WO 2008/ 027002 9 PCT/ SE2007/ 050593 Strengt heni ng gl ove TECHNI CAL FI ELD The
present invention relates to a glove intended to be wrn by a human hand

and be 5Swoaek/d9602St rengt hening a gri ppi ng novenent exgepsedohisepae or
nore fingers of the hand. STATE OF THE'ART A hunan with normal functions

finds it quite natural to be able to grip an object with the 10 hand and
hol d the obj ect by desired and appropriate force between the fingers and
the objectStreppthgsing@ityea time as desired. Where a person's gripping
novernent with a hand does not have sufficient force, such a gripping
novenent may be found to be inpossible or alnost inpossible to execute.
Exanpl es ofrmasee Mgy nuscul ar  strength is not sufficient for such

gri ppi ng mgvenents include elderly persons with 15 muscle akeni and
persons bei 1§ Aresenbinvettien selatap fap Slove intendedip ae wWebY ﬁ?ﬂ"%’?mg‘?"d%f@n&s ame

probl em npy;saki & sAEh@RENINES §ﬁ?g§1§n%&@v@ﬁ¥rﬂ eRBEIG By dnEdstndrE fiskuro ot the
conditions, e.g. rheumatism Qher exanples of situations where it may be

advant ageod’@”gf necessary for persons to increase the nuscul ar force which
the hand can apply to an object in a gripping novenent include, for

exanpl e, ast;ﬁ&n@aé%ﬁ,é{%{ﬁ‘é?nual workers in 20 certain situations. Quite

little has e orically to use technical aids for strengthening

':1 heOI Mus cul e &8h AEmRERSeNMs s EA0REhatlRNB0R: dife BXEPWnebidot with treesai d
and gr

ip. An_ ex le of a . closely aJlied situation is where a son
conpl et eﬁ\/ reie 80 RoRAbriobied bvﬁaﬁif@%ﬂ@a@@f%@ieef%ﬁé’%@&me e ppLgny
mechani cal obRicufor @9 ®nba thicad @isire@l Vitieast heses's ghasing sdnementivithna iganidppi ng
novenents in a variety of \/}za]ys U s&ecification 40842%{ r?f grs to an
exanpl e of UReHFP Vaéi;ff“&’@”‘r BiCe HHICH & $HOINY MpyemeRtmay b IGUG O BP 4 £ or
| nparting eapbsHieot Smobt Mpeaitidto HREeRS Hxamples of tagewhens masdularan —hand.

That specification refers to caples which are pull ed.on the u and/ or
nner 30 Siraath & natGUMFIBReR Sich gRPRIPE MavEMERie| G 4 SISkl PEBSER MG on G ove
for Contysolmi@hlcRasxkNiAG dndipadsns FeindBradiabilitatdd afibeiesexatplé, bBimghury. 1998 | EEE,
pages 642-647 cont():erns a ro%gsal_ for an external skogl i«‘at on for”@%ﬁgl ove for
a par al ysedaRRRICOIGTH RavAIRAT05T PURUISEVIMNE EHALLYRESL G ORI SRANIYS | v and
forms a Ki rdy. ehelntarhe athaidkaipleat sitimions whbe ihaagbe 8dvahtegebes oarti cl e,
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object in a gripping movement include, for example, astronauts or manual workers in

20 cerain situations.

Quite litle has been done historically to use technical alds for strengthening the

muscular force of persons who cannot manage 10 execute the aforesaid hand grip. An

example of a closely aflied situation is where a person completely Jacks a hand. In that
25 case there are plenty of different mechanical solutions in the form of prostheses that

can perform gripping movements in a variety of ways.

US specification 4084267 refers to an example of a drive device for an orthosis, i.e. an
external aid for imparting equivalents of muscular forces to the fingers of a human
hand. That specification refers {o cables which are pulled on the upper andfor inner

30 sides of the fingers.

An article entitied “The Exosksleton Glove for Control of Paralyzed Hands™; P. Brown,
D. Jones, S.K. Singh; 1993 IEEE, pages 642-647 concerns a proposal for an external
skeleton fora giave for @ paralysed hénd. That external skelston is constructed
mechanically and forms a kind of loadbearing skeleton round the hand.

35 Another article, entitled “An Anthropomorphic Hand Exoskelaeton to Prevent Astronaut




Hand Fati gue during Extravehicular Activities"; B.L. Shields, J.A Min,
S.W Peterson, A M Strauss; 1997 | EEE, pages 668-673 describes a device,

| i kewl se @ip B¥swphe of a nechani cal external skel et on pEFsEobrassdsos
specifically intended to increase the p3vver of rnuscul ar novenents during
work involving the fingers in circunstances where their 5 nuscles soon

tire. The t tﬂféti%ﬁé 8% r@i é)ﬁlhg?/%rﬁéﬁr A&viﬁé‘_@{‘%l%hi&ﬁs,mﬁ&m,@w $eRireinpns nade

j
up of | oadbearing unit vvs(%/s renders the skel etons cl um;r?i and
73 &

unusabl e f ch.M BEauss ALY EEEnpRaes@BSE7Prieacres ndlevige fipying An PXPBPEREE to
prior art !rﬁe%ﬂﬁalt&kt&{\éiis@eﬁﬁ%@@ﬁm%ﬁﬁétﬁt@&%m Irtrédabshel Power of

specification an exanple Is disclosed, wherein fingers are gct ug{?ed by
cords runnifigsoular menements darishyorkirvelvnggas Inggie NCHPESERCESLIRT? Fitfer i s
proposed  of&askobhger joint in order to extend the finger and one cord
al ong the inglde of the finger to flex it. It is designed to control

I ndi vidual joints, thereby requiring ope actuator for extending each joint
and one for ffalté’?iaﬁ@*ﬁst‘i‘ieq‘%ﬁ%récﬁﬁwp‘g‘éfﬂﬁﬁ 'Cﬁt eﬁ&%ﬁé‘aa‘{%h"fa nunber of
fingers 15 iggMheaftdatiRiwhidinamays ROBErd (Be bRoi&bRd Huiidy arenunusablelfier thei nts not
to apply forces to t%gﬂ%ﬁh performed by the fingers. Another reference is

made to dodtifs i nRed Qferein a nmethod for actuation of the finger
joints of a prosthesis, or a hand, is proposed. Only the closing of the

fingers ares aehudeatlenceht beoraEs igieddy ditlhg dosurderit3)92008/0094988r Inibls.  Each

finger is 20 agtuated by one cord runnin n_the insi f s r. Only
one “act ikt GPorLeatin ABEsHERe disdtsdd, Moty Tbels e paPglE t¥ sl ReR ; o 2
of Ithe fi ngﬁéeth&ﬁﬁiﬂg&@@ﬁﬁhf@ﬂﬁ@r‘ @fomécraﬁngéelis:mﬁaomgmmhm fingreln drintan Aj oints
is larger than the nupgber of actuators, is,call - ac Q0.

di sadvant ad’é‘?‘%ift" ?W@n‘g@i TOREH BRSSP RIORE V@l'ﬁs}%’l?#ﬁ? ﬁ'«iﬂ%?‘? {é%ak cl)tqg human
hand, . i sI t h&%iq&bftcﬁ&o?’tr@ﬂﬁ?\gb@%y\ﬁ?, mém]?p eéqm:rﬁag@heqab?at;or fc?emeadmteheh ccﬁr dis
nore or |ess i xed to the distance fromthe jo i B e
S oo of  Soal s aerer dralcancs ARTT Akl afa S kel Mol 'SRt ve

]gli st anﬁeisfc)%@@@tﬂ_aﬁaberwuﬁp@&d? tdm;%!ngﬁor};shotﬂajoimsm E:eaqmliw\ﬁctiesttméwedi slt ance
romthe fingertip. For exanple, if the finger is to apply forces only at
the fi ngertﬂr‘g,psﬁﬂg'hec{: eth?))ﬁf‘é%ﬁonal di stance should increase linearly and if
the forces should be evenly distributed over the finger length, the

or t hogonal Adictiennafered6e BhmatedoidocurearstaNlby0 e, ydweesie a oietboiod peitalitte from

to the d s ilieRgReGrorauob Uil o7 3T PO AL Guly B BRPERTHE TRVENT! O
35 Accor di figgém sas actamediwilk dplaing mb thettiand ismedy by sprivgs HEadhdinger is
charact ezrgi Séc{u%%e Cycﬁw%déa?@rutnging o the inside of the finger. Only one actuator Is therefore
necessary for putting torque fo all three joints of the finger. Such a configuration of a
davice when the number of joints is larger than the number of actuators is called under-
actuation. A disadvantage of the design proposed in NL7014781, if applied to & human
hand, is that the distance between the joints of the finger and the cord is more or less
25 fixed fo the distance from the joint fo the skin on the inside of the finger. For under-
aétuatinn to perform well the orthogonal distance between the cord and the joint should
increase with the distance from the fingertip. For example, if the finger is to apply
forces only at the fingertip, then the orthogonatl distance should increase linearly and if
the forces shouid be evenly distributed over the finger length, the orthogonal distance
30 should increase by the square of the distance from the fingertip.

An ob}ect. of the present invention is to propose a solution to the disadvantages of the
state of the art.

DESCRIPTION OF THE INVENTION ‘
35 According to an aspect of the invention a device with the characteristics according to




WO 2008/ 027002 3 PCT/ SE2007/ 050593 the attached claim|l is presented.
Furt her enbodi nents of the invention are indicated in the dependent cl ains.

Sai d aspewto phshenzi nvention refers to\/\ﬁ gl ove provi dedpwi/sizoht/omesyss,
hereinafter called a 5 finger glove, ich in one aspect of the invention
forms a part of a systemused to strengthen nuscular forces initiated in a

grippi ng nyueae. eH%iaﬂx%ﬁé”;Fre@éﬂi@?rs of a human hand wearing the
i he gl o

strengthening glove. T ve uses the fingers of the hand wearing it to
bal ance the pushing forces which occur along a finger fromthe forces in

the artifi oghet éﬁﬁ#ﬁ:ﬁrﬁaﬁﬁ@bFﬂRe%@nﬁﬁ%%ié&%@ﬂﬁﬁddﬁé@déﬁﬁ%iaﬁmi r ed

strengt heni ng. 10 finger glove is provided internally or in an
internediate |layer with cords made of a sui | terjal. whj
|t ended ¢ csaibpreckdl hinienion e tap Aeisauo B kORI £y g
Qegei naf t§rfir?‘gér]?§1mfé? rNhtcP &S OneSARGE of BRY iEEeiﬁESm;b*:B‘E_I BN oD STHEFDRAMINGS 15 Fig.
epicts the finger glove accordi ng to. _an enbodi nent ntion in a
plan view ﬁt’iﬁ’BW’%Wé%?{ngf’%@ﬁ'ﬁ%‘jdﬁ 3f9”8p‘ﬁ8Wvg‘ﬁ'g?td%@@q{’%h&%eré g?/%ve but
vv:th_ al | thﬁxmmz hﬂiﬁelaﬁﬁkj theRtefidgtRenied g!bh@b“gth@gievmme' Bﬁi%mjﬁrfgars eftibe b@rk.ief of )
clarity. Fig. 2 shows the sane as_Fig. .1 but as see I t i of the
hand. 20 Figargoitdo ﬁmﬁ’é?‘%tf]%é’g?ﬁwég W(@\%me%ﬁ’?\%mﬁ%@?@é? wtp %fcft ét}qal ove
i ntended t ahs brARGLERINE whithi 239 hagniediastiating e tihsitddestraogibebingl ove materi al
omtted and with a schematically illustrated actuator based on signals

froma depi gt sensor.. Fig. ,4 .depjcts : i : QM wth
an act uat rﬁpﬁ‘%g?r O¥R ’%95”%’?3&“?{ E\hy %’t’?éﬁgﬁ%ﬁd%gé %yﬁrﬁ"{gﬁ%’ng rr%t\j)%err%;t with
any of the diitmge ol hibaa inRhdEMBBNNENTSIJ Aticatierdoos. eptesdionent s of
the invention are describ bel ith reference to the attached draw ngs.
30 The stre%@f’%ﬁ"ieﬁ@ﬁ'&rﬁ eé&%%‘f‘ﬁf S?S”i%ﬁ'e i nvention is nost sinply
illustrated in Fig. 1, where the finger glove is worn by a human hand but
t he act ual i i conponents are fitted is omtted
to render t%EEW%bgiﬁ%Wﬁ% ory. The actual glove and its
desi gn are Hijer&ptethednged disvstacadeithgito ablwenbodineyi afthe givasontin@ flamger

gl ove' s desi.gn f course vary in countl : anpl e, an

al r eady avé“i’eg'éi?g@%?%% %‘.eé’?’"&%ﬁ)h?che'bﬁ%os\?gﬁﬁgggé%? bgﬂg\yﬁé&%som type of
WO 2008/ 02 %R02itderPEbisRP 0ORE 006 Bdviticairfat theisaks ofgllasiye, may be used, but a
special glove is preferably made specifically for

Fig. 2 shows the same as Fig. 1 but as seen from the side of the hand.

20 Fig. 3 is a perspactive view of a hand provided with the glove intended to strengthen a
gripping movement, with the actual glove materlal emitted and with a schematically

iftustratod actuator based on signals from a depicted sensor.

Fig. 4 depicts schematically & feedback loop with an actuator for the glove used for
strengthening a gripping movement with any of the fingers of a hand.
25
EMBODIMENTS
A number of embodiments of the invention are describad below with reference to the

attached drawings.

30 The sirengthening glove according to the invention is most simply illustrated in Fig. 1,
where the finger glove is worn by a human hand but the actual glove to which the
machanical components are fitted is omitted to render the diagram more self-
explanatory. The actual glove and its design are therefore not ilustrated in the
diagram, since the finger glove's design may of course vary in countiess ways. For

35 example, an already available glove, 8.g. a sports glove, a golf glove or some type of




the purpose to suit the particular requirenents of the finger glove user or
a patient. As previously nentioned, the finger glove is, in one enbodi nent

of the inygs®é0@ conponent of a system here referrepct/QeRe7 0593
strengt heni ng gl ove. This strengthening4 5 glove conprises not only the

finger glove but also: - a force detecting sensor for each assistable glove

fi | f d
that des: grapic g RORP o fd 9#“%ﬁg’a'c@é‘%ﬁagféfi’g‘m“éd‘*s*’?ﬂ?;%m of the

hand and cadhe pumgseetsa@ew@ rwmqgalarm@ruﬂgmﬁwmf"mw@*@%‘*sﬁé@'b%a oop
conprising an electronic circuit with a transm ssion function which causes

a motor in As'}?re%ﬁ%%&ﬁtro‘h@d'tﬁ@ﬁﬁﬁer%t&é'ré Erﬂﬁwefé?sﬁmrrﬁéhttohmeamehmmlaal t endons
in response to si gna s froma sensor and araneters_set _in.the

transm ssi GIPMRGReNOHA sYstan besasfesiip s ﬁ&F"B‘%@ g pve. hm%?t@g{hgpmﬁeans a

finger ofs tdw@veqro%ﬁsammmtr,%ﬂr@ag@debamepcommdate a finger of the hand
whi ch wears the glove hus neans a glove 15 finger equipped to

strengthen the muscular force o d fi nﬁ and the characteristics of
sai d gl ove 4 fRgEd e@ﬁ@‘p@%ﬂ@p[@@@%ﬂ%ﬁ@?@ PYRJEET cover ed by sai d

strengthening. It may thus happen, for exanple, that only three glove
fingers are maihRRRG maﬁteﬁrﬂmir@efdmebmhe dréfletal enddnsvee maf@erwamymg@s

Cendons. wi () {FAIgFRRod s TeRnTin poh 9 Fed B pfla Bieled ) 21 7,

t he di agra@r@bmg@@@m;m{hree of the glove's fingers equi pped wrth
artificial tendons viz, the glove fingers corresponding to the thunb,

d f f |
e ! REa B i Epoath R e Pral i BraB ORGS0
descri bed fc@ﬁs&tzf mn@t Imethé agtuafor torpatt|sgrulling fares todthe iprilfickl legdansi®venent s, in
whi ch | | of t t ead
of rof orr i AOFROBSE AN PRGBS e PaREERrs et e s ARk diatioh 75 o2

equal ly wel |l conprise correspondi ng conponents referenced -e if all five
fingers ar requpepsdn idve fEpee m@temﬁengream‘c@frmaﬁ gf the dove Vﬁéiﬁelé fntefdedhe

I nventi on. The art I g 2C and
ducts sa dpacesutiofats £ e MR B Gueal yR IS T Bk pRanER 0.
gui de i s1%t dingdérenuippadth drtram@thenrthaniuewiarrfor@e wat@\ﬁ%erwfﬁhﬁ égﬁéﬁewtcﬁ
specific fi | t I | a
plrooper liné& g?@ﬁg’c’gﬁ‘# ?Bgfé{H?Qm gerﬁ?@%rs d&@er@%b@SQ %ﬁﬁgm%ﬁt‘?ﬂnﬁf]ﬁgl ude
any menber thifsimppen fol sarple, dreg@ndehneelglcee fmgergaraj@qtmwdeéqeﬁw@e difteye. As
illustrate b, 2c is provided for each of the
respectrveq%“frdjv V?f”%&ers ere S"%ﬁ?r%dons la-1c, intended to bend a

particul ar glove finger, are adapted to passing WO 2008/ 027002 5
PCT/ SE2007 Fab058Bicts the cords which serve as artificial tendons with reference notations 1a to

20 1c¢. For the sake of clarity, the diagram shows only three of the glove's fingers
equipped with artificial tendons, viz. the glove fingers corresponding {o the thumb,
index finger and middle finger of a hand. 1t is of course possible for all of the fingers io
be provided with corresponding devices as herein described for sirengthening of
muscular forces during finger movements, in which case all of the components involved

25 in the system might, instead of referring to the three fingers referenced a-c in the
present text, equally well comprise corresponding components referenced a-e if all five
firigers are equipped with strengthening according to the aspect of the invention. The
artificial tendons 1a-1c run through guides 2a, 2b, 2¢ and ducts 3a, 3b, 3¢ which are all
fastenad in the glove. The purpose of a guide is {o direct and link, in a low friction way,

30 atendon of a spacific finger from its extension across the paim of the hand into a
proper line along said specific finger. The guide 2a, 2b, 2c can include any member
from: a sleeve, a guide roller, a guide pin, a ring, an eye. As illustrated in the diagram,

a guide 2a, 2b, 2¢ is provided for each of the respective glove fingers, whereby two
tendons 1a~1c, intended to bend a particular glove finger, are adapted to passing




t hrough the same guide 2a, 2b, 2c to the particular glove finger, the guide
2a, 2b, 2c being situated close to the base of that glove finger. Thus,
for exanpiyg0ddhR7@yi de 2b is situated close to the basg-pielhigssdsave
finger 4b which corresponds to the indeX finger of the human hand. The
artificial tendons 1 b dedicated to acting upon the glove's 5 index finger

4b th ' h h th
duct s 3. OV BpSaRly i, 20,50 o Ao AN, HoDUE S0 et ve
glove fi ngé&@g @tuateplc@semaﬁbwa@a @fsiéattgéﬁ\‘@ﬁ’ég*?ﬁfn ews sfprc@@'@ff“ Reguifcoshe’s
fingers. ‘&8:5@5 @l%% to hBBadd b Jﬁé gi'o@é fmc%e? ag %?chjc%rré@pdﬁﬂé lo the hork GiRgert he

sides of th ove frngers an S nentl oned lose to their inner sides.
10 The articf ﬁtﬂ ?almétﬂd‘rﬁﬂi@né" he aasftmrabtee@mﬂbsﬂ@dﬁaﬁefiéo BEINDAIRED e YASF on their

respecti we ﬁdeg% ”8&“ 4t13ruﬂltﬁ%ﬁ'g}f éd@ﬁﬂde‘!‘% BndoY bRWG ks @6‘175 Wﬁﬂg’féﬁh%@

equilibriumo force 1S ap to the %endons

pertai ni ng W@tsébpél“ﬁ'lﬁld@'msaﬁa B, ﬁ@@fe @fuatqq!eatg}%s)@% of F?@ @ﬁ%‘?‘%“’@ giove thES Y ui des
are al so sqdis ﬁ%ﬁ% difd@lo iHasn &@ﬂ@é‘%\‘ B fsﬁg&@rm&dﬁmﬁ@ym@dﬂmuéar

dlstancefromt axeso ggt In grder to a @l abl e

bendi ng rmr#@fiﬁﬁﬁﬁdaﬂs Vﬂihﬁiﬂf&f%@ém sidas of e gloxe Bepars aig, @ﬁt"g?'”ﬁn &F%™ he pal m
of the hangntihaRefdidsher out from .the palm It should also be noted here
that the glove fingers 4a-4c could be equipped wth cords correspondl ng to
artificial tendons which straighten the gloye fingers after i ng
Tovementi0 (T FSIE 1PPEPRRER-4f SREPTeP RGED O eneRne fap Saiian g e Rand’ s

gri ppi ng NMaV@EFRIYinget wih a%ﬁﬂo%c&éhﬁ@a&ﬁalf@%mm oﬁéﬁ@mtan@ﬂvr@maqmmrigas been
effected 20 and conpl et no speci

i c. hand _muscl es are sual1l nvol ved in
causi ng t héoree figpied i the tapgpis @@%‘@W’é’] RECUkE g (ﬂil elﬂl;?veg Jé cgé‘t‘:?s’uct ur al
stabi 111y, ghBendyllidesSaré afoSoldspbSatfial e faridoss dmsdilawéﬁbm?pewmndlmutanver s a

| arge proportion of the glove equi val ent to the of .a hand. , The
desi gn of diféancgiiom %‘8[iﬁi’@)tr%xe§OE%W%FWM%@PQWWWB%%S”%W MR nger s

of a hang fey fm@ék C@atb %t&@e% GréSick §zoé,éﬂtoetﬁéip§tnﬁsfehé ﬁazhﬂham urindedutviotrh
strengt heni ng It cour se possible fogéﬂ %Sg &ﬁg{% t o .be designed
i ndi vi dual Iﬂ'gﬁ Dﬁ"me ’tsé’@blﬁgt%%i) heorqipbhye Bl a/giBve Lopr thsdc YPBYRRYrhe

support '5w;m%@ﬂﬁ%rrﬁan@r@Eﬂ\Q%%&lﬁ@laﬁ@@@dﬂs&ﬂﬁcﬁQd‘atg‘ﬁteﬁ thg glove fi ggl&rdaﬁeﬂa 2C SO
that they can guide the artifici

ten
the surfac @”Bﬂ"”g W&e‘ﬁﬁﬂ"d“mSW§&ﬁé 5? ingers: H@Wﬁ?ﬁ{sg‘fr@@ a&?ﬂf%

close to
éé’?’r are
gui ded to ?‘ch&&ﬂeﬂal é‘%ﬂfm%r&ﬁ%ghﬁd@n@ht @bc@@mbm@bm ﬁeenteﬁectmse of
t he respectlve port 5 i so a

conponer® £8f Couples, n?rﬁaﬁwd i lechape 4nskies ags Waﬁ*mﬂé{?wﬁﬁ%&?&@r{%’“gﬁpe(ffésf‘ge%
artificial ré@ﬂq@a%tré@h M. surrounded by wire sheaths 7a-7c term nated
by end sl eeves 8a-8 e respecti ve end sl eeves Ba-Bc are fixed to the
F gl {n hzuppo%? gsoédnatgsrcggar! s%a%ﬂ;[t}[, ”esé& i z aa‘e?astene@ tg%rnrg?dg Q Op%g}rtr}%ﬁ &pgé{@?s 1 a-lc

a large proportion of the glove’s equivalent {o the palm of a hand. The design of the

paim support 5 may vary, parily depanding on which fingers of & hand for which the

| 25 glove is intended are to be provided with strengthening, and it is of course possible for
_ the support to be designed individually, i.¢. adapted to the person who is o use the

glove. The support is intended {o serve as a substrate for fixing the guides 2a-2¢ 80

that they can guide the artificial tendons, i.e. hold said tendons close to the surface of

the hand and ensure that two tendons for each finger are guided to leaving the palm of

30 the hand at a point close to the base of the respective finger.

The palm support 5 is also a force opposing component for forces imparted via the
artificial tendons 1a-1¢. The artificial tendons 1a~1¢ are surrounded by wire sheaths
7a-7¢ terminated by end slesves 8a-8c. The respective end sleeves 8a-8c¢ are fixed o
the palm support § in order to transmit force from corresponding tendons 1a-1c fo the

35 paim support 5 when a pulling force acts upon said corresponding tendons, i.e. the
paim support § counteracts forces from the tendons.




35 pal m support 5 when a pulling force acts upon said correspondi ng
tendons, i.e. the palmsupport 5 counteracts forces fromthe tendons. WO
2008/ 0270Qid Hofs2hb2E2007/ 050593 Mounti ngs 9a-9c may al perxkdoby/@dsant age be
attached to the pal msupport 5. The puﬁpose of these mountings 9a-9c is to
gui de the tendons la-1c between the end sleeves 8a-8c and the guides 2a-2b

d hi
in order t%@gﬂ:\’wgfg% ’gﬁfnak%%tﬂﬁve% é%%ﬂn@a PQ%&%&&E%B%QM&EMHW &hkn this

regi on, ther rom assumn an unsuitabl e path

or buckl i ngowm@@é@eemuytmﬁéiapﬁcaﬁ@ @de trrderpianmn'a '86&8?'“{@@5 e not be a
separate Uideyol sé@%aﬁaweegzﬂ%%% ISR oD bAAMs vith amade Tigid so
a e I ntegrate

that the pal msupport can gove To further ensure
that it abuiredaeiyesdt GirEee juaihin f@ﬁmt‘ HBeIgRK arevenieg U isaAeNSTIORGSSURI er abl v

be 50 conf i giRiidiiabath by BAkiATG BN sHMY Gldiest aps round the hand, he,

10 so that tween t unb and the in finger it is wapped around t he

net acar pus and reaches a suitable distance onto the bg,ck of t %Zﬁhﬁ
bet ween t hel FErRAD sepRPTt heoed i 8% aSERMEHS B! PR &PTRRRRH ‘§9f%ﬁ‘°'b‘ll}' 8% he

artificial iandengicRYnRehepdAEIBHRLANSe iRyratd@vith Slendorel 5. The palm
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tendons 1b, pull an the yoke 65, the enclosed fingertip will cause the finger 4b o bend,

in this cass the index finger. The fact that the artificial tendons also run through ducts

3a-3c at the side of the fingers and close o the inner sides of the fingers causes the

finger in the glove to effect g gripping movement which resembles the natural finget’s

25 pattemn of movement.

The yoke 6 may be configured in various different ways. Thus it may take the form of a
bonnet which covers the actual fingertip of an enclosed finger, with fastenings attaching
the arlificial tendons 1a-1c to the sides of the bonnet. The yoke 6 may also, according
to the preferred embodiment, be formed as & socket surrounding the fingertip on the

30 upper side and on the sides or, alternatively on the upper side and every side round the
fingertip. In an embodiment in the form of a socket, the yoke has well-situated

| fastening points at the sides of the socket furthest in towards the hand and close fo the
inner side of the finger As variants of these embodiments, the yoke may, in the
simplest case, take the form of the actual cord which constitutes the artificial fendon
35 1a-1c, where the latter runs round the actual fingertip and is comparable 1o a yoks,




fastening points at the sides of the socket furthest in towards the hand
and close to the inner side of the finger As variants of these
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the palm support 5, the ducts 3a-3¢ and the yoke 6 are in that case fixed to said inside

surface of the glove. In an alternative embodiment, the glove comprises at lsast one

25 outer layer and one inner layer, in which case all or at least some of the components
isted in this paragraph are placed between said inner and outer layars.

“The material constifuting the glove comprises in whole or in part &) continuous covering -
material, b) perforated material, ¢) mesh material, d) material according to any of a} to

¢} but comprising open areas,

30 The ducts 3a-3c fixed along the sides of the glove fingers fake with advantage the form
of tubes, channels or grooves fixed along the glove fingers. The principle is that the
artificial tendons 1a-1¢ are guided along the glove fingers. Alternatively, sewn ducts
being integrated with the glove ifself may be used. 1t is necessary that the artificial
tendons 1a-1c be provided with the possibility of bending, at least between said ducts,

35 and that the length of the artificial tendons along the glove finger can be shortened and




30 The ducts 3a-3c fixed along the sides of the glove fingers take with
advantage the form of tubes, channels or grooves fixed al ong the gl ove
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so-cal l ed positive feedback, An appropriate scale factor results in
© st r engt henithg fordhdeisctirigesehact - Peyorive rwalrdf éb legdbaskierott, #hElElst or 15,

e" g- 20 comprises an electronic circuit 13 itself comprising a processor 14 programmed with a
transmission function. The force measured by the sensor 12a-12¢ for a certain finger,
&.g. 12b for the index finger, is scaled and converted te a reference force for said
fingsr's actuator 10b. The force with which the actuator 10b then causes said finger to
bend inwards as & result of being caused by the processor 14 to act upon the artificial

25 tendons, in this case the tendons 1b, by applying a pulling force, results in increased
force on the sensor 12b, so-cafied positive feedback, An appropriate scale factor
results in strengthening. The scale factor may be varied by means of a variator 15, e.g.
a potentivmeter, connected to the electronic circuit 13. The feedback described may
for example be effectad by means of a microconirol unit. Feedback as above is an

30 example of known technology and is not furiher described here. 1t should also be
mentionad that the number of force detecting sensors per glove finger may be one or
more along the inside of the glove finger. The expression "a sensor” may therefore be
interpreted as meaning that the sensor may comprise a plurality of units. it should
further be mentioned that the force measured by a sensor is the whole or part of the

35 force, which a finger applies to a contact surface which may be an object which is to be




a potentioneter, connected to the electronic circuit 13. The feedback
described may for exanple be effected by neans of a microcontrol unit.
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and the san@tmly@x@ finger, thereby meking it possi bl e to refine the control
of the gl ove finger. A control unit 19 may be adapt ed to causing the

actuators 4c to exert. a pulli L ohgRdons la-1c
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20 another embodiment, a plurality of actustors may be connected to the artificial tendons
of one and the same glove fingsr, thereby making it possible to refine the control of the

glove finger.

A contral unit 19 may be adapted o causing the actuators 10a-10c to exeri & pulling
force on the artificial tendons 1a-~1c of only one glove finger 4a-4¢, e.g. the control unit

25 may cause an actuator to bend, for example, an index finger inserted in the glove’s
equivalent of an index finger. The control unit may also be adapled fo causing an
actuator to bend more than one glove finger containing fingers.

According to an alternative smbodiment, an actuator 10a-100 is sonnected by ardificial
tendons 1a-~1c to only one glove finger da-dc.

30 According to a further embodiment, the cortrol unit 19 is adapted to causing an
actuator 10a-10¢ to exert a pulling force on only the arfificial tendons 1a-1c connected
o the glove ﬁngér 4a-4c on the insida of which the force detecting sensor 12a-14c
which detects said force is situated.




equi val ent of an index finger. The control unit may al so be adapted to
causing an actuator to bend nore than one glove finger containing fingers.
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The following are a number of further embodiment variants:

The ducts 3a-3¢ are made of such material that they can be allowad o run
continuously all the way along the glove fingers, which means that they may also have

25 - a bellowslike structure so that certain sections can change length. In this laiter case,
the duets may also be allowed to run all the way from the guides 2a-2c on the palm
support 5 to the yokes 6 on the respective fingers.

The ducts 3a-3c may be sewn into the glove.

Strengthening may be provided for at least one finger in the glove. I for axample the
30 thumb of the natural hand is fixed, e.g. by being encased in plaster, a sufficiently good

aid o being able to execute gripping movements during a rehabilitation period takes

fhe form of a glove which only provides strengthening for the index finger's muscles,

To reduce friction between the tendons 1a-1c and the palm support 5, the mountings
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be sensor rt@m&inmg&t@tommaéétﬁgscm@iomﬁa@g cﬁan?imlbanged iorplarib'dn@!csgfs of i hma;Tb
DEFI NI TI ONS Fi nger neans a of .the hand' I nhger.s.,.. i unb.
T AT s dBp iR anan AT lR A S i et ST Bres sl B et )
finger bei pgribdwdf timwhi ch, when the hand is extended with the back side up,
has a direction simlar to the wupper side (the back) of the hand, the

i nner side being the side of the finger which can be bent in towards the
pal m and tgiNgteNgl sides referred to sinply as the finger's 20 sides. WO

e L e T
human hamsd encl osed in the glove, wherein the glove conprises glove
fingers an(}\ fﬁﬂg@ﬂs@eﬁg&a}g&gtag rhia%i%& foiurr] si%ig&tthat Qgpeg ls%\éeof fa'ﬁ%&q‘feiﬁg that
which, when the hand is extended with the back side up, has a direction similar to the
upper side (the back) of the hand, the inner side being the side of the finger which can
ba bent in fowards the palm, and the lateral sides referred fo simply as the finger's
20 sides.




5 conprises: for at |east one glove finger (4a - 40), artificial tendons
(la -1c) which extend along the inside of the glove and has on each side

of said glwevmodinger such an artificial tendon (la - lcpci/smmaoagotddr ough
ducts (3a - 3c) fixed to the sides of the 10 gl ove finger, a yoke (6a --
6c) fitted in the tip of said at | east one glove finger (4a - 4c) and
designed to surround the tip of a finger enclosed in the glove finger (4a -
4c), and 18LAM& ein the artificial tendons (1 a -1c) of a glove finger are
fixed to or slidingly connected to said yoke (6a - 6c\2, V\here&% a,ﬁul l'ing
force exertbd dhiingesolve. fi dpraise in BFRIGHENEG BUTPPEGIVEMSBE eX5ead Wihe i nger
encl osed i n t hengldpyford RS of HRumarfiiand drRiBedIm tho YRSl SwHehan Prigve20 2. The

finger glove according to claim1, wherein the gl ove cgnglrl sgﬁs arigid
support (5) at SCR®rER slpvesingerandiaRfm. gharaetorzed iPalghe 8loxe rBPL, wherein
one of: &he palmppbed:he gl ove, the support (5); 25 for at |east one glove
finger (4a - 4c), includes a guide (2a - 2c) for guiding said artificial
tendons to said at | east one glove finger (4a - 4c). 4. The finger glove
according to cl-aBtfastbe @bk Hkel(4aul 49, 48Rial helbne DEPY 1c) pichtextsh@ast one
of: a sleeve, a guide roller, a gquide pin, arjn an e, 30 5. The finger
gl ove accordi ngdn tBe mSiﬁeﬂftWV%i%dgﬁﬁﬂmﬁﬁ’ésﬁﬁg’f &Ry gﬁé@ tpgey atieh &
accommodat e t heyrfifichi &hden M) @Ry thadkdh dalie $34 hecyidedtohe alles of thehe

fol |l ow ngo conmponents: a socket surrounding the fingertip, a bonnet for the

fingerti sai @OVedPEsSi cial tendon (la-1c) in itself, a flattened portion
of said artificial tendon (la-1c) 35 in itself. WD 2008/ 027002 13

PCT/ SE2007/ 050593 6. The fjnger glove agcording to claim i n _
fast eni ng poi nt'€ ¥9ke §84 'dB‘é)rftﬂiegi"b‘f'glt‘ppg%gﬁ&(aﬁﬁé’?‘f ggc)vetﬂag?rﬁgé y\ggg&ﬁsa- 6¢c),
in cases wher e debignbdid Rirroliak 88 thite affiagen eicloaed atha glove finged ¢deet dciaeed
situated at the sides of the glove finger (4a-4c) and close to the inner

side of the glove finger. 5 7. The finger glove according to claim 3,
wherein g | easthefdie thef artifiodl tbrdbid fliaCl B) of 2 gibev Singekarrd Bad s ar slidingiydes

|( 23 é r2 ¢ ij ts ﬁ; d g %ggéé_sctéd?’t%_s%%) yolkasa (gal : gc%t, \%garegg? ta\%%ﬁigg force’ Stetled %gqheagrﬁhﬁgl er
tendons of a glove finger bends the finger enclosed in the glove finger (4a — 4c)
inwards towards the palm.

20 2. The finger glove according to claim 1, wherein the glove comprises a rigid
support {(8) at the paim.

3. The finger glove according to claim 2, wherein one of:
the palm of the glove, the support (5},
25 for at least one glove finger (4a ~ 4c), includes a guide {2a ~ 2¢) for guiding said
artificial tendons fo said at least one glove finger (4a ~ 4¢).

4.  The finger glove according to claim 3, wherein said guide {2a — 2¢) comprises at
least one of: a sleeve, a guide roller, & guide pin, a ring, an eye.
30
8. The finger glove according to claim 1, wherein said yoke (6a-6¢) is shaped to
accommodate the tip of 8 human finger and takes the form of one of the following
components: a socket surrounding the fingertip, a bonnet for the fingertip, said
artificial tendon {1a-1¢) in itself, a flattened portion of said artificial tendon (1a-1¢}) !
35 in itself. | |




10 8. The finger glove according to any of the preceding clains, wherein
said palm support (5) takes the formof a supporting plane for said guides
(2a-2c) awn 200dpereé2a gui de (2a-2c) for %;Ji di ng the artip¢rsedootesoshans
(la-1c) to a glove finger (4a-4c) is fiked close to the base of each of
the gl ove fingers (4a- 4c) being equipped with artificial tendons (la-1c).

15 9, The fd NQefhGha¥ ey S 15 CiafR, Wherbih FdiBning ;Bcﬂntg of m@wmt he
artificial tendons ? are surrounded by a wire socket % <)a

provi ded with dendswd %ﬂ@)etoéw(mse (@re§ck W@ae%h&vﬂ@wa‘ﬂ%t%‘i?ﬁﬁﬁ ”?@f 20 10.
The finger gl oVBnAGGRSHIRY atdsithldBt he ARG itHL @@@éﬁrﬁ@ﬁ@% -dcPand oided) toar e

formed as one of:. tubes, channels, grooves, and said ducts being one of:
a) continuous é%'“"?ﬂ%&?%ﬁtéeg'ﬁyef‘ﬂﬁeérrupt ed at the joints of a finger. 11.
A systemdgor strengthening a gripping novenment performed with one or nore
25 fingers of the human hand enclosed in a %I ove, util | sing the gl ove of

claim1, dhardhedingordiioveaccpsingitn slady 3. whareipbleasne of 5 force detecting

sensor (12a- 126)sa@lértma@den@&xst(hmlcp%braegmﬁest(m:z@l Q@ dlidts (Par30) Kesitudiey
arranged to detect a force between a %fger encl osed in the glove finger

(4a- 30 4c) and® E’"%rﬂ%ﬂerﬁﬂgﬁﬁweéf%ﬁ #%%i d finger, - the artificial
tendons (la-1 c) for a glove finger (4a-4c) being connect ed to at | east
one actuator (10a-10c), - a caontrol un tg %19 arr d to cau ai d at

| east on¥ dtt u&"ﬁ“&ﬁ'“@i@ﬁm@cﬁ&?ﬂ'ﬁﬁ’g laRay p [ﬁcﬁﬁi’ﬁ%‘; Qhgiein ﬁaéég?! ficial

tendons (1la- 1c)su9;ﬁors§)ebka§tﬂaefam ol SuPbavng p%effamergwm {2aRcpand he basi s
of a force detected

finger encl osedfF a4 ’ﬂeé a %éggr?gugﬁ%geé IS‘B(@C‘IEF 8?“5((33%1)(:')0 @6%8'83?0;7002

14 PCT/ SE2007/ Qb4)a83s fiecti6 tb Qhehﬂsé of %cﬁ&f@hee@e{@ﬁmﬁrs‘ {4age) béiag ances
pushi ng forces whjch occur _ alon g 2@% i.nger fromthe pulling force in said

artificial ten(?SH@pE"i?"th?ﬂ‘gC@')}%‘? &)ding to claim1l, wherein the
control gnit (19) is adapted to cause an act uator (10a-10c) to exert a

| | f th tif t end - 5.1c |
Finger *( aa8ac) ThesnaeiioeyastuRing E BrapTATs 282 haren Grar R offiedn: o
unit (19) is acﬂwu@chré@urrmwb@ta wWiasickaBa-Acpradided Wifdan a@tdledvs (Baert a

pulling force qn e artificial dons (la-1c) of only one glove finger
(4a-4c). 10 14% )I% §9§166‘?ﬂ'558%‘?95{(§8 to claim 11, wherein the control unit

(19) is adapted to
20 10. The finger glova according to claim 1, wherein said ducts (3a - 3¢) are formed as
one of: tubes, channels, grooves, and said ducts being one of: a) continuous and
flexible, b} inferrupted at the joints of a finger.

11. A system for strengthening a gripping movernent performed with one or more
25 fingers of the human hand enclosed in a glove, utilising the glove of claim 1,
characterized in that the sysiem comprises:

- a force detecting sensor {12a-12¢) situated on the inside of the glove finger (4a- '
4c) arranged to detect a force between a finger enclosed in the giove finger (4a-
30 4c) and a contact surface applied to said finger,

~ the artificial tendons (1a-1¢) for a glove finger {4a-4c) being connected to at
loast one actuator (10a-10¢),

- a confrot unit {19) arranged to cause sald at least one actuator (10a-10¢} {o
exert a puiﬁng force on the artificial fendons (1a-1c) of said at least one glove

35 finger (4a-4c) on the basis of a force detected by the force detecting sensor (12a-
12¢), whereby a finger enclosed in said at least one glove finger (4a-4c) is




cause an actuator (10a-10c) to exert a pulling force on only the artificial
tendons (la-1c) connected to the glove finger (4a-4c) on the inside of

whi ch t hewigofo6go276i8t ect i ng sensor (12a-12c) whi ch det ecpsriseogh/dsos0ze 1S
situated. 15. The system according to dfai m 11, wherein said force
detecting sensor (12a-1 2c), 15 said actuator (10a-10c) and the control

unit (19) are cainldH%and, "?he{é}ﬁﬂgﬁﬁIﬁng?éé’%?i[én‘z%%%ushﬁ@ﬁr@@é’wﬁibi@o@d@mtr0| uni t

(19) itself conprises an'el’ectronic citcult 3). a processor (14)
progranmed w t lelaagtthanfinger Sendhe puling fress inFsaid griifitinlder’dp®Bem according to any
one of clains 11 to 15, wherein said force detecting sensor (12a-12c)

measures the Wg%%g&ém%&&m% td Ersiiﬁ? 1 Yihendm B @AMt ) Weaiaptedtosai d

finger and said contact surftace. . The system according t.o ¢claim 15,
wherein the detc@gsean sevater (18a-d0q) te gxesia pullingfgree %?Bﬁif'gﬂ”%@“ﬁ‘%sm ssi on
function & and 4i$oCRMLRT dRhIdR findef @hBIcgNCce force for said controlled
actuator (10a-10c). 18. The system according to claim 17, wherein a

variator (15) connected to the 25 electronic circuit (13) is used for

setting thepscag shaehnUecordg id BRINS Y5 LB ey sbinbel unit (#8)ys adeptaftoc] ai ms 15,
17 and 18, wherein'the transm ssj gn function F @Oﬂ rols tl'hhe %g%{l ng of
pul ling force teausendt ipasspamgiyato189d0ckp ayet o pulingioye] Srihg FETISRY ot or

(10a-10c). 20, i&ﬂ};@,nw'ﬁatﬂ{poa@rﬂgbﬁégﬁvémg%ﬁmaoic)pl aims 11 to 15 and 17 and
18, wherein an 30 actuator (10a-10c) takes the formof an electric notor

»E éﬁﬁgﬁ?%;ﬂ”ﬁ%i&é& aaccor\%ng% cidint 11 ,lv\lfhrala?ee}rr! thdeeé/o'n ol Jn?tr( 1§)h§ a@zgpttéé foCi al
cause an actuator (10a-10c) to exert a puiling force on only the arfificial tendons
{1a~1c) connected fo the glove finger (4a-4¢) on the inside of which the force
detecting sensor (12a-12¢) which detects said force is situated.

15.  The system according to claim 11, whersin said force detecting sensor (12a-12¢),
15 said actuator {10a-10c) and the control unit (19} are comprised in a feedback
loop (11), whereby the control unit {19) itself comprises an electronic circuit (13)
with & processor (14) programmed with a transmisslon function F.

16. The system according to any one of claims 11 fo 15, wherein said force detecting
sensor (12a-12c) measures the whole or part of the force which occurs between

20 said finger and said contact surface.

17. The system according to claim 15, whersin the detected force is scaled by a
scale factor il the transmission function F and is converted to a reference force

for said controfied actuator {10a~10c).

18. The system according to claim 17, wherein a variator (15) connected to the
25 electronic circuit (13) is used for setting the scale factor.

19. The system according to any one of claims 15, 17 and 18, wherein the
transmission function F controls the setting of puliing force to the respective glove
finger (4a-4¢) via the actuator (10a-10c).

20, The system according to any of claims 11 to 15 and 17 and 18, wherein an
30 actuator (10a-10c) takes the form of an electric motor {16a-16¢) connected to a
winding or linear device for the artificial tendons (1a-1c).




