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Pi reason for -this research vas to investkte  the effects of clinical rehabilitation mvemt limitations 
oa the sportsmen as it influences negatively the fwtions of notor-suport syskm (WS)  and increases the period 
of rehabilitation. 

I t  mas supposed thst after mvement a i s n  coqnition of injured and =lad l i h  in the process of 
running metbcdical possibilities are rewaled lor constmting not only the ~ovcment, but also the totality of 
conditions.. .(RIITOV, 1987), for injured limb correction (rebbilitation) ... (RATOV, PAVLOV, 1981) can be studied. 

There are few wrh directed at  studyinq mvements of an injured lbb i n  the process of running. There are 
even less mrks devoted to the mvement control of athletes in rumiq vith tbe aim of mtor-supprt syster 
functions' rehabilitation. 

The p w s e  of this study is to investigate the biowhanical mvemt pmliarities of an at9lete i n  the 
process of nmnirq under ptbolcyical disorders of mtor-support systen, to s tdy  tbeir formation possibilities 
in artificially made conlitions and to determine practical efficiency in the rehabilition process aF' , ~ e r  the 
undergone trauma. 

Bio~echanical wvemt parzmeters of 25 athletes on dddle and long distances .were shdied and compared for 
tbe purpse of investigation of characteristic biomechanical mvement regularities of the .rSS injured 1ir.k 3: an 
atn:ete a-d the qlest for pedagogical nurthcds vbich mke i t  possible to excluie the mv*mr.t stxcr-re 
disorders, create conditions for the full-bodied training and lead to rehabilitation of inji;:ed 1:x .c:k 
upc i ty .  

To deternine the differences i n  Wveaents of the iwer ext:esil!es ue hab>$ investiga~ed ?he c?szs si r.r.cr 
hee and arjrle injuries (microtraws, meniscus, ligamnts, Achilles terdon bursitis) vhirn Vera 2ot ai:-r;i:i.! 
t! stijrp pains and did not interfere vith athlete's t:aining on t . r  t:eaini:i wis? speed si rzminq :;,I 3. :  t ?  
6.3 n:sx~ for an internal of 0.5 nin. 

Flight and support periods vere neasured by means of a supportless optic electronic systez; shcck have 

~rspgation along love: extremities mas detenined by accelerometer ' B ~ e l  6Kj r' fixed on different C: 

t".e M y .  Kitremtic cha:acteristics were estimted by 8ktionaaster-500* carera wib subseyent fila anaiyjis t j  
'Nac Sprtias8. Electrical muscle activity of lover extredties mas registered by ~ q r a p h  of '!Iediccrn fin. 
Eicpotentia! analysis o! lower extreaities vas perforred by analwe computer ABK-11 imdiately at  t!e t i p  oi 
t?,e experiment. 

The frequency of sys:oie vas wasured by 'Sport-(* systen vith parallel cardiac cycle fix~tion and 
rksequent analysis. 

Strength and spd-pver  capacity of thigh, ankle and fmt flexors and extensors were dete-dned kt-.:? the 
investigation. 

As one of artificially created conditions for runniq technipe correction and rehabilitation vzs t?e 
.isrce qravity limitation' (PCI) medod a!lovinq t~ reduce the gravity influence at particular degrees (5 \ 
of body veight of an athlete) by means of draught dich i s  directed upward vertically. 

For strengthening of veak muscle the electrostimlation vas, used vhicb mas prepared beforehand according 
t o  the sound limb electromyqraphical mvenent xder. Electrostimulating signal characteristics vere chosen 
personally for each athlete: the s i p 1  vas perfomd vith the use of the analogue computer. 

P re l i z i~ry  analysis of received data on the basis of three erperinental and one control groups wde it 
pcssible to outline mays and conditions of using indicated methods i n  running for correction and rehabilitation 
cf KS f,ac:ions i n  m e r s  on middle and long distances. 
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I group - 12 top mum vith lmee injuries: 
11 group - 15 low qualified m r s  with knee injuries; 
111 group - 13 tap nmners vitb pathology of ankle joints; 
lV group - 12 top rmners vitb knee pathology. 

Sportsmen of the corrLral grwp trained according to generally accepted ~etbods as the injured leg 
prnitted. E q a h t a l  gmnpsportsmen trained every other day using the aetbods mentioned above (Tab.1). 

Significant decease of r;tr~?gtb and sped-power of thigh, die and foot flexors and extenscrs 
capcity vas observed in case aZ a U e  joint injuries and Xchilles t d o n  barzitis (up to 15-30\), Decrease of 
s'crength and speed-pW qscity of ankle eztensars and thigh flexors (22-501) in Ex case of knee p in t  and 
liqament injuries t o  a certain .%tent was compewted by strength increase of foot flexors and thigh extenscrs 
(from 7 to 24l). In the prows of m i r y ,  the mvements of an injured ley were characterized by iess :6t) 
support and greater flight (by 4t) phases, greater values (20-401) of shock (vertical accele?ation) arnd lesser 
(15-101) values of brizontal shuck (acceleration). The injured leg is characterized by Cecreased capacity to 
reduce (to ahsorb) the sboch loads. Greater flexion of a l l  joints of an injured leg (by 5-121) during absarktisi, 
@re resulted i n  a r e  intensive vertical oscillations of general cenrre of yravit? (10). 

Gastrocnemius nuscles of injured extr&ties are chracterized by less electronctivity, the other nusc!es 
how increased total e1ec:r~ctivity in rani%. 

On the basis of pedagogical ohervations, the analysis of d p a i c  changes of parameters, rate of tbeir 
reduction depnding on b e  increase of speed i n  the process of rming and fatique i t  was stated that rare 
informtion meaning c o w t i r q  biowchanical rjvement parameters of lcjured and s o d  legs res~lted thrsuqh the 
creation of *confortable' ccrditions. 

The greatest efficiency of the K!, method i e s  found out in rurslinq vith, the speed fron 3.0 t o  5 .0  n/sec 
r i t h  decreasilg the force of qrlvity tj' 23\ fron an athlete's body veigbr. 

The difference in biol~echanical parameters is not reduced only by V.eir absolute value on each, sped sf 
r m i r q  (3,4,5 nlsec), but the dynamics of their increase also besows smther with t".e ixrease in speed f:~: 
: . I  to 5.0 n/sec. 

Yhile using the force gravity linitation llethcd the difference with increase from fatique is not 
si~nificant. 

S-ch c:.uic'.sristi:; 2: artificial decrease in Sioxc.*.anicd: p:nntar d1i:erance betveen injured an? scud 
legs a s  discovered even luring n u d e  activitatlon of  injured !eg by means of e1ectrostinu:atlon vhitch n s  
carried out at the wmnt hen the sound leg was put on the support with delay of support from 20-56 n/sec to 
200-300 n/sec on s i p 1  aaplitude fron 100 to 400 volts. 

Bowever, when u s b  EL mthod the difference between para te r s  increased as running durat~on increased, 
then vkile usiq electrostiaulation during the first five ninutes of running. Even at the finish the difference 
of parameters also increased, but in less degree than without e!ectrostimlation. 

Thus the mst reasonable conditions for the use of this method i s  while m i r y  with a velocity of I to 5 
n/sec with 5 ~inutes of duration. 

biggbest efficiency was displayed hen both nethods - EL and electrostimulation - were used. Cn the 
grovth of m i n i  velocity and oviq to fatigue the chanqe parameter dpn ics  of the injured and sound legs is 
on the whole sinilar to simultaneous use of KL and electrostimulation as it is vhen only N3 is used but tbe . 
inf lwnce efficiency is higher. 

RESULTS . 
- of the pedagcqical erperiaent proved the hypothesis put forvard. I t  was conf i d  that using the gethcd of 
u ; l e  artificial activation carried out on the basis of E!B and EL increases significantly the rehahilitation 
rate and allovs to reduce the difference ktveen biomechical parameters of injured and sound legs to 
a d n i n u .  After 30 lessons tbc difference of a l l  parameters was lowr in the exprkn ta l  qroup of athletes on 
5-1\ than in the control nr. Renabilitation period of the IGS movement functiocs vas reduced to 13-15 les~: .s  
in the experimental qroup as ampared with the control group (Tab.1). 

Results of the strenqtb t rdiniq test proved the efficiency of the elaborated mthods - the difference in 
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relative strength of muxles in sound arad injured legs decreased significantly in the exprimtal group. The 
difference C Z L  to approximately 5-l7t depending on the group of muscles. 

PYperhtal data provided the opportunity to reveal the rehabilitation peculiarities of motor functions in 
top and non-top runners with the me injurj localization at the knee joint. It ws found that rehabilitation of 
functions is more intensive with top athletes. RehaSilitation perids turned out to be less than a~proximably 

0 10-20 lessons. That vas alsc proved by the test results of tk lower liaQ muscles strength training. 

T A U  1 
W E  OF INENSITY, MAD VOLOIIE M4D HDKKBF PAMJETEE DLRING TEE EXPENKDiT 

1-5 G A  (dn) 8-10 8-10 
SF! (un) 
m ( t )  30 
Ens (dn) 3-5 
v (l/W 3 3 
T (dn) 5-10 5-10 

--------------------*----------------------------------.----- 

5-10 cm (dn) 13-15 10-15 
S A  (un) 3-5 
m l t )  23 
EllS (nin) 5 
v (rn/~./sec) 1 3 
T (nin) 10-15 10-15 

10-15 Gf7 (in J 13-15 10-15 
SFT (ain) 3-5 10-15 

(t) 15 
EllS (un) 5 
v (n/=) 3 3-4 
T (in) 20-25 25-30 ---------------------------------.-------------------*--.------ 

15-23 CF? (~in) 10-15 10-15 
SPT ( a h )  5-10 15-20 
K L ( t )  10-15 
Ens (nin) 5 
v (I/%) 3 3-4 
T (lin) 25-30 30-35 

20-25 GPT (nin) 10-15 
S R  (un) 10-15 
EL ( \ 
ENS (dn) 
V (m/sec) 3-4 
T (nin) 30-35 
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TABLE 1 (continued) -------------------------.-"--------"---------.,-"------- 

Cm (min) - general physical traininq; 
SPT (&I) - spacial physical trafninq (rcduetion prccntaqe is tbe same as with KL); 
R;L ( \ ) - force gravity lritation percentage (from athlete's wigbt) ; 
EHS (min) - electmlyostirulation s i w l  duration: 
V (m/sec) - velocity 
7 ( d n )  - t i m  of running 

The experiment alu, revealed the difference in the rebbilitation character i n  different injury 
localization. Tbe athletes after h e  injury vent through rehabilitation periods faster: the saw level of 
function rehabilitation was achieved 5-13 lessons edrlier and mvemt differences of sound and injured legs by 
the 30th lesson was on 4-61 lonr tban with tbe runners vho bad ankle injuries fomrly. After the erperimt 
the difference in the level of injured and sound l q s  relative u c l e  steqtb was approximately 7-121 in the 
group with f m t i o ~ l  he disorders. 

The decrease of functional potentials of the trained limbs leads in m i n g  to tbe changes of mveoen? 
i'.ructure. Tb capacity of motor-support system for absorption of shock loads decreases which is significantly 
compensated by excessive joint flexion i n  the support pericd. This results i n  more intensive vertical 
osc~llatlons of the body and i s  enerqetically unreasonable. Tbe increase of total electrical nuscle activity o: 
an injured leg and liritation of mveaent r q e  are a kind of prevention mhanisn from further injuries. 
Cecrease of ankle and foot rmscle-extensors functional capacities which prforn one of the main functions i n  the 
support pericd, apparently is the reason for the indicated changes in the mvements of the injured legs. 

Rehabilitation intensification after knee and ankle joints injuries were determined by creation o: 
confortable conditions in the process of rming vhich provided sbock load decreases on lower limbs and econodc 
rurcle wrk. Electric s tbulat im of I. g a s t r d u s  fixed the extremity position at  the muat  of i t s  contact 
vith support vhich lessened joint flexion, vertical oscillations and pmvided for better absorption of shock. 
Lveaent control in running inproved intermuscular coordination anf decreased the difference of strength 
capacity of injured and sound legs. 

CONCLUSIONS * 

I t  is possible to mte tbe perspective use of elaborated methods for the discovery of *weakg wvecent 
pints, prevention of injuries, running techniqw instruction again i s  a i d  at injury stability and for 
effective I S  functions' rehabilitation after t r ams  and illness. 

In my opinion tbe efficiency of these m m  i s  deternid by the use of training devices, with instant 
infomtion that all= are to  redistribute pbpical load, t o  decrease its local activity on the *weaks wvesent 
p in t  and increase general influences. I t  gives opportunity 'to unloadw significantly the injured l i b  and to 
train in r a m  strenuous caditions to quicken W i l i t a t i e n .  

I t  is ippcssible to m k n t a t e  the use of electrostinulation -except artificial 'strengthening of weak' 
mvement linb - this method also bas a purely wdical effect. The mst significant effect MS obtained wkr FGL 
method was combined vith rw of urgent infomtion as a method of *redistributingm the loading of a sportssen 
and reducing tlie local inf lmue on the injured 1 3 ,  with electrostinulation as *an amplifier' of th injured 
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extremity @ peculiar treatment method. Nl this in conbination with sport training principles led to an 
elaboration of rather effective ~ t b o d s  of correction and movement formation after HSS injuries of an athlete, 
vhich I M ~  !E regarded as one of the vorth-bile theories and wthads of m v e ~ n t  formation as a factor of stable 
prfornance in sports. 
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