WO 2011/ 048211PCT/ EP2010/ 065968 1 MEDI CAL SUI T OF AXI AL LOADI NG W TH
AUTOVATI C CONTROL SYSTEM Fi el d of the invention The area of application
of the irwennilmsils t he devel opment of special cloths f@CTEPR@DMRIYS i N
clinical conditions of the notor function disorders at child' s cerebrally
5 pal sy, disturbances in vascular systemof brain (strokes), and other

di seases followed by disturbances of notor coordination both of arns and

| egs, and al so for measuring and registration of |oads on patient body
created by the suit. The task of the invention is to devel op the nedi cal
suit of axial | MEDKAIWSTIT ORAXINEIEIADING DATE AEESNTATIG GONTRODISMSTEM on.
10 Prior art t!;J;]'l%fterer.lt c?nstructi ons of the cloths for cosnonauts

sol ving the t asFEIGPIREINEHON Lt eni ng and adaptation in wei ghtl essness are

known from the tectiaideeof @pﬁbat{ofl(lff/tﬁé(ﬁﬂ?@ﬂltﬁm iR&BeQEe)ﬂv%Yo%nﬁﬁt, of26pebifl. 005 .forUS
4051848 A, 04.10.1977, RU2007146197/12, 14.12.2007). 15Their c¢opmon
di sadvant age i s trfﬁ@eatn@o#wal Fopgikions o thy, Mgt durgiien | dseresn Apeeat fesrPratig

its control.s pASy AiAIBiRlYiRRalchRr §REANORin A8LLS) ORd WaRr §BQS&Tolowed by
prophyl axis load suit for cosnobnauts consisting of knitted coverall wth

tensi oni ng devi €W RIC20UMAGI9BrABOD Ppth FoBUE 20chieek HoMAISS dpt MmepsEEN S
provide the ”Eaf?égﬁs%laﬁ&{of18&21%?9%%&Pﬂ'ocfy%9éa§édfb@tth@§%'@f the |oads of

tensioning buffers. Summary o ne I nvention e above di sadvantages are
renoved by the uselhsftaskhef the opisseeh isrtoakvdlemn thehreedices kuisntl axielcleadicgwithegbel t s

of which is a crsgs@etnilgﬂf)g% r@%ﬁ?ur&%%lg?égisﬁja?&ps of axial |oading for 25patient
of buffer Fo

i ncludi ng the system ads“control and neasuring in clinic
condi tions. 10 Pmerteichni cal result can be achieved by use of the proposed
rodical U ¢ cont o SRS 3t TSR Sl BTl TN PRH B
on the nuscul oskehteding afy alematioh ipatdignesbds hralgowai flotf fhertschnine 1éWBE (B t
I's additionally proviqed Wil £0e S¥ShEMd 409858 A. 04.10.1977. RU2007146197/12,

14.12.2007).

15 Their common disadvantage is the unsolved task of providing the load compensation

and its control.

As a prototype the technical decision was chosen - prophylaxis load suit for
cosmonauts consisting of knitted coverall with tensioning device (RU 2007146198 A
2007).

20 But the known suit does not provide the measurement, control and registration of the
loads of tensioning buffers.
Summary of the invention

The above disadvantages are removed by the use of the proposed invention the task

and technical results of which is a creation of the medical cloths of axial loading for
25  patient including the system of buffer loads control and measuring in clinic conditions.

The technical result can be achieved by use of the proposed medical suit containing
the coverall made of one (at least) fabric layer, and tensioning device which is
characterized by the providing of axial load on the musculoskeletal system of patient
with use of buffers, and the suit is additionally provided with the system of loads

30 measuring and registration containing the power source, tensodynamometers with
intensifiers placed at the buffers in the fixed anatomic points, and analog-digital

converter with USB cable, so the system can convert analog signals into digital ones and



30 neasuring and registration containing the power source,

t ensodynanoneters with intensifiers placed at the buffers in the fixed

anat om c woi2ntis48Amd anal og-di gital converter with USB eab/EP20190639h& system
can convert analog signals into digital ones and WO

2011/ 048211PCT/ EP2010/ 065968 2 to transfer themto conputer for operative
anal ysis, imaging and registration. Tensodynanoneters are connected with
the buffers and made in the formof clasp with strain-el enent and
intensifier through which the regulating tape of buffer is passed. The
strain-el enent its tfanxfed theémt toe coinplatbe for epsjpiiec endfysiseimiding aal aspiswiticah i s
elastically 5 defornmed together with th traln-elenment. durin asuring
of “the buf er t dRBPOIIMe i ue ooy agl i PELE S THE s heduRT ohrow i
proportional tostdiechardi Mg ihtoadhisralroesh Wiicphe\te deatinp e foneerfforit faséMdaCThhi S
voltage is intensified and enters the ADC as_ an anal og signal. ADC converts
this signal int&TAMGITENt PdTarNht A SToawecE §f @&ﬁ%gﬁ elftP YhiEN RS plRdlsRtm
(Regul ation progi@Mhed @betRrafias the Reaidleldnt@e B medsGndd & the @M M ahS
10installed to the conputer fromCD, and it provides the calibration of
signals, their iherddY nglieasdrisesgit sher aapudvhich it ReoPPBioRslde thedwading ilapdghue. To
effected on MuMBR.WRdhkEith SHctnis voudiids SXSLRRY RISt RBC!:08H Snaloe
measuring and registration in 20 tensodynanoneters in the range of O to 15
kg, and the accuigady AJIC cordss hisas gk memdig8bfomeat aind trehsthas wrdoptputen  dhe Rhe

i nvention 15The f t I pvent | I: f oW, NgQ: e em
of | oads neasur g?roégat?ﬁ ?Igg%%}]a?lgﬁd)gg r%@r ?%?k#ég%é%s%%?ﬁlge %H&t %%%s??%t%gré ]?)(%(%g

| oads on patlDentinsbhdey tenleatenpunyr frdre CRdacialt woNidesdthe icaljbratic v sighaly their

clinic conditions within the.given tinme.perio f.rehabilitation .
orocedur es.  Tnaife gy el gl foho b PS8 e Gl A re e Woay
is the creation ofThxyabmlpaaide2 GheOldadshReadt&Ring SEatatiah irSYBiefvd Whdntonmesas of
many buffers.  The suit provides an opportunity of |oads variation in the
| arge range: thé @‘BE%BP%%E’ lods, mddbhacspragy olfgrds egsHRAEP A8V des t he

organi zation of pYRRRHUENERtion oPMHe/iNeniBA €I stration of the "human-suit”
system state, perforned in real tine, and al so the feedback for operative

correction df the Buistbstanee plethe mpertioniinge fallowimear i ng. 25The use of the suit

sol ves the follow 'ﬂ? Os&?[érﬁg)‘f loadd me?%&%ﬂéﬂit ﬁ%leﬁ@edﬁf@g th%rrgtf%gl}rg{; Cfl?lg dé@%tgllno@‘)& al

| oad val ue opti mal a patient. perative change
rehabi | i tati on dfadaompaiticenttodyictdatedeyithd madicad suio fluttidpeitsgiveaging iroeldsc canditions

database. it unhEE L pRlg FEbRRfRoPhRRRL | © muscl e groups
The main mechanism of the suit effect on patient body is the creation of axial load
20 on the musculoskeletal system with use of many buffers.

The suit provides an opportunity of loads variation in the large range: the total load
can reach 40 or more kg and provides the organization of measurement, control and
registration of the *human-suit” system state, performed in real time, and also the
feedback for operative correction of the suit use regime during its wearing.

25 The use of the suit solves the following tasks:

1. Determination and creation of total axial load value optimal for a patient.

2.0perative change of load during rehabilitation of a patient with registration of the
given loads in database.

3. Creation of the loads of specific muscle groups required for the treatment taking

30  into account physiological characteristics of exact patient.



30i nto account physiol ogical characteristics of exact patient. WO

2011/ 048211PCT/ EP2010/ 065968 3 4. Realization of an opportunity to form
t he | oadiw@ 20f1/@stiient nuscl es and skel eton symetri cal P¢T@EP2010/065968
asymmetrically, fromthe right - fromthe |lgft, fromthe front - from

behi nd. The presence of feedback "physiol ogical paraneter - conputer”
allows creating of 5 physical |oads identical to current physiol ogical
status of patient, and tasks of exercises during treatnent. For exanple,
speed of exercises could be changed dependi ng on the heartbeat frequencies,
and sensitivity of4. Redizaont ofodn appannety te Garlntkhbd &adina g edticd emesuiisrngd ekeleton

nyogram | evel , and so ) . The .proposed technjcal. deci sion all.ows
hofeasi ng the SHRTEREHR,ergrypmerisal” SProferenso TRBtIE a2t e afl-eeh
axi al | oading) thamks to conputer support neans. Loadi ng el enents of the

suit (elastic buffers) create axial |oad on the body and | egs of patient.
Strains from buf f € Rresaaseq fesdRagkotPhy1i9logied] PRIaESHE i-drplicE Yiamieteatipg 0% 0

40 (or nore) skgpnhiital foh@SRestichibboRaraftPhoiangesd seasentohddnt Yand @RRNEH H@rcRRs t he
position of body Pparts (respecting each other) which are "served" by this

buf fer. That isdusng tgaggerts &ay exienplel spesdfof exascisesrronldrpe; hangsd depandingjonsthet e
(as a rule, thife]hepr h&ﬁies,aﬂé'séﬂsﬂﬂn}ﬂﬂbf e SbR) GRS GuIR R ¥hAREYy bdding .
h f e dh pi d dyna%n CS

begin to change wth appearance of angles in joints an ave r
whil e noving. onTiyegwhylewliandseeyi strati on of the strains in database

supposes the pr esef[‘-lg:?pr Jos?cf){e&en?#afgérc?s(ﬁé/nahiﬂ% iﬁlcggas%l e[he! ef?%i%ﬁl ncgfst

) hxvlu%eh?f s];_uch
anal ysi s of paraneters accep ynam c ocesses useful tor

assessnment df patedienltclehadseit Off odal doadimp) thanksitereomofutersugrenhgancor r el at i on

bet ween bendi ng and unbendi ng, .deri vative venment: . spee n

nccelerati on, | and 1SaTBRFREmERE o S e E ufher LT E R fEPE e dP s andiens
measur ement can obpath ShainE&oh Buffebeengbn tdhetotilly treddRSoidetdbai valwengpto nmde
in the formof tenso-clasp through 25 which the |oad strap passes (at . the
coveral | this i §RYes fghess geteirert pRangignyial @eﬁ%@ ot PRYHY Orf%_g@hsor
in the formof phdl Respbctifp edcADKZP}WATN avekdrv&O M itRieSuttdrt Mhhhie kBN HOMI the
el ement of the suit not disturbi r;g its constructive design. The strain

el enent itsdPf buffer jeagionrn thielnialiatie @y asupi Bises OPTticHePoeItian prifhitatehieged

el astically def ‘BB@EQM RIS Bietn W Liingd MNPl EIRA ordiibie0Gn GARRIB%OE ridie
buf fer tension. 0 The deformation of the strain-el énent " causes the change
of signal in it dyindés whilegneypes-tional to the strain in the buffer. The

strain value in thﬁlebo%iefé:ﬁ%sreiéﬁtrgt%neéf”%g"E{Paiﬁ‘scﬁa%a‘?ib'a?e L 8p8d2€ tehrb RMecCH 1S OF

the respective strain- sor
static values and their dynamics with analysis of parameters accepted for dynamic

20  processes and useful for assessment of patient state (for example, time of movement,
correlation between bending and unbending, derivatives of movement: speed and
acceleration, and so on).

The following example of the system of strains measurement can be given:
Each buffer of the suit has a strain sensor made in the form of tenso-clasp through

25  which the load strap passes (at the coverall this is regulating tape of the buffer). The
shape of strain sensor in the form of plain clasp (20x20x2mm) well combines with the
tensioning element of the suit not disturbing its constructive design. .

The strain element itself is fixed on the middle crosspiece of the clasp which is
elastically deformed together with strain-element during changing of the buffer tension.

30  The deformation of the strain-element causes the change of signal in it which is
proportional to the strain in the buffer. The strain value in the buffers is determined

according to the rating curves of the respective strain-sensors.



WO 2011/ 048211PCT/ EP2010/ 065968 4 It is supposed to use the
strain-elenent |like KF (Constant foil which the elenent is nade of) 5P
(rectangwenotigmsnnesi st or havi ng base 5mm which i s porergeR20w00639%he power
source with voltage 5 V. The signal is givep to the ADC through the
intensifier, and then to the conputer for processing under the special
program w th visual operative 5imging and printing. A lot of data
processi ng progranms can be used. One of the exanples is a systemof the
medi cal suit control automatization assuming: 1. Objectification of

i nformati on on tedhisisoppossd at @eolie {thm-dentnt iIkOKF Qpeastaitifvié whehtthargemantrieal

time of the integral .p nmeters of the suit.loading; 3. .Intensificatiop of
the suit | oadi ng tSel T DEautRg oo iy tuying Bbe Py Vs Ry ShEoMelhe of
the suilt usi ng @weﬁgmﬂﬁe “ﬁ@giogh@r?d'; TH@gqiglimE)s %i]géraiortﬁe ADC tma)ulgu;tﬁeeiﬁfen%ﬁ?rf
integral estimate t strain of several buffers, capacity of the buffers
as a qualitati vén%%awc BFPERYyte fa¢ Proffesig BRqgy e sResiahprasstn dithivigaleperti s es,
15critical char apigd sldipemnglet erm ning the excess of the perm ssible range
of the technical signal values. The | oad neasuring systemw th use of 20
t ensodynanonet er s PHd35t BioFteing RSl Sar Phsedf the | oads created by the

medi cal suit on the, YRR Rody, sc?ﬁ‘ée{}k%ﬁg oPfthd NEdRls0e ShEdahsomMiRtion

digital format, and their transfer tothe conputer for operative
20anal ysi s, inagbsapungn real tinme and registration. The | oad neasuring

fg:&egézgafgg havebgﬁﬁxﬁﬁ%h8w%i@ﬁﬁﬁﬁ&ﬂh&ﬂ<ﬂ@@%&%§é8ﬂh§&h&sz a) to provide
gin oints 1 n the range g,
10 2. Operative getting in real time of the integral parameters of the suit loading;

3. Intensification of the suit loading data processing.

The parameters determining the way of the suit using are to be registered: maximal
strains in the buffers, integral estimate of the strain of several buffers, capacity of the
buffers as a qualitative characteristic of the energy consumption during exercises,

15 critical characteristics determining the excess of the permissible range of the technical
signal values.

The load measuring system with use of 20 tensodynamometers would provide the
measuring of the loads created by the medical suit on the human body, converting of the
analog signals into digital format, and their transfer to the computer for operative

20  analysis, imaging in real time and registration.
The load measuring system should have the following technical characteristics:
a) to provide load measuring in 20 points in the range 0 +15 kg;
b) accuracy of loads measurement * 3%;
c) mass of the loads measuring system — not more than 3,5 kg;
25  The specified life should be not less than 1000 hours.
Specified working time should be not less than 5 years.
The guaranteed number of connections-disconnections should be not less than 250.
Electric resistance of wires covering of the initial supply circuits relative to body should
be not less than:

30  a) 20 Mohm under RH 20-90% and temperature 10-25°C.
0) 1 Mohm under RH 95+3% and temperature 20°C.



b) accuracy of |oads neasurenent 3% c) mass of the | oads measuring system
- not nore than 3,5 kg; 25The specified |ife should be not |ess than 1000
hours. Spwoizbilgdsaer ki ng time shoul d be not | ess than 5PgeaPr2010/063968

guar anteed nunber of connections-di sconnections shoul d be not |ess than
250. Electric resistance of wires covering of the initial supply circuits
relative to body should be not |less than: 30 a) 20 Mohm under RH 20-90% and
tenperature 10-25C. 6) 1 Mohm under RH 953% and tenperature 20C. WO

2011/ 048211PCT/ EP2010/ 065968 5 El ectric isolation of the wires of initial
supply circuits Eielratisolgionof biatyirshduhidalsiupplg ctrb@tstrelativevtolbbag ehdn@Q0Barafth¢ he
continuous current within 1 mnute. Control of. rk capacity of the ADC in
t he | oad neasurﬁﬁbwﬁ%g?%ﬂg%ﬂgﬁTﬁmﬂgxﬁf8§F@EHH 8 nt egral syst em of
control and di agresslidsvord Shtiwasethé DA Meths ksl efafring Restée dhaudd bsprhotidedad
measuring: Wrk capacity of the |oad ng?suring systemis controlled by use
the conputer wi PKHedEe] aten e captid At diagnoptém W ndows XP/ VI STA. Conput er

sof tware wor ks isprry¥e¢amse SRlnFAhaRehie kavsaPaei@rfifg:ng the fol | ow ng
functions: 10- CGetting data fromtens odynanoneters with the frequency 20

Hz. Taki ng i nt 3Vukcarasity ohdhg Iopd ingasutagfsystemn ipgopinlled dyaise et eprtierses or |
installed operational system Windows XP/VISTA.

Computer software works in Windows XP/VISTA and allows performing the following
functions:

10 - Getting data from tensodynamometers with the frequency 20 Hz.

- Taking into account the initial shift of output zero from each sensor.

- Displaying at the computer monitor the tables with the values of current loads from
all buffers separately and totally according to the anatomic body parts (left shoulder,
right shoulder, chest, back, and so on).

15 Form view of the software should be reflected at the display in the form of scheme
of sensors disposition at the medical suit, table with current values of loads for all
buffers and groups of buffers (28 meanings in total), and also short comment to the
treatment session: names of patient and operator, date, time of load registration, name of

sensor position.



D spl aying at the conputer nonitor the tables with the values of current

| oads fromall buffers separately and totally according to the anatom c
body partwo(befas=moul der, right shoul der, chest, back, PamEPI@0063968 15F0r m
view of the software should be reflected atgthe display in the form of
schenme of sensors disposition at the nedical suit, table with current

val ues of loads for all buffers and groups of buffers (28 neanings in
total), and al so short comment to the treatnent session: nanes of patient
and operator, date, tinme of load registration, nane of sensor position. WD
2011/ 048211PCT/ EP2010/ 065968 6 CLAI M5 1. Medical suit for axial

| oading with auﬁr{g{w control system containing coverall nmade of at | east
one fabric |ayer t ensi oni ng devi ce, characterized in that the 5

t ensi oni nghdevi cef p{) Qﬁcﬁlﬁs s@ﬂﬁﬁ&hﬂﬂodﬁﬁng&ﬂt}ﬁi&ut&rﬁﬁdﬂ d’cbgtr&myitﬂggﬂﬁi&lﬁiﬂﬂg??k@hlet al
systemw th use o uffers, and in that id cover is additiona

provi ded with a™e okt figgst |05%éa%a1§mreﬁ@ciantenawamee%vgﬁ sharasirric t“élﬂf‘ﬁt rge
power sources t eRSiORYPARNEEHBTBeWridlioh B 808l 1bddESoPhaefdcdlsikbB@l sk ROwith
poi nts, and anal og-di gital converter with USB cable, so that the system can
convert anal og §Feg‘?fd? fersnens! i thattsald C@ﬁ@éﬂ imasditionalhyapretided whB i syger for load
10conput er for g{u%eﬁlg R Sriorl TEBALAthoABEW LD AhORynamomerdrs i |
according to claim1 aracteri ze |n t very tensodyna fometer 1 s made
in the form of mtralflerscpladeddip thei fixed Pomas. nnd headesndigiss donvertenwith LB ¢abicosgh
whi ch the regul g.to
claim 2, char ac'?%alrt :&% esggt?ﬁl %& claHésetrtregar}aLO%eﬂ?‘gn%esn@w 4 ?lxoélgés &an?%g%c?ﬂ-{ %
crosspi ece adb nebrabﬂtertfoccbmmvwhmamlsl ﬁn@ﬁrfg&tndm@ﬂtmudeforned together with
strain- el enent durélrgq1 msasg g f;e buftfer t.e iton. é Suitt .
according to clai m3, > ChXFaingrP &4 h PHATHE 1@3@"% e Y oM GEL IREALT dhent
of loads in 20 pedaimsthé fbrfnhﬁ nﬁe@a[l@@cl@sfp With Oratrbellt@ent and intensifier frouliwthich the
according to cl ai char rized in that the system provides the
accuracy 20 of F"cﬁ&nli'ém%r@a% hts Paesed. 6. Suit according to claimai,

cﬂar agt er Ik zed in thatsdihecsns ©f14he, RatGRASH Py SlaRhi § M@l JARhe
t han g

middle crosspiece of metallic clasp which is elastically deformed together with strain-
element during measuring of the buffer tension.
4. Suit according to claim 1, characterized in that the system provides
measurement of loads in 20 points in the range of 0 to 15 kg.
5. Suit according to claim 1, characterized in that the system provides the accuracy
20  of loads measurement +3%.
6. Suit according to claim 1, characterized in that the mass of the loads measuring

system is not more than 3,5 kg.



