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An e l e c t r o m y o g r a p h i c  method was used to s tudy the effect  of s t imula t ion  of the otol i th s y s t e m  on 
musc l e  tone in the  newborn infant. Changes in the pos i t ion  of the body r e l a t ive  to the hor izonta l  plane by 
as l i t t l e  as 10 ~ were  found to produce  changes in total  e l e c t r i c a l  ac t iv i ty  of the musc l e s ,  the d i rec t ion  of 
the r eac t ions  depending on the ini t ia l  leve l  of e l e c t r i c a l  act ivi ty:  if low it is i nc reased ,  if high it is weak-  
ened. Musc les  of the spine are  mos t  s ens i t i ve  to changes in body posi t ion .  

Many s tud ies  have been made of v e s t i b u l a r  inf luences  on musc le  tone in the USSR and e l sewhere  [2, 4, 8, 9, 

11]. Although the ve s t i bu l a r  s y s t e m  is known to ma tu re  sooner  than o ther  s y s t e m s ,  pos tu ra l  and t o n i c l a b y -  
r inthine r e f l exes  have been obtained in ontogenesis  only in rabb i t s  [5]. In observa t ions  on 26 newborn in-  
fants during the f i r s t  few hours of l i fe ,  Magnus [11] found no labyr in th ine  tonic re f lexes  in a s ingle  case .  
Minkovsky [12] found c e r v i c a l  tonic r e f l exes  in fe tuses  at the age of 2-5 months,  but could not detect  l a b y -  
r inthine r e f l e x e s .  S imi l a r  r e su l t s  have been obtained with m o r e  mature  fe tuses  [6]. No other  inves t iga -  
t ions of th is  p rob lem conducted on infants could be d i scove red :  

The object  of the p r e s e n t  inves t iga t ion  was to s tudy pa r t i c ipa t ion  of the otoli th s y s t e m  in the o r g a n i z a -  
t ion of pos tu ra l  ac t iv i ty  in the child and, in p a r t i c u l a r ,  to de te rmine  the re la t ionsh ip  between the level  of 
background e l e c t r i c a l  ac t iv i ty  and ac t iv i ty  of var ious  musc l e s  in r e l a t ion  to re f l ex  influences a r i s ing  f rom 
the otol i th  s y s t e m .  

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

Poten t i a l s  were  r e c o r d e d  from musc l e s  of 30 healthy infants aged from a few hours to 8 days and 
weighing 2500-4000 g. The otol i th  s y s t e m  was s t imu la t ed  by t i l t ing the p la t fo rm on which the child was 
placed through 10, 15, 20, 25, and 30 ~ r e l a t i ve  to the hor izonta l  plane.  To exclude ce rv i ca l  tonic re f lexes  
and re f l exes  of the s e m i c i r c u l a r  cana ls ,  the head and neck were  fixed re l a t ive  to each other  by swaddling 
c lo thes .  The e l e c t r o m y o g r a m  (EMG) was r e c o r d e d  not l e s s  than 1 rain af ter  t i l t ing to avoid any r e s p o n s e  
to a cce l e r a t i on  [13]. 

Po ten t i a l s  were  detected by b ipo la r  e l e c t r ode s  f rom the biceps and t r i c e ps  b raeh i i  m u s c l e s ,  the spinal  
m u s c l e s ,  and the f lexor  d ig i torum eommunis .  The potent ia ls  were  ampl i f ied  by means  of a type UBNK-V 
4-channel  ae ampl i f i e r ,  made at the expe r imen ta l  workshops  of the Inst i tute  of Expe r imen ta l  Medicine.  The 
ca l i b r a t i on  potent ia l  of 50 ~ V caused  a def lect ion of 10-20 mm of the r eco rd ing  beam of the s c r e e n .  The 
leve l  of musc le  tone was e s t ima ted  by summat ion  of ampli tude of all osc i l l a t ions  during 1 s ec .  Counts were  
made at l e a s t  4 t imes  in di f ferent  sec t ions  of the EMG$.  The mean of these  values was defined as the total 
b i o e l e c t r i e a l  ac t iv i ty  and e x p r e s s e d  in ~ V. The potent ia ls  during motor  ac t iv i ty  were  one o r d e r  higher  and 

were  not taken into account.  

* This inves t iga t ion  was s t a r t e d  the at R e s e a r c h  Inst i tute  of O bs t e t r i c s  and Gynecology, Academy of Medi-  

cal  Sciences of the USSR. 
$ The r eco rd ing  on f i lm was magnif ied  6 t imes  by means  of a type P -10  e n l a r g e r .  
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E X P E R I M E N T A L  R E S U L T S  

Fig. 1. EMG of spinal muscles  (A) and bi-  
ceps brachi i  muscle  (B). Top curve) body 
in horizontal position; middle curve) tilted 
through 15~ bottom curve) tilted through 
30 ~ . 
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Fig. 2. Dynamics of changes in total e lec-  
t r ical  activity with a change in body posi -  
tion in space.  A) Spinal musc les ;  B) bi-  
ceps brachi i  muscle;  C) f lexor digitorum 
communis .  Absc issa ,  change in body posi -  
tion (in degrees);  ordinate ,  total e lect r ical  
activity (in tt V / sec ) .  

Before st imulation of the otolith sys tem,  the back-  
ground level of muscle  activity was recorded  in the in- 
fant lying still for a long period. This activity remained 
constant throughout the period of observat ion (the total 
activity of the individual sections of the EMG did not dif- 
fer  by more  than 70 tz V), but it varied widely from one 
child to another, and in the same child during different 
observations (from 10 ~ V [the noise level] to 700 ~: V) o 
The grea tes t  variabil i ty of the total background act ivi-  
ty was observed for flexor digitorum communis and bi.- 
ceps brachii ,  the least  for the spinal musc les .  The back-  
ground activity of the tr iceps brachi i  muscle  was much 
lower than that of all other musc les  investigated, and 
gave no s ta t is t ica l ly  significant changes during the action 
of the st imulus.  The extreme variabi l i ty of muscle  tone 
in newborn infants has been descr ibed previously [1, 13], 
and is attributed to many factors ,  including shock during 
birth. The background activity level in infants aged one 
month is pract ica l ly  constant [7]. 

Adequate st imulation of the otolith sys tem p ro -  
duced either an increase  or a decrease  in the total e lec-  
t r ical  activity. Considering the variabil i ty of the back-  
ground, an attempt was made to determine the presence  
and degree of cor re la t ion  between the initial level of ac -  
tivity in the muscle and the direct ion of the response  to 
changes in the body position relat ive to the horizontal .  
To calculate the coefficient of corre la t ion ,  the total e lec-  
t r ical  activity with the child in the horizontal  positions 
was divided conventionally into low (total activity not 
exceeding 100 tt V), average (between 100 and 400/z 10, 
and high (400 tt V and over).  A qualitative a s sessment  
was made of the changes during st imulation of the otolith 
sys tem:  increase  or  decrease  in activity comparedwi th  
the background. When the level of background activity 
was high, total activity was more  frequently weakened 
during stimulation, and vice versa .  The coefficient of 
corre la t ion  was 0.33. The use of the ~2 test  showedthat  
corre la t ion  between the level of background activity and 
the direction of the response to otolith st imulat ion was 
present  in the case of tilting through angles of 10-15 ~ 
and 25-30 ~ . 

Because responses  occur red  in different directions and because two wel l -marked relat ionship were 
found between the mean level of background activity and the direct ion of the response,  af ter  calculation of 
the quantitative ratios the resul ts  could be divided into two groups depending on the initial level of e lec-  
t r ical  activity. Cases in which total background muscle activity did not exceed 200 t l V / s e c  were included 
in the f i rs t  group, and cases  with a higher level of activity (200-700tt V) in the second group. The most  
definite responses  to changes in body position relat ive to the horizontal  plane were observed with the spin- 
al muscles  (Fig. 1A). A slight increase  in total e lect r ical  activity was observed after tilting through 10% 
but compared with the background E MG the difference was not s ta t is t ical ly  significant.  After tilting through 
25-30 ~ activity increased and the difference became s ta t is t ical ly  significant (Fig. 2A). Since the background 
activity of the spinal muscles  as a rule did not exceed 200 tt V, and was higher than this level in only 4 chi l-  
dren, the curves for low and high levels were not compared,  although it should be noted that in all these 
cases  a lowering of background activity was observed during stimulation, and was especial ly marked during 
tilting through 10-15 ~ after  which the total activity re turned almost  to its initial level. 
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The number of EMGs recorded  from the biceps brachi i  muscle with a high initial level of activity 
was approximately half. The decrease  in activity was also approximately half. The decrease  in activity 
in the muscles  began with tilting through 10 ~ and became par t icu lar ly  marked at 25 ~ (Figs. 1B and 2B). 
When the background activity was weak, no definite changes were observed in response to st imulation of 
the otolith sys tem (Fig. 2B). 

The total e lect r ical  activity of the flexor digitorum communis muscle,  in cases  when it did not ex- 
ceed 200/t  V, was reduced by tilting through 10-15 ~ but increased sharply  after tilting through 20 ~ and ex- 
ceeded the background level (Fig. 2C). 

The investigations of Koella and Nakao [10] on decerebra ted  cats showed that the detection of c e r -  
vical tonic reflexes is direct ly  dependent on the initial level of muscle  activity and is possible only if a 
sufficiently s trong flow of impulses from the propr ioceptors  occurs  during stretching.  In newborn in- 
fants, immatur i ty  of the pyramidal  sys tem and the state of increased excitability of the segmental  appara-  
tus of the spinal cord facili tate widespread i r radiat ion of excitation and account for the state of increased 
background activity of the musc les ,  in which changes in muscle  tone can be detected under the influence of 
st imulation of the otolith sys tem without any additional s t re tching of the muscles .  In cases  when total back-  
ground activity was insufficient for a par t icu lar  muscle,  no c lear  manifestat ion of the response to a change 
in body position was observed.  This also explains the absence of significant changes in the triceps brachii  
muscle .  

The g rea t e r  sensi t ivi ty and uniform direct ion of the responses  of the spinal muscles ,  i.e. , antigravity 
muscles  in the adult, to changes in body posit ion in newborn infants must  be noted. The dependence of di- 
rection of the response  on the initial level of activity can be explained by the presence of special  mecha-  
nisms maintaining muscle  tone at a cer ta in  average level, most  suited for postural  activity of the newborn 
infant. 

LITERATURE CITED 

i. I.A. Vakhrameeva, Fiziol. Zh. SSSR, No. 4, 449 (1963). 
2. V.S. Gurfinkel', Ya. M. Kots, and M. L. Shik, Regulation of Human Posture [in Russian], Moscow 

(1965). 
3. I. Ya. Kalinovskaya and Yu. S. Yusevich, Vestn. Otorinolar., No. 6, 48 (1964). 
4. E.P. Kesareva, Tone of Skeletal Muscles and Its Regulation in the Healthy Person [in Russian], 

Minsk (1960). 
5. G.A. Obraztsova, Formation of Vestibular Functions in Ontogenesis [in Russian], Moscow-Leningrad 

(1961). 
6. A.S. Pentsik, Sov. Psikhonevrol., No. 5, 129 (1933). 
7. I . A .  Trofimenko, Elec t romyographic  Investigations of Healthy Children and in Isolated Facial  Nerve 

Pa ra lys i s ,  Author 's  Abst rac t  of Candidate Dissertat ion,  Rostov-on-Don (1965). 
8. G .S .  Ts immerman ,  The Ear  and the Brain [in Russian], Moscow (1967). 
9. A . B .  Brodal,  in: Neural Mechanisms of the Auditory and Vestibular Systems, Springfield (1960), 

p. 224. 
10. W . P .  Koella, H. Nakao, R. L. Evants,  et al., Am. J.  Physiol . ,  185, 607 (1956). 
11. R. Magnus, KSrperstel lung,  Berlin (1924). 
12. M. Minkovsky, Rev. Neurol.,  37, 1005 (1922). 
13. A. Peiper ,  Cerebra l  Function in Infancy and Childhood, Lippincott (1964). 

838 


