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In expe r imen t s  on 10 subjects  the r e f l ex  act ivi ty  of spinal  motoneurons  and exci tabi l i ty  of 
the neu romuscu la r  s y s t e m  were  inves t igated during exposure  to a r a i s ed  a t m o s p h e r i c  p r e s -  
su re .  An inc rease  in p r e s s u r e  up to 6 a t m  caused a dec r ea se  in re f lex  exci tabi l i ty  of the 
spinal  motoneurons  accompanied  by inc reased  act ivi ty  of the neu romuscu la r  sys tem~ Con- 
s tant  exposure  for 18 min  to an a t m o s p h e r i c  p r e s s u r e  of 6 a rm did not a r r e s t  the p r o c e s s e s  
inducing changes in exci tabi l i ty  of the spinal  motoneurons  or  the neu romuscu la r  s y s t e m  
during b r i e f  exposure  to the same  p r e s s u r e  of 6 a rm.  A dec rease  in p r e s s u r e  to 2.2 a rm 
during d e c o m p r e s s i o n  caused no s ignif icant  change in the exci tabi l i ty of the neuromotor  
s y s t e m  as  r eco rded  at  the 18th min  of the sub jec t ' s  s tay in an a t m o s p h e r e  a t  a p r e s s u r e  of 
6 a tm.  

Inves t igat ions  have shown that  during exposure  to a hype rba r i c  a tmosphe re  of a i r  and of ni t rogen and 
oxygen signif icant  changes take place in human moto r  act ivi ty  [3, 4, 8, 10, 14]. For  instance,  with e l eva -  
tion of the p r e s s u r e  the speed of typing is reduced [8, 10, 14, 16] and the la tent  per iod of the motor  r e sp o n se  
to var ious  a f fe ren t  s t imul i  is inc reased  [3, 4, 16, 19]. Dis turbances  of complex coordinated human act ions 
a r e  obse rved ,  causing changes in handwrit ing and in drawing [3, 6]. The s eve r i t y  of the changes in motor  
act ivi ty  depends on the magnitude of the inc reased  p r e s s u r e  and the duration of exposure  to these conditions 
[2, 6]. Despite  the cons iderable  volume of facts  indicating a d is turbance  of motor  function under  hype rba r i c  
conditions,  the neuronal  m e c h a n i s m s  of these  changes have been inadequately studied. 

It was accordingly  decided to invest igate  the re f lex  exci tabi l i ty  of spinal  motoneurons  and the func-  
t ional  s tate  of the neu rom us cu l a r  s y s t e m  in man under  h y p e r b a r i c  conditions.  

EXPERIMENTAL METHOD 

The tests were carried out in a dry recompression chamber. Ten subjects (part-time divers) ex- 
posed regularly (once or twice a week) to an increased atmospheric pressure for a period of ! year, took 
part in the investigation. During the experiment the subject lay on his back. 

To assess reflex excitability of the spinal motoneurons,a method of monosynaptic testing (the H-re-- 
flex) was used [I, 5, 15]. The H-reflex was evoked by square electric pulses 1 msec in duration, applied to 
the tibial nerve in the popliteal fossa from a type ]~SU-I high-frequency output transformer. The H-reflex 
was recorded by surface electrodes from the soleus muscle in one channel of a "Medicor" electromyograph. 
The peripheral motor response (M-response), obtained constantly from the medial head of the gastroene- 
mius muscle, was recorded on the other channel of the electromyograph. 

The strength of nerve stimulation was chosen so that the amplitude of the control H-reflex was 40-50% 
of the maximal amplitude, whereas the amplitude of the control M-response with the same strength of stim- 
ulation was 20-25% of its maximal amplitude. 
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Fig. i .  Effect of elevation of a tmospher ic  p ressu re  on ampli-  
tude of evoked ref lex and per iphera l  r esponses :  I. Ordinate 
re la t ive  change in mean amplitude of control  H-response (a), 
f i r s t  components of M-response {b), and second components of 
M-response (c). Abscissa ,  p re s su re  in arm. II. A) Reflex H- 
and B) per iphera l  M-responses  during elevation of p re s su re  to 
6 arm. 1-6) P r e s s u r e  in arm. 

TABLE 1. Relative Change inMean 
Amplitude (in percent) of Control 
H - a n d  M-Responses during Eleva- 
tion of the Atmospher ic  P r e s s u r e  
at  the Rate of 1 a tm in 3 min 

2 
3 

4 
5 
6 

H-response 

--4,723,3 
--16,9"'5,6 
--21,8"+-6,9 
--39,2 ..+̀  1,1 
--32,14 9,0 

M-response 
componentlII component 

~4- s 

I 
418,4+7,7 I 424,1210,I 
412'0+4'0 I 424,122,0 
412,3--"4,1 422,127,3 
423,42+'7,8 423,4~5,6 
434,7~7,1 434,4~7,2 

The ref lex H-response and per ipheral  M-response were 
evoked every  10 sec.  At f i rs t ,  under ordinary a tmospher ic  p res -  
sure ,  the control  H- and M-responses were recorded  for 5-10 rain. 
After stabilization of the amplitude of the control  H-response the 
p res su re  began to be ra ised  at a relat ively constant rate of i a tm 
(excess a tmosphere)  in 3 rain to 6 a tm (absolute a tmosphere) .  
Throughout this t ime of elevation of p ressu re  the evoked responses  
f rom the muscles  were recorded .  When the p re s su re  reached 6 
a tm the compress ion  was stopped and the subject was exposed to 
this p re s su re  for 18 min. In this case,  the H- and M-responses 
were r ecorded  af ter  exposure to this p re s su re  for 5, 10, and 18 
rain. At the end of this period of exposure of the subject  in the r e -  
compress ion  chamber  to a p ressu re  of 6 atm, decompress ion  was 
ca r r i ed  out. During decompress ion  the amplitudes of the reflex 

and motor  responses  were r ecorded  at the f i rs t  stop at a p ressu re  of 2.2 arm, 6 min af ter  the beginning of 
decompress ion .  

The relat ive change in the mean amplitude of the control  H-response and per ipheral  M-response was 
determined f rom 6-20 measuremen t s .  

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

Elevation of the a tmospher ic  p r e s su re  causes  a decrease  in the reflex excitability of spinal motoneu- 
rons .  It will be c lear  f rom the resul ts  given in Table 1 and Fig. 1 that with an increase  in p res su re  there 
is a decrease  in amplitude of the control  H-response.  The f i rs t  significant decrease  in the H-response was 
observed when the p res su re  was ra i sed  to 3 arm (P < 0.05). The grea tes t  decrease  in the H-response o c -  
cu r r ed  at 5 arm. On a fur ther  increase  in p r e s su re  to 6 arm no significant changes took place in the ampli-  
tude of the H-response.  

The recorded  amplitude of the 2-component  M-response was increased during elevation of the p res -  
sure  (Table 1; Fig. 2). A significant increase  in amplitude of both components of the control  M-response 
was observed as ear ly  as at  2 atm (P < 0.05). At 6 a tm the amplitude of the M-response increased to its 
maximum. During elevation of the p ressu re  f rom 2 to 5 arm the control  M-response showed no significant 
change. 
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TABLE 2. Relat ive Change in Mean Ampli tude of Control  H- and M- 
Responses  Depending on Time of Exposure  to an Atmosphe r i c  P r e s -  

su re  of 6 a tm  

Pressure and time of exposure I 

6 arm, 5th minute . . . .  
6 atm, 10th minute . . . 
6 atm, 18th minute . . . 
Decompression to 2.2 alan 

6 rain . . . . . . . . . .  

H- response 

--30,6 -+- 1 O, 1 
--29,6-+9,5 
--32,8----- 11,1 

--27,1-----10,2 

M-response 

I component [ II eomponent 

)cSrs 

~44,6~11,3 
~54,1~12,1 
~56,0~14,1 

+56,8~20,4 

@55,1+17,9 
@68,9-- 17,0 
-}-77,5-+-20,0 

+84,4--21,0 

y~ 
I +gO. I 

+80. 
o o .,," 

+70  , ~ I "  

+80 /; 
+ 50- , p . . b  - 

+3g" 

+zo ~Stop for 18 
+ to. ~1,~ min at 6 aim 

0 . _  r J 

--10" ~33 
-ZE" 
-3g" 

/r 
A B 

s--/+- 

. f g ~ s e c  

Fig.  2. Effect  of exposure  for  18 rain roan  
i n c r e a s e d  a t m o s p h e r i c  p r e s s u r e  (6 aim) 
on ampl i tude  of evoked r e f l ex  and pe r iph-  
e r a l  r e s p o n s e s .  I. Ord ina te ,  legend as in 
F ig .  1; a b s c i s s a ,  t ime of exposure  to in-  
c r e a s e d  p r e s s u r e .  II. Reflex H- and 
p e r i p h e r a l  M- re sponses  (legend as  before) :  
1) control  ampl i tude  of evoked r e s p o n s e s ;  
2-5) evoked r e s p o n s e s  at  d i f fe ren t  t imes  
of ac t ion of i n c r e a s e d  p r e s s u r e  (6 atm);  6) 
evoked r e s p o n s e s  a t  f i r s t  s top of decom-  
p r e s s i o n .  

The mean r e s u l t s  of the r e l a t i v e  change in amp l i -  
tude of the r e f l ex  and motor  r e s p o n s e s  dur ing constant  ex-  
posure  to a p r e s s u r e  of 6 a tm  a r e  shown in Table 2 and 
Fig.  2. Af ter  e leva t ion  of the p r e s s u r e ,  as a l r e a d y  men-  
t ioned,  the H- response  was reduced  and during 18 rain of 
exposure  to a p r e s s u r e  of 6 a rm it  showed no s ign i f ican t  
change.  

The ampl i tude  of the p e r i p h e r a l  M-response  was 
cons tant ly  i n c r e a s e d  during the 18 rain of the sub j ec t ' s  ex-  
posure  to a p r e s s u r e  of 6 arm. Fo r  ins tance ,  the i n c r e a s e  
in ampl i tude  of component  II of the M-response  was s ig -  
nif icant ly  i n c r e a s e d  by 23.0 4- 5.0% (P < 0.05) a t  the tS th  
rain of the s u b j e c t ' s  exposure  to this  p r e s s u r e  by c o m p a r i -  
son with i ts  i n c r e a s e  at  the 5th rain of exposure .  An in-  
c r e a s e  in the growth of component I of the M-response  
a l so  was obse rved .  The i n c r e a s e  in ampl i tude  of c o m p o -  
nent I of the M-response  at  the 18th rain was 12.0 4- 3.0% 
g r e a t e r  than a t  the 5th rain of the sub j ec t ' s  exposure  to a 
p r e s s u r e  of 6 arm.  

The ampl i tudes  of the H- and M-responses  a t  the 
f i r s t  s top during d e c o m p r e s s i o n  a t  a p r e s s u r e  of 2.2 arm 
were  not s ign i f ican t ly  d i f fe ren t  f rom the i r  ampl i tudes  at  
the 18th min of the s u b j e c t ' s  exposure  to a p r e s s u r e  of 6 
arm.  

The d e c r e a s e  in ampl i tude  of the H- response  during 
e leva t ion  of the a t m o s p h e r i c  p r e s s u r e  thus indica tes  a de-  

c r e a s e  in r e f l ex  exc i t ab i l i ty  of the sp ina l  motoneurons  in man,  in a g r e e m e n t  with the r e s u l t s  of e x p e r i m e n t s  
on d e c e r e b r a t e  and spinal  an ima l s  [10, 13], in which the re f l ex  ac t iv i ty  of the spinal  cord  was d e p r e s s e d  
dur ing exposure  to a h y p e r b a r i c  a t m o s p h e r e  of ni t rogen and oxygen. 

Dep re s s ion  of r e f l ex  exc i t ab i l i ty  of the spinal  motoneurons  was p r e s um a b l y  due to i n c r e a s e d  ac t iv i ty  
of va r ious  inh ib i tory  s y s t e m s  of the s egmen ta l  appa ra tus  [11, 12, 13, 18]. Suprasegmenta l  r eg ions  of the 
b r a i n  and sp ina l  cord  may a l so ,  pe rhaps ,  pa r t i c ipa t e  in the change in functional s ta te  of the spinal  motor  
c e n t e r s ,  as  shown by the r e s u l t s  of Benne t t ' s  inves t iga t ions ,  which de m ons t r a t e d  a d e c r e a s e  in ampl i tude  of 
the evoked potent ia ls  of the r e t i c u l a r  fo rmat ion  under  h y p e r b a r i c  condit ions [9]. 

S imul taneous ly  with the d e c r e a s e  in the control  H- response  dur ing e leva t ion  of the p r e s s u r e  the a m -  
pli tude of the p e r i p h e r a l  M-response  was i n c r e a s e d ,  indicat ing ac t iva t ion  of a l a r g e r  number  of musc le  
f ibe r s  [13, 17]. 

A change in the amplitude of the reflex and peripheral responses was observed from the moment that 
the pressure began to rise. During a halt in compression, at the 18th rain of the subject's exposure to an 
atmospheric pressure of 6 atm, the amplitude of the M-response continued to rise while the amplitude of 
the H-response did not change significantly. This suggests that the processes of the change taking place at 
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the spinal and peripheral levels of the neuromotor system do not cease during exposure to a constant pres-  
sure and, consequently, they are unconnected with the pressure  drop effect. During decompression, at the 
first  stop the amplitude of the H-response and M-responses did not differ significantly from the amplitudes 
of the reflex and motor responses at the 18th rain of the subjectVs exposure to a pressure of 6 arm. Pre-  
sumably, therefore,  the excitability of the neuromotor system was still not res tored when the pressure had 
fallen to 2.2 arm (the f irs t  stop during decompression). 

The changes in excitability both of the motor centers of the spinal cord and of the neuromuscular 
apparatus recorded during these experiments may perhaps be linked ultimately with disturbances of human 
motor function. 
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