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Changes that occur in the organism in connection with the action of nociceptive stimuli arc one of file intrinsic 

characteristics of a pathological process. However. up until now they have not been adequately studied. Changes in 
the central nervous system related to pain arc rcflcctcd most directly in the state of the peripheral motor apparatus. 

The litcraturc contains evidence ,hat pain may accompany an elevation in the tonus of certain muscle groups [I. 9], 

so called algal or reflex contracturcs [3, 4], as well as diffuse, subordinate or adaptive-trophie changes in the neuro- 
muscular units. 

Tlae purpose of t~his work was to investigate the functional changes in the motor apparatus associated with pain, 
and not demonstrated by the usual clinical observations. 

EXPERIMENTAL METHOD 
In this project we used two procedures: 1) elcctrom)'ographic investigation of the activity of muscles related, 

in their innervation, to the focus of pain impulsation, and 2) investigation of the subordinate changes in the excita- 
bility of muscles not linked with the site of the Pain. 

Three groups of patients underwent the clectromyogtaphic investigation: 1) patients with lumbar pains (main- 
ly secondary lumbosacral tadiculitis); 2) patients with joint palm (in the majority of cases, polyarthritis); 3) patients 
with headaches (sequelae of cerebral atachnoiditis and residual symptoms of tubercular meningitis). Control investi- 
gations were carried out on healthy, adult Individuals. In each case, we studied the electrical activity of those mus- 
cles which were most closely e elated to the f~,cus of the pain impulsation in their innervation, namely the sacrospi- 
halls muscles in the ease of lumbar pain, the muscle antagonists o f  the painful joint in the case of extremity joint 
pains, and the occipital, frontal, and uapezius muscles in the case of headaches. 

The electrical activity of these muscles was studied at various positions of the body, using all poses whf'ch, 
under normal conditions, are not accompanied by activity of these muscles. Specifically: the elecuomyogram of 
the sacrospinalis muscles was recorded with flexion of the torso in the standing position, of the antagonist muscles of 
a painful joint, with slight, active shlft in the position of the exttemity; and of the head and neck muscles, with no 
facial expression or mastlcatory movement In the lying and standing position and with the head and torso bent. 

The muscle potentials were conducted by superficial electrodes (100 microvolt amplification, corresponding to 
18 ram) and recorded on a loop oscillograph, 

EXPERIMENTAL RESULTS 
The activity of the sacrospinalis mmclcs was Investigated in 41 patients complaining of lumbar pain, and in 

13 heall~y subjects. 

The bioelectrie activity of these muscles was recorded In the standing position both in the Patients and in most 
of the healthy individuals. Marked differences appeared in the elcctromyogram of the patients and healthy subjects 
when they held the position with flexion of the torso. In this pose, tltcre was no electrical activity of the sacrospl- 
nalis muscles in 12 out of the 14 healthy people (Fig. la). Out of the 41 patients, in the flexed pose, 36 showed 
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electrical activity of the sacrospinalis muscles. Thus, with lumbar pains we observed an inversion of the coordinatiort 
relationships during movement of the vertebral column: with flexion of the vcrteb:al column~ there w-~ eit~er the 
appearance, or the strengthening, of activity in the extensors of the vertebral column. Elect~icai activity of ~he sacro| 
spinalis muscles in the flexed torso position was absent in only 5 patients, and in dlose cases, they did not complain 
of pain at the time of the investigation. 

Fig. 1. Electric activity of tile sacrospinalis muscles with flexion of the 
torso, a) In healthy woman D.; b) in patient C.; c) in patient P. Mean- 
ing of the curves (from above downward): electromyogram of the right 
sacrospinalis muscle; clectromyogram of the left sacrospinali$ muscle~ 
zero line; time markings (0.1 second). 

In the patients with lumbar pains, certain characteristics in the electromyogram of the sacrospinalis muscles 
were noted in a number of cases, which were absent dttring voluntary action of these muscles in the healthy subject,; 
in particular, their activity sometimes appeared like needle-shaped bursts of die fasclculation type against the back- 
ground of normal, asynchronous activity of lower amplitude (Fig. lb); not infrequently file activity appeared in vol- 
leys. i.e. involved alternation of groups of impulses with periods of bioelectrie inactivity (Fig. lc); in a number of 
the cases it was possible to distinguish wavelike fluctuations in the amplitude of the impuhes, at a rhythm of 3-8 
fluctuatiom per second (see lower curve in Fig. lb). 

The elecuomyographical investigation of the muscles functionally related to the painful joints (18 patients 
and 9 healthy subjects) demontrated that in many patients the muscle antagonist manifests electrical activity even 
with slight shifts of rite pose which are normally not accompanied by this activity. Instruction to increase th~ nlove- 
ment resulted, in a number of the patients, in intemificati0n of the activity within the antagonist; in this case. the 
antagonist's electrical activity was usually diminished. We often noted characteristics in tile elcctromyogram that 
were analogous to those described in association with tile lumbar palm. 

Elcctromyographic investigation of the occipital, frontal and trapezius muscles in 25 patients who had suffered 
cerebral arachnotditis, and in 23 patients with residual symptoms of tubercular meningitis, showed the electrical 
activity of these muscles to be quiet in the majority of patients {34 of 88) that complained of hcadachcs during the 
ip.vestigation (Fig. 2b, c and d). There was no bioclectric activity with these muscles at rest in any of the healthy 
subjects (Fig. 2a). nor in 7 of the 10 patients that did not complain of headache during the invcstigation. We often 
observed a definite parallel relationship between the intensity of the headache and the magnitude of the investigated 
muscles' electrical activity. Thus, with increase in the pain related to flexion of the head, the amplitude of th,  bloo 
currents in the eleetromyogram of the occipital or frontal muscles was teen to lnctcase (see Fig. L2b). Also, if during 
an attack of headaches there was electrical activity in the occipital muscle, then several da]ts after cessation of th,  
attack the electrical act ivi tyof this muscle disappeared {see Fig. 9.e). 
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With the headaches, we often observed the same characteristics of the electromyogram as those which disdri- 
quishcd the corresponding tracings of the electrical activity in the sacrospinalis muscles during lumbar p~im, and in 
the muscles of the extremity during joint pains. 

Fig. 2. Electrical activity of the occipital and trapezius muscles, a) In healthy 
woman D.; b) in patient Ch.; I) in the lying position; II) with flexion of file head 
and torso; c) in patient IL; II1) not during an attack; lV) during an attack. 
Meaning of the curves (from above downward): eleetromyogram of the occipital 
muscle; electromyogram of the trapezius muscle; zero line; time markings (0.1 
second). In Fig. 2a, the electromyogram of the trapezim muscle is not shown. 

Thus, muscles that are related to a focus of pain impulsation by their innervation manifest electrical activity 
In those positions in which such activity is not observed in healthy subjects. In a number of the cases, this activity 
may be regarded as an electrical expression of defense reflexes, securing a painless position. 

The electtomyogram characteristics noted above, similar to those described in the literature with diseases of 
the motor centers [8]. probably indicate an alteration in the functional state of the motor neurons, which, in these 
patients, may be a result of constant pain impulsation. 

It can be postulated that in the origin of the characteristics of electrical activity, noted in the path syndrome, 
in muscles related to the focm of injury, a decisive role is played by the change in the functional state of the nerve 
centers, particularly the centers connected to the focus of the lesion and the Investigated muscle group In a single 
reflex circuit. 

In the second series of experiments, we investigated the subordinate changes in the excitability of the peri- 
pheral neuromuscular apparatus, arising secondary to pain and reflccted in muscles that are not connected to the 
anatomical region of the pain site, t.e, with lumbar pains and joint pains, we Investigated the subordinate changer 
in excitability of one of the wrist muscles. 

After the baseline strength-duration curve was determined for the abductor brevi$ muscle of the thumb, we 
applied the so called pain dose (t.e. movement, which in the case of a marked pain syndrome caused pain; thll 



was flex!:on of the vcrtebral column or the. LaSegue test with lumbo-sacral radiculiti;, movemen~ of ~c  pafnful jr 
with Pol:yarthritis, etc.), and then immed.ately after reassumption of the initial pose w~ again delermined the s~rengch~ 

duration curve. 

In this series of experiments, we investigated :35 patients with lumbar and joint pains, and 14 healthy subjects, 
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Fig. 3. Effect of an adequate "pain dose" on the strengd~-duratton curve 
{endogenous pain). 1) Baseline curve of the abductor brcvis of the thumb; 
2. :3, ctc)curves of the same muscle in consecutive moments after ap|,II- 
cation of the "pain dose'. Strength of the st!mulatory current is shown on 
the ordinate; the abscissa shows time on a logarithmic scale: a} in 
patient K; (secondary lumbo-sacral radiculitis with moderate pain syn- 
drome); b) in patient Z. (poIyarthritis with mild pain s)'ndrome). 

tin the healthy individuals, the movement serving as the'pain dose" did not cause threshold changes exceeding 
2-4 v. With the marked pain syndrome, we always obt.erved more stv,~nificant shifts in the strength-duration curve. 
tn 8b'~,, of the cases, they were directed downward and to the left (Fig. 3a). With mild pain s).ndrome, some cases 
did not show any marked changes in the thresholds, while in others the shift in the curve was directed upward and to 
the right (Fig. 3b). 

A supplementary series of experiments with the effect of artificial pain stimulation of varying intensity (pressure 
on the shoulder of the arm not being used for the excitability determination, using the cuff of a |onometer, for I-3 
minutes), performed on healthy subjects, showed that a weak pain stimulus (pressure of 190-210 mm tig was regarded 
as "painful ') caused an elevation of the thresholds; stronger stimulation (pressure of 300 mm i t g -  "very painful") was 
accompanied by lowering of the thresholds. Thus, these experiments definitely supported our hypothesis on the zc- 
lation,;hlp of dircction of the threshold changes to the scvcrity of the syndrome, 

Comparing the data pertaining to the dircction of rite subordinate shift in muscle cxcitability, associated with 
varying degrees of severity of the pain syndrome, with the data in the literature on file character of subordinate shifts 
in the motor chronaxis seen with these or other changes in the functional state of the nerve centers [2, 6, 8, I0], it 
may bc concluded that, tnour observations, the motor ana ly zer  in the case of marked pain syndrome was In an ex- 
citatory process as a result of the *pain dose;" while in the case of the mild pain syndrome, it was in a state of in* 
hibltion. The basis of this fact is probably die following. With weak pain or tile absence of painful sensation, our 
pain dose had to act as an indifferent stimulus of average strength, causing external iMlibition or, in other words si- 
multancous negative induction in the larger mast of nerve cells [5]; fists p~obably caused the lowering of the muscular 
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e~ccitability (threshold elevation) udder the influence of the "pain dose." seen with the weakly manifested pain syn- 
drome. Elevation of the excitability (lowering of the thresholds) of the peripheral motor apparatus with the marked 
pain s)-ndrome was probably related to the fact that the "pain dose" in this case caused excitation of the reticular 
formation~ which resulted in a general elevation in the excitability of the cerebral cortex. This conforms wiflt th, 
changes observed by P. K. Anokhin et al, in the activity of the reticular fom~ar.ion subsequent to the action of a pain~ 
ful stimulus. 

It was characteristic that a decrease in thresholds under the influence of the pain doses occurred in the major- 
ity of cases, specifically, in those patients whose electromyograms sh~,wcd an increase in the activity of the sacro- 
spinalis muscles in the bent vertebral column position, as well as the structural peculiarities in the tracings that were 
described above. 

Thus, marked pain syndrome, as a rule, was accompanied by diffuse elevation of the peripheral motor apparatus 
excitability, a change in the coordination relationships, and alteration of the electromyograms from muscles related 
to the focus of pain impulsation by their innervation. 

SUMMARY 
Electric activity was detected (in a number of cases with peculiarities of the electromyogram, connected ac- 

cording to literature data with disturbed functional state of corresponding motor centers) in the sacro-spinosus mus- 
cles of patients with lumbar pains, in the occipital muscles of patients with headaches, and in the muscles-antago- 
nists of extremities in cases with articular pain (in positions, which in usual conditions are not associated with the 
activity of these muscles). In cases with pain in the lumbar region and joints a study was made of subordinate shifts 
occurring in the curve strength - duration of the peripheral motor apparatus under the effect of "pain test" (move- 
merits causing pain in cases with a marked pain syndrome). The pain test was accompanied by a threshold reduction 
in 8~o of cases with marked pain syndrome~ whereas in mild pain syndrome the thresholds either increased or remain- 
ed unchanged in 88*/0 of cases. 
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