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Rigidity of the anterior abdominal  wall  is of purely functional  origin. Contracture of the muscles is here 
of a protect ive nature and affords a valuable  diagnostic sign. It takes place  as a visceromotor  reflex [4, 7, 8, 
10 and others], is, of sharply segmentary distribution, and is of very 'long duration [4, 7]. According to P. P. 

Goncharov and V. N. Chernigovskii  [6, 8], it  may develop from st imulat ion of the interoceptors of a number of 
viscera.  Ya. B. Lavoehkin [5], on the other hand, considers that  i t  can arise only from s t imulat ion of the par ie ta l  
per i toneum. 

L. A. Orbeli  [7] emphasizes the importance of the sympathet ic  nervous system in the deve lopment  of ab-  
dominal  r igidi ty.  He believes,  on the basis of the work of M. P. Brestkin and Ya. V. Lavochkin [1], that  involve-  
merit of the sympathet ic  system is a necessary condi t ionof  deve lopment  of r igidi ty,  and that  i t  is responsible for 
the segmentary character  of the contracture,  and for absence of fatigue of the affected muscles. The nature of 
the contract ive act ion of the muscles  taking part  ' in guarding is considered to be different from ordinary volun- 

tary contract ion of skele ta l  muscle,  and is analogous in general  to tonic contract ion [1, 2, 4, 6, 7]. 

In accordance with this view, Pal [9] has proposed the term viscerotonic reflex for this phenomenon, thus 
distinguishing i t  from ordinary motor contract ion.  

Sti l l  less is known about the centra l  mechanisms of this phenomenon. These are touched upon in V. No 
Chemigovski i ' s  papers [6] and in those of E. N. Zhukov e t  al .  [3!. Ya. V. Lavochkin confirmed the spinal 
nature of this reflex.  

It thus appears that the phenomenon of protect ive contracture of the abdominal  wall  has not been suffi- 
c ient ly  studied. In part icular ,  we have not been able to find in the l i tera ture  any reports on the e lec t rophysio-  

log ica l  aspects of this contracture.  

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

The experiments were performed on unanesthet ized dogs. Some were done on spinal dogs, in which trans- 

section of the spinal cord had been performed, under ifftlalational anesthesia,  an hour before the exper iment ,  at  
the boundary between the cervical  and thoracic  segments.  Contracture of the muscles of the abdominal  wall 
was provoked by intraper i toneal  in ject ion of 1-8 ml of turpentine into the epigastr ium, along the central  l ine .  

We studied the e l ec t r i ca l  ac t iv i ty  of the rectus abdomiuis muscles, by inserting steel  needle  electrodes 

into their central  parts, at a distance of 2 to g cm from each other~ 

We also, in a series of experiments,  observed the act ion potentials  of both rectus muscles. The act ion 
potentials  were recorded by means of a two-channel  cathode oscil lograph, type OB-2, with a transmission band 

from 0.1 to 2000 cps. 
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In certain experiments  wc s~iumlated the .vensory l~crves (n. pcronens, n. dbial is)  by discharges from a 

n e o 1 3  iuterruptor. 

Paral lel  with e lect rophysiological  registration we conducted myographic recording of tension in the rectus 
muscles, by means of a pneumatic  cardiograph, which was applied to one of the muscles, and fastened to a 
holder.  

The ini t ia l  " tonic" state of the rectus muscles of the intact  animal  is usually character ized by periodic 
impulses of a re la t ive ly  low frequency (up to 80 oscillations per second) and ampli tude (0.1 mV), d e a r l y  connec-  
ted with respiratory movements (Fig. 1, a, b). The periodic nature of these impulses is due to par t ic ipat ion of 
the abdominal  muscles in respiration. With high muscle tonus, constant pulsation is observed, s imilar ly under- 
going periodic  ampl i f ica t ion  synchronously with respiration. With a flabby, atonic abdominal  wall tonic im-  
pulses may not be percept ib le  with the ampl i f ica t ion  ordinarily applied in our experiments.  We observed, to-  
};ether with the pulsation, using the flltl transmission braid, rhythmic fluetuatic, ns of rite zero line which increased 
iu ampli tude with forced breathing due to displacements of the abdominal  wall.  

a 

b 

C 

e . . . .  

Fig. 1. Electr ical  ac t iv i ty  of dog rectus abdominis muscles, a) i n i t i a l  tonic 
state; b) idem. ,  during acce le ra ted  breathing; c, d, e) development  of 

eontracture after introduction of turpentine. Curves: electromyograns and 
t ime markers at 0.01 and 0.05 second intervals,  

Rhythmic pulsation was not observed in spinal dogs. They exhibit  either total  absence of act ion potentials 

(especia l ly ,  immed ia t e ly  after section of the spinal cord), or they show continuous waves of low ampli tude and 
frequency. 
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Introduction ~l lurpel~ttnc is follt~wed after ] - 2  n~iuutes by a stage of motor exci ta t ion of the animal ,  
which struggles and barks, l~espirati~=l~ becotucs deeper and more frequer~t, and vomit ing or yore/tory move-  
ments may supervene, l~lythrnic plflsativn now appears (if it was in i t ia l ly  absent), or becomes intensified, if 
previously presem. The periodici ty  thel) becomes smoother and the impulses become continuous (Fig. 1, c,d). 
In accordance with this, persistent contraction of the muscles supervenes (Fig. 2, a). 

Fig. 2. Myographie registration of contracture of rectus abdominis muscles, a) develop-  
ment  of contracture (introduction of turpentine marked by an arrow); b) re laxat ion of con- 
tracture during s t imulat ion (of sensory nerves). Curves: a myogram compl ica ted  by respira-  

tory oscil lations; marker of t ime and duration of appl ica t ion  of sensory nerve s t imulat ion;  

t ime signals (5 see. intervals).  

The exci ta t ion  phase changes after 3-5 minutes to one of character is t ic  depression. The animals  become 
immobi le  and develop a typica l ly  cramped at t i tude,  The state coincides with deve lopment  of the most intense 
contracture;  the abdomen is hard and retracted,  alld takes no part in breathing.  CoincidenfMly;  e l ec t r i ca l  pul-  
sation reaches maximum as regards frequency (up to 200-800 cps) and ampl i tude  (Fig. 1, e). The ampli tude 
varies i rregularly - together with peaks of the order of 0.8-1.,5 mv we see small  waves of an ampli tude of 
0.1-0.2 my .  The i rregular i ty  and great  variety of e lec t r ica l  impulses are noteworthy. Typica l  regular diphasic 
and monophasie act ion potentials are seen only rarely,  those observed most often being irregular distorted waves 

compl ica ted  by smal ler  ones (Fig. 3, a, b). Intense pulsation lasts for 20-80 minutes, and then gradually fades 
away, being, however, sill1 above normal several hours la ter .  The degree of contracture of the muscles d imin-  

ishes along with weakening of e lec t r ica l  act ivi ty .  

Registration of act ion potentials is the most object ive  and accurate  way of determining the intensity and 
loca l i za t ion  of contracture of the abdominal  muscles. Changes which are c lear ly  perceived by e lect rophysiolog-  
ical  methods are often only with diff icul ty perceived by palpat ion or myographiea l ly .  Relaxation of the abdomi -  
nal wail  found in inhalat ional  anesthesia leads to weakening and abol i t ion of t he ' e l ec t r i c a l  act ivi ty  of the rectus 

abdominis muscles. 

As a rule, the e lec t r i ca l  ac t iv i ty  of the left  and right rect i  is symmetr ica l ,  but asymmetry is also encount-  
ered. Asymmetr ica l  contracture e a n b e  prodaced by introducing the turpentine in such a way that  it  affects one 

side only; this is evidence of the existence of de l imi ted  recept ive  zones in the abdominal  cavi ty,  s t imulat ion of 

which causes loca l ized  contracture of the muscles. 

Of special  interest is the marked asymmetry found after prel iminary ( t 0 -20  days before the experiment)  

uni la tera l  excision of the abdominal  sympathet ic  gangl ia .  Thq intensity of e l ec t r i ca l  pulsation on the sympath-  
ec tomized  side is much less than in the intact  an imal  (Pig. 8, @). The e lec t rophysiologiea l  picture observed 

confirms the fi~ldings of Mo P. Brestldn and Ya. V. Lavoehkin. 
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Fig. 3. Electromyograms. a, b) contractures of the rectus abdominis muscles; 

c) reflex contract ion following appl icat ion of pressure to the abdominal  wail; 
d) e l ec t r i ca l  reactions of the muscles in pronounced decerebrate  r igidi ty;  
e',, asymmetry of the muscle reac{ion after uni lateral  excision of the abdominal  

sympathet ic  ganglia .  The lower  d e c t r o m y o g r a m  refers to the sympatheeto-  
mized side. T ime  markers as in Fig. 1. 

The eontraeture and the accompanying electrophysiological  effects seen after introduction of turpentine 
into spinal dogs are very similar ,  but they develop faster, with a la ten t  period of barely 30-120 seconds. The 
pulsation is more marked, as is manifested by the large ampli tude of the action currents (1.2-1.8 my) .  In such 
conditions, modera te ly  strong s t imulat ion of the setlsory nerves (n. t ibial is ,  n. peroneus) sharply depresses con- 
tracture,  leading to disappearance of e lec t r ica l  act ivi ty  and to the relaxat ion of the abdominal  wall during 
the whole of the period of s t imulat ion.  

The discrete nature of the e lec t r ica l  ac t iv i ty  found in contraeture of the rectus muscles is evidence that 
i t  is based on a phasic ( tetanie)  form of skeletal  muscle act ivi ty ,  and not on a stationary process. The contrac-  
t i le  act ivi ty  found in eontracture is very s imilar  to that of voluntary movements of the animal ,  or of reflex 
contractions of the muscles evoked by pressure applied to the abdominal  wall (Fig. 3, c). Notwithstanding the 
close resemblance of peripheral  contract i le  act ivi ty  to thrat found in contracture,  however,  the reflex applying 

to the  la t ter  possesses a number of s ignif icant  differences,  viz. ,  its very long la tent  period, of up to several  
minutes, and its ready inhibit ion or suppression, as compared with other spinal reflexes. 

It sh0uld be noted that the contracture,  even at  its height,  does not represent the maximum possible tetanus. 
Violent  voluntary movements of the animal  lead to increased tension, with correspondingly heightened pulsation, 
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in rite rectus llnlseles, to values 2-:! t imes  grealer  t]l;lu during contracture alone.  

Striking features of e l ec t r i ca l  react ion of rec.tus muscle in contracture are the irregulari ty and variat ion 
in magnitude of the waves (gig. ~1, a, b). Normal regular action potel)tials are to be seen, but the p~evailing 
waves m:e of abnormal shape, and vary in frequency, duration, and ampl i tude .  Larger, more persistent waves 
al teruate  with smaller ,  sl)ortcr ones. This irregular,  abnormal type of pulsation can, in our opinion, be explained 
only ou the assumption that it is the result of summation of tile e lec t r ica l  ac t iv i ty  of numerous units, functioning 
independently t~f each off)or, and asyncbronously. The asynchronous ac t iv i ty  of motor units in contracture is a 
decidiug factor in producing the ex t reme persistence of contract ion ot muscle,  and in expla ining its no~l-fatigu- 
ab i l i ty  in eoutracture.  It is. in this connection, of interest that  a very s imilar  e lec t rophysiotogical  picture is 
cncolmtcrcd in dccerebrate  r igidity,  sugf,,esting that muscle contractions in these two conditions are very closely 
related in uatm:e (see Fi~,. 3, b and d). 

T1)e fact that contracture of the anterior abdominal  muscles, with correspo)lding e l ec t r i ca l  act ivi ty ,  can 
be produced in spinal dogs is evidence that spinal reflex arcs suffice for its development .  However, our exper i -  
ments allow us to suppose that the higher levels  of the central  nervous system play a cer tain part in the deve lop-  
ment of (~ntrac):ure of the rectus muscles, consisting, at least  in the early stages, in delaying its onset and in 
weakening its intensity. 

It appears from our results that contracture of the anterior abdominal  wall evoked by turpentine inject ions 
is due basical ly  to phasic ( tetanic)  nmscle act ivi ty ,  analogous to voluntary contract ion and charac te r ized  by 

discrete e lec t r i ca l  waves of high frequency and ampl i tude .  

Tim long d~ratiou of the contract ion and non- fa t iguabi l i ty  of the muscle in contraeture are due to 
asynchronous ac t iv i ty  of motor units, the e lee t rophysiologica l  expression , f which are the irregular waves of 

varying frequency, duration, and ampli tude.  

Reg:stration of e l ec t r i ca l  a c t i v i t y  of muscles is the most objec t ive  method of determining the intensity 

and loca l i za t ion  of contractures of the anterior abdominal  wall.  
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