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Under i some t r i c  conditions (standing, act ive  e l ec t romyograph ic  skin b ie lec t rodes  over  the 
r ight  b iceps  brachi i  musc le ,  with the r ight  elbow flexed to a r ight  angle, a wide s t rap  with a 
weight placed over  the r ight  wris t ) ,  a f te r  presenta t ion  of the weight to the subject  a connection 
was found in 60% of ca se s  between the impedance  of the a r e a  of t i s sue  between the act ive e l e c -  
t romyograph ic  e lec t rodes  (Zm_ e) and the physiological  s tate  of the tes t  musc le  during fatigue. 
The effect  took the fo rm of a t e m p o r a r y  dec rea se  in pe rmeab i l i t y  of the skin ce l l s  in the tes ted  
a r e a  (mainly cel ls  of the ep idermis)  and an assoc ia ted  and intensive ca scade - l i ke  i nc rea se  in 
the initial Zm_ e level followed by steady r e s to r a t i on  of its initial l e v e l a f t e r  r emova l  of the 
weight. 

Manifestat ions of the act ive  and pass ive  e lec t r i ca l  p r o p e r t i e s  of biological t i s sues  have frequent ly  
been investigated.  However ,  the link between the mani fes ta t ions  of these  p r o p e r t i e s  has  not yet  been ade-  
quately studied. 

In the modern  view, during neuromuscu la r  act ivi ty (under normal  externa l  envi ronmenta l  conditions) 
the impedance of the invest igated a r e a  of biological t i s sue  between act ive skin (e lec t romyographic ,  for  e x -  
ample) e lec t rodes  f luctuates  only v e r y  slightly in t ime re la t ive  to its initial value or d e c r e a s e s .  The las t  
ef fect  is explained pr inc ipa l ly  by the mois ten ing  and pe rmea t ion  of the s t r a tum corneum of the e p i d e r m i s  
e lec t ro ly t i ca l ly  with the contact  substance  until e l ec t rochemica l  equi l ibr ium is  e s tabI i shed  between the 
ep ide rma l  ce l l s  and the pas te  [3, 9], by inc reased  act ivi ty of  the sweat  glands [5, 10], and by the develop-  
ment  of a psychogalvanic  re f lex  [4, 8]. 

However ,  ana lys is  of the m a t e r i a l  which has  nowaccumulated sugges ts  a c lo se r  link between the 
mani fes ta t ions  of the act ive and pass ive  b ioe lec t r ica l  p r o p e r t i e s  in the a r e a  between the act ive e l e c t r o -  
myograph ic  (EMG) e lec t rodes ,  at l eas t  during intensive muscu la r  work. 

This  paper  desc r ibes  the r e s u l t s  of invest igat ions into the c h a r a c t e r  of mani fes ta t ion  of pas s ive  b io-  
e l ec t r i ca l  p r o p e r t i e s  (the impedance level  Zm_ e of the a r e a  of t i s sue  between the act ive skin EMG e l e c -  
trodes} under the influence of intensive m us cu l a r  work. Eve ry  ef for t  was made  to reduce  e lec t rode  and 
polar iza t ion  a r t e fac t s  due to the appara tus  used (polar izat ion " f rom without") to a min imum.  Although the 
e l ec t r i ca l  conductivity of the cutaneous t i s sues  has been invest igated prev ious ly  [1, 7], in the expe r imen t s  
now desc r ibed  a number  of f ea tu res  mer i t i ng  specia l  descr ip t ion were  d iscovered.  

EXPERIMENTAL METHOD 

The expe r imen t s  were  c a r r i e d  out under normal  external  envi romnenta l  conditions on 11 apparent ly  
healthy men (15 exper iments )  aged f rom 18 to 35 yea r s .  The tes t  object  was the r ight  biceps branchi i  
musc le ,  above which (and along its f ibers) were  placed side by side two a c t i v e - p r e s s u r e  skin EMG bie lec-  
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Fig. 1. Dynamics  of i n t e r e l e c -  
t rode  impedance  as a function of 
load. 1) Manifestat ion of pass ive  
b ioe lec t r ica l  p rope r t i e s  (Zm_ e) in 
a r e a  af ter  p r e l i m i n a r y  local  t r e a t -  
ment  of the skin until s l ight 
e r y t h e m a  developed (see text); 2) 
the same ,  in an a r e a  a f te r  p r e -  
l imina ry  local t r ea tmen t  of the 
skin until m a r k e d  e r y t h e m a  de -  
veloped.  C ros s  m a r k s  t ime  of 
r e m o v a l  of load -- the c h a r a c t e r  
of r e c o v e r y  of the initial  level of  
Zm_ e can c l e a r l y  be seen. I n t e r -  
va ls  (rest)  between appl icat ions of 
load 20-30 rain. With a load (P) 
of 24 kg, the i nc r ea s e  in Zm_ e 
in both ca se s  is iner t ia l  in c h a r -  
ac te r .  

t rodes ,  made a t the  All-Union Scientific R e s e a r c h  Insti tute of Surgical  
Appara tus  and Ins t rumen t s  (VNIIKhAI), with s i l v e r - s i l v e r  chloride 
cups 0.5 cm 2 in a r ea  and with a dis tance of 17 m m  between their  
inner edges.  The rubbe r  bases  of the b ie lec t rodes  were  fixed to the 
t es t  a r e a  by means  of Kleol glue. Local  t r ea tmen t  of the skin con-  
s i s ted  of rubbing with gauze soaked in alcohol (until sl ight e ry thema  
of the skin appeared  under the r ight  EMG bie lec t rode and m a r k e d  
e r y t h e m a  of the skin under the left), followed by applicat ion of the 
e lec t rode  pas te  with the end of a g lass  rod  at the si te of applicat ion 
of the e lec t rode  cups, which a lso  were  f i r s t  pa r t ly  filled with paste .  
The dif ference between the degree  of p r e l i m i n a r y  t r e a t m e n t  of the 
skin under the e l ec t rodes  enabled the r e su l t s  of m e a s u r e m e n t  of the 
impedance level  to be in te rp re ted  object ively.  These  m e a s u r e s  
guaranteed  e lec t r i ca l  contact  and main tenance  of a s teady initial 
level of Zm_ e for  at l eas t  10 h, even during s t rong voluntary  m o v e -  
men t s  (changes not exceeding 5% were  d i s r ega rded  in all e x p e r i -  
ments) .  E x e r c i s e s  (holding the load) began 30-40 rain a f te r  the end 
of applicat ion of the e lec t rodes .  

By means  of a 5-channel  s y s t e m  (developed by VNIIKhAI), in-  
corpora t ing  a r e c o r d e r  of the act ive  and moni tor  of the pass ive  b io-  
e l ec t r i ca l  p roper t i e s ,  the invest igat ions could be c a r r i e d  out with 
single channel e lec t rode  units. Each channel, with an input r e s i s t -  
ance of the a r m s  of 2+ 2 M~ in the working f requency band contained 
pr incipal  (10-2000 Hz, level  0.8) and a c c e s s o r y  (65-2000 Hz, level 
0.8) c i rcu i t s .  Two such channels were  used, and with the a c c e s s o r y  
c i rcu i t s  the EMG was r eco rded  in two bipolar  leads,  while the c o r -  
responding levels  of Zm_ e were  evaluated by the pr incipal  c i rcu i t s  
functioning in para l le l .  The Zm_ e level  was es tab l i shed  by r e c o r d -  
ing the ampli tude of the d e c r e a s e  in vol tage supplied by the ex te rna l  
physical  genera to r  of the moni to r ing  s t imulus  (a sinusoidal  f r e -  
quency of 20 Hz) on the in te re lec t rode  a r e a  tested,  which is p r o p o r -  

t ional to it; the s t rength of the c u r r e n t  pa s s ed  through the t i s sue  was p r ea s s igned  at  an e x t r e m l y  smal l  
level and was constant  during the e x p e r i m e n t  (of the o rde r  of 10-50 nA). 

The four e l ec t rog raph ie  r eco rd ings  were  made  by means  of an N-700 loop osci l lograph.  

Each subject  held  a load of different  weight under i some t r i c  conditions with in terva ls  of 20-30 rain 
(standing, with the r ight  elbow flexed to 90 ~ a wide s t rap  with the weight held over  the r ight  wris t ,  weight 
of the load 6, 12, and 24 kg). The EMG was r eco rded  and Zm_ e m e a s u r e d  continuously throughout the 
per iod  that the subject  held the weight and for  3 rain af ter  its r emova l .  

EXPERIMENTAL RESULTS 

During static contraction of the test muscle until the subject could continue no longer, a characteristic 
response to the change in the physiological state of the muscle (during its fatigue) appeared in 60% of cases 
a short time (measured in minutes and depending on the magnitude of the load) after application of the load. 
A marked and cascade-like increase in the initial level of Zm_ e was observed. Measurements of the Zm_ e 
level during one experiment are illustrated in Fig. io (The absolute values of Zm_ e in this figure are shown 
as the corresponding impedance, a conventional equivalent in the nature of active resistance; high values of 
the Zm_ e level are due to the increase in its value which accompanies a decrease in strength of the measur- 
ing stimulus [2, 3] and also to topographical differences in impedance [5, 6].) 

Analysis of the results shows that this phenomenon has the following features. 

The intensity of increase in the initial level of Zm_ e is directly dependent on the intensity of the 
muscular contraction (on the load applied), which also determines the level of bioelectrieal activity in the 
area tested. 

The cascade-like increase in the initial level of Zm_ e can begin as early as the 5th minute. In some 
experiments this increase was stepwise in character. The increase in value of the Zrn_ e level could also 
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continue for some t ime af ter  r e m o v a l  of the load (the t ime of r emova l  of the load is m a r k e d  by a c r o s s  in 
Fig. 1). 

In exper imen t s  in which the initial level of Zm_ e was increased,  it fell m o r e  or l ess  s teadi ly  ( r e -  
covery)  af ter  r emova l  of the load until it r eached  its initial value (after  3-6 rain) or  s o m e t i m e s  fell below 
it. This  d i rec t ly  indicates  the biological  nature  of this phenomenon. In some  exper iments ,  when no in -  
c r e a s e  in the initial level of Zm_ e was observed,  and it s o m e t i m e s  actual ly  fell under the load, a fu r ther  
and m o r e  rap id  dec rea se  in the level  of Zm_ e (by 20-30%) also was r eco rded  a f t e r  r e m o v a l  of the load. 

Inves t igat ions  using a m e a s u r i n g  s t imulus  with a f requency within the range  20-1000 Hz not only 
conf i rmed  the capaci tance  c h a r a c t e r  of Zm_ e, but also gave quant i ta t ively analogous resu l t s .  The value of 
the i nc rea se  in Zm_ e was shown to be dependent on the intensity of the p r e l i m i n a r y  local  t r ea tmen t  of the 
skin. After  excess ive  t r e a t m e n t  of the skin (Zm_ e -<1-3 k~),  no changes in Zm_ e were  r e c o r d e d  during 
appl icat ion of the load. These  fac ts  show that the phenomenon descr ibed  is due to components  of the 
e p i d e r m i s  of the skin. Control t e s t s  on other  groups  of  m u s c l e s  (gas t rocnemius ,  quadr iceps  f emor i s ,  
r ec tus  et obliquus abdominis ,  l a t i s s imus  dors i ,  f lexor  and extensor  of the fo r ea rm ,  deltoid, and t rapez ius  
musc les )  also yielded qual i ta t ively s imi l a r  r e su l t s ,  so that the phenomenon obse rved  is evidently universa l  
in cha rac t e r .  

These  invest igat ions thus r evea l ed  w e l l - m a r k e d  changes in the level  of the pass ive  b ioe lee t r ica l  p r o p -  
e r t i e s  in a r e a s  of r ecord ing  of the in te r fe rence  EMG during changes in the physiological  s t a t e  of the 
fatigued musc le  under natural  conditions. The changes in the initial level of Zm_ e thus revea led  show the 
need for fur ther  study of this phenomenon in o rde r  to shed light on i ts  biological  s ignif icance and i ts  i n fo r -  
ma t ive  value.  
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