[

COORDINATION OF SELECTED LEG MUSCLES DURING TAKE-OFF IN GYMNASTIC
VAULTS

Serafin, R.; Siemenski, A.
Department of Biomschanics
Academy of Physical Education
Wroclaw

Poland

Take-off creates potential conditions for the realization of a vault. An increase of a degree of difficulty
of gymastic vaults has been achieved, among others, due to the improvesent of the take-off conditions by
reqular introduction of flexible elements to the base and apparatus. Flexible elesents of the gymnastic
apparatus function as damping devices for man's motor systes and on the other hand they are the external drives
vhich in scae circumstances assist muscle forces. Comsidering, that part of man‘s motor systes that is skeletal
muscles also show flexible properties it can be assumed that the result of a take-off depends on three kinds of
forces: 1. muscle torques developed in joints, 2. forces originating from flexible elements of skeletal muscles
actuating body seguments, 3. forces originating froa passive flexible elements of the base and apparatus. It
should be pointed out that out of the two flexible elements represented by internal forces / muscle forces / and
external forces / passive flexible elements / only the first ones have been examined. The technique of take-off
fros a flexible base may include the cooperation of passive and active flexible elements in two vays: summing
- when resonance effect results from interaction between the two kinds of forces of the flexible elements, and
differentiation ~ when the dasping of the interaction of both force generators takes place.

The investigation of this probles starts with answering the question as to wvhether during a take-off froa
a flexible base there are phases of eccentric work of muscles engaged in it, that is, wbether the accumulation
and reutilization of elastic energy of skeletal muscles can take place / 1,3 /. Thus, the aias of the
investigation wvas to examine the cooperation of skeletal muscles actuating hip joints, knee joints and ankle
joints, and use the obtained results to determine phases of eccentric and concentric work of legs' muscles
engaged in a take-off,

MATERIAL AND METHOD

The experiment consisted in performing two vaults: A - bandspring torwvard vault, B - backward sosersault
after flic-flac. Both trials have been registered with a 16am casera vith the frequency of 100 frames per second
in axis perpendicular to the course of movement, however, the attention was focused on the analysis of the
take-off. Vault A vas performed by a gymnast with the first sports class according to FIG classification and
vault B by 2 gyanast with the second class.

In order to determine the phases of eccentric and concentric work of the muscles, first, muscle torques
have been calculated / X, _ for hip joints, N, - for lnee joints, ¥; - for ankle joints / on the basis of the
dependence between time derivative of the legs' angular momentun about a transverse axis of each of the three
joints, and the total torque about the same axes. Siemenski et al /4/ Next, contraction velocities of three
pairs of antagonist muscles / Il-w.iliacus, Gl-m.gluteus maximus, Brch-m biceps femoris caput breve,
Vl-p.vastus lateralis, Tb-a.tibialis anterior, Sl-m.soleus/ have been calculated. These velocities were defined
as time derivatives of the distance between their insertions and the anatomical data vere taken froa frigo and
Pedotti /2/. The contraction velocities depend on the angles {#, &,V and anqular velocities 7,9,
v (Pig.1}. The indication of eccentric and concentric muscle work corresponds to the relation taking place
between the developed muscle torque in a joint and the contraction velocities of muscles contributing to that
mosent. The effect of extension in a joint may be the result of concentric work of extensors if the muscles
actuating that joint are shortened the extending moment in a joint may be the result of tension of the stretched
extensors, that is the result of their eccentric work.
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Pigure 1. Position of gympast in the resting reference frase I¥ for A vault i: 'r;c vectors of hip joint and the
centre of mss positions. (P, @, wariables of position in the Boving reference frame, X - muscle
torques in wrists J.K.L., ¢, § - angles of take-off, Ip, By - centre of mass position in relation to
L wrist in vertical axis.

RESULTS

Parameters g, ﬂ;nk, B, deternined as in Fig.l and saximun values of anqular velocity ¢, @, ¥ together
vith corresponding lar positions in joints are presented in Table 1. VariablesZ{t), &(t), ¥(t) and
K (t], Np(t), My(t) shov angular displacements in the ‘function of time in hip joints, knee joints and ankle
joints and the time courses of suscle torques obtained for these displacements. /Pig.2/.

Senses of muscle torques for vault A are as follows:

1. Torque Ny is negative if it is the extending sosent in bip joints.

2, Torque X, is positive if it is the extending mosent in knee joints.

3. Torque Ny is negative if it is the extending moment in ankle joints.

Contrary to vault A torques M; and Ny for vault B are positive if they are the extending torques in hip and
ankle joints, and M, is negative if it'is the extending torgue in Xnee joints, which results froa the choice of
the reference frame for both vaults.

Positive construction velocity corresponds to shortening of a muscle. Analysis of gecmetry of the take-off
in vault B shows that it is executed under a smaller angle in relation to the base than in vault A and it ends
before reaching vertical position defined by the angle, whereas, vault A is characterized by higher values of
anqular velocities in joints and higher values of linear velocity of the centre of mass. The take-off in vault
A is short and quick. Characteristics ¢/(t), @(t) Jit), H(t), By(t), MHy(t) presented in Fig.2 and
respective velocities of muscles I1, G1, Bfcb, Vi, Tb, S] served to define the phases of eccentric /ECC/ and
concentric /CON/ work for the tw vaults. The course of muscle activity corresponding to changes of angle in
joints for vault A is as follows: Gl muscle generating the extending moment passes from eccentric work at the
beginning of the take-off to the concentric one. §] muscle, vhich passes from eccentric work at the beginning of
the take-off to the concentric one in the final phase of pushing up the foot from the base, works synchronically
vith Gl suscle. In the phase of maximm flexion of the knee joint there comes to the eccentric work of Vi muscle
and the transition to concentric work during the extension of the three joints of a leg simultaneously. In that
position of maximus flexion of knee joints and ankle joints the effect of simultameous eccentric work of the
three extensors of a leg Gl, ¥i and S1 can be noticed.
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Figure 2: Characteristics of leg muscle cooperation in take-off, A - forvard vault, 8 - backward vault. 9’, 23
¥V - variables of position in joints, M(t) - courses of muscle torques, Gl, Vi, S1 - velocities of
contractions of leg extensors, I, Bfcl, T - velocities of contraction of leg flexors.
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TABLE 1
Take-off Xinematic values. A - forward vault take-off. B - backward vault take-off. a, B in degrees ¥i a/s ,

Bina{f, &, inmd, ¢, &, ¥ in degrees.

. - -

<o luwlnmlinlelrlele|v|y

A -64 {78 [7.8} 7.7 .93(1.18! 6.2]46.3|13.2/25.8]|11.8| 70 v

B -33 ) -84 5.3 6.5 .B j1.21) 8.1)22 | 7.5 29 1.3] 97

Such an effect vas also found while analysing muscle cooperation in the take-off in vault B although this case
differed noticeably from the previous one. The backward vault is accompanied by the evident eccentric work of
the Gl muscle, and at the beginning and at the end of the take-off phase there comes to concentric activity of
the Il muscle. It is in accordance vith nee joints and ankle joints /first phase of a take-off/ there comes to
the simultaneous eccentric work of G1, Vi and 5i suscles and these muscles pass to concentric work. Concentric
activity of Bfcb muscle in the second phase of the take-off is not desired and its appearance may be
interpreated as the lack of precision in the course of movement,

CONCLUSIONS

The characteristic of leg muscle cooperation allows one to formulate the thesis of interaction between the
elements accumulating elastic potential emergy in man's motor system and the elements accumulating potential
energy in the flexible base. This statement is supported by simultaneous appearance of the phases of legs'
extensors' eccentric work in three different joints at the moment directly preceeding the achievement of maximue
torques driving the body in the critical phase of the take-off. Acceptable variants of the cooperation of the
flexible elements in man's motor system and passive flexible elesents of the flexible base are as follows: all
elepents accumulate elastic potential energy, then its release takes place in the proper phase of the take-off
and only some elements accumulate the elastic potential emergy which results in its dispersion. In practise,
such an effect of energy dispersion is known and is identified with the incorrect take-off technique.

The external manifestation of the incorrect take-off technique is the deformation of the flexible elements
of the elastic base and the lack of a push up of the legs in the final phase of the take-off. However, it seems
that this problea is complicated and the utilization of the elastic potential forces refers to the man - base
systea in which both man and base include elements accumulating and releasing elastic potential energy.

The time courses of coordination of suscles actuating a leg during the take-off is realized mainly by the
eccentric-concentric work of the extensors. The extensors are subjected to eccentric work in the phase when the

_ torques developed by them in joints generate the movement of extending legs, vhich causes the deformation of the
elastic base. In the proper phase of the take-off the extensors pass to the concentric work.
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