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The theory of the kinematic chains which was first referred 
by Beyer in 1925, was mostly supported by Bernstein. It starts 
from the relationship that exists between "toe total" and its se­
parate links, as this relationship is appearing in such an obvious 
way in the biological organisms. 

These mechanical movements of the b~ological system are signi­
ficantly limited, if besides their mechanical determination, they 
are a~o determined biologically, as well as in relation"with the 
purpose of the movements of the above system, in such a way that 
they lead to the creation of a new quality of ~0vements. 

DEFINmON OF THE KINEMATIC CHAIN 

Hochmuth defines the kinematic chain as " a system in motion
 
consisted of separate links which are connected by joints", while
 
Donskoi determin~it as " the one after the other or the branched
 
joints of a series of kinematic pairs".
 

According to our opinion both definitions are not biomechani­
cally sufficient to characterise the function of the biokinematic 
chains. 

Both writers do not refer to the drive systems of the kine­
matic chains. ~nO v~ all ~~awthat the kinematic chains are not acti ­
vated by external forces, but by the drive systems of the chain 
itself. 

For this reason we would like to refer to the following defini­
tion, which according to our opinion, characterises in a better 
WdY the kinematic chain. "Kinematic or bio-kinematic chain is cal­
led a self-moving (biologically) system consisted of kinematic 
units. Each kinematic unit has two links which are connected with 
a joint and are moving by (muscular) self-acting drive systems". 
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Figure 1. Mechanical model of a biokinematic chain. 

ACTION OF THE KINEMATIC CHAIN 

If someone wishes to comprehend the rules,wnich determine the 
mode of action (coordination) of the kinematic chains and conse­
quently the coordination of the whole system, must,first of all, 
investigate the biological and mechanical conditions, as well as 
the functional relationships of the system. 

From what has already been stated, we come to the conclusion 
that,for our Science, i~ is indispensable to investigate the stru­
ctural particularities of the kinematic chain, their mutual fun­
ctional influence andinterdeT)('nde'1C'e, as well as t.'Ie inUuenr::e exerted 
!:,v Snorts traininn. 

The purpose of the present study is the investigation of the 
bio-kinematic chain mode of action of the lower extremities and 
specifically the mutual influence of the kinematic units in the 
kinematic chain, during the performance of a vertical jumpwitlnut 
introductive movement under laboratory conditions. 
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Figure 2. Methodology to determine the acceleration 
work for the separate and linkaged modes 
of action of the biokinematic chain. 

MECHANICAL MODELS OF THE BIO-KINEMATIC CHAIN 

An observat~on of the functional conditions in a sim~lified 

mechanical model of the lower extremities kinematic chain, can 
easily show the interdependence of two kinematic units as well 
as the ~utual influence of the internal (torques of force) and 
external (torques of loading) forces. 

I~figure 1 we can see the structure of a mechanical model, 
which is composed of the kinematic units A and B. The joint of 
these units have only one rotatory degree of freedom Hround the 
transv0rse axis, so that the drive syst~ITDof the chain are able 
to cause the transposition of the angles ~A and ~B from 00 to 
1BOo. ~he weight W of the mass m acts vertically on the joint A, 
in the distance rA (resisting arms A), while on the joint B it 
acts in a distance rB (resisting arms B) and it causes the tor­
ques (torques of load). 

~he drive systems of joints A and B act vertically on the 
rotation axis, in the distances rA and rB (force arms) respecti­
vely and they cause the torques (force torques) FA . rFA and 
FB . rFB which have an opposit direction from that of the load 
torques. 

The nuroose of the action of the kinematic chain has, in 
anv occasion', to be the attainment of the largest possible value 
of the vertical final velocity. From the view of Biomechanics 
this means that in relation with the resistance of the environ­
ment, the larqest amount of mechanical work acceleration must be 
develoned. ~he relationshin between the work acceleration and the 
increase of the amount of the energy is given by the following 
equation: 

2 2Fav . Sa = --.E'_ (V 2 V 1)2 

According to this esuation the two factors the Fav and the 
acceleration distance Sa are eauivalent. This equivalence exists 
in fact only when Fav is independed from the acceleration di­
stance, which means that the acceleration distance does not lower 
the force. 
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The acceleration distance of the kinematic chain is deter­
mined by the bending of the separate links of the chain in the 
joints. When the angles ~A and c~R become s~aller, the accelera­
tion distance of the kinematic chain is respectively increasing. 
Also the resisting torque of each joint is depended upon the 
bending position of the parts chain. Consequently, there is a 
relationship between the acceleration distance and the resi ­
sting torque. 

An interdependence of the dynamic influence among the units 
of the kinematic chain should be also noted. Roth kinematic 
units (A and B) can not (according to action and reaction) deve­
lop or transmit acceleration torques independently. 

It is important to know hoVl the separate kinematic units of 
the kinematic chain correspond to the development of an accele­
ration torque. 

In the ~bove case we have the following dynamic equilibrium 
conditions: 

Kinematic Unit E: 

(m·a + B) • rE = FB . rFB and 

¥inematic Unit A: 

(m·a + B) . rA = FA . rFA 

Frorrlth~ above equation we can assume the equilibrium con­
ditions of the Kinematic units A and B as follows: 

FB . rFB FA . rFA 
rB rA 

It is obvious that in order to set the kinematic chain in 
action the quotient of the force torque (FB'rFB) of the drive 
system R and the arm torque rB of the joint B must be equal to 
the quotient fo the force torque (FA'rFA) of the drive system A 
and the arm torque rA of the joint A. So, it can be concluded 
that among the force torque (developed by the drive systems and 
the relative load arms of the kinematic cnain) the following 
relationship exists: 

rA FA' rFA 
rB = FE. rFB 

It is apparent t~at the analogy of the load arms is equal 
to the analogy of the force torques: 

rA : rB = FI>- . rFA : FB . rF'B 

when i.e. the analogy of the arms (rA:rB) is changing the ana­
logy of the torques FA·rFA:FB·rFB, namely the acceleration 
torque, must chancre accordingly. So, there is an interdependence 
among the seoarate kinematic units when the kinematic chain is 
in act.ion. 

Consequently, the kinematic chain under examination, can tran­
smit on the point C only the acceleration torques that the weakest 
kinematic unit of the chain can develop. 

34 



If we assume that the kinem tic units of the chain are able 
to develop qual torques of force (FA·rFA=FB·rFB) during the acce­
leration distance h)t mas m covers, he arm torques must behave 
accordingly, in other words they always have the same value. 

But the hypothesis rA=rB is not realizable during the whole 
acceleration distance, because of the geometrical order of the 
links of the drawn kinematic hain. ~hat means that only a concre­
te part of the accelerat"on dist nce should be u "lized. And that 
is the part that secures the hynothesis rA=rS. So, it is 9 ne­
rally acceptable that, under these circumstances, the kinematic 
chain could never produce a maximal acceleration work. 

On the contrary, if we suppose that the k"nematic unit B de­
velops higher force torques than the kinematic un"t A, namely 

FS . rFB "7 FA . rFA 

then the unit B will determine the value of the acceleration tor­
ques, pressuposing that the load arms rA and rB are equal in eve­
ry single moment of the motion. 

So, considering that the kinematic units have a different 
potential (FB.rFB¥FA.rFA) we ask how a ki~ematic chain must act 
in order to produce the maximal possible acceleration work and 
which are the conditions that the kinematic system of the chain 
must follow in order to achieve its goal. 

In that case, the kinematic chain of the figure has the fol­
lowing two oossibilities of action: 

1.	 To transform the load torques, which act contrary to the acce­
leration torques in such a way that the kinematic units of the 
chain be able to develop acceleration tor0U s of l same valu 
That is to say to reduce the load torques-for the weakest~n­
tic chain(A)and increase them for the strongest one(B) .The rrost 
extreme cas is noted when the carrier of e acceleration force 
goes throuqh the joint A and consequently the load a~~ rA of 
the kinematic unit A is zeroed. 

2.	 To rylace a mechanism of stabilization in the weakest kinematic 
uni~ A (block of the joint) in such a way th t the strongest 
kinematic unit (B) can nroduce the maximal poss"bl torques of 

he force, in the minimum possible load torqu s, without cau­
sing any trouble to the function of the kinematic unit A. 

It is apparent that this second case is more a9propriate for 
the fulfilment of the aim of the action, becnuse the "block of 
the joint" helps, as we have already silid, the kinematic I.a n 
to develop the maximal possible force tDrques,in the m"niTTlum pos­
sible load torques, without exerting a significant influence 
on the production of the acceleration work of the kinematic 
unit A.-

It is also obvious that the successive order of the dynamic 
ction of chain kine~atic units is determi.ned bv the potential 

of the drive systems, namely by the intensity of the forces of 
the kinematic units. 1n the first case, the two kinematic uni s 
act at the same time, while in the second case they act Ruccessi­

35 



velv. It should be noted that the stabilized joint with the weakest 
drive sYstem ~ust transmit the acceleration torques of the stron­
gest kinematic unit, that is to say to produce static work. 

From khe theore~ical analvsis of a kinematic chain action, 
we come to the conclusion that this way of action is depended unon 
the dynamic conditions of the separate kinematic units, as well as 
UDon the negative influence of the torques which follow the load 
torques that act contrary to the force torques of the kinematic 
units. 

It can be noted that the conclusion which concern the purpose­
ful action of the kinematic chain cannot be directly ooplied without 
taking into consideration the binlogical conditions of the human 
kinematic system. 

BIOMECHANICAL CONDITIONS AND ruE ACTION OF ruE BJO-KINEMATIC 
CHAIN IN THE LOWER EXTREMITIES 

For the research of the biomechanical factors which influence 
the Derformance of the kiokinematic chain during its action, a me­
thologv should be aPDlied which would permit the evaluation of the 
v.inematic units of the chain during both actions: separate and 
connected (Fig. 2). 

'ta know that in most sPorts we aim at the realization of 
"citius- altius - fortius". 'This from the biomechanics view 
means tha~in relation with the enviornmental resistances, the 
possible amount of the mechanical acceleration work has to be 
produced. 

The two factors, force (F) and acceleration distance (Sa) 
are eouivalent in the nroduction of the acceleration work. 'The 
value of the force which in the biokinematic chain is given by 
the muscle force which is defined by the training conditions of 
the athlete, while the acceleration distance of the kinematic chain 
is given by the flexion of the different links of the ankles. 

If we examine the muscle svstem of the kinematic chain of 
the lower extremities, we will ~ee that the kinematic unit of 
the knee 40int has a much more developed muscle system (drive 
system) than the one of the ankle loint. 

Studies where the kinematic units of the biokinematic chain 
of the lower extremities have been measured separately, hove pro­
ved that the knee kinematic unit can exert its maximal accele ­
rotion forces (Tsarouchas 1971,19S3)(Fig. 3). Figure 4 showsthat 
the linked mode of action nermits the biokinematic chain to reach 
its maximal performance. This means that the hip and ankle kine ­
matic units have a positive influence upon the performance of the 
biokinematic chain of the lower extremities because thev contri ­
bute to the improvement of the acting conditions (reduce the load 
torques) especially those of the knee kinematic unit. 

After examination of the mechanical model of the kinematic
 
chain we came to the theoretical conclusion that the successive
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Figure 3.	 Mean acceleration force (Fm) in different 
acceleration distances (Sa). 

order of the dynamic action of the kinematic un'ts are the most 
important. We will be able to verify this phenomenon during 
training. 

According to actio and reactio the kinematic unit of the 
ankle, which is the weakest unit of the chain, must trHnsform 
the acceleration torQues of the stronger kinematic units to the 
direction of the supporting point. Namely it must ~roduce a pro­
portional work. 
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Figure 4.	 Mean and standard deviations of vertical 
impulse for the separate (A) and linkaged 
(B) modes	 of action of t~e kinematic chain. 
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Figure 5.	 Range of motion of the ankle. 
(A-woman. B-man). 

A special case, related to the pursued stabilization of the 
joint, appears in the ankle joint. As the following x-rays olates 
show, a "block of bones" is created during the bending of the 
ankle joint (Fig. 5). 

The same x-rays plates also show that the range of joint mo­
tion differs from man to man. This difference is not due only to 
the active system (muscle system, ligaments e.t.c.), but also to 
the anatomy of the skeletal system. 

We have already mentioned that from the point of the kine ­
matic units potential, the kinematic unit of the knee is, in com­
parison with the kinematic unit of the ankle, the basic one. This 
means that the kinematic unit of the knee is the basic factor in 
the oroduction of the acceleration work. But in order to ensure 
this- conclusion, the influence of the different kinematic units 
of the chain upon the total acceleration distance must be exami­
ned. 

In figure 6 we can see the quantitative contribution of ki ­
nematic units of the hiD, knee and ankle to the total accelera ­
tion distance. The knee· kinematic unit can produce 72%, whil 
17% is oroduced by the hin kinematic unit and 11% by the ankle 
unit. So, the knee kinematic unit nroduces over 70% of the total 
acceleration distance ~f the kinematic chain. 

It should be noted that although the hip kinematic unit acts 
on the trunk of the body, which contains more than 50% of the to­
tal body mass, onIv 17% of the total acceleration distance is 
produced. -

The ankle kinematic unit contribution of 11% to the total 
acceleration distance is impressive. Because the foot length , 
which in this case is the accelerated segment of the ankle kine­
matic unit and constitutes the radius of the point of acti.on, is 
much smaller than the radius of the trunk, which is the accele ­
rated segment of the hin kinematic unit. 
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Figure 7. Function process of the linear velocity 
(V) of the point of action with respect 
to the angular velocity of the kinematic 
units during the extension of the kinematic 
chain of the lower extremity (A-constant 
angular displacement, B-constant linear 
displacement) (Donskoi, 1975) 
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It can be concluded that the knee kinematic unit is the main 
unit of the lower extremities kinematic chain that produces acce­
leration work. Never heless, both kinematic units (hip and ankle) 
'nfluence the nerformance of the kin matic chain of the lower 
extr m'ties, b-cause they both contribute to the imnrovement of 
t e ac ion conditions (reduc of the load torque e.t.c) mainly of 
the knee kinematic unit. They also help the funtion of the kine ­
matic chain as a whole. 

Figure 6. Contribution percent of the different 
drive systems to the total acceleration 
distance of the center of gravity. 

The orooortion of the snace hat these wo accel rat d se 
ments k u . namely the foot and the trunk, is 1 :4, wh'le their 
quantitativ contribution to the total acceleration distance is 
11% nad 17~ respectively, that is to say 1:1,5. 
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INFLUENCE EXERTED ON THE ACTION OF THE BIO-KINEMATIC CHAIN 
IW THE GEOMETRICAL ORDER OF THE CHAIN UNKS 

The movements of the links in the chain joints can be consi­
dered as rotatory ones. For this reason, in a movement of a link 
we must distin9uish the angular velocity of this link from the 
linear velocity of its point of action. For the kinematic chain, 
the point of action is determined as the point of contact of two 
success~ links, while for the biokinematic chain, the points 
of action are usually localized on the joints, which connect the 
neighbouring chain links. 

Due to the fact that the linear velocities of the points 
of action, are not relative to the angular velocities of the 
links around the joints, i.e. in the extension of the bioki­

nffilCltic chain of the upper extremities,with tv.o links, where the first link 
is moving with a steady angular velocity (w), the linear velocity 
(v) of the poin~ of action is reduced (Figure 7). 

That means that in order to achieve a steady linear velocity 
(v) a high increase of the angular velocity (w) is necessary, be­
cause the relationship between the linear and the angular displ~­
ment in a regular rotatory movement of the points of action of the 
links is determined by the following equation: 

6s = r.sin~ 

where 6s linear acceleration distance 
r the length 'of the rotatory link, namely the radius 

of the cycle and 
(j)	 the angular displacement of the accelerated.·link of 

the chain 

For a better comprehension of the above relationship we exa­
mine a regular rotatory movement of a point of action of the chain 
in the trigonometric cycle (Fig. 8). 

In the case of the vertical displacement (6s)of the point of 
action , we are examining only the range of the angular displace­
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ment , from the lowest to the highest place ( 0°_ 180°). In other 
words we are examining the linear displacement ~s of the point of 
action on the axis y. 

We observe that the more the point of action is getting clo­
ser to th horizontal axis x, the more the displacemen of ~s be­
comes long r (in proportional sections of angular displacements) , 
while th~ more it gets closer to the axis y, the mor the increa­
se of ~s is getting smaller. That means that, with constant con ­
tractive velocity of the muscle and consequently a oonstant a.n<11.11M 

velocity of the link, different linear velocities of the poin~ of 
action are achiev d. Thus, the area of the angular displacem nt 
around the axis x is considered as the ideal area of the cycle for 
the linear d'splacement, in other words for the increase of the 
inear elocity. 

So it is proved that the relationship be ween the angular and 
th lin ar displacement is generally influenced by the geometry 
of th motion. 

ThE' following example shows the geometrical order of the
 
links of a biokinomatic chain of the lower extr mities durin a
 
vertical jump (Fig. 9).
 

In the case hat every link of the chain can move indep nden­
tly from all the others, with a steady ngular velocity, the an­
gular displacem nt ~~ is the same for ach of the abov links. On 
the contrary, for the linear angular displacement of the links we 
notice different values. F.i. for the links which ar found in 
the hor'zontal axis x (links~,3)we notice high, while for he 
li ks near he vertical axis y (links2,4)10w changes, because ~s 
is chang,ing according to the sine of the ang le CD. 

In a simultaneous motion of the links 3 and 4 and under the 
condition that the contractive velocity of the kin~atic units, 
during the extension remains the same, the point of action of 
link 3 overtakes link 4, because it covers a longer v rtical 
distance 6s, that is it's moving with a higher v rt:ical veloci­
ty, wich results in prevention of the extension of the link 3. 
In other words, an opposit movement is caused between the two 
links (3 and 4), something that in Sports everyda practice 
should be avoided bec use it diminishes the final result. So, 
it is clear that the movements of kinematic chain links are 
also determined by their geometrical order. 

Reffering to the geometry of the link movements, we have 
come to the conclusion that in the vertical displacement the 
advant geous links are those which act around the horizontal 
axis, while in the horizontal displac ment, those which ct 
around the vertical axis. However re arding the vertical move ­
m nt it is noticeable that in that position which from qeometri ­
cal noint of view has been characterized as advanta eous, higher 
load torqu s aopear (from the dynamical point of viel. th same 
position is interior). For this reason in the case of the verti ­
cal movement the apnlication of the above conclusion should be 
conducted carefully and specificly. On the other hand in the ho­
rizontal movement the above conclusion could be indispensably 
applied and the purposeful athletic technique could be adapted 
to it. 
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Figure lO.The velocity and the mechanical power out­
put of vertical jumping as a function of 
load in percent of body weight. 

Figure 9. Part acceleration distance (6sj of the 
biokinematic chain of the lower extremities 
with constant angular displacement. 

The chain mode of action must also depend upon the purpose 
of the motion, because this purpose determines the geometri~al 
order of the chain links. 

Finally, the general conclusion can be drawn that the effe­
ctive links movements are those whose point of action is found 

round the axis (level) which is vertical to the main direction 
of the body movement. 



43 

Figure 11.Position of the CoG of different joints 
angles. 

1. 

..... POSITION 1 

"" cc POSITION 2 

= POSITION 3 

2.
3. 

<S: 
POSITION 

2 3 
C.~1l. "..s~4-1

• ~~2.1 1IO.• !t.1 In.s ~ .... 
y "U t5.3 15I.1!1.J ''',. !'.1 

Figure 12.The mean values of three geometrical po­
sitions of twelve sprinters in different 
links of the biokinematic chain. 

In the xarnnle of the figure 10 the purrose of the kinema­
tic chain must be the vertical acceleration of the body Cen r 
of Gr vity. Thus the chain mode of action of the lower extremi­
ties is determined by the body equilibrium conditions. For this 
reason the movements of he kin mat"c units mllst be performed 
in such a way that the carrier of the resul "ng musc e force 
which is apnlied in the Center of Gravity always pa ses through 
the supoorting point. 

Finally, the purpose of a movement in general nad especia­
lly th.e purpose of a movement in Sport:s, namely the athletic 
technique, forces the biokincmatic system of man to act in a 
concrete way. 



Figure 13.Differences of vertical distance of CoG 
and variQus links of the lower extremity 
biokinematic chain for a sprinter. 
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Figure 14.The F-t-diagram for the vertical (Fz) and 
horizontal (Fx) forces in a take off phase 
of a sprinter. 
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The amount of force and ~ower that a muscle can d velop, 
epends not only on its histochemical oroperties but also on its 

mechanical ones. One of the most fundamental dynamic nroperti S 
of skeletal muscle is the force-velocity relation, which"was first 

stablished bv A.V. ~ill in isolated muscle (Hill, 1938). This 
relation has also been confirmed for intact human ~uscl s (Ca­
va'Jna, 1968; 0 rn, 1947; KOMi, 1971; I"ikki, 1950). 

Fi~ure 11 presents the individual as w 11 as ean valu s of 
the take-off velocity of vertical jumps at different loads. Tt 
also depicts the product of velocity nd oad, ~~jch is power. 
I is apparent that the load-velocity rel Lion,hip, 0 t in d 

ram a to a body Movement and used in th kinem tic chain of 
1 wer extremities, has the sa~e pattern as d s rj ed ~r iously 
for the mammalian muscle. 

It evident that there is a wide ran'Je of m vcments ov~r 

which the kineMatic chain of the low r ex reMi ies can produ e 
ower close to m ximal levels. This slow ra e of pow r increase 

l'1 v be xpl ined by the biomechanical conditions in t~e kinem Lic 
cha'n (se figure 3). 

Th. maxim 1 velocitv of the moving bory i l e psul of Lh 
applica iOn of the c'eler~tion fa ces, whjch are produce by t 
shortenin of the musc es. The velocity of shor ~ninq is Dropor ­
tional to the anqular velocity of the ~rive system. Thereiore 
there is an in rdenendence betw en the geo tr' al roe of the 
links of kinem t' c ch in and the '3horteninq velocit. of the mu<;clc. 
For this reason we believe that the ~o e of action of he bi ki­
nematic chain must 'n{luen e he output 0 ener.g of th muscle 
syst m. Th irst results frOM the studies that have been carried 
out in our research institute have convinced us that he out u 
of enerq' 's influenced hy the mode of act..' on of 'h ch<l-i.n (Tso­
pan kis et a~ 1982; Ts rouchas et al 1981,1982 . 

THE PERfORMANCE OBJECTIVE AND THE mO-KINB TIC CHAIN 

~h general curDose of th. athletic te~hnique of a runn r is 
to run determined distance in he shor er os i e t'me. From 
t e Biomechan'c 1 point of iew this means t at the r nner 5t 
perform he puroos ful ath] etic techniqu which vr il1 hel!, im ,0 

obtain durin t _ke off and thus during landincr,ejther the ma 'i' al 
po sib e horizont 1 averaqe velo~ity (Vxav) 0 he 'nimun !,ossi­
ble vertical velocity (Vymin). 

In orde to evaluate the sprinter technique we examine the 
course of the enter of Gravity. However such an anal '5i5 aives 
us onlY the re5U t of the whole body motion, wiUout the causes 
of thi; r suI . Af er studies on the mode of action of the bio­
kinem i chain of the lower extr.emities we have come to some 
conclusions regarding the quality of the techni~ue as well as 
the level of the athletes physical conditions. 

Figure 12 shows the mean average of the geometrical order of the 
kinematic chain links in the three main positions of the suppor­
ting phase, which have been determined by measuring 15 snrinters. 
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It can be seen that during the supporting phase all the links of 
the chain except the lower leg do not significantly change the 
position between them. It is apparent that the whole body of the 
sprinter is starting its rotation, first around the ankle joint , 
UD to a certain Doint after which it continou5 rotating around 
the supporting point of the ball of the foot. In spite of the 
fact that the body is continously rotating forward, the curve of 
the point of action of the hip does not change accordingly. As 
seen when setting in balance by the separate movements of the 
other links of the chain it remains almost regular. It can also 
be noticed the imoortant role that the ankle kinematic unit plays 
and especially the link of the foot that influences significantly 
the course of the whole body (Fig. 13). 

The rate of the horizontal delay is influenced by the order 
of the ankle kinematic unit links during the landinq of the 
athletes. The more the link of the lower leg is ~laced in front 
of the vertical ~osition, the more energy must be consumed for 
the elevation of the point of action of the lower leg. This re ­
suIts in the reduction of the horizontal velocity of the body, 
because the whole body is following the motion of the lower leg, 
during this ~hase. ~his means that the duration of the supportinq 
phase increases and thus the steo freguence is reduced. 

CONCLUSIONS 

From the present study it has become obvious that the forces
 
of the separate kinematic units of the biokinematic chains have
 
a .functional interdenendence.
 

~he Knee drive system is the most important factor for the
 
production of the acceleration work. For this reason we consider
 
it the main drive system of the biokinematic chain of the lower
 
extremities.
 

However, the mode of action of the total biokinematic chain 
is the best action to produce acceleration work, because the hip 
and ankle kinematic units have presumably a positive influence 
and optimise the torque and balance during the action of the link 
drive system. 

Generally, the kinematic chain can develop only as much acce­
leration force as can be produced by the weakest drive system. 
Thus the functional ca~acitv of the biokinematic chain is depended 
on the condition of the function of each drive system in the bio­
kinematic chain. 

Accordingly in order to improve the functional capacity of 
the biokinematic chain one must improve the condition of the 
muscle function throuqh muscle force training. The muscle force 
training must be carried out in such a way that all the kinema­
ttc units obtain the functional capacity which is in accordance 
with the goal of the movement namely with the purposeful sports 
technique. Thus the investigation of each kinematic unit indi­
vidually is an imnortant method for determining quantitative re­
sults which can be used to increase the overall functional ca­
?acity of the biokinematic chain. 

~ 



The kinematic chain and the whole kinematic moving system 
constitute a functional unit. ~he above point of view shall ive 
the onoortunity to well r erstand the function of the hum n ki ­

e atic moving system. 
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