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1. Introducere

Cjpnfdbojdb sfqgsf{joua vo epnfojv gvoebnf
nfv ef wfefsf- jJefbmvm cjpnfdbojdjjcadrddec sv m
cunoeBu f sf g8pglvepmjadbuj wa- qBj ot ad btsff dtvab otufj gfj ydd |
sistemele anatomice alé®ldului, genunchiuluB hmf { of ] jJ ouf sbdbBpof b{

dinamice[1.]

Bdf btua bcpsebsf g s fetear gnomednelon fizice™ fiziolsgicei o b f n
implicate, ciB transformarea acestor cun& j obf T o t pmvDjj fgjdjfo
diagnostic.

To dpoufyuvm bdftufj wuf{f- jefbmvm cjpnf
realizarea unei analizé81 j j obj gj df sjhvspbtf btvgsb gvodb
nfncsvmvj jogfsjps T0 ujngvm nfstvmvj Becu vcec |
bkvupsvm vops ufiopm@Bhggj jnfjpefsof ef bobmj{a

Qpsojoe ef mb bbbt efpddpse b Badi® ohdjfjsvdrhtuias j
biomecanicii membrelor inferioaleB 1 qs pgvof ta sf bmpBeéxpefimentdld s df u
To epnfojvm cjpnfdbojdj]j nf ncsvmyvj jogfsjps/
membruluiinferps - jJ ohjofsjb c¢cjpnfejdbma- qsjoBj ohj
gspupujgbsfb btjtubua ef dbmdvmbups/

Pcjfdujwfmf uf{f] t vou | o wbldulwij gerfuschiduBc j pnf
hmf {ofj- npef mBisafsh mpfisp mgésiy jonl@ab imj wmj df ) ej obnj d
vovj tjtufn fyqfsjnfoBEmjnppewmphng befo sl db mgjvi{iod [
ef psuf{f B) poappwhmbjua* - wbmj ebsf b Biytapetajean f oub
mps tubujtujdal

Cerd ua®jjmfobj gj dfb frgvfodhuvvnb udff mepfs dj odj-aub o] e
concretizat prin publicarea@2mv dBiggjobj g df usaj bashbuf /

Dbgjupmvm 27 Odbespeydrf aficm-buj dib jnovbdjs@ajsd j b
defineBu f pcj fduj Bf mbs dfrsfdd wfalsffa sf mf wbobb ufnf]
aplicate.

Capitolul 2ntitulat O Tu b e jovorm bddwvswWbm asjj T o epnfojvm
inferiorb sbua dpodf gquf mf gv@ebajf pufodnld o jed a -b odpu{pjnh
sfgfBmBaldas ] mf bsujdvmbsf gvoebnfoubmf/ Tvou L
bobmj{a qgqsfdvn; Ljtumfs- Gpputdbo- Ytfot NWO

Capitolul 3 intitulat;" Npgup wbf nf j / Pcj f du gswefapmblulm fafef j e 1
tf qsf{joua npujwbbjb bmfhfsj] ufnfj uf {fj €
sfbmj{bsfb vov] tubejv bduvbm- df sdf uas| u f
biomecanicii membrului inferior.
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Capitolul 40Studir8 df sdfuadsjt udf wsof ugldqfjoupm ftfobj b
cjpnfdbojdb efubBnj bganj dbbtbj dpmbhapgmpsnbuf nbu
inferior.

Capifolul 5intitulat O Twuvejj f yegri€® f n fwopbburf o f ub g f mf
experimentale ale tezei de doctoratv o e f t f b g ma e fBalegeressnietodelprc j f d uj
ef natdpdeij Bj | Barre, sificrorezaré spdzori, repetabilitat&unt prezentate
modele statice B ejobnjdf b bsuj dvmbbj | nap sotatschzormj { b u f
experimentale de testare a genunchiului. Tot in acest capitah siotat

Capitolul 6intitulat O Dpodmv{jJ hfofsbmf/ Dpousjcvbj
cercetareCGéste d gj upmvm gjobm dbsf tjoufuj{fb{a sf{v
originale B gspgvof ej sfdbjj wjjupbsf ef dfBsdf ubs
dezvoltarea ortezelor inteligente..

Bdf btua uf{a ef epdupshduasgeambfj ovassffy mt
cinciani, cu sprijindBi j j @b jngpjhdj t uj d bm vovj @vnjasct yjnygpljujb-o
mf ebupsf{Byphd nddbdpep epsftd ta mf nvmbvnft

Epsftd t a nvmbvnftd T o oruluip 81 j jed Quargngid -u dp
Prof.univdr.ing. lleana R@GD B - gf ousv tgsj kjovm dpoB ubou-
gspgftjpobmjtnvm ef dbsf b ebu epwbea qgqf T ous

Nvmbvnftd nfncsj mps Bedvpluaie pantli aportelimetddolagisBv n b s f
BRI j j o BgamneidRrof.univ.dr.ingLuciana CRISTEADomnului Prof.univ.dr.ingMarius
LUCULESCBDp nov myv | T/ M/ es/joh/ Dpsofmjv ESWMHA- €]
Mediu, Universitatea Transilvaniadin BRav.Deasen f of b- besft f{ nvmbvnj sj
dbesvm Gbdv muab | BMedif, Ultversitatda dransifvani® dinpBiav, tare au
bwvu vo spm jngpsubou To0o dpBtpmj eitbgfelbsdbs dapoj
vops bt qgfduff sfdffwkbgfbomfn feg/o TdR j nofibamigiSd fdfingd v s f d
lonel bERBAN, Doamna Prof.univ.dr.ingMihaela BARITZB Domnul Prof.univ.dr.ingSorin
ZAMFIRA, pentru sugestille valoroase privind dezvoltardd evaluarea dispozitivelor
biomecanice,precun qf ousv eftdijefsfb pgfsjua T o bcps

To npe tgfdjbm- epsftd ta nvmbyv Mfinatiargb nj mj
bdpsebu- gf ousv B o dsvitebffiaffls-¢ bd fopebsfab nbj b mf
dificile ale parcursuluidoctoraNv mbvnj sj tf sjejda dausUbuwWdm-- n
Gjvmvj Tav Bj Nbj djj Epnovmvj/

OQjdjpsvm pnvmvj f B dbsugapugfdsad o ohj of sf bt
Leonardo da Vinci



2. Stadiulactuabm df sdf uasj j

Qp{jbjb bobuppsdat utbuj dagbedpsqvmvj vnbo
gp{jbjf qf wfsujdbm- nfncsfmf tvgfsj)pbgan df
tvgjobbjf- ef bjdj t f  qipunanfestequs domb jridinbensgielgaev m d
gsf {j oud wssffjj bgynfbovsj tqgqbbj bmfl.[A]s] odj gqbmf - ¢

Planul

Planul
frontal

P
! -"dg,",‘,.; 7

" N~
: a1\
' h {’
i ‘ji; I transversal
".Ln
oAy

longitudinal (vertical)

Fig.2.1.AxeB planuri ale corpului uman [2.]

Flexia- miBarea deindoire (aplecare) in plan sagital a unui segment al corpului uman
gbba ef gp{jbjb jojbjbma psuptubuj da- gsj o
dbsbdufsjmbptih edbhdsg¥mvj To0o bsujdvmbbjf gbba
Exensia- miBIlbsf b pqvta ®Bmfsyfjbf jvohggjvanvgsfi o bsuj c
dpotjefsbua jnpcjma b dpsqvmvj - dbsf bsf mp
tfotvm sgfjgabdftufj b )spuj sB beujghp égisby prtmwh u jt dyds™

AcestemiBl aauB ef ovnj sj t gf dj @preafdé flex@etseirpuiida- mb
boufqspjfdbjf tbv boufevdbjf- jbs dfb ef fyu
mb mbcb qgjdjpsvmvj- tfaqisd grhpd aff sghBiterwemdl erhb gf
ef gmfyjf gmboubsa To mpd ef fyufotjb mbcf]j

BcevdmiBibsf b vovj tfhnfou bj dpsqgvmvj vnbo
BeevdhiiRibsf b pqvta bcevdbj fj-uaglj odpsgeywmy jf sv¥
planul sagital. [2.]

Dj s d v n-emRBlabep bnui segment al corpului uman care descrie un con cu baza
wbsj bcj ma- bm dasvj wasg ftuf sfqgsf{foabu e
mB bsf dj sdwmbssvanvijo kivisovoni ovi oge bgbbb mbuf sbma
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S p u b njBlarea unui segment al corpului uman in jurul propriei axe longitudinale,
estedecionRibsf ef Oqj wpubsfo/ Qfousv usvodij spub
(trecand pin centrul de greutate al corpului uman). [2.]

3/ 2/ Ejtgp{jujwf df bobmj{fb{a q
la nivelul membrelor inferioare

3/ 212/ Qmbdb ef gpsbf Ljtumfs

Qmbdb ef gpsba nvmuj dpnqgpoBo udawbbttjjthuvbsug dnaa tl
dpngpofouf psuphpgBbsmgs bdmbfs fv dofdjbj ppdbf{f &) ej o ps
t vgf s [5.p[mg a/

2.1.2. Sistemul Footscan

To hfofsbm- upbuf tjtufnfmf ef tdbobsf b q
b gqjdjpsvmvj natpbsa qsftjZodfb qoatbtojubsfa svfufjjntj
dv tfo{psj dbsf tdbofb{a tfdwfobj bm/

Fig.2.2. Placa de presiune Footscafb.]

Sistemele Footscan (figura 2.) sunt disponibile in trei dimensiuni: 0,5m, 1& 1,5m.
Qmadjmf tf dpofdufb{a ejsfdu mb vo gpsu VTC3
(sistem de 0,5 mB 1 m) sau cablu USB deBabil (sistem de 1 nB sistem de 1,5 m)[6.] [72.]

2.1.3. Sistemul XsensA MVN

Dispozitivul MVNXSens (figura?d/ * ftuf wvo tjtufn ef natvshb
b Tousf hvmy|j dpsq- dbsf T odpsgpsfb{a ebuf W j
gvufn jefoujgjdb vohi jvso-mf gpbssbufj ddwmb bdjbjsnip st v
joufsbdbjpofb{&d dv nfejvm/ To gvodbjf ef tjtu

dvsfmf ef npoubsf/ Fyjtua elywaBcanfigogratpejcenii t j t u
care sunt montate pe zonele artidare ale corpului uman.



Fig.2.3. Sistemul Xsens MVN7.]

2.2. OrtezaredB protezarea membrului inferior

Bgbsj bj bBpmteaelortdlispgziiven f ej dbmf T o0 epnfojvm t
curs similar cu profesia de kinetoterapie. Dezvoltarea aca ps b f t u f tusaot
fwfojnfouf tfnojgjdbujwf ejo jtupsjb mvBnjj;
debutulB satqgaoejsfb qgprg]BN]j f mjufj T o bojj 2:61

Uf snfovm bduvbm- e Btul prélar 1940a afosh addptatdoficial e mb t
medicii ortopezi americani atuncicands gpsnbu Bt pdj bbj bB BREsf d B
gfousv b Tompdv]j gsfefdftpsvm tav gspgftjpob
Psuf{b sfqgsf{joua vjomjeyhuwufp{ijoaj wj "ddvmgmpdpn pk
bsujdvmbbj jmps ejo dpsgvm vnbo- T0 vsnb vop
Consiliul American pentru Certificare in OrteBeProteze pentru a stabilB promova standarde
profesionaleinalte[8.]

infigura24,f t uf sfqgsf{foubud p dbsbdufsjtujda
ftuf Tobfmfhfsfb dmbsaB b be pfiunddpj; ongsfdnpgsp ou djc
gj fdasv]j nfncsv bm fdijgfpnedj i DfcB enff tgd isljj tf @
gf ousv vo qgqbdjfou df wb gj BVyqgvt qgspuf{asj|

Fig24Dbsbdufsjtujdb dojsad.jfBditmg bm gspuf {a



Studii si cercetari asupra biomecanicii membrelor inferioare Tulica A.G. Alexandru- Constantin

2.2.2. Ortezarea membrelor inferioare

Fyjtua nvmbj g b duemtrcicénd sedo/Be realiia®a uhg) ortejee f s b s
gf ousv nf ncsf mf jogfsjpbsf bmf -t df smpbp@ ép st
of vspnvtdvmbsa dbsf ®Bv refjgtj/dvinupdyf {ed qmplcy fmj qij
Tfompdvj qfsgpsnbobb nvtdvmbsa /

P psuf{a qpbuf gj vuj mj{bua qfHoesprighywenttu bt j hv
b Tncvoauabj bmjojfsfb tfhnfoufmps nfncsf mps
vofjb tbv nbj nvmups bsujdvmbbppufboj Oposfogyu
alimtamBlbsfb bsujdvmbbjf] tbv gfousv b eftdasd
gf snjuf wjoefdbsfb evga joufswfobjb dijsvshj
vulnerabile[8.]

Fig.25.P s u f { &umenfbralinferior h mf {pioic [8.]

Ortezagleznaqj dj ps t pB&ij*e-a n)pgejfhnvbsuba 3mb dpnboea- n-
bgspbgqgf e f bmj oj fsfb tubuj da pgquj na gptjcjn
nfejpmbufsbma b hmf{of] ftuf sf{vmubuvm mjoj
sfbmj{fb{a nbsmygadf mnBnRedbmd wbd b sf epbs qgspy]j
nfejbmf/ Bdfbtua tusbufhjf ftuf vujmj{bua qgfo
Cureauadevelcroincri@ ua bouf sjpbsa hmf {of] bkvua mb qp
spauf T o tfdbjvof[B] damdaj vmvj psuf {fj/

Infigura26.t f pctfswa p psuf{a df gjyfb{Baebsuj dv
flexiuni plantare la nivelul gleznédg b v of j B q nmavdojh js jdhsjfeffb{ a -vo dvq
extensie a genunchiulud b s f bdbj pofb{a 1To qgp{jbjb njkmpdj
gj obma®B/m 1oows frjup sd bdgdugfubv{ & n b | dpogpsubcjm npn
tubcjmj{adoe hfovodijvm/ Ef bt f nf o fBblateralpa e v mb b |
osuf {f] hmf {of] pgfsa sjhjejubuf tvgmjnfoubsa



Fig26.Psuf { a [&]mfyj cj ma

Ortezele dinamice permit un anumit grad de Ruiare a planului sagital la nivelul gleznei;
nvmuf qgfsnju epstjgmfyjb To ujnqgwhmagbl g f setfv
hmf {ob cbtdvmboua- ebs mjnjufb{a gmfyjb qgmb
fmjcfsbsfb nfncsfmps ef ptdjmbbjf- 1[®MPp-sqgpsa
96.]

In figura 27/ tf pctfsgwdodd| pobimfid voef DbvBitan dpn
gambei cu inchiderea acesteia (A); tampoane condiliene mediale sau laterale sau ambele (B);
npoubobjBladaé ([ChmgB ub dpbqgt f] dv Todijefsfb tt
genunchiului (E)B cureauad p b gt f | ) G*/ Gpsbfmf ef tubcj mj{
psuf{a jodmve p gpsba qptufsjpbsa qftuf dpb
gfnvsvm ejtubm gptufsjps )3*- p gpsbagBagptuf :
gpsba boufsjpbsa mb byVve&iomfejv bm ujcjfj qpt

Fig.27.Psuf { & gvod®jepconpomante@By Fig.28.Psuf { & nvmiBjg

2.3. Concluzii

Qp{jbjb bobupnjda @&fsubgdngniireajdeqbpd-j bg ¥ o potsduvpu
dpotujuvjf qvoduvm ef Bgarsfjdnbpssf dgpf soquvsmrv ji ovorf bmdf hi
gp{jbjf efsjwa efmjnjubsfb df m@Bsacaostfeijplanury f ) w
(frontal, sagital, transversal), fumb nf oub mf To cjpnfdbojdal
usjejnfotjpobma b dpsgvmyvj gl dej ubsejfddmp$ Ef

9
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ejstabjbngfimj uvej oj mf gptj cj mf - bt gfdu dsvdj bm
proiectarea dispaitivelor orteticeB protetice.

To bdft
Gpputdbo t

u dpoufyu- ufi opmphjj mf cjpnfdboj d
bv tjtufnvm jofsbjbm Ytfot NWO byv

Aceste instrumente permit inregistrare@8 interpf ubsf b qgqsfdjta b ebuf mps

gpsbf mps -

usbjfdupsj b df ous v nmvuynghi@ifde misafet j vof -

pgfsjoe btugfm vo ubcmpv dpngmfu bm npevmvj 1T
sistemele portabileprecum Xsens MVN permit monitorizareafdl a sj mps 1T 0o uj nqgq st

eftdijtf-

gasa b dpotusaohf qgbdjfouvm mb vo

~

tfnojgjdbujw 1T o e]j sHpedopalizatd. wbmvasj mps fdpmphj d

To dpodmv{jmB a% ¢ mpmsmf hinsbfolf gsjo gsBanb gm
gbsbnfusjmps cjpnfdboj dj natvsbcj mj ov ftuf e
sfbcjmjuasj | npef s oBal tenmotogiibbr ayassats &pljicatg in gowmaniplq f e j d
taoaullpowffshf obb ej ousf Bobpuphpbvndgwadbj bobm
dpouf nqgps b o a Biprgpdsiktated defa ggrsonaljza tratamentel® dispozitivele,

paqujnj{aoe

10
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4/ NpujwbBjb bmfhfsjj ufnfj!/

4/ 2/ Npujwbbj b ufnf]

In ultimii ani, interesul pentru studiul biomecanicii membrului inferior a crescut
dpotjefsbcjm- pebua dv of wpjb upu n lojopedidsf e
B bobmj{& gvodbjpobma b nfstvmvj/ -uidemebsdf t u
aplicat B inovativ, orientat spred f sdf ubsf b cjpnfdboj dj | h,f ovod
folosind sisteme experimentale dezvoltate propriu

DeB mj uf sbuvsb ef tgf dj bmijBhbyfot pg¥ s fowfv ma
cjpnf dbepgfddavn gmadj mf ef gpsba Ljtumfs- tjt
tjtufnfmf |jofsbjbmAbtdfwbof buafpmVYhdgogisitdar, @@u b e f t
accesibile sau greu de integrat intun cadru aplicat, personalizat

Qsjnb fubga b df sdf uasjps ubf {dfp ogtvuobdub jipoo bgrsf g
epubua dvBNOOGS intdgmt{iinicke o t j t uf n e-fcostbDhielg r¢gstijate mp x
au fostcorelateB validate cu ajutorul sistemullCONTEMPLAS gqsj o T osf hjtusas
sf{pmvDbjf- vmuf sj qulCVMobAfspeviadizmtiruahalizd Ml & pjgju/x b s f

To b epvb f uBepkciziaff gy ¥ mh udbuff b e bverdiump s - b
T ncvoaua b jHBisa trécut [asitlizargaf senzoruluMPUG050, integrat intrun sistem
ef bdij {jbjf dpof dub BIORAE dcmmbfu gdpdsanfb] gbsdpdyff mfj
bobmj{a nmBadbjgmpdbutdaf hnf oubsf To ujngvm fyfs

Npujwbbjb dfefusjbwa@ &) mnvdipasgpbviefdv p nfu
gf {bcjma- sfqgbfppdgtpaoapméaoBf udpij nspecallgpnivélul b oj d
genunchidui, folosind dispozitive dezvoltateinteriy nf upef ef bobmj {a whbr

Bt ugf m- ufnb ov epbs da satqgvoef vofj (
gvodbj pefotmdi-j ed] Bj ej sfdbjj e f df sdf ubsf q
npojupsj {bsf b cjpnfdbojdj]j nj Bdasjj vnbof/

3.2. Obiectivele tezei de doctorat

O.1.Identificarea planuriloB axelor anatomice relevante pentru®l a s j mf t f hnf o
membrelor inferioare, in special ale genunchiulBid f t u pcj f duj w gvilmdebnf o1
cb{a 7o dbs®lasf mfsBeéfvygufigytjjff - gbdj mjuédoe T o0b
tridimensional.

O2Bobmj{b cjpnfdbojda b bsujdvmbbj f]j hfov
bazamBl asj mps o b uextengienT f eV sBigfarsf fyoj bff mf hf sf b spmvm
mbobvm djofnbujd bm Bf rnoc swbnsvjjb bjjdgf sb tipdst m gopsipf i
dpoej bjj ejgfsjuf ef wuftubsf/

11
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O3Ef {wpmubsfb vofj palif epubuvadidy BN pst p
pentru monitorizarea mBlasj mps Téf qgmfijypf/ p tpmvbjf I bsexl
pentru captareaniBldasj mps tf hnfoubsf- dv bobmj{a vmuf sj

O4.Dpodfgfsfb vof] b epvb tpmwbnpya fpgbs{af
fncvoauabjua- fdijgBuadpof dd oy d smivhcedtj@eatiii 6 m C
wj{fbBBadstbf gsfdj {jfj -pdiojpyjabjpbgrdyadd dlumps- qgsj o

O5.Bobmj{b dpngbsbujwa b dpngpsubmboeypwmaj
unghiurideflexie(45°8 71°*- T o qsf{fobbTtHfwmps Etpveéajbjgp:
de accelerare, franar8 t ubcj mj ubuf 1T ousf gspupujqvsj- gqf
b gjfdasfj tpmvDbjj/

0.6. Validarea rezultatelorf y gf sj nf oub mf gsj o dpngbsbsfl
segmentare cu analiza video (CVMdB}ksistemul profesional BIOPA®.c j f duj vBuim wd na s
btjhvsf gjbcjmjubufb natvsaupsj mps- Bdaatelepot us a
brute.

O.7. Determinarea limitelor B b qgpufobj bmvmv,j gj fBeda s f | t
bgmj dbcj mBu bfuyf f sdjiinfj foeylbarhav/lo mvb qf sgpsnbobb dfm
gvodu ef wfefsf bm qgsf @ prédduldi jereprbdederg arbiatelon] ua b j |

0.8. Elaborarea unor propuneri de optimizare a designului ortezei pe baza
comportamentului biomecanic observat in timpul testelor] o gvodb; f ef s f
dpngbsbuj wf- tf wps tvhfsb Tncvoauabjsgu ufi oj
scopulcr&& f sj j tBubgy ond ujadpghmj uabj |/

O9Dpousjcvbjb mb ef{wpmubsfb vof]j nfupef
cjpnfdbojdjj hf ovodi jLucnaxead B 1 gqsgpgpoofywaagwpgdBijf pc
wbmj ea (¢ fugpussvf nthb cupssbbej bj pob mf - qgsj o Bgnptadpt j sf b
de prelucrare accesibile.

12



4.Studig df sdfudsj ufpsfuj

4.1. Biomecanica membrului inferior

4.1.1. Biomecanica articuldaei Boldului

MiBI a sppsihife ale articul@ei ®ldului sunt flexiaB extensia in jurul axei transversale,
addudia B abdudia in jurul axei anteropostericar®8 rota b nfBj mmaf sbma 1 o
wf sujdbmf/ Dfmf wusfj byf tf jfobssddfddbiopan 6
ununghifda ef gf nvBlaspumbuf o mjddpan vpo as powmab8h qv mvj g

Flexia articul@iei® me v mv j findmjf nmplbfid aef dpoubduvm d
cand genunchiul este flexat. Cu genunchiul esirflexiaB me v mv | ftuf mjnjub
muBhilor. ExtindereaBh me v myv | ej odpmp ef bQalfds cguzatemsiuniif t u f
ligamentelor asociateB paral din cauza formei suprafelor articulare. In mod normal,
extinderea peste 30° nues f g p(figura4jlina

”

e >~ Extensic | e

4
| /f' -
-
>~ Flexie {L

Fig.4.1.FlexiaB extensiab s u j dBldulif3.]f j

Abdudia B addudia articulddei Bldului (figura 4.2.) de aproximativ 45° fiecare, sunt
libere in toate poduile membrului inferior, cu excdya desigur a addugeiinpoz b bobupnj c
Abdudia este mai mare atunci can@ Bldul este pafal flexat. Este limitai de tensiunea
muBhilor adductoriB a ligamentului pubofemural. Addua este mai B b s dBlddilflexat
efdau buvod]j daoe f tmembrul gpusjtensiunea intmikhii abdyctorj u b u 3
B gbsufb mbufsbma B] mjhbnfouvmvj |jmjpgfnvsbi

13
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Abductie

Fig.4.2. Abdudia B addudia articuleébei Boldului[3.]

4.1.2. Biomecanicaarticulabiei genunchiului

InceeaceprivBe miBl s j mf hf ov omvibufmvijo dupsoftcjvBiffs b s f
separate: cea dintre femurB uj cj f - dbsf ftuf df b nbj j ngp
membrul inferiorB df b e j Bfansuf, cusoulacend® pof b{a db vo tdsj
tendonul cvadricepsului, schimband@ linia de a@une.[3.]

160°

Fig.4.3. FlexiaB extensia genunchiului3.]

Gmfyjb bdujwa b hf ovodBidueste dejadigxdt, ddr numaij o h f
231° mldubeste extins (Figd3).Bdftu mvdsv tf ebupsfsdhipra gbqu
B pierd eficiefo pebua dwldily.lBj oef sf b

MBIbsf b dpoej mj mps g f-ovomhbinde detaBiunigdé rulangB{ f b { a
alunecare, raportul dintre rulareB alunecare schimbandise in timpul flexieiB extensiei
(Fig.4.4.).

10°-15°

Medial

14



4. Studii si cercetari teoretice

Fig.4.4. MiBarea condililor femurali/3.]

v

Celeepva nfojtdvsj vsnasftd ef gmbtisakiaef dpc
(Fig.4.5.). Prin urmare, in timpul rotaei femurale laterale, meniscul medial este tras ina
peste tibie, intimp ce meniscul lateral este tras posterior. Reversul se produce in m@a
gf nvsbmaB3nhf ej bma

3
6

Fig45.Ef gmbt asj mf dfBdej mjj mps gfnvshbr

Menisc

Menisc
lateral

o il »
Menisc 'medial Tieniie madial

4.1.3. Biomecanica articulddei gleznei

MiBarea la nivelul articulaei gleznei are loc in jurul unuivel al axei transversale cu
varful maleolei lateraleB uBr sub nivelul maleolei mediale. i a s j mf qpt jd&d j mf
gleznei sunt dorsiflexigcB g mf y j b g mb o u-ursigterval mgximccargpse apnogie g S |
de 90°.

In pozG b o p s ndoard pidionul fagg un unghi drept cu piciorul; aceasta este
pozig b of vus ahbei lfFig. 4.6, 1a). Ov mhup b uf bdf t Gififdividuafey j t u ¢
considerabile in ceea ce pri®e intinderea acestor nitl a s j.4.6) 5] h

Dorsiflexie

20°-30°
\-:i‘k:::#{? Flexie ] : 34 Do;‘siﬂgxic
X plantur:‘l\/\ | Xy, \2/0 =t
) A : 3050 age-18
» 300_500
% Anterior

a) b)

Fig.4.6.MiBl & s | mb  oQeivgliezamei(a)y pdrasnatijii gevrmetoici (b).3.]

42.ModelareesB t jnvmbsfb cjpnfdbojda

Din punct de vedere biomecanic, locomob cjgfea ) nprecesvda* ft
deplasare, in care corpul uman, aflat inBare, este suportat cicli@ alternativ de fiecare

membru inferior (cu excelpa unei perioade detrangi f - buv od] daoe bncf mf
pe sol).

15
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Ciclul de mers I

Perinada
de halans

Perinada
de sprijin

Contactulfz . Iglocul |Sprjmul jDesprinderea Iglocul
et |t A Accel !
ncércarea sprijil foerminal | de pe sl eeeleraien | i Decelerarea

Fig.4.7. Divizarea ciclului de mers

Nf stvm- efgjoju db (dcjgfebmjtn bmufsobuj wo
evecmv* sfqgsf{foubu ef ejtubobb ejousf ®Wvoduv
gvoduvm ef dpoubduduiaBn fqg jdg yp sv s rE§ wp sg viord ub ckeff wf e
nfst ftuf ejwj{bu T o epva f{Bpérigaladqsajars,contpionmf ; q
figurii 4.7.

Bt ugf m- df mf 6 gb{f df efgjoftd qfsjpbeb
mijlocul sprijinului, sprijinul terminaB desprinderea de pe s¢#.][13.].

Pencada de dublu suport {24%4)

pictorul sténg

pictorul drept

Fig. 48. Durata perioadelor ciclului de mers: perioada despriin qf sj pbeb ef cbmbot ¢
60%B respectiv 40% din durata ciclului de mel Pericada de sprijin [ Pericada de balans.

In cazul perioadei de balans, cele trei faze sunt: accelerarea, mijlocul balan®ului
efdf mfsbsfb /Bddfmfsbsfb 1T odf &dsolil activaqdasée o u v m |
astfel muBchii Boldului pentru a accelera piciorul spre Tnainte. in acest stadiu membrul inferior
bkvohf mb mvohj nf bBldowijB nh oh fnd@wv o disjuy Mdwjmbtbfy b1 o d
hmf {of] tf npcjmj{fb{a qgfousv bubiecwiifumagpj dj p s\
ftuf To bdftu npnfou tvgpsubua 7T @]Bpubmjubuf
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4. Studii si cercetari teoretice

o

flexie
I omentul o
extensor 5 .
150 flezie
flexe
{u]
MWomentul Fl >
dorsiflexor FHs
Iomentul dorsald

dorsiflexor

flexor al Momentul Iomentul a0°
plantei flexzor al flesor al flexer al  Hiperestensia
degetelar plantei degetelor degetelor

d)

Fig.499.Gb { f mf ef tvgpsu bmf qgjdjpsvmvj qgf tpm T0 uj.
(b);mijlocul sprijinului (c); sprijinul terminal (d); desprinderea de pe sol (e)[A8].

Qbsbnfusjj gbt vmvj tjngmv 1T o db{Ovsant mpdp
mvohjnfb gbtvmvj tjngmv- gsfdwfobb ) sjmaanv m*
pasuluiB urmele plantei pe soj14.].

|{— Lungimea pasuly sting 4*7 Lungitnea pasul drept —H

MUnghiul pasulu stdng
: Largimea pasulu
‘ . 5Unghiul pasului drept w

H Lungimea pasuhn dubly }|

Fig.4D.Qbsbnfusjj gbtvmvj tjn[ddv To0o db{vm my

4.2.1. Modelarea sistemelor anatomice
Conform teoriilor lui VaughanHad8 Boesf xt ) 2: 93* prindipglethua e
ceea ce priv@8e descrierea dinamicii corpurilor rigide asociate corpurilor anatomice. Prima
nfupeb ftuf nfupeb ejobnjdj]j ej sf du-insistem d b s f
cjpnfdbojd tvou dvopt dv eétgrminargabparamptalgr tigematiovv m d
sf{vmubbjBR e mpaBdfisjfj dw algtufn/ Dfb efb ep:
dinamicii inverse in care, datele cinematice ale sistemului biomecanic sunt definite in detaliu,

17
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jbs pcjfdujwvm bpgbsbhnfifosjehpd seajBhbsjfof dft dbw
[13.]. Metoda dinamicii inverse folosge modele ale corpurilor rigide pentru a reprezenta
comportamentul mecanic al pendulelor aflate in conexiune, sau mai concret, al membrelor
corpului uman undeparametrii antropometrict, parametrii dinamicB parametrii cinematici ai
tfhnfouf mps dpsqgvmyj vnbo tvou gpmptj bj db e
fdijmjcsvmyj ejobnjd- qgfousv efBafmementeldocef b gp s
dbv {f ®B{&s jnmf tjtuflpM4id3] ) gj hvsb 5/ 2

Parametrii antropornetric Parametrii cinematici Parametri dinarmici
al segmentelor at segmentelor at segmentelor
anatomice anatomice anatomice

MMomente - |Unghiurile 51 deplasénlef < . . | Forte de
Ecuati de
echilibay dinarmc

Forte internie de reactiune
gl momente ce cauzeazd
migcarea

Fig4n. Tdi fnb ef qgsjodjgjv b jngmfnfouasj|j nfupefj e
solidelor rigide asociate corpurilor anatomice.

Nfupeb ejobnjdjj jowf st f gsftvgvof gpmpt j
segmentul corpului uman interesat.

Tabelul 4.1.Parametrii antropometrici B dpf gj dj f obj | ef tdbmbsf qgfou
dpsqgvmvj vnbo- gstaonaisnare de ¢8cajfiif5.g{1]. ] dv w

Tvcjfdbj dv wastub nbj nbsf ¢

Lungimea Masa Qp{ibjb dfous Npnfouvm e
Segment| L =cd m = % gbba ef qvo % J
m kg %0 kgn?
Cap 0,126 7.8 50 49,5
Trunchi 0,312 49,7 50 50,3
Csbhb 0,188 2,8 56,4 32,2

Y Antropometriat t uf p nfupeda ef tuvejv b gptjcjmjuasjmps ef jefo

gassj bmf dpsqgvmyvj vnbol/ Ftuf fonsppgeamphybpbogphboguimmd| pobr
Vulpe, C.: Atlasul antropologic alafsilvaniei, Editura Academiei Roméane, 2005)
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4. Studii si cercetari teoretice

Bouf ¢ 0,146 1,6 55 30,3
Naoa 0,108 0,6 50 39,7
Dpbqgt 0,265 10 59,05 32,3
Hbncg 0,226 4,65 56.05 30,2
Picior 0,152 1,45 50,85 47,5

in figura 4.2/ t f gsf{joua sfqgbsujdjfphp hhbef mmsgpd
parameu s j | bouspgpnfusj dj b | bdf tupsb- To db{vi
[14]. Astfel:

zonaAAdvgsjota

zonaBAdvgsj ot a

Tousf fyusfnjubufb tvqgfsjpbs
Tousf HgasBjnjdfblufjbogdfvygjf sh pa |
zonaCAdvgsjota Tousf fyusfnjubufb tvgfsjpbs
zonaDAdvgsjota Tousf fyusfnjubufb tvgfsjpbs
zonaEAdvgsjota Tousf fyusfmbhbwuhmwujff bBjt vaifflszj Ip brs.
zonaFAdvgsjota fyusfnjubufb jogfsjpbsa b us
zonaGhdvgsjota Tousf cb{jo Bj fyusfnjubufb
zonaH-dvgsjota Tousf fyusfnjubufb .tvgfsjpbs

-

]
Ld

N

0,842-H
0,818 H

0,630-H

0,530-H

Figo42.1nqgasbjsfb dpsqvmvj vnbo qgf {pof )b*< dpt

Nfupeb ejobnjdj] jowf st f - gpmptjua 1o wf
anatomice, reduce corpul uman la un sistem de solide rigide. Conform literaturii de aptate,
vo tjtufn ef tpmjef sjhjef dpobjof epva tbyv
mf hauvsj- dbsf sfbmj{fb{a vo tjtufn ejo nbj
de acestea, in cazul unui sistem de soliderigidg exua mf hauv s | fyufsjpb:
sistem B altele din exteriorul sistemului.
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Studii si cercetari asupra biomecanicii membrelor inferioare Tulica A.G. Alexandru- Constantin

F d v b dejeghihbfu dinamic se pot scrie:

€4 F, =mG,;

i .. .

id Fy=mQ@,; (4.2)

| .- .

iaMZI(}’;
unde:Fxyf t uf sf {vmuboulB gspfsthd bonfv @ff - | bddybfy Svjisypflp ofs f d f &
pe axa Ox, Oy [NMf t u f npnf ouv mmeggesnasancprului\[kG)bax) este
bddf mfsbbjb dpsgvmVjl- gipreffecddmj &f Pjy di?]dBie f\ nl®m
bddf mfsbbjb vohijjvmbsa b dpsqgvmvj \sbeOt

Ft, ook Fmy

Fty

Lp O Z
RSXT
s ép RsSr
By
Mg
Eg,
(P 0 C

=
Gp RSXTR-Sy
Fig.4B.Nf upeb sfevdfsj ] gpsbf mps bgmj dbpiciohR npef mvmy

infigura4.B/ ftuf sfqgsf{foubud ufiojdb ef sfevdf
bsujdvmbbj fFm pifvioaf jg-p sichiegamba[N]; &t vou gpsbf mf
tf fyfsdjua 1T o uf[Méedlaffmfgpms@dsd eff jtdt ff syl jsfdj u a
(tibie, peroneuB talus) [N]; R«yt vou gpsbf mf ef sfbdbj vof b mf
ej s f @k jOyIM}fGr este greutatea piciorului [N,Fgj j oe sf{vmuboub uv
nfobjpobuf kbif ¢s¥évi)Dhpsod bdafgteznsilamm tasor fosnatdin b j f
g p s HBFBun momentMg[N@ ~ - f hbm dv npnf oFvHA);Rdysgimv mv j (
gpsbfmf ef sfbdbjvof ej@x O Westecentoubde greutatendl { o f |
picioruluiBA, B, & vou wasgvsjmf wusjvohijvmvj Adpfciorsf gqsf {
damdaj - hmf{oa- wasgvm ef {falfdoiléamptatarsiap.ot j ef sbu b
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4. Studii si cercetari teoretice

Gambi
Mt, E
E
9] X E Y

. 1%
Picior
+ A 1y 4
Z _d4 T Rgx d4
P) T dZ O Hlpax r
+ Es €
s
dy | Jed
Lyl le YGF' Picior
&)

b)
Cambi

Picior

Fig.414.Npef mbsf b cjpnfdbojda b {piciar tolpsindimhetodardimgmicib o b u p
inverse, in timpul fazelordesypsu b mf qj dj psvmv]j gf tpm; dpoubd
sprijinului (c) sprijinul terminal (d); desprinderea de pe sol (e).

infigura 414/ tvou sfqgsf{foubuf npef mf méEpicierj pnf d
folosind metoda dinamiciinverse

4.2.2. Simularea biomecanicii membrului inferior. Metoda dinamicii inverse

Npefmbsfb c¢cjpnfdbojda b tAjhtbunfcnav mivfi dbfulp
aceledd dpoej bjj tgfdj bmf bmf nf up &eétape ejawnftsn j dj j
umateB mb npef mbsf b tjtAafdclory myj bobupnjd hmf{o

infigura41s/ ftuf sfqgsf{foubud ufiojdb ef sfevi
bsujdvmbbj f | e yn0 & o juv mgyjs-b f wmd e fd;f t fmbeif[N];f sdj u
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Ftioznt Vou gpsbfmf df tf fyf s[jjFoft ubdb gpesbpbdf mff
Tousf tusvduvs)mf ptpbtf b dMgi4dgreutiten ganped[Nbdu ) g
Mgf tuf npnfouvm ef spubbj Rgyevoubgpsd®@¥vmbbijel Isim
bsujdvmbbj b horfgyNlfFf tuff ejfdfvdiujbpboub gpsbf mps e
structuri osoase aflate in contaciN];F- s f { vmuboubBdipjsbfufpse glh @f nBj
ptpbtf bgmbuf To0o dpoubdu- uNpbBfmodbyghphsdDd hsoucg
qgf ousv Db fHEINj; Mygfctsubf gmppsmbfbouv m of u | oRiBjFecet ef
bdbj pof b{ a&gdnmchiulsi [Ngn]JdGrestdcbniril de greutate algambed,b suj dv mbbj
hmf {&f bByj dvmbbjb hfovodijvmvj/

Ft, Fin,

Fig. 415. Nf upeb sfevdfssj|j gpsbfmps bgmjdbohBnoagkef mvmv,

In figura 416. sunt reprezentate modelele biomecanice ale sistemului anatomic
genunchirhbnca- gpmptjoe nfupeb ejobnjdjj jowfstf-
pe sol, undemy este masa gambei [kgIMf t uf nbtb upubma dpsagpsbma
estead f mf sbbj b hbnctj gbba ef df ouGywom/ed,; hsf vul
fiind unghiul dintre axa de simetrie acoapsBi p s j {]f@ e, unghiufipe tare 1l face axa de
tjnfusjf b hbngfgftdi pdpd{ pdaabghngbéi Inplanblinfl & ;mp b

(planul sagital) [rad/8]; Igf t u f npnfouvm ef M¢;fd=s-b | & j tburb ohbbf nnef f
psj{phubmiqf duj w- wfsuj dbma- eBgenunshiuluidifm)us f mf
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4. Studii si cercetari teoretice

d7e ejtubobfmMg gftpésdipwubmdsuj dbma- ejBusf
centrul de greutate al gambei, ifm].

To bdftu db{- dpogpsn qgsjodjqgjvmv,j bdbj vc
hmf {oa wps bwfb bdf mbBjwbnpgjvmpqwt] sdfdy jf krmfst
cjpnfdbojdf b +qjjtdyfprsv mQf ocumfv{ & uf snj obsfb s
timpul fazelor de suport ale picioruluipesoklsv t dsjt fdvbbjjmf ef fdi

Aéan:mgc"aj(;

{é Fy =mg G (4.13)

[ .. y

faMp =14,

Peousv qgqsjnb gb{a b nfstvmvj- efovnjua Bj
b*- fdvbbjjmf )5/24* tf wps tdsjf tvc gpsnb;

< -

7 Rox = Roy = Mg Qs

i- Ry, +Ry, - Gg =my G; (4.14)

)

i

- Mg' I\/Ig-Gng7+mgQiin8+mg®.y®i7- ngQi5+RgX@i6=|g@'g.

\ Y Coapsd Coapsd
P Rgy M [ . ! ||
Y Mg Rey Mlg Kgy
g o X g
gx - -~

H Rgx D
Coapsd
\e il
- Rmal + [N
! ] —
Ganibi Cf dg . | %
: Gambi G
1
ARy i
: g
I, M
: L g8
. I.!. = . Z + Ficior
i IJ: o [ R
i £ R,
! z Picior ! &y
7, 7 I

d7 d?;

. 5 ds
a) b) c)
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d) e)

Fig4l6.Npef mbsfb cjpnfdboj da-hibntcAc tgjptmpfthjvorev jnfhufp@wbo
inverse,6 uj ngvm gb{fmps ef tvgpsu bmf qjdjpsvmv]j gf
dpoubduvm upubm dv tpmvm )c*< njkmpdvm tvgpsuvmyv,

Ejo tjtufnvm fdvbbj | mpfs pdbjfdfi;j mjcsv ejobnjd

Iengx:Rgx_mg Q]‘X’

I}R'gy =Ry, +Gg +my Gy ; (4.15)

Mg =-Mg - Gy Gy +mg Gy, Glg + my Gy Gl - Ry, Qs + Ry, Gl - 14 Gy

In mod analog, pentru ceadée epvb gb{a ef tvgpsu b qgj d
fdvbbjjmps ef fdijmjcsv ejobnjd )5/ 24* tf qbs
416/ - c¢c- 10 gfmvm vsnaups;

Rgx ) Rgx =mg @X;
- Rg, *Rg, - Gg =my Qy; (4.16)

——) =) ——>—> (]

My - Mg - Gg Gl +mg G, Qlg +my Gy @7 - Ry Qs + Ry, Qlg =14 Cy.

To vsnb sf{pmwasjj tjtufnvmvij ef fdvbbjj| )

e _

ERQX _Rgx- mg @X’

o _

%ng =Ry, +Gg + Mg Gy; (4.17)
}M'g =+M +Gy @y - my G, Qg - mg@'ycm7+ngc"ms- Ry, Qs +14 G2y

inceeaceprivBi f gb{b b usfjb ef tvgpsu b qgjdjpsvn
figura416.,c,sistemuf dvbbj j mps ef fdijmjcsv tf wb tds
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4. Studii si cercetari teoretice

9x+Rg

- Ry, - Gg =my Qy; (4.18)

- R « =My G
ng
- Mg +Mg+my G, Qg - Ry @ =14 .

— =) ———> :

Ejo )5/29* tf pcbjo vsnaupbsfmf sf{vmubuf mf;
I.éngx:Rgx-l_le@IX;
!%ng = ng +Gg +my Qy; (4.19)
Mg =Mg+mg G Qg - Ry Qg - 14 G
In mod analog, pentruceade gqbusb gb{b ef tvgpsu b qj dj
figura4l16.,d,t j t uf nvm fdvbbjjmps ef fdijmjcsv ejobn

. Rgx * Rgx =My @,
- Ry, +Ry, - Gg =my @,; (4.20)

Mg +Mg - Gg Gl +mg G, Glg +mg G, Gy - Ry Qs - Ry, Qs =14 Gy

— ) =) ===

|l o vsnb sf{pmwasjj tjtufnvmvj ef fdvbbjj )5/
6 =

ERQX_RQX-Fmg@X’

IR =

,:\ng - ng +Gg +mg ca)/’ (421)
’I[Mg:Mg'Gg®7+mg®X®8+mg®y®7'ng®5'R9X®6‘Ig®g.

Pentru faza a cincea din ciclul de mers (figuéd6/ - / f *- fdvbbj | mf e
pentru sistemul anatomic genunchh bnca wps mvb gpsnb;

B Rgx + Rgx = mg QX;
- Ry, +Ry, - Gg =my Gi; (4.22)

Mg +Mg-GgCM7+mgQixGﬂg+mg®yCM7- ngGﬂ5- RgXQi6=|g(l’g.

—) =) ===

|l o vsna sf{pmwasjj tjtufnvmvj ef fdvbbjj )5/
$R§x=R9x+m9 dx;

Rgy =Ry, +Gg +Mmy Gay; (4.23)

My =-Mg +Gg Qi - my G, Glg - mg G, Gy + Ry, Qs + Ry, Qg +1 Gy

—_—) =) ——

4.3. Concluzii

Tuvejvm bgspgvoebu b mBlduluip gehudchiwlyi Bl glgzneib s u j
fwjefobjb{a dpnqg@f ygjvuwbdufj bp otbursav Bou odtimhaa e 6 Q f 0 g &
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inrealizareanmitl asj mps ftf obj bmfB stpbilbvatesRrecan dintrd acestg pt uv s
bsujdvmbbjj gsf{joua qgqbsujdvmbsjuabj nfdboj df
cjpnfdbojd bm nfncsvmyvj jogfsjps- jbs 1T obf mf
gf ousv epnf ojj mf HirMgibecigi brjpedicae.] j - psupqgfejf]
Analizacj pnf dbojda b nfncsvmvj ] ogf Bargpeste f wj ef
sf{vmubuvm vof ] dpmbcpsasj| gsfdjtf T ousf nbj
adaptareaB gvodbj pobsfb fgjdjfoua bgjtjwbhspbmijeip
BmBlbsf/ P Tobfmfhfsf dpnq ridardundeamdnalfpentiupice nf d b o
joufswfobjf ufsbqfvujda- uf iBojpjmphf@janpstt bw j fmg wd
Upupebua- tuvejvmjcypbbdisdjmd wEBmalinamhegtod? ynyy u b u
dppsepoasijj of vspnvtdvmbsf jngmjdbuf To0o mpdpn
depadB - d] p bduj wjubuf dj dm ddpadds gmdu vigm ol s fus!
de peunmembruinfgr ps qf df mamb mu- BT oq sdppgovenmthjjfj/ eBfd ftbutbu
intre fazelede sprijild cbmbot gfsnjuf efgmbtbsfb fgjdjfou
energeticoptmB p bebqubcj mjubuf dsftdvua mb nfejvm
Jngpsudfotbolbbvjb npefm dpotua ov epbsBino qgsf
posibilitatea depersonalizarei o gvodbjf ef dbsbdufsjtujdjmf b
Btugfm- tjtufnvm ef fdvbbj ] ftuf bmj meaoubu d
tfhnfoufmps*- qfsnjBhbasteqgppevdupbsgmasbbcphgpsu
Joufhsbsfb bdftups npef mf To qgspjfdubsfb ef
gvodbj pobmfRijpjgd Bjag jpd & b{ @mj e autiog pecsonalizate] o uf s wf o b |
Ejo gvodu ef wfefsf bgmjdbujw- bdfbtua bcp
domenii:
o sfbcjmjubsfb ofvspnpgBupadahduj gsyjowd wibh m
o psupqfejf- gf ousv qgmdale® g jbd bssffdop ojt auusfv:
gvodbj pobmf -
To johjofsjb cjpnfejdbma- qgfousv eftjho

~
~

cjpnfdbojdj joufmjhfobj/
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5. Studii experimentale

6/ 2/ Qspjfdubsfb fyqfsjnfouvmvj
parametrilor biomecanici al membrului inferior

Qsjnvm tjtufn ef n-t wshudf{ ab gdpdthylpw b imaue
gspupujqgq- 1T0o0 dbsf b gptu joufhsbu vo tfo{ps
dv opva hsbef oeifoemjvcof sbudbduffmf sdppnofbujsv- hj sptdp:
b gptu qp{jbjpobu qf psuf{a btugfm Todau t
hfovodijvmvj- To0o gsjodjgbm T0o ujngvm gmfyjf]

Al doilea sistem,repf { f oudoe p wfstjvof bwbotbua Bj
opva dpodfqgbjf buadu gfousv psuf{a- dau Bj q
psuf{a gvodbjpobma dv vo eftjho nbj fshpopnj
detg NQV7161- df dpobjof vo bddf mfspnfusv Bj

Qsjo vsnbsf- dfmf epva tjtufnf ov sfqgsf{]
dpodsfbj To0o ejsfdbjb ef{wpmuasj|j ef ejtqgp{ju
realealeutmj { bupsj mps- dv bgmjdbbjj To psupqgfejf-

5.1.1. Obiectivele experimentelor

Obiectivele principale ale experimentelor constau in determinarea parametrului
ejobnjd )bddf mfsb® jOF),map ambetpt prowbj jPy -1 oPzdb{ vm
fygfsjnfoubm gjjoe sfbmj{bu btvgsb Bowcaret vc|j
s-a realizat studiul bimecanicii membrului inferior final, Tn timpul mersului norri&ain timpul
sprijinului pe un picior,pousv tvcjfdbjj vnboj gasa ej{bcj
gpmptjuf vmufsjps mb efufsnjobsfb wbsjbbjjmp
nbojgftua To0o bsujdvmbbjb hfovodijvmvj/

6/ 2/ 3/ Bmf hfsfb nfupefmps ef natvsbsf

Fenomenulp d pnpbj f e fctj gqd & dnhpstedl, deci prin urmare este nevoie
ta tf pquf{f qfousv p nfupea dbsf ta gjf dp
bobmj {bsfb dbmjubujwa b vops qp{jbjj cdgouj ov
gpsnfb{a 1Tousf t fBlawaiecarifordénBblo dfupmimfdfbsuj dvmbb
j ogf sj ps Bldolg, gendnehmloiB gléznei) B a sprijinului piciorului pe sol, este
ofdftbsa p bobmj{a wj{vbma dv p gpbsuf nbsf

To db{vm qgq<j mpfqju btup ¥ Mjujsv tp nB mewdadidewijee f p -
Tosfhjtusbsf sbqgj ea- dbsf dpotua ejo Tosf hj
mersului normal. Mb bdftub B f obdbtvhabufb pcbj aif sjj
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)y bddf mMf sbjbdhfmidwe dijj vmvj */ Btugfm- qfousasr bdij
pqgubu qgqfousv vujmj{bsfb vofj nfupefBagumé dj t f
metoda ce folos& f db jotusvnfouf e f nat yshsoft ubshbBg |
Contemplas, cu programul Templo Motion, pentru inregistrar@salvarea clipurilor video,
gsphsbnvm DWNpc- gf ousv 1T odasdbsfb dmjqgvsj mp
gvoduf mf ef jJjoufsft- bovnf b § u jiBdpummbdispobitiv h f o v 0 ¢
experimental realizat (cu BNOO55).

Tpmvbpbgbdf Jouada p tusvduvsa joufsnfejbsa o
genunchi, ajutand laergonomi gvodbj pobmjubufb bdftufjb 1o
expesj nfoubm ftuf gsfwa{vu dv p opva gmbda ef b
Bsevjop Obop*- Jjbs gmbdb COP166 dpnqgbujcjma d
NQV7161- df wps gj qp{jbjpobbj qfb ddfnnefas b Bsjfjtmyp
bncfmf tfhnfouf bobupnjdf- ov epbs mb oj wfmvm

To ujngvm v-bj mpydsjtjpmaddifj ef ousv bdvsbufbhb
sistemul BIOPA(74.], cu accelerometrele acestuia, spre validaBao b mj { & cj pnf dbo
membrului inferior.

6/ 2/ 4/ Dp o Bjare p ¢xpeenfientidui t g a

Qf ousv pcbjofsfb vops sf{vmubuf Bdapdd mvefo
dpoej bjj ef mvdsv pqujn- dbsf ov bvprgtotipg mvf obtk
dbsf fgfduvfb{a 1T o&Ffahsjjtju sgbfs febf dbpnouud oqvbas ubf /n j

6/ 3/ Bobmj{b cjpnfdbojda b nfncs

5.2.1. Modele statice B dinamice ale articuldaei Boldului

AxaOxd pj odj ef dv by bOyjucsdjod@ desntess findinteB axaOr b
este de-a lungul axei femurale. Componentele f® Fx, FyB Fzsunt raportate cu valori
negative (dire@i fatA & /B 2) B toate sunt indreptate spre centrul capului femurafReste
fordd sf{v¥vBUpoa] d@d bejedsf d odas db 8 transversal.giorhentul g s p o u |
torsionalbl Mtady pof b{a gptufsj pl8 To kvsvm byfj tufn/
Modelul biomecanic static (figh.1., a) standard de producere a féei abductorului de
B me gsftvqgv o fledtaéade fadlU@RS parpergliputara pe solirece aproape
wfsujdbm gsjo dfousvm efhenbta bm dpsqgvmvj 1o
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2 Femurul stang , +

—

-Fz

-Fz F\~
! Mt
L ] M
:¥Y  -Fy : -Fy I
Iy ' - Iy
0 > i e 41—->
". . . »” =X X
3 4 .
o “a
.t ]
§
{3 Axa
i ¢ implantului
! : .
P Axa
! 1 femurului
i
o I\ Ot
< '

Fig.5.1. a. Sistem de coordonate la nivelul capului femordi8.]

Ejobnjdb 5p2wrf sntpae f)ngfjbh{ a fyusfnjubufb jogf s
legate Tn care piciorul, gambB coapsaafy p o f b {B& codobi rigide care interdg pof b { a
laarticuldg j gas H9]@&G]f dbsf /

Fllngh])

| [FthighD-hip

R r%
Flll

r

Mihighn

RO

a) b)
Fig 5.2..b.Modelul static &) B dinamic b) al articuldiei B®ldului [21.]

5.2.2. Dinamicaarticulafei genunchiului

Dinamicaf t uf p
asupra unui corgB

sbnvsa b nf dbadnrafgbple cdrbagf p d fubv{eg b

npej gj da prgdacfin mighreacctrmuliui. Fdele dintre piciorB
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tpm tvou natvsbuf Bpdhpgpopmd yganbpgaf ed@logjpdf | |
reactive ale solului. Dateledeft®@ t vou dpncj obuf dv ebuf djofnb
lui Newton pentru a calcula momentele comune. Procesul de procesare din date cinematice
cunoscuteB forbe externe pentru a oline forle B momente articulare intersegmentale se

numeBe abordareadinamicii Inverse.

Sb natdnanbcahf ovodi jvmvj To ujngvm nf sBt vmyvj
dpcpsasj | 538)dlatsnpuipessulyi I&hiviel/articua a experimentat irfial o flexie
fyufsoa b fyufotjf] hf ov o difglovamejuachiwuspetinaa ef
asigura stabilitatea genunchiului.

Flexia genunchiului (grade)

80

Mersul normal

o , ST
10 20 30 40 50 1] T0 B0 90 1?0
=20

Urcarea scirilor

10 20 o 40 50 60 70 80 80 100

Coborérea scarilor

Fig.5.3. Variddaunghiuluimb o j wf mvm hf ov o4dd pcvprsvg s jPRo] tud ansgjvnmp sv -

~

l o vmujnb Kgvfnjaubluff yoj tqwygy vo npnfou ef fyu
To ujngvm btrdd existgt uromomenttifd dsr nepf gmfyjf fyuf soa
necesar pentru a ifia deplasarea in sus a corpului. In timpul pozif | e f hsfvubuf
momentul genunchiului sa schimbatintt v o0 npnf ou ef fyufotjf fyufso
coborérii saarilor, momentul inAal al genunchiului a fost un moment de extensie exténare
s-a schimbatintr-un moment de flexie exteréa genunchiului in cea mai mare parte a poei.

30



5. Studii experimentale

Acest moment extern de flexie a genunchiului a fost necesar pentru skzhrea articuldailor

To ujngvm dpcpséasjj tdasjmps/ Npnfouvm ef wa
avut loc n timpul poZiei finale, spre deosebire de momentul de varf al flexiei genunchiului

care apare n timpul pobiei infiale, pentru mersulpejog§ bt df ot j vabi b t dasj n

5.3. Caracteristici analizate

Qf ousv fwbmvbsf bBlagjpmgdsdbofdéasvmvrj jogf sj |
studiul a utilizat mai multe echipament@ tehnologii specializate, fiecare oferindocou s j cv b j f
ejtujodua Bo jmatfwglsdfulbosf b gbsbnfusj mps gvod
senzorii MPUG6050B BNOO55] ouf hsbbj qf nj d sigempl BOBALCouf s f E
senzori TSD109CH gmbugpsna ef bdi Bbgijtil beeff epbdbmpai{ a
CVMobh

Jotusvnfouf mf nf obj pobuB andliza umpfcaracjeristicii o s f |
cjpnfdboj dgff ofutsfvo bejfbtndfs j f sf:bdg¥évond BpHj bmmidpnpseg
ef sfgf sj obndat)vPsyb-u aRRbEOBRKEAE cuBNOOS5> bddf mf sbbj b
gptu gbsbnfusvm ef cb{0&x) bhbwufbooman t{ bf Njf ms ¥ Mmvtj f/
gpsbb efBggspdwmtmjfubuf b 1 Oy)ejfsefjdbomblu f sfosntav mv jt
pentru echilibrd dinamicB controlul postural Tn timpul sprijinului unilateral, ax@z) wf suj d b m
sfgmfdua dpnqgpo Bdupactndu sauf, in speaal th Hagdle de contdBt
desprinderewj uf { b ef BiwapdpPpbpVvuB gpj o | ouefedrorselrics f b t
(delaMPUG050B COP166* tbv gsj o bob@yMolpvitezebnBs & snjpjs
pgfsa jogpsnbbjj eftqgsf f gBabntrdlud Minbic aj plgry mt v mv |

5.4. MetodeB mijloace tehnice

5.4.1. Instalafia Conemplas B programul CvMOB

Prin utilizarea sistemelor cu mai multe camere, Bia s | mf tvou 1T osf
gf stqfduj wf ejgfsjuf/ Vsnasjsfb bvupnbua ft.
tjtufn gpbuf mvdsb dv nbjgwoudtujff défn fBeffafsde fdfnb
bobmj{b- btugfm Todau qpbBf téf gmjpb{lud mpeBobbl
natvsbsf tvgmjnfoubsf- qgsfdvn; FNH )f mfduspn

Tjtufnvm Dpouf nqgBlkts jimds fghf) tdbssff b {tsvf cloj i j df uf vbrj
Tfo ujng sfbm/ To db{vm bd®Bitawsfj] edftemgiftuf sigas & v
psuf{b gvodbj) didbbma ef hfovodi]j
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Figs4Dbnfsa ef nbsf wjuf{a Hj hF

To gjhvsb 6/5/ tf qgqpbuf pct femuubCordempldss b e f

Dbnfsfmf tvou qp{jbjpobuf qfBb58)pcateuwéntry w dv
tubcj mjubuf- qgpu gj gp{j bj p Baafiffiima,jsgeesgmplu T o gV
planele corpului uman (frontalsagital).

";\I —r o T —
N

Fig.55Qp{j bjpobsfb dbr Fig.56Qp{j bj pobsAhdxenplb.ni

5.4.2. Sistemul BIOPAC

Sistemul BIOPAC MP150 (figura®.* ftuf vo tjtufB rmpdbwmm{a e
date flexibil, dovedit pentru cercetarea i1 j j obb wj fbjj/ Bdftu tjtuf
software-ul AcgKnowledged v. d bgbcj mj uabj e f bobmj{a tqgfdjek
epnf ojj ef dfsdfubsf- op]j npevmf tvou ejtgpoj
njdspfmfdusp{]j - natvsbsf B®Bfjcqgwh{hjghae bbmreuf &6 mj d
care | b @ aalele. Pentru a facilita procesul de descoperifB pentru a asigura date
reproductibile B dbsf qgpu gj gvecmjdbuf- svujof qvufso
pentru ECG, HRV, EEG, EMG, HG3ulte altele.[74.] [46.]
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Fig. 57. Sistemul BIOPAC

Accelerometrul tip TSD109C (figurile&. B 59/ * ftuf vo usbevdups
gsfdj{jf- ejo hbnb tjtufnfmps ef natvshbsf C

simultana a acceleratiilor liniare, de pana la 5 g, ale segmentelor anatomice pe axele Ox, CB
Oz. A7.]

- e
Fig. 58. Accelerometrul TSD109& Vedere Fig. 59. Accelerometrul TSD109CVedere
gspoubma usbot wf st bma

Bdftu usbevdups fmfdusjd gvodbj po Bb&sa nff
produse de segmentul corpului uman sunt transmise maseirt dbsf bdbj pof b-
materialului piezoelectric pe cele trei ax@x, OyBOz.1 o vsnb bdftups bdb
nbufsjbmvm qgjf{pfmfdusjd w b hfofsb tfnobmf
amplificator se semnale amplasat in interiorul accelerometrul®, usbot nj tf v mu/
npevmbupsvm ef tfnobmf | MU211D/ Bdftu mBpevmb

vojubufb dfousbma NQ261 b 1ltspunt prédzentatenpirjcipal€ld P QB D
caracteristici tehnice ale accelerometrului TSD109€7 ]|

Tabelul 51. Caracteristicile tehnice ale accelerometrului TSD109C |.

Nr. Caracteristici tehnice Descriere
1 ieBri 3 (pentru axaOx Oy, O2
2 epnfojvm ef °5¢g
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3 sensibilitatea °2 %
4 eroarea de aliniament °1%
5 neliniaritatea 02%j o epnfoj vn
6 greutatea 17¢g
lungimeaA 33 mm
7 dimensiuni mab¢ mf a8 mm
T odamB L9mmimb
lungimea cablului 3000 mm
tensiunea de i@re 5 Vla un curent de 9mA

5.4.3. CoolTerm

DppmUfsn ftuf vo gsphsbn ef dpnvoj dbsf t f
ejtgp{jujwf ibsexbsf gsjo joufsnfejvm dpofyjyv
gvodbj pobmjuabj dbsf im ejgfsfobj b{ édovesf bmuf
macOSB Linux, #8.]

(] Unm\e‘d,u - ‘ - [u] %

rBE&e 2 X H X G0

COMS /19200 B-N-1 @ X @RS @ DIR .DCDV

Connected 00:00:06, 6,651 / 0 bytes @rx @®cs @0k ORI

H £ Type here to search C Mostly cloudy
Fig. 510. Preluarea valorilor in CoolTerm
Infigura510.suntafBbuf ebufmf sfdfqgbjpobuf qgsjo qps

CoolTerm de a colectd
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5. Studii experimentale

@ untitled 0+ - »
Fle Edit Connection Macros View Remote Window Help

D/ = Disconnect ek D-

Options... Ctr+l

Q@

New Oper View | Help
G407 0.1 ResetPort 7586 0.6826 —1.7405 0.2443 —0.2672 ~
0.4934 0.!  Send Serial Break Cul+B L8037 0.6868 —1.8473 0.1374 -0.6412
0.4935 0.1 i i -0.7971 0.67%4 -1.7634 0.0611 -0.3206
0.4937 0 Flush Serial Port Ctrl+Shift+F L8003 0.6846 —1.7557 0

0.4924 0 § L8010 0.6841 -1.7023 0

0.4968 O . Toggle RTS Ctil+Shift+ Alt+R L7976 0.6936 -1.7863 0.

0.4932 0 § 8052 0.€880 —1.7405 -0

o.4s2a o.: @ Toggle DR Cirl+Shift+Alt+D L8000 0.6846 -1.7710 0.

P Q) etk sk | g o 4o ¢

0. 0.t ) 8030 0.6860 -1.5854 0

0. o.i  SendSting.. CtrisT L8040 0.6787 -1.7405 0

0. 0.1 Send Text/Binary File.. Ctl+ShiftsT 8003 0.6808 -1.8702 0

0. 0.5 e — e ©

0. 0.3 =-0.0229

0. 0.5566 -0.7786 -2.3206 -0.3664 -0.3588 0.215 P Ctrl+AltsR | -0-1985 -0.251%
0. 0. 9 .1 .

0. 0. 0.220 Stop Ctrl+ShiftéR  -0.0687 -0.3358
0. 0. 0.2134 -0.8010 0.6938 -1.€754 0

0. 0. 0.2180 -0.7991 0.6902 -1.5954 0

0. 0. 0.2173 -0.8040 0.6821 -1.8321 0

0. 0. 0.2146 -0.7945 0.6868 -1.8092 0.

0. 0. 0.2124 -0.8042 0.6836 -1.7099 0.

0. 0. 0.2214 -0.7954 0.6885 -1.8015 0.

0. 0. 0.2205 -0.7937 0.6812 -1.7710 0.

0. 0. 0.2151 -0.8022 0.6838 -1.6107 0.

0. 0. 0.2263 -0.7993 0.6875 -1.5115 -0.0305 -0.4351
0. 0. 0.2251 -0.8027 0.6777 -1.6565 -0.0382 -0.2595
0. o s 0.2183 -0.7925 0.6831 -1.6794 0.1450 -0.3664
0. 0.5610 -0.7786 -2.3202 -0.4046 -0.4275 0.2112 -0.7981 0.6809 -1.6718 -0.1221 -0.2824
0. o 0.2209 -0.7964 0.6882 -1.€641 -0.1065 0.0305
0. 0. 0.2175 =0.7920 0.6860 -2.0840 0.3355 -0.3588
0. 0. 0.2131 -0.7981 0.6887 -1.1985 0.6870 0.225%0
0. 0. 0.2195 -0.8015 0.692% -1.5878 0.0153 -0.1450
0. 0. 0.2229 -0.7974 0.681% -1.8473 0.2366 -0.1832
0. 0.5593 -0.7844 -2.3282 -0.3740 -0.41598 0.2100 -0.7988 0.685%% -1.9618 0.0992 0.099%2
0. 0.5547 -0.7793 -2.4046 -0.4809 -0.5038 0.2202 -0.7991 0.6873 -1.6641 0.106% -0.2443

COM3 / 19200 8-N-1
Connected 00:00:23, 29,864 / 0 bytes

H P Type here to search

Fig. 511. Salvarea valorilor preluate in format .txt

larinfigura5l2/ ftuf jefoujgjdbu qgspdftvm ef tbr
df fb df qgfsnjuf vB mjd bupsmjmvfj{ ft av mwsfigjwiqd fj o

5.4.4. ColectareaB prelucrarea datelor

Procesuldecolectar® qsf mvdsbsf b ebufmps b gptu sf
n at v sdispgotitivul prototip B dispozitivul omologat (BIOPACJ-iecare dintre acestea a
generatdateintrv 0 gpsnbu ejgfsju- jbs gfousv b btjhyv
au fost introduseB procesate manual in softwareul Origin

Qf ousv bobmB{ bs ftqwd fjftowjbcsd b h s b ga dtifizatb eb
software-ul Origin (figura 512)- ebupsjua dbgbdjuabjj t b mf b
numerice.

@ OriginPro 2018 64-bit - CAUsers\Aled\Documents\OriginLabl\User Files\UNTITLED - Folder1/ - X
File Edit View Plot Column Worksheat lysis Statistics Image Tools Format Window Help
BEe d] dit i dik 7RE] xxzi sl bran

EEERRR% W, i rug czab—soc o o

W

(1) smicpdg yaslesg

B
18Beueyy 128la0

it HanD

6o sebessepy

e e L 4 UEBEBEED Rw S

(1) B0 - pews

ol O f sl R A ) peraTaEKes ||

Figb512. Jouf sgbbb qgqsphsbnvmvj Psjhjo
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Gvodbj pobmjuabj
csvgf ousv bncf mf
nfejb wbmpsj mps

vuj mj { buf

A

bcbufsfb

o din §Berel¢/ou ybuv B)jp t

ejthpdpmp| bvfatsaubilor detdati, dhéluzdnd:
natvsbuf -

tuboebse-

abaterea medie standard, valorile extreme (minimuf@ maximum)B medana. Cu ajutorul

acestui softamrealizas f qsf { f ou lbs fetb uf anpgj] @& ou s v

dispozitivul prototipB cel omologat.

fwjefobjf

@ OriginPra 2018 64-bit - D:\Doctorat 2020-2023-oficial\Practica teza doctorat\Metoda experimentald_19.07.2024\Masurdtori-subiecti-oficiale\Sublect A\Sub 445 * - =]
EH file Edit View Plot Column Worksheet Analysis Statistics Image Tools Format Window Help -8 x
DERERY BRR CEEE 4 7% . GEEE BES A YuE@G 8 AN " dild TEE i x[r[z im e wrsunel
i WA S, 493 H Times New Roman: 10 GBI U v s ap A SE-M-A- SR L2k —5olics 05 - 20 S EE-B-ERIM K s e
2 ]| W | w ™ w [ [ o | om ] ) o | W W~ >
g LongRame | G0_5_ALOrs0p 00T AL | DO G | OO O D0 A e OF 5. _v_ip 0P 455 D s | 0P _i5.BP a0 OF 45 _OW_i OF ¥5_BP 01l OF TP (e 0P @ Orown 0P A Oism ¢ 3
2 1 g g [ g g g g ] 1 ] g 1
m B
] 007391 49
s [
2|1 ol £

“3 4l
g L
i} 3
s o L

A ol
il8 13
g o E
B
Q4 %
o1 d
2 g i

- E
v =
Fl ﬂ‘. wy g
L= o .
g
=

] ERYE])

a3 011650

5 D00

L

E 0]

— [NLE)
«| » ysheets { DescstatsonColst [

IATST AL M8 ST oS TR BT A< AT--00 O Mol - Vo - R

PAVHAFSP LS & 10

Fig.5.13. Tabel in programul Origin

4 OriginPro 2018 64-bit - D:\Doctorat 2020-2023-oficial\Practica_teza doctorat\Metoda experimentala_19.07.2024\Masuratori-subiecti-oficiale\Subiect 4\Sub_4_45 * — X
File Edit View Graph Data Analysic Gadgets Tools Format Window Help - 0@
LRpRREy- DEED sEEE £ wx - GEEE EE'&HME’IEW B_:ZBZ A g alihth TRE | szi'" [t ¢+ BT HEEE,
A EEE S W, 4@ 9 Default Arial 222 GBI U x <apA&E-H-A- DR emsplic-| 0 . -0 s @-E - Mk e 8]
[+] 3>
g [r]{ Project Explorer (1) rox g
=33 [ ISub 445 3
s [% {_Folder1 3
+ BB I
_ @ BEE
F ¢ Name -~ LongName Short Name i =
8 |t 600 -| . . v =
8 |- S4_45_AX_Ox_inf S4_45_AX Ox_inf 5 &
3 | 854 45 AX Oy inf S4.45_AX Oy.inf ‘E;' 4%
Ak [E] 54 45 Ax Oz inf S4.45 AX Oz inf [] 3
;_ 4.45_8P_Ox inf 54.45_BP_Ox inf =l B
2| S4_45_BP_Oy._inf S4_45_BP_Oy._inf 5 P
H 54 45 BP_Oz inf 54 45 BP Oz ... =
2|8 = 2004 ==
% o- ‘s" @Subdunghi«ii Subdunghid5 = 5
= L
g 5 %
= |2 £ o
= = 1
all=
-
200 .
< >
0 T T T = T T
01 02 03 04 05 06 07 08 09
Distributia nommala

Lol A0 0-G B - CRR @ s PR TATLRP S 10

Fig.5.14. Grafice in programul Origin

vuj mj{bsfb Psjhjo-
dpngbsbsfb

Qsj o
pentru interpretarea rezultatelorB
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6/ 6/ Bgmjdbbjj mb tuvejvm cjpnf

6/ 6/ 2/ [Mpealidafegvbg fbj psuf{f gvodbj pobmf
ef natvsbsf b bddfmfsbbjjmps/ Ejtdvbj]j

6/ 6/ 2/ 2-psugfmpiwb jgbv o 6 pobma ef hfovodij

ef

gsp

Tpmvbjb J qsf{joua vo qgqsjn qsp @Bpndjsppzith m v o
experimental ceeste atdBbu  psuf { f | mb ojwfmvm bsuj dvmbb)]
cjpnfdbojdb bsujdvmbbjfj/

Orteza fundd pob ma qf djubs v h fbsswg divimbmyv j b

gptu

programului de proiectare Solidwork®imensiunile ortezei sunt prezent# in figura 515, b,
implicit unghiurile active in figura 85, a.

o ks whN Pk

—

180.00

) 200000000

B y—— W
Zopanhnannnn

W 1401
/ ‘ 2 0 D NS

B

395.00

180.00

120.00

Fig.5.15. DimensiunileB unghiurile active alertezei pentru articuld@a genunchiului.

Componentele proiectate (figuré.16) ale ortezei funbonale de genunchi sunt:

Componentat v g f s pop.b)s a )
Dpngpofoubpgz@gfsjpbsa )

Capacul interior (dreapta) al ansamblului de prindepeZ.3);
Capacul exterior (dreapta) al ansamblului de prindere (poz. 4);
Capacul interior (stanga) al ansamblului de prindepeZ®.5);
Capacul extepr (stanga) al ansamblului de prindep{z.6).
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Fig.5.06.Dpngpof ouf mf psuf {f] gvodbj pobmf ef

Gpsbfmf dbsf btjhvsb tubcjmjubufb 1] dbsf
gpsba qptufsjpbsa qftuf d @b gbtobu f g Py jsrab ngaf  bgof un
gptufsjps- p gpsba qgptufsjpbBapmlgpejpif momfsj @
mediu al tibiei posterioare.

Dispozitivul este realizat din placa de acHig B procesare de informai din mediu,
Arduino Uno R3B placa pentru nigare pe cele 9 axg/77.] Tvgsbqvofsfb bdftup
sf bmj {f lg{ agjqosjjjo wama idrjinjfigudddl® h itsfb gpbuf pctfswb d
gmadj tvou dpofdubuf mb vGoneqgaga kigemuluila faptog sef mv d s
sfbmj{fb{a dv bkvupsvm-B@yj dbcmv ef ebuf ef

B e ai UUY80 ARDUINO

Fig.5.17. Arduino Uno R3 (stang&l Shield de nigare pe 9 axe (dreapta).
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Fig.5.18. Sistem conectat la laptop

Achizf b ebuf mps t f rubpfobramulfi M® Exéeimddul DdatkSiraamer,
identificat in figura5.19. .

Data base BNOO55 - Excel Sign in £3]

Insert Page Layout Formulas  Data  Review View  Add-ins Help Data Streamer  Data Streamer Q@ Tell me what you want to do

= . o =R o oo e 5. A
| l‘;g ) SegoeUlLight ~[11 ~|A A 2 Wrap Text General - i E: .7“ L ’.‘ ‘F'F"JJ :L1'>< | ) zT p
Paste B I U T &y == . == BuM o €0 00 Conditional Formatas Cell Insert Delete Format Sort & Find &
Uu-l -8 - EE = 3= erge & Center - $ - % * %%
- ¥ 2 E = *® | Formatting - Table ~ Styles - - B - ¥ - Filter - Select -
Clipboard [ Font ] Alignment [ Number & Styles Cells Editing ~
Ve ~ = S v
A_I!_(.D.E_F_G_N_‘IK.L.M_N_D_P_Q_R_S_1_UVW‘X.Y.Z.M_ﬂ
1| Data In (From Source) Acceleratie [m/s*2]
| Dta coming rom the curent cat scurce vill appear below as s receved. =
Current Data - &
3 , i i i , , , s
Acc (00 | Acc (0] Acc(02) [ Acc i (00| Acclin Oy Acclin(02) Gira (0| Giro Oy | Gira.02) e P
4| Time Timp [ms) | (m/fsh2) | f/sA2]) [m/sh2] | [mys#2) | [n/sA2] | [mys*2] | [m/sa2] | st 2] | [mssh2) % ce [Oyllmis+2]
a e Ol
o | 19227 342558 | 003 | 064 | 94 | -001 | -007 | -038 | -001 | -057 | 978 X P
Historical Data o
S . . . LRAREEEER R EEE T FERE]
Acc (09 | Acc 0y Acc(0z) [ ccin (00| Acclin Oy Acclin(02)] Gira (04 | Giro (0| Gira 02) 2 Timpul
7| Time | Timp fms) | [mys*2) |[mysA2]| [m/s*2] | Im/s*2) | [m/sA2] | [mys*2] |IWS“2.| [misA2] | m/sh2]
5 p ? r r 2 New
8| 1227 au;se | 03 | 064 | 84 | om 007 | o | 01 | 057 | 87 | 4Na Acceleratia liniars [mfs2]
o 19225 uusz | oo | 053 | 93 o o | om | om | as7 | a;m . 1
10| 19225 M | oor | 058 | sl | om | 001 | 0 | oo | 057 | am
1| 19224 uny o 059 | a5 | om0z | 03 | o0 | 057 | am
12| 19024 342266 0.01 0.56 938 0.03 a 04 -0.01 0.57 978
13| 19223 azse 0| 057 | 54z om | x| on | 057 | m
qa| 19222 #2121 | 001 | 057 | 939 0 0 038 | 001 | -057 | 978 = Aclin(Orlimist2]
i5| 18221 12048 o| 08 a4 001 0.02 03 | 001 | 057 | am s=echiint=a
16| 19221 a7 | nor | 0se | sar | om 0| 0w | om | o5z | am
17| 19220 321503 o 0s6 | 542 om a0z | -0 | om | 057 | am .
18| 15218 341831 0| 058 | 942 0.02 0.01 036 001 | 057 | a7 Timpul
19| 19719 77 o 059 | 935 om a2 | a2 | om | 057 | am -]
| Acceleratie | Acceleratie Liniara Acceleratie gravitationald | Data In | DataOut | Settings (O] i [d] ] [+
Ready {3 Accessibility: Investigate H B M -—a— 7%
—

Fig 519. MS Excel Data Streamer.

5.5.1.1.1 Rezultat&/d ej t dv b/ j
Testarea standului experimental se va realiza in 3 etape, anume:

1. Verificarea unui ciclu complet al locompof j - v oef tuboevm fyqgf
dpbgta- boufsjps/

2. Verificarea parametrilor inregistda in timpul flexiei extensiei membrului inferior
(fig.10.2,a), cand standul vafipogi p o b u g-fantedigg.b gt a

3. Verificarea parametrilor inregistfain timpul abdu@ei-addudiei membrului inferior
cand standulvafipoj po bu g-fantedig.b gt a
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cand standul vafipog pobu

Fygfsjnfouvm

4. Verificarea parametrilor inregistria in timpul rotébei membrului inferior (figh.66,¢) ,

Fig.5.20. Poziionare stand experimentald pb qt a

Qsj nb

fubqga
piciorului drept, (figura5.20.* -

t f

ef

g-fantedigp.b g t &

uftubsf

v

locomotor. Datele oblinute au fost notate in tabelub.2.

ftuf

) boufsjps*-

diénbt pg dodpsaa
tvcj fduvm & fpdBnsimplif regetand oidiuj

Tabell 5.2. Parametrii biomecanicilocomadde- pozif pobsf tuboe qf
Acc. Acc. Acc. Acc. _ Acc.lin. Acc.grv.
(Ox) oY) (02) Lin.(O) Acc. Lin (02) Acc.grv. oY) Acc.grv.
m/s? m/s? m/s? m/s? (©Oy)ms? m/s? (©x)ms? m/s? (O2)ms®
-0.02 -10.68 | -0.44 -0.77 -1.01 0.94 0.76 -9.67 -1.42
0.41 -9.13 -0.8 -0.32 0.57 0.4 0.73 -9.7 -1.2
0.65 -8.68 -3.55 -0.06 1.03 -2.5 0.73 -9.71 -1.15
0.49 -10.52 | 1.9 -0.15 -0.75 2.5 0.65 -9.76 -0.6
0.57 -8.95 -0.8 -0.17 0.82 -0.76 0.73 -9.77 -0.14
1.62 -7.58 -2.51 0.79 2.17 -2.95 0.82 -9.76 0.44
0.11 -7.85 -2.49 -0.67 1.91 -2.95 0.78 -9.76 0.46
-1.06 -9.22 -2.82 -1.96 0.54 -2.75 0.89 -9.76 -0.06
0.01 -10.93 | -4 -1.29 -1.04 -3.13 1.16 -9.69 -0.93
1.24 -10.4 -2.08 0.09 -0.95 0.24 1.15 -9.45 -2.33
0.31 -10.01 |-1.23 -0.56 -0.91 2.31 0.92 -9.13 -3.43
0.57 -9.18 -2.16 -0.04 -0.26 1.86 0.62 -8.91 -4.02
-0.72 -10.44 | -4.4 -1.11 -1.57 -0.23 0.38 -8.86 -4.16
-2.86 -9.86 -2.55 -2.8 -0.65 1.2 0.13 -8.91 -4.08
0.07 -9.41 -2.15 0.19 -0.4 1.71 -0.11 -9.01 -3.86
-1.47 -9.31 -3.02 -1.35 -0.2 0.6 -0.1 -9.09 -3.66
-2 -9.12 -2.52 -1.83 0.1 0.96 -0.17 -9.2 -3.39
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(066 [-911 |-254 |09 018 |056 [-023 |-928 [-314 |

inceadeb epvb fubga ef | ef Bujigoj dgbssjfn bg bfsuobng &u-
estepozf pobu qgqf dpbqgta- boufsjps- TotaBRlasj] mbuébf
flexie B extensie al piciorului. Polabnarea standului se poate observa in figuse0., din etapa
1.1n figura5.21. este reprezentat graficul accelef@lor membrului inferior, in timpul flexieB
extensiei membrului inferior.

Acceleratia Acceleratia liniard:

Oxlalbastrul,
Oylportocaliul,
i Ozgri)

Oxfalbastru),
Oylportocaliu),
Ozlgri)

m/fsA2

s & A& M o M =B o o

Fig.5.21. Parametrii mBl a s flexiepegtensie membrului inferior

in etapa a IHa- poziGonarea standului experimental nu va fi modificat ef f ub g
boufsjpbsa- btugfm tf wpsheisddiudi¢i fndmbrald inferisra u p s j
reprezentat grafic in figurd.22. .
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Acceleratia
liniaré:

i

: —
Wl bk e 3 has v
{*'\?\5" l)l.' q \A&"\ "l by ‘j‘| L WL Acceleratia:
. - QURSAT
5 “K A8 T ad@ Oxfalbastru),
T TUTREASRANRARERT : _
-5

Qylportocaliu),
Oz(gri)
- N

Fig.5.22. ParametriimiBl & s | mdie-addudie mesnbrului inferior

Ox(albastru),
Oy(portocaliu),

55.11.11. Etapalpsuf {a gvodbj pobma bdujwa qgaoa mkt

To gsjnb fubga t Ricidsfjd wedxtenpepwdjtgzh fing upbo bnma e f
hf ovodi | -ubundnghidel3 a t

in figura’5.23. putem observa unghiul maxim de 30 pe care subiectul il poate realiza
dv psuf{b bduj wbua/
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Fig.5.23 . Unghiul maxim activ al ortezei 30i.

-

| o vsnb sH &ssj fnp s-pxefsie, yidebdipulfeste analizat cu ajutorul
programului CvMob, iar in figurd.24.t f qpbuf pctfswb wusbjfdupsjb
axe- OxB Oy.

Fig.5.24. Traiectoria articulei genunchiului: unghi maxim de 30

S-arealizat analiza vitezei articulg f | hf ovodi jvmvj - sb2sf{foul
iar In figurab.26.,se poate observa accelefm acesteia.

0.7

i
|
061 Il
W [
0.5 ‘ | ! %ﬁ :
: L i ! f" 1 i
. o o |
i
R I il AN w | ‘H}
L
3 O S A O A O TN Mo 1IN U
L I 1 o N B e R A A ;;\ S
Dﬁf’mdﬁgﬁg Won K {b’lﬁ}@c i o . .i‘%*ﬁl 'R

Fig.5.25. Vitezala nivelul articuldiei genunchiuluietapa |
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425
361
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acc (m/s?)
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Fig.5.26. Accelerdiala nivelul articuldiei genunchiuluietapa |

55.1.1.12. Etapadpsuf {a gvodbj pobma bdujwa mb 56t

in figura5.27. putem observa unghiul maxim de 45 pe care subiectul 7l poate realiza
dv psuf{b bduj wbual/l

Fig.5.27. Unghiul maxim activ al orteze#5i .

T o vsnb <Bl &®snj @ sexiersia gidebdbclppl este analizat cu programul
CvMoh iarin figura5.28. se poate observa traiectoria subiectului in timpmliBl a s j | /
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B | CVmob

Fig.5.28. Traiectoria articul@iei genunchiuluiunghi maxim de 30, etapaall-a.
To vsnb

sfbmj{asj]j
OxB Oy, in figuré.29.

u- sl yirtuad, s giraspt frgiectariapebdayv u p s v |

x(t)
370}

360 »%% m
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;j 3 ﬁ
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o0 % {

X ! b1

!
1 |
Fd 4 %
330 f ¥ X
30} M‘g \ \‘,
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71} f}
169.5 L“f m
T 168} i ; k1 /[\\
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7 % ] MW
1651 ‘*j W ‘*f X f }T*% e
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100 20 300 200 500 500 700 800
seconds
Fig.5.29. TraiectoriapeaxaO8 by b Pz

bsujdvmbbj f]j

hf ovodi j vmv
S-a realizatgraficul vitezei (fig. 5.30) articulaliei genunchiului
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Fig.5.30. Viteza la nivelul articuldiei genunchiuluietapaall-a

55.1.1.1.3. Etapatipsuf {a gvodbj pobma bdujwa mb :1°

To gsjnb fubga t ®Blcdsfjd ueextengmmbtudiigta fdng o bnrja e f
hfovodij- bdujmabnuda90t(figcs3lv o v o hi |

Fig.5.31. Unghiul maxim activ al orteze®Oi.

T o vsnb <Bf dsmjrhpsexw@rsia) gidrdchpil Este analizat cu programului
CvMob, iar in figuré.32 se poate observa traiectoria subiectului in timpul locommei.Up u p e b u a
se poate observa, in figur.33., traiectoriapeaxaO8 by b Pz - sfqgsf {foub
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Fig5.32. Traiectoria articul&iei genunchiului etapaa lll-a, unghi maxim de 90

x(t)
350
340F
330f
: %
= 320F y
=
= 310p % %
300 B¢
290
280 L L L L
100 200 300 400 500 600 700 800
seconds
y(t)

#
bd
1 PR 3
y 11 »I ¥ o b
I ¥
o . ‘ Y L - ¥
100 200 300 400 500 600 700 800

seconds

Fig533.Sf qsf { f o ubwsfb jhfsdowgg sdjab bsuj dvmbbj fj hfovodijvm
90°.

6/ 6/ 2/ 2] 215/ Fudmopu fI{ bf yggvf osd bnjf pooubbnmés;) euf hfov
ejtgp{jujwvm gfousv bobmj{a

~

|l o gqgsjnb f ubagfay gefj soj ngfbo{ubb nta -J Jt VRIgE @d uwrm winf ¥
extensie in timpul locom@ei, cu ortezafunf pobma ef hfovodij- Dduj wb
B cu dispozitivul at&at, ce va inregistra accele@le liniare.

Sesf bmj { f b{ & hs b ggredpunctul desirigres dste gispozitiyul aiaf o
ortezei (figura534.> bobmj { b gjjoe sfbmj{bua dv bkvupsvn
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17 CVmob

ejtqgp{j uj wi npvojbmesdtiru indfeoids, sggrfieatule f g f

Fig534.Usbj fdupsijb
hbncal

In figura 5.35, t f j ef ouj gj dabeiAh acdstg jestev realizdt adw djutofuls b
programului CvMob, iar in figura.36. graficul acceler@ei este realizat cu ajutorul modulului

Data Streamer din pachetul Microsoft Office Excel.

Accel eQVBIGHI e

a [m/s2]

Timp
=Acc. (Ox) [m/s"2] ===Acc. (Oy)[m/s"2]

Fig.5.35. Graficul accelerBeidigp { j uj wvmvj ef b dbpnojb{nda e)fv oghfi jp snubfy{j

30°), programul CvMob
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Accelera’Hr [Bata Streamer

a [m/s"2]

Timp
Acc.lin.(Ox) Acc.lin.(Oy)

Fig.5.36.GraficulaccelerB f | ejtqp{jujwvmvj Bepobmdm)yYyahief qgbyjps
301), modul Data Streamer

T o wujngv m fléxie-extehsjeit subs uin supghi maxim de 30, cu instaldia
Contemplas, dispozitivul experimental a fost sincronizat, achi@ghandut f v o ovnas upu
363 ef wbmpsj- T0 db{vm npevmvmy),j Ebub Tusfb
1207 valori.Cu aceste date sa realizat calculul tabelar al acceldga f | nfejj- qgf dfm
respectiv abaterea standard, conform tabelul6i3. .

Tabel5.3. Analiza valorilor inregistrate la acceldiape axele OB Oy cu CvMolid Data Streamer
(dispozitivulexperimental), unghi de 30

Ox Oy

Accelerda medie CvMob[m/s?] -0.02323 |0.063219
Accelerda medie Data Streamer(BNOO55)m/s?] 0.484683 |-0.03131
Accelerda medie diferenfa intre CvMoliB Data Streamer 0.230725 ]0.015955
Abatereastandard-accelerdie- CvMob[m/s?] 1.639915 |1.714382
Abaterea standardaccelerdie- Data streamer(BNOO055[m/s?| 1.139411 |0.792125
Ovnas ef wbmpsj Tosfhjtusbuf 1T o DwN|1207 1207
Ovnas ef wbmpsj Tosfhjtusbuf 1T o Ebu|252 252

551115 EtapdJ f yqf spjsruffdbbmgads odbj pobma ef hfovord
ejtgp{jujwvm gfousv bobmj{a

Subiectul va executa rfidl a s | eff ygmbyj f- dv psuf{b gvodphE
bduj wbua t v c®°Beudispoatikuil gtadate f 56

Tf s f b mjedtdridb dispozitividuh conform RB7., in care markewl virtual este
ataBatacestuia b obmj {b gjjoe sfbmj{bua dv bkvupsvm q
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B! CVmob P O X

Fig537.Usbj fdupsjb ejtqgp{j uj wifgnwjbongdfmadmoabtimjefgfh ef qf
segment- membru inferior.

x(t)
o S AVAN A ) f
094 \ / ! A /\ A T | / 7
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Frame: 1140 Time : 00:09500
Fig.5.38 . Traiectoria dispozitivuluipeaxaCk by b Pz; sfqsf{foubsf

in figura 538, sb fyfngmjgjdbu usbjfdupsjb tvec gp
respectiv Oy.

in figura5.39. t f j ef ouj gj dabei h sdesig edte realizatdcd fjumdrus b
programului CvMob, iar in figura.40. graficul acceler@ei este realizat cu ajutorul modulului
Data Streamer din pachetul Microsoft Office Excel.
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Accel eGvidbli e

a[ m/s2]

Timp
e ACC. OX [M/S"2] === AcC. Oy [M/S"2]

Fig.5.39. Graficulaccelefqa f j ej tgp{j uj wvmvfunchepobmd m) yahief qgbyjps
45°)- programul CvMob

Accelera’Hr Bata streamer

a[m/s2]

Timp
= Acc.lin.(Ox)

Fig.5.40.Graficulacceleg f j ej tqgp{jujwvmvj Bepobmdm) yahif waqbyjps
45°)- modul Data Streamer

5.5.1.1.2. Concluzii finale

~

Testarea standului experimentat f t dsjta T o dbesvm bdftuv]j
gfousv b sfbmj{b p bobmj{a cjpnfdbojda ef ubmj
de mBl bsf / Bdf btua bobmj{a b bwvu db tdBqg | ow:
traiectorilesegnf ouf mps dpsqgpsbmf tf n ®BapBdedvantualele gv odbDb
sftusjdbjj Jjnqvtf qgqsjo vujmj{bsfb vops psuf{f
gj fdbsf wj{&doe vo bovBjjp bpgnetuabdppo@a bbui drm

To gsj nb fubga- tuboevm fygfsjnfoubm b
hfovodijvmvj - gf gbbb bouf 8jsimplispgntru g fesnitet v cj f ¢
Tosfhjtusbsfb ebufmps dbsbdufsjtujdf néread mv mv j
vops wbmpsj gfousv bddfmfsbbjjmf qgqf dfmf usf]

Vmuf sjps- bob-mgx{insprio ¢vapluareadmicjsd anpts |j { pmbuf b
Boldului. Au fost analizate trei tipuri de il a s | ;-f ygurffoytj jff-be buv 8D dslpjufb b |
j ouffsyoudf soa/ Qf ousBibgfjfdbsboeym efsapbt gjybu
ebufmf pcbjovuf bv gptu sfgsf{foubuf hsbgjd ¢
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B bddf mf sbbjj/ Bdf btua fubiga bobbfwwfuhfps f pn gl
bsujdvmbbj f ] hf ovodijvmvj - dbsf Bare,dadrBddins b du f
hsbe dsftdvu ef tpmjdjubsf To0o ujngvm bduj wju
To dpodmv{jf- uf tubsfb b gf sMBsf mgwhbobaj
nfncsvmvj jogfsjpsBadBo dlypolegthe §d s jwbeijj dfudj eff m
Qp{jbjpobsfb dpotuboua b tuboevmv]j fyqf sjnf
rezultatelor intre etape, iar utilizarea mai multor mep e f ef bdij {jbjf b
b dv s b 8 fvdliditdiea analizei. Aceste date sunt valoroase nu doar pentru cercetarea
gvoebnf o®pendu dezdojtarea de orteze inteligenteB tjtufnf ef b
cjpnfdbuspojda eBoptnjj §ldsf jsgdeghsadbjopfj gvodb
6/6/2/3/ Tpmvbjb JJ

Pentruacr& f dpogpsuvm tvcj fdbj mpgBsreduckreapagtdriorj f g
dbsf bs qgvuf 8 ajsgumffs pfosufv{sfb md v b mjf -abealimat @ v mb b
opva wbéjpeud{a gvodbjpobma ef hfovodij/ Psu
opv tjtufn ef qgsjoedf sfopimsjcpdbDf mpsf Hhtadfgflj ek
atat din punct de vedre structural,cd gv odDbj pobm/

Opvm eftjhoshBpmf kggbf{adjgbmf Tnqgqpusjwb v{v
wjbba b Bsufyjfmj {db&sd b dv tvddftt To bduj wj udé
bebqubcj) ma of wp| Dipensiugile drtdzai swvau fost mqgdificptédimnengiuni/
bnjoujuf T0o dbgjupmfmf boufsjpbsf- dj epbs t
conform figurilor 541. B 542 . in figura 543/ ftuf sfgsf{foubua ps.!
genunchi[70.]

Fig5.41. Sistem de prindere exteriordreapta
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