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Among tonic reflexes an important part is played by reflexes from cervical muscle (or vertebro-crantal arti- 
culation [10]) propfioceptors when the position of the head is altered with respect to that of the trunk. R. Magnus 
[9] established that these reflexes were also important in  the system of static and of static-kinetic reflexes and 
also demonstrated their close interrelation with labyrinthine and proprioeeptive trunk reflexes. I. S. Beritov [1] 
concluded that the impulses from the cervical and labyrinthine receptors were in themselves too weak to elicit 
a reflex but enhanced the excitability of centers which coordinate these reflexes,so that activity occurred whenever 
some additional stimulus was brought into play. There have been many attempts at detecting these reflexes in 
man. They were observed in clinical practise by M. Minkowski [11], H. Stenvers [18], P. Simons [12]. Kror Mar- 
kov and Kantor [7] observed diminution of chronaxie in the forearm extensors on the "chin" side when the head 
was turned to the side and interpreted this as indication of increased tone; their subjects were healthy adults. A. 
N. Krestovnikov [5] also observed healthy adults, using the roentgenokymograph method, and obtained increased 
diaphragm tone on the "chin" side and decreased tone on the opposite side. 

Our aim was to investigate the changes in tone on altering the position of the head in healthy people (cervi- 
cal tonic reflexes) and the effect of unstable body posture on these reflexes. 

E X P E R I M E N T A L  M E T H O D  

Experiments were performed on healthy adults (students of the Institute of Physical Culture) who took part 
in sports but were not training during recuperation from some somatic disorders. The degree of muscle tone was 
measured by the O. V. Plomikova and I. I. Shaffer [8] tonometer. Changes in muscle tension were recorded gra-  
phically by myotonography [3, 4] from both deltoid muscles; these records we,re taken in the sitting position with 
hands folded in lap and in the "standing at ease" position. Myographic records were also taken of the "voluntary" 
tension of both pectoralis major muscles on changing the position of the head at a command from the experimenter 
and the involuntary reflex change in tone in both deltoid muscles. 

E X P E R I M E N T A L  R E S U L T S  

Cervical tonic reflexes are detected myotonographically as slight but definite increases in the tension of the 
deltoid musele contralateral to the side toward which the head is inclined. In some cases diminished muscle tone 
was noted in the ipsilateral deltoid at the time when the tone was increased in the deltoid contralateral to the 
direction in which the head was inclined. Inclination of the head backward increased the tone of both muscles, 
while inclination forward most frequently decreased the tone of both muscles, but sometimes increased it some- 
what or produced no change. Turning the head to the side increased the muscle tone bilaterally but more so on 
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the ipsilateral side (Fig. 1). The myotonogram shows clearly the difference between the high, steeply rising and 
falling "voluntary * tension of the pectoralis major muscles and the low, slowly rising tonic reflex tension of the 
deltoid muscles. 

Fig. 1. Myotonograms of both pectoralis major muscles and deltoid mus'eles 
in subject N.K., male, 23 years old. Standing "at ease" position; various 
changes in the position of the head (in the following order: inclination to the 
right, left, back, turning to the right, left). 
Records from above down: right deltoid, left deltoid, right pectoralis major, 
left pectoralis major muscle; time marker (1 second). 

Tonometric data were in complete accord with this. The greatest difference compared to the initial posi- 
tion of the head was noted when the head was inclined sideways and backward reaching +10 - 12 mm Hg in 
adults, corresponding to 33% of the initial background. 
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Fig. 2. Diagram of tonometric data for both deltoid 
mus61es in subject A.M., 22-year-old male, during 
different positions of the head. 
Ordinate: values of muscle tension in millimeters 
of mercury. Initial level (with the head held straight) 
denoted by a solid line (for the left deltoid muscle) 
and a broken line (for tb_e right deltoid muscle). 

The diagram presented in Fig. 2 can 
serve as an illustration. It must be noted that 
these reflexes are more marked in subjects 
who are not undergoing systematic physical 
training. Those who are undergoing such 
training show much smaller reflexes and only 
when the head is inclined sideways. Such 
positions are almost nonexistent in exercises 
and we suppose that cervical tonic reflexes 
are preserved in such subjects for the very 
reason that they are unusual. It appears that 
in all the other positions which are common 
in athletics the conditioned reflex inhibition 
suppresses the cervical tonic reflexes. 

The main significance of tonic reflexes 
lies in their contribution to preservation of 
balance. Body balance is very unstable, viewed 
from the standpoint of mechanics, but human 
adults maintain their balance very well physiolo- 
gically in a great variety of positions. This 
must evidently be ascribed to perfection of t h e  
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mechanism of unconditioned and conditioned tonic reflexes. The course followed by tonic reflexes under various 
conditions of equilibrium is thus of great interest.* 

Fig. 3. Myotonograms of the deltoid muscles: a) in the sitting position; 
b) in the standing position; c) standing on a springyrubber membrane. 

Records from above down: right deltoid muscle, left deltoid muscle, marker 
showing changes in position of the head: 1) inclination to the right; 2) in- 
clination to the left; 3) inclination backward; 4) turning to the right; 
5) turning to the left; time marker (1 second). 

We therefore repeated the studies on cervical tonic reflexes in a single experiment including some of the 
5 different positions of the body: I - s i t t i ng ,  II-standing "at ease," IIl-standing "at ease n with eyes closed, 
I V -  standing on a springy rubber membrane, V -  standing on a springy rubber membrane with eyes closed (this 
position was only used in the case of subjects with good balance preservation). Objective recording in these ex- 
periments was only monitored by myotonographic records [5, 8] from the two deltoid muscles. 

When the subject changed from one position to another with progressively more difficult conditions for main-  
taining his balance there was growing increase of cervical tonic reflexes. A typical case was that of subject A. 
M. (male, 22 years old). Fig. 3, a shows the myotonogram recorded in position I (sitting, hands folded in lap). 
The tonic reflexes are small; well-defined increase of tone was only noted on the contralateral side when the 
head is inclined sideways. Reflexes increase markedly when the subject is made to assume position II (Fig. 3, b). 
The most marked change is seen in the right deltoid muscle. Inclinations sideways are accompanied by simultane- 
ous increase of tone contralateraUy and definite decrease of tone ipsilaterally; inclination of the head backward 
is associated with a small bilateral increase of tone. Position III causes an increase in tone in many subjects but 
evokes tremor more frequently and sometimes differs little from position n.  very characteristic are the pheno- 
mena arising in position IV (Fig. 3, c). It is associated with very pronounced tremor, occasionally with loss of 
balance: the subject raises his arms, makes a step and even jumps off the rubber. The reflexes are pronounced. 
Fig. 3, c) draws attention not only to the marked increase of reflexes and tremor but also to the generally un- 
stable level of tonic tension as reflected in the fluctuations of the traces for the right and left deltoid muscles 
which had been sufficiently stable as can be seen from Fig. 3, a. 

The influence of unstable position on the cervical tonic reflexes varies, depending on the physical training 
of the subjects. The picture described above applies to persons who are not engaged in sports or athletics. Those 
who are so engaged, and especially athletes and acrobats, are continuously exercising their ability to maintain 
body balance in very complex positions and therefore exhibit less marked changes in reflexes on changing the po- 
sition of the body. An additional position V -  standing on the rubber with eyes closed - was used for trained ath- 
letes. This position is sustained with difficulty even by first-rate athletes,causing loss of balance and performance 
of balancing movements. It is particularly difficult to maintain balance when inclining the head backwards; this 
causes not only tonic but also phasic contractions of the muscles and gross movements of the whole body. Con- 
sequently, the cervical tonic reflexes become more apparent as the conditions become more unfavorable for pre- 
servation of balance; the reason for this is evidently that in a new and particularly in an unaccustomed position of 
the body (on the rubber sheet) the unconditioned reflex regulation of tone resumes an important role, and the cervi- 
cal tonic reflexes are a component of this regulation. When trained athletes and acrobats are subjected to the most 
complex conditions and the tonic reflexes become weaker - always accompanied by increased general tension of 
muscles - it evidently indicates that in such cases the previous formation of appropriate natural conditioned reflexes 
transfers the function of balance preservation to the cerebral cortex which sends increased impulses to the body 

* The influence of unstable position on the proprioceptive reflex described by A. A. Ukhtomskii has already been 
investigated in our laboratory by A. S. Dmitriev [2]. 
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musculature and balance is maintained by diffuse tension of the muscles. 

This fact confirms the earlier findings of A. N. Krestovnikov [6] that the role of proprioceptive sensation in- 
creased when the body found itself without support or inadequately supported. It follows that both in life, and under 
conditions of physiologic experiment, increasing difficulty in maintaining equilibrium leads to increased import-  
ance of the cervical  tonic reflexes. As regards the mechanism of this phenomenon, it may be supposed that the 
direct cause responsible for the lowering of the cervical tonic reflex threshold, upon impairment of balance, is ex-  
citation of the vestibular analyzor receptors. 

S U M M A R Y  

The cervical tonic reflexes were investigated on deltoid muscles of healthy persons. Myotonographic and 
tonometric methods were used. It was revealed that when the head was bent backward , the tone increased on 
both sides, when the head was bent to one side the tone increased on the opposite side, whereas when the head was 
turned, the tone increased on both sides with the prevalence on the side to which it was turned. The reflexes were 
more pronounced in untrained persons and less so in trained athletes. The reflexes were considerably increased 
when the body was in an unstable position. 
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