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It has been shown by D. N. Nasonov and D. L. Rozental (3) that chronaxie "is not a measure of the speed of 

a tissue reaction, t;r of the exci tabi l i ty of the given tissue. ~ For the characterizat ion of excitabil i ty,  the use of 

the constants b , the intensity excitabil i ty threshold (rheobase), and a ,  the duration threshold of excitabil i ty,  was 

pr~p~sed. These constants may be derived from the formula 

a 

v = ~ + b ,  
t n 

where v is the threshold potenuai ,  in volts, and t is the t ime  of action of the current, in mill iseconds (msec). 

If t n is large enough, v = b. If b is small  enough, then V = a/t n, when a w i I l  be "the threshold potential 

which causes st imulat ion within a given t ime of action, chosen by us as a trait, for sufficiently short intervals." 

Taking v in the formula v = a / t  n ( for n = 1) as unity, a will define the duration of the stimulation. Chronaxie 

will in no way define this t ime,  since it follows from the formula v = a/ t  n + b, when v = 2 b, that 

a 

2 b  . . . .  !- b 
Chr 

and hence that 

a a 

b -  , or C h r -  
Chr b ' 

i .e., chrouaxie wilt depend on the ratio of a to b, and these may vary relatively independently of each other. On 

the s:reugr.h-duration curve chronaxie defil~-es the point of inflection,  where one expression, dependent on t ime,  is 

replaced by another, t ime- independen t  one. 

2500v ~00-0./101 ~ [00 ohm gl 

Fig. 1. Circuit diagram for determining exci- 

tabili ty,  

Ii,asmuch as chronaxie expresses some property of tissues, 

the possibility remains to be investigated that, although it is 

not a measure of excitabiIi ty of tissues, it might still serve 

some c i in ica l  purpose, possibly a diagnostic one. The chro- 

naximetric  method is widely applied c l inical ly ,  since chro- 

naxie is regarded as a parameter characteristic of the speed 

of development of excitation. No independent significance 

is attributed to the rheobase, which serves onty for measure~ 

ment of ehronaxie. In their reviews of chronaximetry, D. A. 
Markov [ 1] and Yu. M. Uflyand[ 6 ] frequently present data for 

chronax~e, without giving the corresponding rheobase values. 

We have examined the dynamics of short- and long- term 

excitabil i ty of normal and pathological human muscles ,  as 

also their chronaMe. In our investigation we used a modified 

chronaximetnc  method, in which the Lapieque shunt was re- 

placed by a 100 ohm shunt[3].  The circuit is represented in Figure 1. 

We did not, as wan recommended by D. N. Nasonov [2], include a resistance in series of 50-100 ohms, since 

this is in effect replaced by the resistance of tile tissues through which the current passes to the nerve. The 
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thresholds of excitabil i ty of tile nerves and muscles of the intact  organism are higher than those of the isolated 
tissues, but because of the 100 ohm shunt we were able, using a current of 400- 500 v ,  to obtain the data for a full 
strength-duration curve for the intact  organism. 

Most modern condenser chronaximeters used for determinat ion of rheobase make use of d.c. impulses. The 
subject of Such measurements usually experiences painful sensations (6). In our experiments, determinat ion of the 
rheobase was painless, using condenser discharges of considerable duration.* It is the usual pract ice in chionaxi- 
merry to appfy the electrode to the motor point for each measurement  of excitabil i ty.  We think that this proce- 

dure suffers from a number of disadvantages. A displacement of a few mi l l imeters  of the electrode from the 
motor point, or its firmer application,  lead to quite differel;t results of exci tabi l i ty measurements.  Tying the 
electrodes down, as is sometimes practiced, is not to be recommended,  since the electrode readily undergoes 
displacement under such c i rcumstances[I]  . The degree of moistening of the electrode is also of importance.  
It is not surprising that only experienced operators are able to achieve reproducible results. 

For these reasons we modified the usual method, for the study of the dynamics of exci tabi l i ty  over short 

periods, not exceeding a few days. 

As a measuring electrode we used a chlorinated silver cup, area 1 sq. cm, and depth 4 ram. The cup was 
filled with cotton- wool impregnated with 2 % agar made up with pbysiological saline. Having found the /no to r  

point, we attached the electrode by means of sticking piaster. This modif icat ion assured a constant moisture 

level ,  constant pressure of the electrode against the skin, and firm fixation to the motor point. Errors are thus 

largely el iminated,  although displacement of the motor point may still take place if the position of the arm is 

changed. 

We determined the strength-duration curves in each experiment,  which could very convenient ly be achieved 

with the attached electrode. If we had applied the electrode separately for each reading we should either have 

had to find the point of min imum excitabi l i ty anew for each capacity,  or to apply the electrode each t ime to a 
previously marked motor point. In the former case, we would have had to devote very much t ime to the prepara- 

tion of the curves, while in the latter case, in addition to all  the usual shortcomings inherent in this procedure, 

we would still be left with the possibility of errors due to  shifting of the motor point. 

Having once constructed the whole of the strength- duration curve, we could thereafter confine ourselves to 

the measurement of the constants a and b .  The value of the constant a was obtained ill the following way : we 

selected the threshold potential  fo'~ a sufficently short t ime  interval (th'e max imum potential  and the smallest 

capacity achievable  with our equipment). Since it follows from Horweg's formula that when n =it, a = ( v - b ) t ,  

then from the threshold potential  found by us we could derive the value of the rheobase and of the difference 

(v - b ) ,  expressed in mv , a n d  this mult ipl ied by t ime,  in reset . ,  gave the value of a ,  expressed in mil l ivol t -  mi l l i -  

seconds. Determinat ion of the rheobase and of the constant a takes no more t ime  than is needed for measurement  
of chronaxie. * * 

It is possible to derive the value of a from the formula (v - b) t, or from v t, only in the case When n = 1; in 
other cases, t n has to be taken. We found that n = 1, or is very close to 1, for the strength- duration curves of 

human arm muscles. A logarithmic curve of this sort is shown in Figure 2. This also gives the values of the con- 

stunts a and b,  and of chronaxie, and n is calculated as tan a .  In order to derive chronaxie from the curve, a 

distance of lo-g 2 is marked off on the ord ina te  axis, above the point corresponding with unit b ,  and a horizontal 

l ine is drawn parallel  to the abscissa axis, tO the point of intersection with the curve. A perpendicular  dropped 
from this 'point to the abscissa axis gives the value of log Chr. 

�9 According to  L. K-., Rubin [5] it is inadmissible to determine chronaxie and rheobase using impulses of cur- 

rentof different forms, as it would not be possible to know whether chronaxie was determined for the same fibers 

as those for which rheobase was determined, or for different ones. This is a further argument supporting the view 

that rheobase should be determined using condenser discharges of prolonged duration. 

�9 �9 The value of the rheobase is not taken into account in measuring the value of a for frognerve muscle prepara- 

tions, since it is m u c h  smaller than the threshold potential  for currents of short duration. In this case a is given 
by the product of v and t [4], 
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Fig. 2. Logarithmic strength-duration curve for the patient F. 

n = i ;  a = 1 1 8  rnv in] .  mill isecond; b = 6 . 6 v  ; Chr=0.O159msec.. 

The majority of the experimental  strength- duration curves found by us for human arm muscles are in fairly 

close agreement with the Horweg-Weiss formula. This is clearly evident in Table  1, which gives the deviations 

of the experimental  from the calculated results. Since n -- 1 for all the curves of Table  1, we could apply the 

formulae v = a / t  + b or a = ( v - b )  t. The numerical values of threshold potential  for the biceps muscle of the 

patient F are given in Table  1 (calculated values v~a,. and experimental  values vs.).* For the other patients we 

give only the differences between the calculated and experimental  values (expressed as percentages of the calcu- 

lated values). In all cases, the deviations are so small that we are justified in assuming that the experimental  

curves for human muscles correspond with those calculated from the Horweg formula, i .e. ,  with the theoretical  

curves. It should be noted that the deviations of experimental  curves for frog nerve-muscle  preparations from the 

theoretical  ones are considerably greater, especially around the inflection point of the curve. 

T A B L E  1 

Threshold Potentials for the Biceps Muscle, Found Experimentally and Calculated 

from the Formula v = a / t  + b. 

Patient F,, ] 0 /10 ;  

v 1 ca lcu-  t v 2 ex- 
lated frol~ per i -  vaS.X L 
the formuJ mental* 
la | vl 

Patient 
A 

va , ~ . _  
v I 

P] t e2: 
v~; --v~ 

v1 

Patient 
V 

_llZEt_ 
Vl 

Patient A 

lo/27 ] l l / l o  

v 1 vi 

ill % 

90 
30 
5 
2 
t 
0.5 
0.2 
0.1 
0.05 
0.02 
0.01 
0.005 

7.t7 
8.0 
9.47 

12.35 
2i .0 
35.3 
64 

150 
293.6 

6.6 
6.6 
7.2 
8.2 
9.4 

11.2 
20 
34 
62 

150 
310 

+0.4 
+2.5 
-- 0.074 
--0.93 
----5 
--3.7 
--3.12 

0 
+5 .  G 

+~5.3 
+ 2.2 
- i  2.2 
4- 7,! 
4-8.1 
- - 0 . 2  
- - 2 1  
--t 2 ~  
- -  0 1 ~  
@12 i 

--- 0-.3 
- -  1.58 
+ 1.77 
--13.3 
- -  6.25 
- -  3.62 
- -  7.25 
-{- 7.2 
- - 8 . 2  

@4.4 
+ t . 9 5  
-I-3.6 
@0.62 

0 
- -9 .8  
- -2 .6  

0 
- -8 .6  

4.3 
2.6 

+ 6 , 1  
q- 7.5 
- -  8.0 
~ 2 . 0  
- - 2 . 2  
+2 .9  

0 
--12.9 

- -  3.86 
+ 1.54 
+ 2 . 6  
- - 9 . 7  
- - 3 .  l 
- - 2 . 7  
- - 8 . 4  
- - 9 . 2  
- I -9 .4  
--16.8 

, The numerical  values contaiued in this *, " co~.ml, were taken for the construction of the s trength-durat ion 

curve o5 Figure 2. 
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In our studies of pathologicaIly altered muscles we examined leg musctes chiefly; their exci tabi l i ty  thres- 
holds were higher than those of the upper extremities,  probably owing to the greater resistance of the intervening 
skin layer. For this reason, we could not get enough points on the strength-duration curves for the accurate deter- 
ruination of n .  We bel ieve,  however, that the slope of the strength- duration curves for leg muscles is the same as 
for arm mus~es,  i .e . ,  that n ~1 .  

A comparison of the excitabil i ty of normal and pathologically changedmuscles( this  is possible only on the 
condition that there is no great difference between the resistance of the two extremities) shows that the strength- 
duration curves for diseased muscles l ie above those for normal ones (Figure 3). This means that both the inten- 

sity and the duration thresholds have been raised. The chronaxie changes are in most cases in the same direction 
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Fig. 3. Logarithmic strength-duration curves for normal and pathological muscles. 

A) Pati.ent S. Ankylosis of the right knee- jo in t ;  Rectus femoris muscle: . -_ . - -hea l thy  leg: a=503 my 

in 1 msec.; b = 28v; Chr =0.0209 msec.; x - x -  diseased leg; a= 580 my in 1 reset . ;  b = 30v; 

Chr = 0.0502 msec. B) Patient A. Sequelae of osteomyelit is:  Rectus femoris muscle; . . . h e a l t h y  

leg. a= 248 my in 1 msec.; b = 16 v; Chr = 0.0174 reset . ;  x -x -d i s ea sed  leg; a = 532 mv in 1 msec.; 

b = 36v; Chr = 0.0219 msec. C) Patient S. Ankylosis of the right knee- jo in t ;  Muscles of the semi-group:  

.--.-.--healthy leg: a = 592 my in 1 sec.; b = 24v; Chr = 0.68 msec.;  x~x-diseased leg: a = 696 my in 

1 sec.; b = 24v; Chr = 0.61 msec. D) patient G. Residual symptoms of spastic paralysis of the left arm: 

. - - - _ h e a l t h y  arm; a = 80my in 1 sec.; b = 7v; Chr = 0,016 msec.; x -x -d i s ea sed  arm; a = 127 my in 1 

sec.; b = 1 6 v ;  Cbr=0.008  msec. 

as are the changes in the strength-duration curves, i .e. ,  the lowering of exc i t ab i l i t y  of the pathologically changed 

muscles is associated with prolongation of chronaxie. This correlation is, however, basically a qual i ta t ive one. 

We very frequently encountered a large increase in chronaxie together with a small rise in exci tabi l i ty threshold 

(in Figur~ aA, b is increased by 7%, and_a by 14~ while ehronaxie is increased by 150%). * Figure 3B illustra- 

tes another not'~nfrequently encountered case, in which there is a considerable, though uniform risein excitabiIi ty 

threshold (b by 111%0, and a by 112~/~, with only a small increase in chronaxie(by  20%). There are cases in which 

ehronaxie gives a distorted-picture of the functional state of the muscles. Two such cases are represented in Fig- 

ures 3C and 3D. Figure 3C shows the strength-duration curves for the semitendtuosus and semimemhranosus group 

of muscles of the diseased leg (ankylosis of the knee joint) of the patient S. 

�9 Here the increase in chronaxie is due to the deviation from the calculated values curve in its middle  part, 

130 



There is a marked fall  in exc i tab i l i ty  (with a corresponding prolongation of react ion t ime) ,  but in a l l  the 
points of the s t rength--durat ion curve for the diseased leg the chronaxie  of the muscles  is ttfe same as for the  
heal thy leg. From chronaxie data alone we should have come to the conchs ion  that  the functional states of the 

heal thy and the diseased muscles are ident ica l .  

An even more instructive example  is given by Figure 3D. The upper curve, for pa tholg ica l ly  changed mus- 
cle is considerably displaced from that for normal muscle.  The duration exc i tab i l i ty  threshold is raised frorn 
130 v for the heal thy leg to 170 v for the diseased one, and the ineobase from 7 to 16 v , with considerable  shor- 
tening of ehronaxie,  from 0.016 to 0.008 nqsec. The reason for this was that the rheobase had risen more than the 
duration exc i tab i l i ty  threshold; an inexper ienced observer might have drawn the erroneous and somewhat para- 

doxica l  conclusion that the diseased muscles were in a good functional  condit ion.  

Although such cases may be seldom encountered,  their  possibil i ty is a sufficient objec t ion  to using chronaxie 
measurements  for diagnostic purposes. We have not encountered any such discrepancy between the c l in ica l  pic- 

ture and the values of the constants a and b.  in ali  the cases presented by us, the curves for pa thologica l !y  
changed muscles showed higher duration aJ.~'d intensity exc i tab i l i ty  thresholds. We found no exceptions to this 

among the 14 patients whom we examined.  

We were able,  by following changes in the values of the constants a ,  b ,  and chronaxie,  to de tec t  postopera- 

t ional  changes in exc i tab i l i ty .  We shut1 here give one such example .  Transptantat iml  of the femoral  extensor 
muscles (biceps  and semitendinosus) was performed in the pat ient  G. to the lower part of the femur (for t r ea tment  
of postpol iomyet i t i s  paralysis). Tab le  2 presents the tabula ted  data for duration (a) and intensity (b) exc i tab i l i ty  
thresholds, and for chronaxie,  for the semitendinosus mnscte before operat ion,  and 2 months after operat ion,  when 

th.e plaster cast: was removed.  

T A B L E  2 

Values of the Constants a and b ,  and of Chronaxie,  for the Semitendinosus Muscle of the Healthy and Diseased 
Legs of  the Patient G.,  Before and After Operat ion 

Constants 

b (  v} 
a( my in t msec.) 
Chronaxie (msec.)  

before 

o p e r a t i o n  

28 

541 
0.033 

~J%ealth.y Ie___~g 

a~er  

operat ion 

15.6 
320 

0.32 

p ere ent a~  e 

change, com- 
pared with the 
ca lcu la t ed  pro-! 
operat ional  

value 

-44_.2 

-40.7 

-3 

before 

operat ion 

30 

470 
0.024 

Diseased leg 

after 

operat ion 

17.1 

5O4 

0.05 

percentage 
change,  com- 
pared with the 
ca lcu la t ed  pre- 
opera t ional  

value  

- 4 3  

+ 7 
+108 

We observed considerable  lowering of the intensity threshold (by 43~ for the transplanted muscle,  while the 

duration threshold remained prac t ica l ly  unchanged (a  rise of 7% is too small  to be considered as significant) .  At 
the same t ime ,  ehronaxie  was doubled. We know from the case history that  the  transplanted muscles functioned 

well after two months,  and that  the pat ient  walked bet ter  after the operat ion than before.  The increase in chro- 
naxie seen in this case did not reflect  change in the functional  condit ion,  but was due to diminut ion in the term 

b of the fraction a/b, while a remained without change. Exci tabi l i ty  changes were also evident  in the heal thy 
V~'eg, in the form of a conside-Table fal l  in intensity (by 44.2~ and duration (by 40.8%) thresholds of exc i tab i l i ty .  

Since the values of the constants a and b fell  para l le l ,  chronaxie was unchanged in this case. Had we confined 

om examinat ion  only to chronaxie measurements  we would not have perceived any changes in the functional  

state of the muscles. 

The  data presented in this-paper,  on changes in exc i t ab i l i ty  of normal  and diseased muscles,  can only be re- 

garded a s being of the nature of a pre l iminary  communica t ion .  It is necessary to accumula te  more factual  ma- 
ter ial ,  and to re la te  it more closely to the c l in i ca l  data.  We can,  however,  on the strengt h of the examples  

quoled, state that chronaxie  can give a mis leading impression of the funct imal  state of muscles, and that a much 

more trustworthy picture of the funct ionais ta te  is afforded by intensity and duration exc i tab i l i ty  threshold data.  

131 



L I T E R A T U R E  C I T E D  

[1] D. A. Markov, Clinical ChronaximetryY1935. 

[2] D. N. Nasonov, Fiziol. Zhur. SSSR, 41, No. 48, 554-567 (1955). 

[3] D. N. Nasonov and D. L. Rozental , Fiziol. Zhur. SSSR, 89, 405-422(1953). 

[4] D. N. Nasonov and D. L. Rozental , Fiziol. Zhur. SSSR, 4!,  121-181(1955). 

[5] L. K. Rubln, Nevropatol. i Psikhiatriya~ 6, No. 1, 102-104(1937). 

[6] Yu  M. Uflyand, Theory and Practice of Chronaximetry~*Leningrad, 1941. 

E X C I T A B I L I T Y  OF HUMAN MUSCLES DURING SLEEP AND WAKEFULNESS  

D. L. R o z e n t a l  and  V. N. F i l i p p o v a  

From the Research Group working with Prof. D. N. Nasonov, Member Acad. Med. Sci. 
USSR, at the Leningrad Scientific Research Institute of Traumatology and Orthopedics 
(Scientific Director : Prof. S. S. Girgolav, Member Acad. Med. Sci. USSR) 

(Received April 25, 1955. Presented by S. S. Girgo!av, Member Acad. Med. Sci. USSR) 

L. Lapicque [5] has developed the concept of the subordinative effect of centers, based on the observed in- 
crease in excitability and prolongation of chronaxie following transection of a nerve. It has, however, been shown 
by Nasonov and Rozentai' [8] that these changes in excitability are due to impulses proceeding from the point of 
transectionof the nerve. The apparent paradoxical increase in chronaxie, with heightening of excitability ever 
the whole of the strength-duration curve, was explained as resulting from the unequal diminutions in the duration 
(constant b )  and intensity (constant a) thresholds of excitability. 

The changes in peripheral excitability observed by a number of workers to take place during sleep have been 
ascribed to disturbances in the subordinative influences of the centers on the periphery. G. Bourguignon and J. B. 
Haldane [14] have reported prolongation of chronaxie when the subjects fall asleep. This observation was con- 
firmed by P. A. Kiselev and F. P Maiorov [2, 3]. They examined a number of narcoleptic patients and of healthy 
individuals during sleep, and found that chronaxie is prolonged daring sleep. 

In their further researches, F. P. Maiorov and his co-workers studied chronaxie changes during sleep due to 
various causes, viz., during alcoholic intoxication [1], in aged individuals [11], in juveniles [4], hypnotic sleep 
[6, 12], and in narcoleptic states [9, 10]. 

Researchers have shown that increase in chronaxie takes place during sleep (to an extent depending on the 
depth of sleep), together with regular changes in the ratio of flexor and extensor chronaxies. These findings, 
which are of great importance for the study of sleep and of subordination, were based exclusively on the use of 
chronaximetric methods. 

Our investigations of the effect of severing a nerve on its excitability [83 have led us to take up a critical 
attitude towards current concepts of subordination, although we do not reject the existence of central influences 
at the periphery. We therefore thought it worth-while to reexamine the above-cited data on the subordinative 
effects of the centers on the periphery during sleep, applying the new methods put forward by D. N. Nasonov and 
D. L. Rozental [7] for the evaluation of excitability. 

EXPERIMENTAL M E T H O D S  

We examined peripheral excitability during wakefulness, during sleep during the day, both natural and rein- 
forced by hypnotics, and during nocturnal sleep. We recorded strength-duration curves for the biceps brachii and 
flexor digitorum sublimis muscles, using a slightly modified condenser chrenaximeter, in which the Lapicque 
shunt had been replaced by a 100 ohm shunt [7]. This permitted the recording of strength-duration curves of 

* In Russian, 
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