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Changes in muscle  tone, in i n t r amuscu la r  p r e s s u r e ,  and In the e l e c t r o m y o g r a m  found in 
cl inically healthy young pe r sons  during t i r ing physical  work  a re  desc r ibed .  Exer t ion  leads 
to an inc rease  in skele ta l  muscle  tone, an inc rease  in i n t r amuscu la r  p r e s s u r e ,  and in-  
c r ea sed  spontaneous e l ec t r i ca l  act ivi ty of the motor  units.  These  changes follow a d i f fe r -  
ent course  in individuals at different  levels  of t ra ining.  More marked  changes in the func- 
t ional s tate of the skele ta l  musc les  a re  found in untrained individuals.  

Despite  s e ve ra l  invest igat ions [1-3, 5, 6, 8] the mechan i sms  of d i s tu rbances  of musc le  tone ar i s ing  
as  a r e su l t  of t i r ing physica l  work  have not been adequately studied. 

The object  of this invest igat ion was to study changes in musc le  tone, in e l ec t r i ca l  act ivi ty  of the mo-  
tor  units, and in the i n t r am us cu l a r  p r e s s u r e  of" c l i n i ca l ly  healthy young pe r sons  under the influence of 
t i r ing physical  work .  

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

Functional  changes taking place in the r ight  b iceps  musc le  through t i r ing work,  the amount of which 
was de te rmined  by means  of a dynamograph designed by the authors  [7], we re  inves t igated in 30 cl inical ly 
healthy men aged 19-23 y e a r s .  The work  consis ted of flexing the f o r e a r m  at the elbow (with the a r m  fixed) 
with an or iginal  force  of 11 kg at the ra te  of 50 t imes  pe r  minute in t ime  with a m e t r o n o m e .  Before physi -  
cal exer t ion  and immedia te ly  and 14-16 h t he r ea f t e r  (next morning,  immedia te ly  a f t e r  sleep),  the state of 
the upper  l imb was invest igated by palpation, the musc le  tone was de te rmined  by means  of S i r m a i ' s  m y -  
o tonometer ,  the e l e c t r o m y o g r a m  (EMG) was r eco rded  in the muscle  showing max imal  re laxa t ion  (in the 
r ecumben t  subject),  and the i n t r am us cu l a r  p r e s s u r e  was measu red  by Henderson ' s  method [11] in Panf i lov ' s  
modificat ion [4]. The EMG was r eco rded  by means  of a 3-channel  e l e c t romyograph  (Disa) using concentr ic  
needle e lec t rodes  (d iameter  0.65 mm).  The e lec t rodes  were  r emoved  during physica l  exer t ion .  On r e -  
peated test ing they were  inse r t ed  Into the same  a r e a  of musc le  to the prev ious  depth. In some subjects ,  
the EMG was also r eco rded  on the day a f te r  physica l  exer t ion  f r o m  those a r e a s  of the musc les  in which 
the g r e a t e s t  t enderness  was found on palpation.  

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  

Depending on the degree  of physical  t raining of the subjects  they were  divided into two groups  with 
15 pe r sons  in each  group:  untrained and t ra ined  (mainly f i r s t - g r a d e  a thle tes  and " m a s t e r s  of spor t" ) .  

Before physica l  exer t ion  in mos t  of the untrained subjects  (55%) i r r e g u l a r  potent ials ,  not exceeding 
10-15 ~V, were  r eco rded  during e l ec t romyograph ic  invest igat ion of the biceps  b rach i i  muscle  against  a 
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Fig .  1. E l e e t r o m y o g r a m s  of unt ra ined  (A) and t r a ined  (B) men r e c o r d e d  by concent r ic  
needle  e l e c t r o d e s  f rom r e l a x e d  b iceps  musc le  of r igh t  a r m :  a) before  phys i ca l  work; 
b) i m m e d i a t e l y  a f te r  t i r ing  work;  c) 14 h af te r  work;  d) EMG r e c o r d e d  f rom ten-  
d e r e s t  a r e a  of the s ame  musc l e  dur ing  movement  and pa lpa t ion  (14 h af te r  work).  

F ig .  2. Changes in i n t r a m u s c u l a r  p r e s s u r e  in unt ra ined  (1) and ' t r a ined  (2) pe r sons  
a f t e r  pe r fo rming  t i r ing  phys ica l  work.  

background of an i l l -de f ined  wave pa t t e rn  of the EMG. The f requency of these  o sc i l l a t i ons  v a r i e d  f rom 
1 to 4 pe r  second.  S imi l a r  r e s u l t s  were  obtained a l so  with the t r a ined  subjec t s  (Fig .  1). 

In the t e s t s  c a r r i e d  out immed ia t e ly  a f te r  t i r ing  work,  i r r e g u l a r  potent ia ls  of low ampli tude a lso  
were  found on the EMGs r e c o r d e d  f rom the r e l a x e d  musc l e s  of most  of the sub jec t s .  However,  by con- 
t r a s t  with the in i t i a l  s ta te ,  in 35% of unt ra ined  sub jec t s  the EMG osc i l l a t ions  r eached  an ampli tude of 
30-50 #V. In the r ema in ing  subjec t s  the osc i l l a t ions  on the " res t ing"  EMG r e m a i n e d  close to those ob-  
ta ined before physical exertion. In both groups the muscle tone was increased after physical work. 

In both groups of subjects 14-16 h after physical work palpation and myotonometry of the muscles 

fatigued by work the day before revealed a higher-than-initial level of muscle tone. The increase in muscle 
tone, as well as tenderness of the muscles on movement and palpation, was more marked in the untrained 

subjects. In 5 untrained subjects areas of the muscles which were highly tender on palpation and painful 
during voluntary movements were discovered. The EMG recorded from these areas of the muscle showed 
spontaneous electrical activity of higher intensity than that obtained before and immediately after physical 
work (Figs. 1 and 2). This activity was manifested as single, irregular waves up to 30-50 pV in amplitude. 

In isolated cases, mainly in untrained subjects, regular waves of fasciculation type, up to 20 #V in 
amplitude and resembling the discharges of a single motor unit, were recorded. 
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The in t r amuscu la r  p r e s s u r e  in the r ight  biceps musc le  before work  ave raged  84.20 • 1.26 m m w a t e r  
in the untrained and 96.80 :~ 2.31 m m  wa te r  in the t ra ined subjects .  After  physica l  work  in both groups  of 
subjects  a s ta t i s t ica l ly  significant  inc rease  in i n t r amuscu l a r  p r e s s u r e  occu r r ed  (Fig. 2), and it was more  
marked  in the t ra ined  subjects  (the d i f ference  between the two groups was not s ta t i s t ica l ly  significant)~ 
The i n t r amuscu l a r  p r e s s u r e  in the t ra ined subjects  14-16 h a f te r  work  was approx imate ly  the same  as 
initially, while in the untrained subjects  it  sti l l  r ema ined  high, although it was  lower  at this  t ime  than in 
the t ra ined subjects  before  physical  work.  

These invest igat ions showed that in clinically healthy young t ra ined  and u n t r a i n e d m e n ,  ce r ta in  
changes in the functional s tate  of the e x e r c i s e d  muscle ,  accompanied  by a sensat ion of fatigue and pain, take 
place during t i r ing phys ica l  work .  Objective invest igat ion r evea l s  an i nc r ea se  in musc le  tone and t ende r -  
ness  of the musc l e s  during palpat ion and pain on movement .  Ins t rumenta l  t e s t s  (e lec t romyography  and 
m e a s u r e m e n t  of i n t r a m u s c u l a r  p r e s s u r e )  r evea led  changes in the functional s tate  of the working musc l e s  
not only immedia te ly  a f t e r  physica l  work,  but as long as 14-16 h a f t e r  i t  had ended. Charac te r i s t i ca l ly  in 
the untrained subjects  there  was a more  marked  spontaneous e lec t r i ca l  act ivi ty  of the musc les  which did 
not d i sappear  even a f te r  a n ight ' s  r e s t .  These phenomena were  l ess  ma rked  in the t ra ined  subjects  and 
the indices of the state of the musc les  re tu rned  more  quickly to the i r  initial  level .  

The i n t r amuscu la r  p r e s s u r e  in the initial  s ta te  was higher  in t ra ined subjects  and it r o se  significantly 
a f t e r  t i r ing phys ica l  work,  but by 14-16 h it  had a lmos t  r e tu rned  to i ts  init ial  value.  The i n t r amuscu la r  
p r e s s u r e  of the untrained subjec ts  i nc rea sed  by a l e s s e r  amount a f t e r  work,  but 14-16 h l a t e r  i t  s t i l l  r e -  
mained high, even though i ts  mean value at this t ime had fallen below the leve l  obse rved  in the t ra ined  
subjects  before  physical  work .  

The r e su l t s  show that  t i r ing physica l  work,  bes ides  causing well-known b iochemica l  changes in the 
skele ta l  musc les  [9, 10], a lso causes  pain and an i nc rea se  in musc le  tone, accompanied  by inc reased  e l ec -  
t r i ca l  act ivi ty of the re laxed  musc les  and a r i s e  of i n t r amuscu la r  p r e s s u r e .  The degree  of these  changes 
var ied  depending on the s tandard  of t r a in ing  of the individual. 
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