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Fatigue as a result of long t e n  physical effort my influence tbe mver~ent technique as well as the sense 
of a x l e  work ard muscle coordination. In the present research the wrk of arxles of the lover extremity 
during. the final k i l o ~ t e r s  of the mrathon run is investigated. hccordinq to BfJCXALeW (19851, who h s  
investigated fenale runners participatinq in the mrathon at  Los Anqeles Olympic Games, the greatest chnqes in 
running technique appeared betwen the 12th and 38th h of the distance. For the purpjse of this paper t!!e 
t echn i~~e  of several m r s  at the 18 h point i n  the Sleza lhrathon was investigated. 

HATERIAL AND r n D  

The 'Sleza I(arathonm i s  for amateurs only. Four students nonpracticing coqetitive sports a r r  participating 
i n  this mrathon were investigated (Tab.1). 

TMLE 1 
Subject's data 

- 
Sub;ect Body height. Body #eight Perforace 

:cm] !G: 

i l i5  6 2  1:51:33 
I I lid 5a 3:55:54 
I11 174 6a 3:29:11 
IV 182 7 2  3:18:58 

- 

The analysis of nuscle work and calculrtion of torques i n  the hip and knee joints were hsed on the &t i  
c~11ecte.l by usinq the cinenatqraphic method only. The becamera set a t  103 :rapes per second was used t~ filn 2.e 
f-11 cycle of the runniq stride of the subjects at the 18 h point of the marathon distance. After the &:a 
collection and reduction, the toques in the hip and knee joints drinq the svinq phase as we!l as D e  
cont:~:ion velocity af selected w l e s  of the hip and thigh were cakulated. A mefhcd similar ta t!!t 
suggested by FRICO and PECCTTI (1978) and FICEL3S at al. (1381) n s  used in order to calculate the cantraction 
vetwities of the mucles operatirq the hip and h e  joint. Pour biarticular luscles: rectus fencris, 
semitendninosus, seaiwnhranosus and biceps femris caput loq~m,  and four mmrticular muscles: gluteus 
maximus, iliacus, vastus lateralis and biceps fernoris cap& breve vere taken into consideration. F i v e  1 
presents, as an instance, the ny of calculatinq the contraction velocity of the sedtendinosus w c l e .  
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Figure 1: Calculation of contraction velocity for lusculus senitendinosus 

The momts of the ruscle forces that have an effe'ct on the hip and knee joints vere calculated with tle 
help of tbe relationship beereen the ti= derivative of a generalized nomentun and the magnitude of the 
associated generalized force (SICCIDSKI et  al., 1987). I t  is rather difficult to apply this method for the 
support leg and that i s  vhy tbe torques in the hip and knee joints vere calculated for the sdirqinq leg only. 
The phases of concentric (positive) and eccentric (negative) wrk of a w l e  e r e  identified by comparing the 
torque-time history with that of the velocity of contraction of this muscle. 

The general kinemtic data of the running stride of the f i l d  subjects at the 38 kn point of the Paratbn 
distaxe are presented in table 2. lb? w c l e  mllents of force developed by tbe maratbon runners at  the hip and * 
knee joints during tbe wing phase have values sh i l a r  to tbose given by YIMER for jogging (1983) and about 
2-1 times as sml l  as tbe values obtained i n  sprint (BOBW and SIWEiSKI, 1988) 
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rm 2 
Kinematic characteristics of 10 b run (SOSAMA et al., 1986), wren's Warathan (BUCXIILEW, 
1985) and om data 

lo h Haratbon Mathon 'Slezan* Sprint 
I(en Womn I I1 111 IV 

Velocity 6.0 3.7 3.5 3.8 3.4 3.6 8.7 
[alsl 
Repnq 1.64 
I S ~ p s h l  
Step Length 1.84 
[MI 
Step L q h t  - 
88 
Nonsilpport 0.13 
Tine [s] . 
support 0.18 
Tine [ r ]  
support1 
Nonsupport 1. 18 
Ratio 
Vertical 
Displace- - 
lent of a 
[ C I I  

TABLE 3 
Maximum torque [Nm] in the h i p  and knee joints in the swing phase o! w i n g  

Hip Xnee 
ext. f l ex .  ext. f l ex .  

Harathon 
I 66.9 78.9 20.6 41.2 
I1 80.1 82.4 22.6 47.7 
111 82.2 88.7 30.9 17.1 
N 89.3 153.0 27.8 . 33.3 

Jogging 
A I ~ , 1 9 8 1 /  60 80 40 43 . . 
Sprint 

/YAKHAN,1984/ 200 200 160 250 

After close exaai~tion of the respective values obtained in mrathon and jogqing, one my notice that the ' moments act iq at the hip joint are bigqer in mrathon, and tbe b e  flexion mverent i s  luch the saw but the 
knee joint extension ncmt  is about 1.5-2 tiws as biq as in jawing. It confim the fact that knee extension 
mvesent during the sving phase is murh pore 
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Fiqure 2:  Contraction velocities of a/ w w  and b/ biarticular muscles in the mrathon * 
passive and is caused by the shank gravity force. Pique 2 presents, as an exanple, the contraction velocities 
o: mno- and biarticular ruscles in  the bip girdle and thigh in the mrathon. The length of the nuscles 
considered changes at a faster rate i n  tbe swing phase than in the support. A particularly big difference is 
noticeable in cdse of biarticular muscles, i t  i s  caused by their colpatible vork in either joint. The b 
contraction velocity for the mno- and biarticular cuscles considered are in the suing phase in mrathon 
about tvice as small as in tk sane #me of sprint. 
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Figure 3 presents macentric ard*eccentric work periods of eight muscles of the pelvic girdle and thigh in tOe 
suing phase in mth. change of the sense of w l e  mrk fma negative to positive my be connectt with 
the storage and reutilization of the muscle elastic energy. I t  follows from CAVAGNA'S research /1577/ that the 
elastic energy reutilization aPd addiq this value to tbc general ming efficiency taLM place Jhra the 
m i n g  velocity is hi- tban h/s. With this criterion as a base, pne my state that the reutilization of the 
ehstic energy i s  not possible in sarathon. Bower, tbe vork coorGination of t w  asc1e.s: rectus femris (hip 
joint flexor and hree joint u t m w r )  ard vastus lateralis (knee joint extensor) mkes it possible to use this 
k% of eneqy. I t  tol lan frol the cooperation of these tw uscles that the elastic energy storage and 
:ecsvery my oaxr in re la ti^ to the knee joint mveaent when the braking of i t s  flexion takes place after 
springing ard, then, ertensica taRes place. A relatively high (about 0.5 a/s) extension velocity of the muscle 
considered supprt. srrb a hypothesis. 

The t e W  of the analysis of the lover evtreuty muscles wrk during the svinqinq phase of running ii 
hsed tota!y on the cinemtographic &a. I t  made i t  possible to unCertake such an investigation directly duriq 
the colpetition. Ipwever, the diffiollties connected with the calculation of torques acting in joints dwing the 
suppr? pbase lisited the appllation of this letbcd. Tix analysis of the lowr limb muscles wrk i n  the sdq 
pase revealed that there is a possibility of the muscles elastic energy reutilization i n  some mavement phase. 
ibiiver, the problem of actual reutilization o: this kind of energy requires further research. 
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