to the inner glove for receiving the outermost
portion of each digit. A plurality of spring-loaded tension
cables extend along a posterior of the glove and operate
to resist motion of the glove during closing of the hand.
An adjustment assembly effects tensioning of the cables
to a desired resistance.

[0005] Further similar devices are disclosed in CN
110433462, CN 113975747, CN 210872803 U, CN
211095754 U, CN 211794500 U, CN 213965028 U, CN
214388673 U, US 5,373,585, US 5,697,103, US
7,001,352, US 7,601,130, US 8,328,744, US 8,677,514,
US 9,764,190, US 2003/0195093, US 2004/0049141,
US 2022/0218507, and WO 2022/094736.

[0006] However, further improvements, in particular
with respect to one or more of effectiveness, ease of use,
user comfort, costs and appearance are desired.

SUMMARY

[0007] In view of the preceding, herewith is provided
in an aspect,

a hand rehabilitation training device comprising a
wrist componentand one or more finger components
removably connectable with the wrist component,
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the wrist component comprising a hand sleeve and
one or more dorsal bridges movably connected to
the hand sleeve via an adjustment mechanism for
reversibly adjusting and securing a proximal-distal
position of the bridge relative to the hand sleeve,
wherein the device comprises one or more flexible
members removably connecting each finger compo-
nent to one or more of the dorsal bridges to tension
the flexible member(s) to one or more connected fin-
ger components, e.g. to pull on the one or more con-
nected finger components via the respective flexible
member(s)

wherein the hand sleeve accommodates the hand
and wrist, and possibly part of the forearm of a wear-
er, exposing the wearer’s fingers, and comprises a
reversibly openable portion for opening and closing
the hand sleeve about the wearer’s wrist. The open-
able portion is provided with a reversible closure, in
particular a zipper, for opening and closing the hand
sleeve about the wearer’s wrist in a distal-proximal
direction of the hand sleeve. The closure preferably
is arranged on a dorsal side of the wrist sleeve, pref-
erably in a dorsal-radial quadrant, which may facili-
tate operation by the wearer’s other hand.

[0008] The tension may generally be in proximal direc-
tion. Preferably, the tension is along one or more tendons
associated with extension of the respective finger and/or
an anatomic direction of such tendon(s). Thus, the ten-
sion may help and/or correct (a direction of) extension of
the finger.

[0009] The flexible members may be fixed to the finger
components.

[0010] The hand sleeve may comprise plural finger
openings to expose the fingers individually, e.g. protrud-
ing from the sleeve opening, preferably the sleeve com-
prises a single finger opening for accommodating and
exposing all fingers and possibly part of the hand’s palm,
e.g. protruding from the sleeve opening. The sleeve com-
prises a separate thumb portion possibly for fully enclos-
ing the thumb but preferably comprising a thumb opening
for exposing the wearer’s thumb, e.g. protruding from the
thumb opening.

[0011] Exposing the wearer’'s fingers may facilitate
putting the finger components onto the fingers without a
glove layer in between. Also or alternatively, tactile con-
tact may be facilitated. Also or alternatively, putting on
the hand sleeve, and therewith the device as a whole, is
facilitated since the hand sleeve and the finger compo-
nents may be put on separately from each other. The
number of finger components (to be) connected may be
selected as desired.

[0012] The hand sleeve and finger components may
be sized individually. The hand sleeve may be used as
a hand and/or wrist brace without the finger components.
[0013] A single bridge may suffice for the four fingers
of a hand. The thumb may be considered separately.
[0014] The device allows closing by a distal to proximal
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movement, e.g. pulling a zipper slider or another closure
element, in a direction from the finger tips of the hand
wearing the hand sleeve toward the body of the wearer,
in correspondence with a natural movement for putting
on the device and, facilitating that the wearer puts on at
least the sleeve of the device without assistance. This
also applies in reverse and mutatis mutandis for opening
the closure and putting off the hand sleeve.

[0015] Thehand sleeve mayhave areversibly closable
or an unopenable portion for encircling the hand, e.g. one
or more finger openings having a closed circumference
and/or a thumb opening having a closed circumference,
which circumference(s) may be permanently closed. Al-
so or alternatively, the hand sleeve may comprise a blind
end to the reversible closure, preferably a blind distal
end, e.g. the zipper having an end that is closeable or
even being permanently closed.

[0016] This may assist putting on the sleeve, e.g. this
may reduce risk that, and/or prevent that, the sleeve slips
off and/or rotates about the hand. A combination of a
closed portion for encircling the hand and an openable
portion for closing about the wrist and possibly about the
thumb is found to facilitate significantly putting on the
device by a wearer without assistance. Also, a closure
having a blind end may provide a staring for the closure
and/or help that the closure requires relatively little force
for drawing together sides of the opening and holding
and/or attaching them together compared to two loose
ends that have to be pulled together for the closing.
[0017] Also or alternatively, and associated the pre-
ceding disclosure portions, herewith is also provided a
hand rehabilitation training device comprising a wrist
component and one or more finger components remov-
ably connectable with the wrist component, the wrist
component comprising a hand sleeve and one or more
dorsal bridges movably connected to the hand sleeve via
an adjustment mechanism for reversibly adjusting and
securing a proximal-distal position of the bridge relative
to the hand sleeve, wherein the hand sleeve accommo-
dates the hand and wrist of a wearer, exposing the wear-
er’s fingers, and the device comprises one or more flex-
ible members removably connecting each finger compo-
nent to one or more of the dorsal bridges to tension the
flexible member(s) to one or more connected finger com-
ponents, the device in particular being a hand rehabilita-
tion training device according to any embodiment of a
device as disclosed herein, wherein the hand sleeve ac-
commodates the hand and wrist of a wearer, exposing
the wearer’s fingers, and wherein each of the one or more
finger components comprises a finger tip portion for at-
tachment about the finger tip (distal phalanx) and a finger
base portion for attachment about the base segment of
the finger (proximal phalanx), wherein at least one of the
finger tip portion and finger base portion is comparably
soft and pliable, possibly being comparably elastic, e.g.
being generally of one or more textile fabrics with or with-
out padding, and wherein each of the one or more finger
components comprises a comparably rigid backbone
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connected to the finger tip portion and finger base portion
and configured for placement dorsally over and along the
middle phalanx of a wearer’s finger.

[0018] The finger tip portion and finger base portion
may be integrated, e.g be formed at least in part of a
single piece of fabric.

[0019] The comparably soft and pliable, and possibly
comparably elastic portions may, e.g., be generally of a
textile fabric such as an at least partly knitted and/or cro-
cheted fabric, although wovens and/or non-wovens may
be used as well, including leather. The finger component
may comprise different portions of (predominantly) dif-
ferent materials such as different fabrics. Elastic sheets
may be used also or alternatively. The material may be
at least in part "breathable" and/or water transmissive,
and may preferably be skin-contact compliant over pro-
longed periods. The finger component may comprise
padding in one or more portions. The comparably soft
and pliable, and possibly elastic, portion(s) of the finger
component may allow freedom of movement of the hand
and/or wrist, preferably substantially without hindrance,
e.g. much like supple garments, knit gloves.

[0020] The comparably rigid backbone may serve for
one or more of attachment of the flexible element asso-
ciated with the finger portion, directing the flexible ele-
ment over the finger and/or palm of the hand, spreading
tension and/or pressure over the finger and/or the finger
component, assist securing position of the finger com-
ponent on the finger.

[0021] The backbone may be generally bending resist-
ant or allow some bending, a flexibility possibly being
selected dependent on a length of the backbone relative
to the medial phalanx. A backbone may be formed of any
suitable material, e.g. plastic, metal, leather, rubber, etc.
A backbone preferably comprises a thermoplastic mate-
rial for when heated above ambient temperatures de-
forming the backbone to conform to a wearer’s anatomy
and when cooled to ambient temperatures retaining the
deformed shape, facilitating forming at least part of the
backbone to a wearer’s anatomy, and/or determining a
particular range of motion of the finger.

[0022] The flexible member may be attached, e.g. re-
movably attached, to the backbone, preferably at a po-
sition corresponding to a middle of the middle phalanx
of the wearer’s finger, or a proximal end of the backbone.
The backbone may assist directing a direction of the ten-
sion. This may one or more of facilitate connection and/or
position and/or direction of the flexible member and the
finger component, improve wearer comfort.

[0023] The backbone may comprise one or more open-
ings for accommodating one or more interphalangeal
joints. Preferably, the backbone comprises a distal open-
ing and a proximal opening, associated with the distal
and proximal interphalangeal joints, respectively. This
may facilitate bending the finger, one or more of facilitate
positioning and/or direction of the backbone and there-
with any attached portion (e.g. a flexible member, a soft
and pliable portions) and the finger component as a
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whole, improve wearer comfort.

[0024] Also or alternatively, and associated the pre-
ceding disclosure portions, herewith is also provided a
hand rehabilitation training device comprising a wrist
component and one or more finger components remov-
ably connectable with the wrist component, the wrist
component comprising a hand sleeve and one or more
dorsal bridges movably connected to the hand sleeve via
an adjustment mechanism for reversibly adjusting and
securing a proximal-distal position of the bridge relative
to the hand sleeve, wherein the hand sleeve accommo-
dates the hand and wrist of a wearer, exposing the wear-
er's fingers, and the device comprises flexible members
removably connecting each finger component to the one
or more dorsal bridges to tension the flexible member(s)
to one or more connected finger components, the device
in particular being a hand rehabilitation training device
according to any embodiment of a device as disclosed
herein, wherein the hand sleeve accommodates the hand
and wrist of a wearer, exposing the wearer’s fingers, and
wherein the one or more finger components may com-
prise a finger tip portion comprising sleeve and/or a loop
portion for accommodating, e.g. encircling, the finger tip
(distal phalanx) of a wearer’s finger and/or a finger base
portion comprising a loop portion for encircling the finger
base segment of a wearer’s finger (proximal phalanx),
wherein the finger tip portion and the finger base portion
are separate and spaced from each other on a palmar
side of the device, e.g. leaving a space for exposing at
least part of the middle phalanx of the wearer’s finger,
sothattactile sensationis little or notimpaired or hindered
facilitating use and possible revalidation.

[0025] Inanyembodimentone or more of the following
may beneficially apply.

[0026] Atleast part of the hand sleeve may be compa-
rably soft and pliable, and possibly being comparably
elastic, e.g. being generally of a textile fabric such as an
at least partly knitted and/or crocheted fabric, although
wovens and/or non-wovens may be used as well, includ-
ing leather. The hand sleeve may comprise different por-
tions of (predominantly) different materials such as dif-
ferent fabrics. Elastic sheets may be used also or alter-
natively. The material may be at least in part "breathable"
and/or water transmissive, and may preferably be skin-
contact compliant over prolonged periods. The hand
sleeve may comprise padding in one or more portions.
The comparably soft and pliable, and possibly elastic,
portion(s) of the hand sleeve may allow freedom of move-
ment of the hand and/or wrist, preferably substantially
without hindrance, e.g. much like garments. The same
materials and associated considerations may equally ap-
ply to one or more of the finger components, see also
below.

[0027] The hand sleeve may comprise a comparably
rigid brace. The brace is configured to generally resist or
even prevent movement of the wrist and/or hand. The
brace may comprise a palmar brace leg and/or a dorsal
brace leg, for spanning in proximal-distal direction over
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the wrist, e.g. spanning over the carpus, such as span-
ning from overlapping partofthe arm bones (radius, ulna)
to overlapping part (preferably: most if not all of the met-
acarpus (palm of the hand). Thus, e.g. a position and/or
range of motion of the wearer’s hand may be supported
and/or secured, and/or a base for the tension onto the
fingers may be provided.

[0028] The hand sleeve and brace may be integrated,
possibly irremovably integrated but preferably the brace
is removably secured to the hand sleeve, e.g. the hand
sleeve may comprise a pocket for accommodating at
least part of the brace.

[0029] The brace may comprise both a palmar and a
dorsal brace leg, connected by a back, which may sta-
bilize the palmar and dorsal brace legs. The brace pref-
erably is devoid of another back portion, which may fa-
cilitate sizing the hand sleeve and/or brace and/or which
may facilitate putting the brace and/or the hand sleeve
on. The back may be an ulnar back, passing over the
ulnar hand back, then in particular and preferably being
devoid of a radial connection between the palmar and a
dorsal brace leg. This may facilitate freedom of move-
ment of the thumb and/or prevent bulk and/or pressure
on the hand between thumb and index finger. The back
may comprise a distal recess associated with lateral ab-
duction of the wearer’s finger adjacent the back, e.g. ulnar
abduction of the little finger in case of an ulnar back al-
lowing spreading the fingers wide. The brace may be M-
shaped, at least in a folded-out configuration, facilitating
the lateral abduction while retaining robustness of the
brace, e.g. providing a constant size (e.g. width and thick-
ness) along (the shape of) the brace.

[0030] The brace may be formed to conform to the
wearer’s anatomy, e.g. based on a print, a cast, and/or
a (3D-)scan of the wearer’'s hand. At least part of the
brace may be made by additive manufacturing. At least
part of the bread may be made of metal and/or a plastic
material. The device may be provided adjustable to ad-
just the brace to a wearer’s anatomy, e.g. for optimizing
operation and/or wearer comfort which may assist one
or more of use, therapy, acceptance. In particular, the
brace may comprise a thermoplastic material for when
heated above ambienttemperatures deforming the brace
to conform to a wearer’s anatomy and when cooled to
ambient temperatures retaining the deformed shape, fa-
cilitating forming to a wearer’s anatomy and/or determin-
ing a predetermined range of motion of the hand and/or
wrist.

[0031] Also or alternatively, the device may further
comprise a releasable and/or openable wrist band for
reversibly tightening and loosening a loop around the
wearer’s wrist and/or forearm, and/or for, e.g. from an
open configuration, reversibly wrapping and closing a
loop around the wearer’s wrist and/or forearm and, re-
spectively, from a closed configuration, opening the loop
and unwrapping it from the wearer’s wrist and/or forearm.
The wrist band may assist keeping the wrist sleeve,
and/or a brace if provided, in a desired position relative
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to one or more of the wearer’s wrist, forearm, and hand.
Also or alternatively, e.g. a position and/or range of mo-
tion and/or a base for the tension onto the fingers may
be provided. Also or alternatively, the wrist band may
secure the reversible closure, which it may cross and/or
overlap.

[0032] The adjustment mechanism of at least one of
the dorsal bridges may comprise a rotary adjustment
handle, e.g. a rotary button. The rotation may allow (con-
tinuous or stepwise) adjustment and/or locking of the ro-
tary button to define continuous and/or stepwise position
adjustment of the bridge. The rotary button may have a
tightening mechanism by the rotation e.g. for reeling in
a flexible adjustment member such as a string or band
with which the bridge may be connected to the adjust-
ment handle. The adjustment mechanism may have a
release mechanism. The release mechanism may pref-
erably be operable by another movement than the rota-
tion, such as by moving at least part of the handle (e.g.
button) in axial direction (pushing or pulling) relative to
an axis of rotation of the rotary adjustment handle, which
may facilitate operation and/or construction of the adjust-
ment mechanism and/or may prevent accidental opera-
tion of the adjustment mechanism. Such rotary adjust-
ment mechanisms and buttons are commonly known and
widely commercially available and therefore not further
elucidated here.

[0033] Rotation may facilitate operation by one hand,
and/or may facilitate reeling in a flexible adjustment mem-
ber and/or may facilitate substantially retaining a size as-
sociated with the adjustment mechanism and/or facilitate
providing relatively large travel of the bridge without de-
tachment of it. A convenient and predictable size may be
provided.

[0034] The flexible members may be elastic and/or be
reversibly length adjustable between the finger compo-
nents and the bridge, preferably in at least a distal posi-
tion of the bridge. This may facilitate adjusting tension
between the bridge and the finger component connected
by the flexible member.

[0035] The device may comprise a thumb section re-
movably connected to the hand sleeve. The thumb sec-
tion and hand sleeve may be configured for reversibly
adjusting and securing a proximal-distal position of the
thumb portion relative to the hand sleeve to tension to
provide adjustable tension on the thumb section, e.g. to
pull on the thumb section. The thumb section preferably
may be provided with a flexible member just like the fin-
gers / finger components. As for the fingers, the tension
may be arranged along one or more tendons associated
with extension of the thumb and/or an anatomic direction
of such tendon(s). Thus, the tension may help and/or
correct (a direction of) extension of the thumb.

[0036] Thus the thumb may also be pulled, possibly
without connection to the bridge, and/or by providing a
separate bridge and/or a separate adjustment means.
Thus, it may be facilitated that a tension direction on the
thumb may differ from a general tension direction on the
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fingers; the flexible members of the fingers may be ar-
ranged dorsal over at least part of the respective fingers
and the hand palm generally parallel to the respective
fingers, whereas for the thumb it may be preferred that
the tension direction be rather radial than substantially
dorsal.

[0037] The one or more finger components may com-
prise a loop portion for accommodating, e.g. encircling,
a wearer's finger, the loop being openable for reversibly
wrapping and closing the loop around the wearer’s finger
and, respectively, opening the loop and unwrapping it
from the wearer’s finger. E.g. the one or more finger com-
ponents may comprise a finger tip portion comprising
sleeve and/or a loop portion for accommodating, e.g. en-
circling, the finger tip of a wearer’s finger, and/or a finger
base portion comprising a loop portion for encircling the
finger base segment (proximal phalanx) of a wearer’s
finger. One or each of the respective loops may be open-
able for, reversibly wrapping and closing the loop around
the wearer’s finger and, respectively, opening the loop
and unwrapping it from the wearer’s finger.

[0038] This may facilitate putting on the finger compo-
nents and therewith the device as a whole. Opening and
closing the loops may obviate having to fit a finger in a
finger component which may be painful of substantially
impossible for a cramped finger.

[0039] At least part of a finger component may be
formed with touch screen sensitive material, in particular
a finger tip portion. Thus, a wearer can operate touch
screens while wearing (a finger component of) the de-
vice. Note that an exposed finger portion may also allow
or assist operation of a touch screen.

[0040] Hence and as will be clarified below, the pres-
ently provided hand rehabilitation training device may
serve as both a dynamic splint and as a compressive
wrist sleeve. The former may be responsible for counter-
acting the contraction in the wrist and fingers, while still
allowing some movement. The latter, along with the open
design may be responsible for encouraging blood flow
and thus, sensory feedback.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] The above-described aspects will hereafter be
more explained with further details and benefits with ref-
erence to the drawings showing a number of embodi-
ments by way of example.

Fig. 1 is a substantially dorsal view of a hand reha-
bilitation training device;

Fig. 2 is a substantially palmar view of the hand re-
habilitation training device of Fig. 1;

Fig. 3 (=Figs. 3A-3E) are schematic views in different
directions of a finger component of a hand rehabili-
tation training device

Fig. 4 (=Figs. 4A-4E) are schematic views in different
directions of a wrist component of a hand rehabilita-
tion training device;
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Fig. 5 is a schematic view of a brace for the wrist
component of a hand rehabilitation training device.

DETAILED DESCRIPTION OF EMBODIMENTS

[0042] Itis noted that the drawings are schematic, not
necessarily to scale and that details that are not required
for understanding the present invention may have been
omitted. The terms "upward", "downward", "below",
"above", and the like relate to the embodiments as ori-
ented in the drawings, unless otherwise specified. Fur-
ther, elements that are at least substantially identical or
that perform an at least substantially identical function
are denoted by the same numeral, where helpful individ-
ualised with alphabetic suffixes and/or increased by 100,
200, etc. between embodiments.

[0043] Further, unless otherwise specified, terms like
"openable" "detachable" and "removably connected" are
intended to mean that respective parts may be opened
and/or, respectively, disconnected essentially without
damage or destruction of the associated part or parts,
e.g. excluding structures in which the parts are integral
(e.g. continuous sections of amember; structures welded
into, or moulded as, one piece), but including structures
in which parts are attached by or as mated connectors,
fasteners, releasable self-fastening features, etc. The
verb "to facilitate" is intended to mean "to make easier
and/or less complicated", rather than "to enable".
[0044] Figs. 1-2show embodiments of (parts of)ahand
rehabilitation training device 1, comprising a wrist com-
ponent 3 and one or more finger components 5 remov-
ably connectable with the wrist component 3. The wrist
component 3 comprises a hand sleeve 7 and a dorsal
bridge 9. The device 1 further comprises flexible mem-
bers 11 each removably connecting a finger component
5 to the dorsal bridge 9 via hooks 10 or other connectors.
In other embodiments one or more bridges could be pro-
vided and/or one or more bridges could be formed differ-
ently, e.g. being formed as a. Here, the flexible members
11 associated with all four finger components 5 / all four
fingers are attached to the same bridge 9, however, one
or more finger components 5 could be omitted.

[0045] The dorsal bridge 9 is movably connected to
the hand sleeve 7 via an adjustment mechanism 13 com-
prising one or more flexible adjustment members 15, e.g.
one or more pieces of strap or string, and an adjustment
handle 17, here in the form of a rotary button The adjust-
mentmechanism 13 is configured for reversibly adjusting
and securing a proximal-distal position of the bridge 9
relative to the hand sleeve 7, by winding up / reeling in
a portion of the flexible adjustment members 15. Thus a
reversible tightening mechanism is provided to tension,
when the device 1 is worn on the hand and arm of a
wearer (not shown), the flexible member(s) 11 to one or
more connected finger components 5 worn on a wearer’s
finger (not shown). The adjustment members 15 may be
retained by optional loops 19 or other structures to pre-
vent snagging behind objects. A bridge could be attached
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with a single adjustment member 17 to one adjustment
handle 17, or with plural adjustment mechanism 13 to
plural adjustment handles 17.

[0046] Thehandsleeve 7 accommodatesthe handand
wrist of a wearer (not shown), exposing the wearer’s fin-
gers (not shown). A distal end 7D of the hand sleeve 7
comprises an unopenable sleeve portion providing an
opening 21 for encircling the hand. In another embodi-
ment, the distal end 7D may be reversibly openable (not
shown). The hand sleeve 7 also comprises an optional
thumb sleeve 23 and a thumb component 25 (only shown
in Fig. 1) removably connected to the hand sleeve 7, here
via a flexible members 27 connected with a hook 29 to
loops 31 provided on the hand sleeve 7. The (distal end
ofthe)thumb sleeve 23 comprises an unopenable portion
providing an opening 33 for encircling the thumb.
[0047] The hand sleeve 7 comprises a zipper 35 in
proximal-distal direction of the hand sleeve 7 providing
a reversibly openable portion for opening and closing a
proximal end 7P of the hand sleeve 7 about the wearer’s
wrist. The zipper 35 has a blind end, being closed at a
distal end 33D.

[0048] At least part of the hand sleeve 7 is comparably
soft and pliable and possibly being comparably elastic,
e.g. being generally of one or more textile fabrics with or
without padding, and the hand sleeve 7 comprises a com-
parably rigid brace 36 discussed further below. The hand
sleeve 7 may be configured to closely fit about the hand,
wrist and (distal portion of the) lower arm of the wearer
(not shown); the hand sleeve 7 may be generally elastic
so as to engage the wearer’s anatomy along and sub-
stantially throughout the sleeve 7 as much as possible
at a substantially constantlocal pressure so as to prevent
local stress and/or cutting off blood flow.

[0049] The device 1 further comprises one or more op-
tional openable wrist bands 37 for reversibly wrapping
and closing a loop around the wearer’s wrist and/or fore-
arm, and, respectively, opening the loop and unwrapping
it from the wearer’s wrist and/or forearm. The wrist band
37 is preferably arranged at a proximal end of the wrist
component, configured to be attached under the wearer’s
wrist bone for facilitating maximum support. The wrist
band 37 is preferably fixed to the wrist sleeve (not shown)
and comprises an optional eye of ring 39 through which
aleading free end of the wrist band 37 is fed and doubled
back onto a trailing end of the wrist band 37. This may
facilitate tightening the band 37. The band 37 may be
provided with a releasable closure such as a buckle
and/or a hook-and-loop-fabric type fastening system
such as Velcro which may be preferred. The wrist band
37 may be tightened under the adjustment members 15
to prevent interference with (tenson control of) the ad-
justment members 15. The wrist band 37 also preferably
is arranged to be separated from the adjustment handle
17.

[0050] Each shown finger component 5 comprises a
comparably soft and pliable portion 41, possibly being
comparably elastic, e.g. being generally of one or more
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textile fabrics with or without padding, for attachment
about a wearer’s finger (not shown). The soft finger com-
ponent portion 41 comprises a finger tip portion 43 for
attachment about the finger tip of a wearer’s finger (not
shown) comprising a sleeve, and a finger base portion
45 for attachment about the base segment of the wearer’s
finger. The finger base portion 45 comprises a strap 47
for reversibly wrapping and forming a closed loop around
the base (proximal) segment of the wearer’s finger and,
respectively, opening the loop and unwrapping it from
the wearer’s finger.

[0051] Each shown finger component 5 comprises a
comparably rigid backbone 49 attached to a dorsal side
of the soft finger component portion 41. The backbones
49 are configured for placement dorsally over and along
the middle phalanx of the respective wearer’s finger (not
shown). The backbones 49 comprise openings 51 for
accommodating (flexion of) respective interphalangeal
joints, which openings 51 may be formed into and/or
through (as shown) the rigid material of the backbone
49. One or more of the openings 51 may expose the soft
finger component portion 41 underneath the backbone
49, or may be open and expose the finger. The back-
bones 49 may be formed of any suitable material, e.g.
plastic, metal, rubber, hard leather, etc. In another em-
bodiment, not shown, one or more of the backbones 49
may be one or more of covered by, integrated with, and
at least partly accommodated in, the soft finger compo-
nent portion 41.

[0052] In each shown finger component 5 the finger tip
portion 43 and the finger base portion 45 (47) are sepa-
rate and spaced from each other on a palmar side of the
device, leaving a space S for exposing at least part of
the middle phalanx of the wearer’s finger.

[0053] Figs. 2, 4-5 indicate embodiments of the brace
36, 236. Fig. 5 shows the brace 36 of Fig. 2 in an unfolded
state, wherein the brace has a general M-shape. In an
unfolded state, the brace may be flat, e.g. the brace may
be cut from a metal or a thermoplastic sheet. Other man-
ufacturing methods may also be provided. Figs. 2 and 4
indicate a brace 36, 236 in use, formed to operably fit
about the wearer’'s hand such that the brace comprises
a palmar brace leg 53, 253 and a dorsal brace leg 55,
255 connected by an ulnar back 57, 257 to fit around the
ulnar side of a wearer’s hand (not shown). Due to the M-
shape of the brace 36 the back 57 in Figs. 2 and 5 is
generally V-shaped and provides a distal recess 59 for
lateral abduction of a wearer’s finger adjacent the back,
here the little finger (pinky). Beast seenin Fig. 5, the distal
portions of the dorsal side DD and the distal portion of
the palmar side DP may be the same or differ for accom-
modating movement, as shown; the shown brace may
be deformed by bending, starting from te folded-out ge-
ometry shown in Fig. 5 the legs 53, 55 "towards the view-
er" as it were.

[0054] The brace 236 of Fig. 4 may be, in an unfolded
configuration generally U-shaped (not shown), so that in
a configuration formed to operably fit about the wearer’s
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hand the ulnar back may flare laterally outward as indi-
cated.

[0055] Figs. 3 (= Figs. 3A-3E) are schematic views in
different directions of a finger component 105 of a hand
rehabilitation training device as described herein. In this
embodiment, the backbone 149 is provided with a distal
extension 49D providing a cap 43 over soft the finger tip
portion 141. A flexible member 111 is attached in a medial
portion of the backbone 149.

[0056] Different embodiments of finger components 5,
105 and/or others (not shown), could be used with one
wrist component, e.g. the wrist component of Figs. 1-2,
e.g. associated with different (degrees of) afflictions of
different fingers.

[0057] A property of preferred embodiments of the pro-
vided device is a combination of soft and hard materials
in both the finger components and wrist component. The
finger components can be individually clipped/slipped on,
allowingindependentuse. Along with this, the finger com-
ponents have (elastic) tensioners, e.g. at the proximal
side thereof and can be position-adjusted to a large ex-
tent via a continuous tensioner. The wrist component
contains a hard brace and it can be slipped on. Unlike
conventional rehabilitation devices, the present device
is easily customizable by the tensioners, wrist sleeve and
number of fingers. Also, the device may be lightweight,
not bulky and may allow for independent use in a domes-
tic environment.

[0058] The provided device comprises several sepa-
rate components, which work together to open the wrist
and fingers of a wearer into a functional position.
[0059] The wrist brace may be made of thermoplastic
which can be formed, e.g. molded to a wearer’s anatomy.
Further, the thickness of this component can be selected
based on the required strength e.g. associated with a
severity of the wearer’'s spasticity. This brace may be
configured to maintain the wrist in a neutral position,
thereby helping to alleviate spasticity and involuntary
movements. An optional adjustable wrist strap goes
around the forearm to stabilize the wrist component. The
strap may be closable with any suitable closing means;
a hook-and-loop-fabric type fastening system such as
Velcro may be preferred as indicated; it is preferred that
for closing, a leading end of the strap is fed through an
eye and looped back, e.g. for closing onto a trailing end
of the strap, for pulling on the eye reducing required force
for closing and/or providing an anchoring point for the
closing.

[0060] The device also comprises one or more sepa-
rate finger components. These are preferably made of
semirigid plastic, on the back of the digitand are attached
to stretchy material. The finger components may all be
individual, so as to alleviate struggling for a person who
puts them on the fingers of the wearer, possibly the wear-
er personally putting one or more finger components on
without assistance. In addition, the amount of fingers af-
fected by spasticity can vary, and hence the number of
finger components used, thus this acts as another level



13 EP 4 474 022 A1 14

of customization.

[0061] The finger components help stretch the fingers
but also still allow movement that makes grabbing, grasp-
ing, daily activities and other finger movements possible.
This may be facilitated by the pliable material of the finger
components and the hard material conforming to a pha-
lanx of the finger.

[0062] The finger and wrist components are preferably
attached via two adjustable mechanisms connected, e.g.
hooked, together. The mechanisms may be continuous
adjustable mechanisms. The first adjustable mechanism
is attached to the finger components, e.g. the proximal
end thereof and/or the hard part (also dubbed "back-
bone") thereof, and is made of a flexible material, possibly
elastic, with an adjustment component. The adjustment
member may comprise a slider which may allow contin-
uous sliding and/or may be configured for adjustment to
discrete positions. At an end of the member, there may
be a connector, preferably a hook, which is, in use, at-
tached to a bridge. The second adjustment mechanism
may be continuous as well or adjustable to discrete in-
crements, and/or the mechanism may comprise a rotary
button or "wheel" attached to the wrist component, in
particular the brace. This wheel is also attached to the
bridge, preferably via flexible adjustment elements such
as strings which more preferably have significantly lower
elasticity than the flexible elements straps, e.g. having
little to substantially no elasticity. The wheel can easily
be adjusted with one hand and may be responsible for
larger tensioning steps than the flexible straps. Note that
more or fewer mechanism may be provided.

[0063] The device may also provide compressive sen-
sory feedback. The compression provided by the wrist
component, in particular the wrist sleeve, possibly assist-
ed by the optional brace, may stabilize the hand, reducing
tremors and involuntary movements. In this regard the
wrist component could be applied for people with Parkin-
son’s disease or arthritis as well. In such case, the wrist
component could be provided individually, instead of be-
ing part of the device and then optionally the wrist com-
ponent could also be devoid of the dorsal bridge and
adjustment mechanism.

[0064] In a preferred embodiment, the soft wrist sleeve
covers part of the palm and back of the hand, the wrist
and part of the forearm, e.g. going down about half of the
forearm, and also comprises an optional sleeve for the
thumb. There is an optional pocket in the soft compres-
sion wrist sleeve to accommodate, e.g. slide in, at least
part of the wrist brace, if provided. The soft compressive
wrist sleeve can be closed, e.g. zipped shut with one
hand; the hand and thumb sleeve may anchor the sleeve
against pulling force on the zipper and may facilitate clos-
ing the sleeve.

[0065] The preferred finger components are also made
of soft compressive material to which a semi rigid plastic
backbone is attached. The finger components may con-
tain a smallfinger-tip componentinto which one can place
the finger. The tip component may be made of touch
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screen sensitive material. At the proximal end of the fin-
ger component, e.g. at the proximal segment of the finger
there is a strap which can be adjusted to the finger size
and make putting the finger components on easily and
independently. Most of the bottom of the finger, excluding
the tip and bottom, is preferably open to allow for maximal
sensory feedback. Exposure of parts of the palm and
finger and optional textured surface of the wrist compo-
nentenhance grip strength and dexterity, making it easier
to hold objects and perform fine motor tasks.

[0066] Additionally, the hand sleeve of the wrist com-
ponent applies gentle pressure to the affected hand, en-
couraging muscle relaxation and reducing spasticity. As
a result, the device promotes a more comfortable hand
and wrist position, thereby improving functional ability,
encouraging independence and enhancing the quality-
of-life for individuals with neurological conditions.
[0067] The disclosure is not restricted to the above de-
scribed embodiments which can be varied in a number
of ways within the scope of the claims. For instance in at
least some embodiments:

a. Thedevice is designed such thatit can be provided
in a variety of sizes and adjusted to fit each wearer’s
body separately, allowing for substantially full cus-
tomization and optimal comfort. The soft wrist com-
ponent and finger components can be provided in
standard sizes. At least part of the wrist component,
in particular the brace, can be molded/adjusted to
the persons’ exact hand size;

b. The device may be provided for several different
sizes and a plurality of sizing options, e.g. for the
wrist component and finger components; and one or
more adjustable components attached to the wrist
component and configured to adjust the size of one
or more of the components to fit each patient’s body.
c. Several adjustable components are attached to
the wrist component and configured to secure the
device to a patient’'s body. The device may be de-
signed such that a patient can independently put on
and wear the device without the assistance of any-
body.

d. A soft, elastic sleeve or hand glove (i.e. fingerless
glove) covering the hand (excl. most of the palm),
wrist and half of the forearm is provided.

i. The soft component can be made of elastic
materials: Spandex, Neoprene, Lycra, Poly-
urethane, Nylon, Polyester or alike.

ii. The soft component will have one closing
mechanism in the form of a: zipper, buttons,
tightening wheel, laces, velcro or hooks

e. A brace made from moldeable, semi-rigid plastic
that may slides into an optional pocket of the soft
component which can be molded by the therapist or
end-user. Such moldable brace can also be com-
posed of metals or other plastic types.
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f. An optional reversibly openable and closable band
to wrap around the wrist and prevent the brace or
other hard component from moving, e.g. comprising
one or more of buttons, buckles, ties, hook-and-loop-
type fasteners (e.g. Velcro)

g. Individual finger components may be formed at
least in part as sleeves which cover the dorsal side
of the finger but do not cover the whole of the palmar
side of the finger.

i. The finger components can be hooked on, or
slid over, each individual finger

ii. The finger components can have the fingertips
completely free, or a small cover at the tip which
is made of touch screen-friendly material and/or
anti-skid material.

ii. The finger components could contain (semi)
rigid components, or backbones, on the dorsal
side of the components for additional support.
Bending of the (semi) rigid component could be
because of the stiffness of the materials, a bend-
ing mechanism, opening and closing of the
(semi) rigid component.

h. Individual finger components can be removed in-
dividually from the fingers and/or from the device.
E.g. via a clip, via opening openable loop, via sliding
off the top of the finger, etc.

i. Athumb component can be part of the hand sleeve
or loose like the other finger sleeves. The thumb can
be immobilized/stabilized with a backbone and/or or
an additional hard component (materials as speci-
fied in e)in the sleeve. Or can be pulled into a neutral
position via an elastic tensioner from the thumb com-
ponent to the glove with suitable connectors such as
hooks / clasps / hook-and-loop-type fasteners (e.g.
Velcro).

j. An elastic tensioner can be attached to the bridge
and to a proximal part and/or the backbone (if pro-
vided) of the finger components. The attachment to
the bridge can be via a button, a hook, a buckle, a
tie, or other releasable connector.

k. A flexible member such as an elastic tensioner
can be (preferably continuously) adjusted via a slid-
ing buckle or other adjustment piece. Such piece
may be of plastic, metal, or other suitable material.
I. The dorsal bridge can be adjusted with an addi-
tional tensioner placed on the wrist or forearm, which
may allow continuous adjustment. At least part of
the tensioner may be connected with the brace, if
provided. E.g. a fixed or removable connection with
at least part of the brace may be provided, e.g. such
as by a mated connector-counterconnector pair.

i. The bridge may contain hooks, clasps, hook-
and-loop-type fasteners (e.g. Velcro).

ii. If no additional tensioner is present the bridge
may be attached to a dorsal portion of the hand
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sleeve.

iii. The additional tensioner can be in the form
of a (or multiple) tightening wheel(s) or other
tightening mechanism.

iv. The adjustment button may be located at a
proximal end of the hen sleeve to allow the max-
imum adjustment of the fingers.

m. At least part of the thumb component can be
formed as a textile sleeve, and/or can contain fixed
bracing, and/or or have adjustable bracing.

n. The thumb preferably is not adjusted by the bridge
and/or the adjustment handle, e.g. a central wheel,
because the positioning would likely only have a
stretching effect and not a functional one. Therefore,
the thumb is treated independently from the other
fingers.

[0068] The wrist component may be made of plastics
and textiles, along with an adjustment wheel, a bridge
and a zipper.

[0069] The hand sleeve of soft material may include
one hole for all fingers to go through together and a thumb
sleeve.

[0070] If little adjustment is needed, the bridge can be
attached to the back of the glove, possibly removably
attachable in discrete positions and an adjustment han-
dle can be left out. A rotary adjustment handle may allow
for very precise adjustments (which adjustment may be
associated with controlled opening of the fingers). The
adjustment mechanism may provide a quick release
mechanism releasing tension in, and/or freeing of, the
adjustment members 15.

o. The finger components may be substantially
formed of of plastics and textiles along with an elastic
strap. The palmar side (or: inside) of the fingers may
be mostly exposed (uncovered by material). The
backbone can stop before the finger nail or continue
as a cap over the tip of the finger for more support.

[0071] Elements and aspects discussed for or in rela-
tion with a particular embodiment may be suitably com-
bined with elements and aspects of other embodiments,
unless explicitly stated otherwise.

Claims
1. A hand rehabilitation training device comprising a

wrist component and one or more finger com-
ponents removably connectable with the wrist
component, the wrist component comprising a
hand sleeve and dorsal bridges movably con-
nected to the hand sleeve via an adjustment
mechanism for reversibly adjusting and secur-
ing a proximal-distal position of the bridge rela-
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tive to the hand sleeve,

wherein the device comprises one or more flex-
ible members removably connecting each finger
component to one or more of the dorsal bridges
to tension the flexible member(s) to one or more
connected finger components,

wherein the hand sleeve accommodates the
hand and wrist of a wearer, exposing the wear-
er’s fingers, and comprises a reversibly opena-
ble portion for opening and closing the hand
sleeve about the wearer’s wrist, wherein the
openable portion is provided with a reversible
closure, in particular a zipper, for opening and
closing the hand sleeve about the wearer’s wrist
in proximal-distal direction of the hand sleeve.

2. The device according to any preceding claim,

wherein the hand sleeve has a reversibly clos-
able or an unopenable portion for encircling the
hand, e.g. one or more finger openings having
a closed circumference and/or a thumb opening
having a closed circumference, and/or
wherein the openable portion is provided a blind
distal end to the reversible closure, in particular
a zipper, for opening and closing the hand
sleeve about the wearer’s wrist in proximal-dis-
tal direction of the hand sleeve.

3. A hand rehabilitation training device comprising a

wrist componentand one or more finger components
removably connectable with the wrist component,
the wrist component comprising a hand sleeve and
one or more dorsal bridges movably connected to
the hand sleeve via an adjustment mechanism for
reversibly adjusting and securing a proximal-distal
position of the bridge relative to the hand sleeve,

wherein the hand sleeve accommodates the
hand and wrist of a wearer, exposing the wear-
er’s fingers, and the device comprises one or
more flexible members removably connecting
each finger component to one or more of the
dorsal bridges to tension the flexible member(s)
to one or more connected finger components,
the device in particular being a hand rehabilita-
tion training device according to any preceding
claim,

wherein each of the one or more finger compo-
nents comprises

a finger tip portion for attachment about the
finger tip and a finger base portion for at-
tachment about the base (proximal) seg-
ment of the finger,

at least one of the finger tip portion and fin-
ger base portion being comparably soft and
pliable, possibly being comparably elastic,
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e.g. being generally of one or more textile
fabrics with or without padding, and

a comparably rigid backbone connected to
the finger tip portion and finger base portion
and configured for placement dorsally over
and along the middle phalanx of a wearer’s
finger.

The device according to claim 3, wherein the flexible
member is attached, e.g. removably attached, to the
backbone, preferably at a position corresponding to
a middle of the middle phalanx of the wearer’s finger.

The device according to claim 3 or 4, wherein the
backbone comprises one or more openings config-
ured to accommodate an interphalangeal joint.

A hand rehabilitation training device comprising a
wrist componentand one or more finger components
removably connectable with the wrist component,
the wrist component comprising a hand sleeve and
one or more dorsal bridges movably connected to
the hand sleeve via an adjustment mechanism for
reversibly adjusting and securing a proximal-distal
position of the bridge relative to the hand sleeve,

wherein the hand sleeve accommodates the
hand and wrist of a wearer, exposing the wear-
er’s fingers, and the device comprises one or
more flexible members removably connecting
each finger component to one or more of the
dorsal bridges to tension the flexible member(s)
to one or more connected finger components,
the device in particular being a hand rehabilita-
tion training device according to any preceding
claim,

wherein the one or more finger components
comprise a finger tip portion comprising a sleeve
and/or aloop portion for openable accommodat-
ing, e.g. encircling, the finger tip of a wearer’s
finger and/or a finger base portion comprising a
loop portion for encircling the finger base seg-
ment (proximal phalanx) of a wearer’s finger,
wherein the finger tip portion and the finger base
portion are separate and spaced from each oth-
er on a palmar side of the device, e.g. leaving a
space for exposing at least part of the middle
phalanx of the wearer’s finger.

The device according to any preceding claim, where-
in the one or more finger components comprise a
loop portion for accommodating, e.g. encircling, a
wearer’s finger, the loop being openable for revers-
ibly wrapping and closing the loop around the wear-
er’s finger and, respectively, opening the loop and
unwrapping it from the wearer’s finger.

The device according to any preceding claim, where-
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in at least part of the hand sleeve is comparably soft
and pliable and possibly being comparably elastic,
e.g. being generally of one or more textile fabrics
with or without padding, and

wherein the hand sleeve comprises a comparably
rigid brace comprising a palmar and/or a dorsal
brace leg, spanning in proximal - distal direction over
the wrist.

The device according to claim 8, wherein the brace
comprises a palmar brace leg and a dorsal brace
leg, connected by a back around the hand, in partic-
ular an ulnar back, wherein the back comprises a
distal recess associated with lateral abduction of a
wearer’s finger adjacent the back, e.g. the brace be-
ing M-shaped, at least in a folded-out configuration.

The device according to any one of claims 8 and 9,
wherein the brace comprises a thermoplastic mate-
rial for when heated deforming the brace to conform
to a wearer’s anatomy and when at ambient temper-
atures retaining the deformed shape

The device according to any preceding claim, further
comprising a releasable and/or openable wrist band
for reversibly tightening and loosening a loop around
the wearer’s wrist and/or forearm, and/or for revers-
ibly wrapping and closing a loop around the wearer’s
wrist and/or forearm and, respectively, opening the
loop and unwrapping it from the wearer’s wrist and/or
forearm.

The device according to any preceding claim, where-
in the adjustment mechanism of at least one of the
dorsal bridges comprises a rotary adjustment han-
dle, e.g. arotary button, which may have a tightening
mechanism by the rotation and a release mecha-
nism, the release mechanism preferably being op-
erable by another movement such as moving atleast
part of the button in axial direction relative to an axis
of rotation of the rotary adjustment handle.

The device according to any preceding claim, where-
in the flexible members are elastic and/or are revers-
ibly length adjustable between the finger compo-
nents and the bridge, preferably in at least a distal
position of the bridge.

The device according to any preceding claim, com-
prising a thumb section removably connected to the
hand sleeve, the thumb section and hand sleeve be-
ing configured for reversibly adjusting and securing
a proximal-distal position of the thumb portion rela-
tive to the hand sleeve to provide adjustable tension
on the thumb section.

The device according to any preceding claim, where-
in at least part of a finger component is formed with
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1"

touch screen sensitive material.
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