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o sports, athietes often tense muwle groups which do not direcdy affect the realization of & inuvement
oo peraicn it B e, face and neck muscler of a finishing runner, comstriction of 3 skater’s arma, jolurd behind
his back, when ni foot §s jarred, change of cxpression and movement of the head in 3 tired athicte, «te, Fvls
dently, v swociouot of stieh “wpplementary® muscular groups in the acton is obe of the factors fueroasiig the
gilicleary of muscelar activity,

e e meeal action of thie nerve centers vauwsing the realization of coordinited movernent wa fitst
pheerzy By b B Veedemsky [2] dn asudy of the interretations between the musculatures of animalitiegs, N. E.
; A, Ukhtomsky {3, 4] showed that the activity of 1;){:5{"3& antagonists is not dway: pppured but
sue. The auihers point out that the reciprocity of réactions iy determined, not beforchang
antagoni=m of the centers, but by the degree of actvity in one of the centers, thitehy pro-

reuenal dynamsics principle of reciprocity,

g

Tipee i eroe -innervation in human arms, wimllar w the crosscoordination found in animal® fega {11, 123,
snd these functions can also be synergistic {1, 15)

S 4 pheseenenon of opposite reactions is evidently explained by the different conditions prvvnt 1o the
expenment of De various authors, which pronsoted various types of reaction, '

iz 137 I M. Sechenov [14] showed that efficiency can be more quickly restored o a fatigued right arm
whes toe 1eft ams is in detion, Sechenov explained this prewomenon by the fact that *the source of fatigue Is
not in e aiuscles, but in the processes occarring In the nerve centers®,

e works of later authors, who studied work and active rest conditions in more detail, [6, 7, &, 9, 10, 13,
15} shiow that the effect of a muscular contraction can change depending on the conditions of activity present
in other musculas groups,

T pwpoe of our work was o study the effect of conuactions in “supplementary®™ muscle groups ot the
efficiency of muscular activity.
EXPERIMENTAL METHODS AND RESULTS

we couducted 5 series of exyerimen& studying the force, speed, duration and frequency of movenents in
different kinds of muscular activity, The results of several variants of the same simple movemeit wele examined
in gach experiment,

In fse first series of experiments, the maximal muscular tension in *sitdng® and "at ease® positions was

dewenmined ia 41 men by measurement with a hand dynamometer. The tension of muscular groups which did
not directly participate in pressing the dynamometer in the “sitting® position, namely, the muscles of the trunk
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“and legs, wa: excluded, In the *at ease” position, the subject piessed the dynamometer {n the pose most com-
fortable to him, The majority ol the subjects, in this case, performed a serfes of movements ~ the arm was
ab;upny dropped down from the dynammometer, the subject squatied and Inclined the trunk forward, Then the
other arm usually became tense and the jaws clenched,

In 95 out of 100 cases, greater muscular force was
shown in the "at ease® posidon, in 4 cases, the resuly

5‘: A » were identcal (n both positions, and (n only one case,

r'2 greater muscular force was shown in the “sitting® postdon,
EIR A A The Increased force in the "at ease® position was, on the
g ¥ AA A& Average 44.6 kg average, 12% as compared with the "sitting® posidon;

- A A A‘A individual fluctuations resched 30~409,
g lz‘ A oo Ao op@ia 3.0 e o Figwe 1 ‘sh'ows the change in the band dynamometer
gy ——--—-- e e » one of the subjects,

‘ o o The force of muscular contraction was studied with

1 ‘ an inerda dynamometer In the second series of experiments,

7 5 5 77 7 % The principle of the inertda dynamometer, which was cone
Number of experiment stucied by N. N, Goncharov [5] consists in contrasting the
a 7 eor force of inertda with the force of muscular convacton,

Flexing the arm at the elbow in the frontal plane with
maximal force, the suhject sretched the rope, unwinding
the dises, According to the speed st which the discs
rotated, which was autormatically recorded, the force, rate,
_ tirne and thelr derivatives - the work and power of the
forzars Oexion and alw the change In these indices during one flexion — could be determined,

Fig. 1 Hand dynamomerwy in the "sitting®
and *ar ease® positions.
1) "ateaw™, Iy "situng"

When the richi foreanm was flexed, the force of the muscular conwaction was compared with three vardants
- the lefr armn relaxed, the left armm dmuluneowly flexed with a load of £ kg ("symmewldal® movement), and
the left amm smulwnecusly extended with a Josad of 5 kg (Pasymmerical® movemem),

4 wial of £00 moverments In § men was recorded on the inerda dynamometer, The force of the right amm
fexions increased an average of 3% when the Jaft anm was sirultaneously flexed. The right arm flexton was not
at strong when the left amp was simultaneously extended.

These effect appedred more cizarly in work with grearresistaices {power methed), The amount of effort
in asymmeuical movements increased from da} w day, which did pot occur in the contacdon of symmeurical
muscles {see table}

The example given shows that asymmeuical movement could have a slight positive effect on the very
first day 1o one subject, but a negatve elfect In ancther, only gradually, after 5 days, becoming posidve, This
is explaired by the difference in individoai abilitdes w mastar new movements, which is confirmed by the athle-
de characteriities of the subjects 2nd by careful and systematic observadons made on them.

The other indices of muscular actdvity also charnged depending on the experimental variant, When the
lefrz ;;c:"‘** #4 3 symmericsl moverment, the spewd of right 2mm flexion increased; the time of flexion de-
creased in comparison with the first vardany, i e., when e ‘ef: arm was relaxed,
1a the third series of experiments, we stwdled the effect of left anm muscle conwacdons during fatigue

caused by many repeated flexions of the right arm with maximal force. The subject flexed the right arm at the
elbow many times, quickly, and these {lexions were recorded on the inertia dynamometer, At different times,

the work fatigue of the right anm included the left ann, and the subject continued to flex the right arm while
the symmeuical muscles of the left aum conuacted stmulianeously. 1n all 5 of the subjects, the effort of the
fatigued right anmn wat raised o the criginal level or higher by the inclusion of the left arm In the work (Fig. 2).
The average increase in effort was 13, reaching 25-30% in individual movements,

Varying the number of left arm muscular conwractions and grouping them fn a deflnite order and time of
inclusion, we found certain patierns: the posidve effect of including the left anm in the work increased with
fatigue; the inclision of the groups containing 5-8 flexions produced the greatest efficiency; the greatest increase



Change in the Farce of the Right Arm in 2 Men Rasulting From Simultaneous Flexion or
Extension of the Left Ann (averzge effort of 10 movements in perceat of the averaye ef-
forts exerted by the right arm- when the left was relaxed)
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tn the work of the right anm was 4-5% and was obtauned when the left arm was included scveral tmes 1o the
work {Fig. 2); the effect of including the left arm in the work had a-peak-like character (Fig. 2), which, 1t would
appear, reflects the development of succesive posidve induction ar the dme,

In the fourth series of experiment, we :méied the maxii. um duraton of stade effort, The subjectbeld a
load %cigging from 1.3 to 5 kg in his right arm, which was extended sidcway; as far as possible, The movernent
of the loaded anm was recorded directly on & kyrograph tape. When signs of fatgue appeared {n Se right am
(dsooplng, marked tremot, etc, ), at a signal, the subjecrextended hls left anm sideways, or moved his left ann
or leg rhythmically. The tension of the left arm or leg murcles prolonged the dme that the right anm could hold
the load, According w© the daw {rom 150 experiments, the averige Increase in the 5 subjecn was %%, The ef-
fect of Including the left arm muscles fo the activity can be seen in the mechanogram ~ the right am, holding
the load, was eievated as soon a: the left amm jolned in the activity; the fluctuadon amplitude of the right arm
gecreased, sto,
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Fig. 2. Effect of contracdon of left 3mm muscles on the efficiency of the
right arm in one of subjects.

1) With supplementary flexion of the left am; 2) without supplementary
movements,

In the fifth series of experiments, we studied tession in the upper portion of the body from rhythmic move-
meats of the legs, Sirting in a relaxed pose, the subject turned the pedals of a bicycle ergometer (40-50 pedal
warns per minute), ‘then, at a signal, tensed the muscles of the body, grasped the handle more dghdy, lightly
flexed tensed arms, and clenched his jaws, The result of 70 expetiments was that the rate of movement increased
an average of 30% fn ail 7 men during the tension, and remained fncreased throughout the tenslon period (Fig.3),
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Fig. 3. Change in rotation rate of bicycie ergometer pedals
tn one of the subjects when the muscles of the upper part of
tie gunk were tensed,

- With supplementary body muscle tension; ~- witheut
suppiementary mmovements,

DISCUSSION OF RESULTS

The data obuained can be considered 10 be the tesult of inducied Influences from one region of the cere-
bral cortex upen another tegion. TYet I M, Sechenov ohserved that afferent impulses entering nerve centers
from single working muscles influence the condidon of other muscular group centers, A, A, Ukhtomsky [4]
sthowed that sdmuladon of single centers can only intensify the stimulation process {n other centers when these
other centers become 2 dominating focws, In owr expesimens, the dominant regulating unit orlginsied duing
oral imuucton, which created a condition of heightened excitability {o the motor analysor even before any
moverent was begun. The afferent impulses, which arose at a definite time due w temsion of "supplementary®

o

m croups, cawsed incrensed sdmulation in the dominant focus and an Intensified contraction,

24i »

Svinmetrical movement of the zrm produced the greatest effect In the experiments on the Inerda dynamo-
wewr, dnce ayprmetical movement first produced a weaker, or negative, effecy, which only gradually, with
prictre, became poddve, There can evidently be a negative inducement along with the positive, depending
en e kind of movertent poformed sdmultanesusly.

It iz possible that the gizatest positive effect is produced by the type of mevement combinatons found
most frequently in labor and athieties, which are fixed conditdencd reflexes (symmeulcal movement of the arms),

The potitive effect obtained by including certain "supplementary® movenents In the actvity is especially
rarked on 3 background of fatigue, which is evidently connected with change 2 the tunctona) condidon of the

rerve centers in the cortex of the cerebral hemispheres, Actng through proprioceptors on the central nervous
gystern, one can increase the efficiency of a fadgued body and eliminate, for some dme, the advance of fatgue,

- SUMMARY

The effect of muscular tension ip “supplementary™ muscle groups on the efficiency of other muscles was
studied in five series of experiments with vascus forms of muscular activity: rauscular contraction, static effon,

Cyclic movements,

Itwas established that the inclusion of muscular groups which are not invclved directly in the performed
movements improves the efficiency of the main movement, The effect was most conspicuous’ during fatigue,
The resulzwere analyzed on the basis of the Sechenov, Pavioy, and Ukbtomsky theories,
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