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THE ELECTRICAL REACTIONS OF MUSCLES BEFORE 
AND AFTER NERVE INJURY. 

By TEMPORARY LIEUTENANT E. D. ADRIAN, M.B. 

Royctl Army Medical Oorps. 
Fellow of Trinity Oollege, Oambridge, (formerly Re8ident Medical Officer, 

National H08pital, Queen Square). 

WHEN the nerve leadi!lg to a muscle is damaged or destroyed, 
the muscle shows a series of changes in its response to the electric 
current which are grouped together under the name" reaction of 
degeneration." These changes may be classed conveniently under 
two heads: (1) Changes in the character of the electric current 
required to excite the muscle, and (2) changes in the response of 
the muscle to excitation.. The changes in the response cpnsist in 
the reduced rapidity, slow subsidence and weak power of the con
traction and sometimes in its localization to the neighbourhood of 
the electrodes. These suffice to give a rough idea of the state. of 
the muscle, bJt it is very doubtful if the most exact measurements 
of them would give information which c01,11d be regarded as quanti
tative, since they depend not only on the degree of degeneration, 
but also on such transitory conditions as the temperature of. the 
limb, whether it has been massaged recently or not, etc. 

In regard to the changes classed under the first head t~e position 
seems rpore hopeful, and in recent years more and more stress has 
been laid on the measurement of the current required to excite, as 
giving a true indication of the state of the muscle and its nerve. 
It is the purpose of the present inquiry to find out, if possIble, 
more exactly the relation between the state of the muscle and the 
nature of the current required to excite it, to investigate the causes 
underlying this relation and to see how much diagnostic informa-: 
tion may be gained by the different methods at present in vogue. 

In the ordinary method of testing with faradic and galvanic 
currents the stimulus may be varied at will as regards its strength 
but not as regards its duration. The faradic current rises rapidly 
to· its maximum in about 0·0001 second (the exact constants depend
ing on the dimensions of the coil) and falls more slowly to zero; 
In praetice the current is repeated many times a second, but ·this 
is simply a matter of convenience, as it allows the contraction to 
be more easily observed; the muscle responds as readily to a single. 
shock as it does to a series of shocks. The galvanic current rises 
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50 The Electrical Reactions oj Muscles 

instantaneously. to its maxitnum value and remains at the same 
.level until it is turned off. Without special apparatus its duration 
cannot be controlled if it is much less than half a second, and if it 
is greater than this its duration makes no difference to the efficacy 
of the current. Thus we are confined to a very brief current and 
a very long one, and there is nothing between the tw.o. With this 
arrangement it is easy to tell whether the nerve to a muscle is 
damaged or not, since a muscle with intact nerve supply will 
respond to the brief faradic current, whereas one with a damaged 
nerve supply will not respond to this, but will respond to the longer 
galvanic current. However, this information is entirely.qualitative 
and it does not allow us' to make any estimate.of the exact state of 
affairs. Some additional information may be gained from the 
alterations in the strength of the current required to excite, but 
unfortunately such changes may be due to altered skin resistance, 
increase. of fluid in the subcutaneous tissues, etc., quite apart from 
any change in the condition of ,the nerve supply. At tbe same 
time it is clear that the degeneration of the nerve causes an increase 
in the duration of the current required to excite the muscle, and 

. this suggests that if we could measure the least effective duration 
it might give valuable quantitative information about the condition 
of . the muscle and nerve, 

Por this purpose the method of condenser discharges has been 
introduced by Cluzet, l in France, and Lewis J ones 2 in this 
country. This method depends on the fact that the discharge of 
a condenser through a constant resistance varies in duration 
according to the capacity of the condenser. The discharge starts 
at its maximum value and falls off gradually, and with the sets of 
condensers in use at present it is possible to obtain currents whose 
total duration varies from 0'00004 second to· 0'005 second. By 
inserting special resistances even longer discharges may be obta~ned. 
With these c·urrents it is found that the more severe the illjury to 
the nerve appears to be, the greater is the capacity of the condenser 
(and,therefore, the longer is the duration of the discharge) required 
to excite the muscle. Thus the method would seem to give all the 
information which could be desired from a clinical point of view; 
we have only t~ find the least capacity Qf condenser which will 
excite the muscle and this will give a· measure of the severity of the 
injury. Unfortunately the principles which un9.erlie this method 

I Annales d'Electrobiologie, 1903, 1907. 

• Proc. Roy. Soc .. Med., 1913,\vi, p. 49. 
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E. D. Adrian 51 

have never been thoroughly decided, and the conclu~ions which are 
based on it are derived almost entirely from observations on the 
human being, and very little from efCperimental work on animals or 
on isolated muscle and nerve preparations. Indeed, two years ago, 
Laugier 1 poipted out that a consideration of the facts which are 
known in regard to the electrical stimulation of cold-blooded 
tissues shows that there is a serious. fallacy in the condenser 
method as it is used at present. 'I'hese facts are stated briefly in 
the following section; 

THE RELA'rION OF CURRENT STRENGTH TO CUHRENT DURATION 

IN COLD"BLOODED TISSUES. 

'Within the last ten years the precise conditions under which an 
electric current will stimulate the excitable. tissues of cold-blooded 
animals has been worked out with some approach to certainty. 
The relations between the condition of the tissue, the form of the 
current, its strength and its duration, have been studied exhaus-

. tively and reduced to mathematical terms by Keith Lucas,2 
Lapicque, 3 A. v. Hill,4 and others, and though there is still some 
differenoe of opinion as to the, theoretical interpretation of these 
relations, their exact form is no longer in doubt. The most fruitful 
results have been obtained by the use of constant currents, that is, 
of currents whose. strength rises immediately to a fixed value and 
remains at that value as long as the current .is flowin'g. In such 
currents there are ouly two variables to consider, the strength and 
the duration, iwd both of these are easily controlled. :When these 
currents are applied to a simple tissue such as' the sciatic nerve of 
a frog, it is found that currents of less than a certain minimal 
duration will not excite however strong they may be; with longer 
currents the strengtp required to excite becomes less and less as 
the duration increases, until eventually it falls to a. constant level 
which cannot be reduced further by increasing the duration. This 
relation is shown in fig. 1, which is constructed from an experiment 
by Keith Lucas" on the' sartorius muscle of the toad. In this case, 
however strong the current may be, it will not excite at all if its' 
duration is less than 0'003 second. \Vith slightly longer durations 

1 Biologie Medicale, 1914,p. 89. 
2 Jonrnal of Physiol., 1910, xl, p. 225, etc. 
3 Ibid., 1908, x, p. 601; 1909, xi, p. 1009, etc. 
4 Ibid., 1910, xl, p. 190. 
5 Ibid., 1907, xxxv, p. 321, fig. 7. 

by copyright.
 on M

ay 22, 2023 by guest. P
rotected

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-28-01-03 on 1 January 1917. D
ow

nloaded from
 

http://militaryhealth.bmj.com/


52 The Electrical Reactions of Mu/scles 

a very strong -current is needed, and the strength falls off gradually 
as the duration is increased. Eventually the minimal strength 
is reached, and when the potential difference is less than 0'076 volts 
the current will not excite, however long its duration inay be. 
Thus the current which will excite the muscle must possess a 
duration longer than 0'003 second and a strength greater than 
that given by 0'076 volt. ' In between these limiting values the 
relation between strength and duration IS expressed by a curve 
which is convex to the origin. -

0'5 

INF-+ 

005 -01 '02 
Ouration (Secs.) 

FIG. 1. 

A curve which is almost identical with fig. 1 is found for every 
preparation of the toad's sartorius, the only difference being that 
the minimal current strength required to excite will naturally 
depend on the resistance of the muscle, the dimensions of the 
electrodes, etc. In eyery case the current required to excite, begins 
to increase when the duration is reduced much below 0'02 second 
and is doubled when the duration is about 0'0l second. This holds 
good for the sartorius of the frog as well as that of the toad, and 
for the gastrocnemius as well as the sartorius. A- curve of the 
s.ame form is given by the sciatic nerve of the frog or toad and-by 
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E. D. Adrian 53 

the nerve fibres in the substance of the muscles, but in thiEl case 
the time factor is much less important, and the minimal strength 
does not begin to rise until the duration is less than about 
0'003 second. Ventricular muscle shows a much slower reaction 
than voluntary muscle, the minimal strength rising at about 
2'0 seconds. In every case which has been exa~lined (aild this 
includes the muscles and nerves of a variety of cold-blooded 
animals) the curve is of the same form and is approximately 
constant for similar tissues under similar conditions. 

Various equations have been found to fit the curve. That of 
Weiss1 is the simplest and that of A. y. HilF conforms most 
accurately to the experimental results. Weiss's equation is-

i = a + bt, 
where i is the cnrrent strength, t the duration and a and bare 
constants. fHill's ~quation is-

. A-
I = 1 p,et 

where A-, !L and e are constants. The constants are easily calculated 
in either case and in Hill's equation they are given a definite 

. physical interpretation. However for all practical purposes' the 
curve may be defined by two factors, one of which is the least 
current required to excite at infinite ,duration and the other a time 
factor depending on the rapidity of the, tissue to respond to the 
current. This factor is given approximately by the duration at 
which the current strength must be doubled, a quantity which is 

equal to the ratio '~in Weiss's equation. Lapicque has proposed 

the name "Chronaxie" for this quantity, and his nomenclature 
will be adopted in the following discussion. It follows then that 
for any given tissue a determination of the duration at which the 
current strength' must be doubled suffices to fix the strength
duration curve for that tissue. 

The characteristics of this curve have been insisted on at some 
length because of its great importance in connexion with electro
diagnosis. In the first place it is clear that the least duration 
which a current must 'possess, if it is to stimulate the excitable 
tissues of a cold-blooded animal, depends not only on the nature and 
condition of the tissue but also on the strength of the curr~nt. 
A st,rong current will excite at very much shorter durations than 
a weak current. The same holds good for condenser discharg~s as 

Archiv. italienlw8 de Biol., 1901, xxxv, p. 413. " Loc. cit. 

-, 
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54 The Electrical Reactions of Muscles 

for constant,· currents, and, therefore, the least effective duration of 
a condenser discharge will depend on the strength of the discharge 
as well as on the state of th~ tissue to which it is applied,'and if 
the excitability of the tissue happens to change the least effective 
duration corresponding to a given strength of current will change 
too. If the same reasoning can be applied to mammalian muscles 
and nerves~ it is clear. that the method of condenser discharges 
cannot give a true indication of the state of affairs unless precau
tions are taken that the strength of the discharge shall always bear 
the same relation to the strength required when the duration is 
infinitely long. In ·the ordinary condenser method this precaution 
is not taken and Laugier's criticism of the meth,od rests on this 
ground. Clearly then~ to make sure that this objection is valid it is 
important to find out how far the relation Axpressed in Weiss's or 
Hill's equation is true for mammalian as well ds for cold-blooded 
tissues. 

The determination of the strength-duration curve is important 
for another reason. In the cold-blooded tissues the time factor of 
the curve, the ". chronaxie" is c'mstant for similar tissues examined 
under similar conditions and differs greatly from one tissue to 

.. Il:nother. Thus the determirfation of the curve makes it possible 
to distingui~h clearly the n~ture of the tissue upon which the 
stimulus takes effect. For instance, it. is possible to tell whether 
the current applied to a muscle stimulates the muscle fibr~s diredly 
or indirectly through the medium of the intramuscular nerve fibres. 
The value of this will be seen hereafter. 

THE RELATION BETWEEN CURRENT STRENG'fH AND CURRENT 

DURATION IN HEALTHY MUSCLES. 

The apparatus required for the determination of the strength
duration curve in human subjects must be capable of delivering 
a constant current varying in duration from a ten-thousandth to a 
tenth of a second at a potential varying from one to a hundred 
volts or more. Iri practice the duration was controlled by a Lucas 
pendulum 1 and the potential by a potentiometer connected to the 
200-volt mains (continuous). The potentiometer consisted of .two 
dial resistance boxes,· the resistance in the two together being 
maintained at a constant value of 1000 ohms. The current was led 
off from ,the potentiometer through a 500-ohm resistance to the 

I Journ. of Physiol., 1908, xxxvii, p. 460. 
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E. D. Adrian 55 

stiniulating electrodes. This resistance was inserted to cut down 
I the current which would otherwise pass when the short circuit 
key, KI is closed. In the circuit from the potentiometer were two 
knock-down keys, one in the circuit through the patient and the 
other in a short circuit which avoided th'e patient and returned 
the current dire.ct to the potentiometer. The two keys were opened 
by means of the pendulum alld the interval separating their 
opening could be varied from 0'0001 to 0'2 second. The arrange
ment of the connexions is shown in fig. 2. The resistance boxes 
are lettered A, Band C, and the keys KI and K 2• 'Vhen the short 
circuitlmy KI is opened by the pendulum the current begins" to
flow through the patient, and when the in-circuit key K2 is opened 

200 
Volt 
Mains 

FIG. 2. 

Patient 

the flow ceases. By altering the ratio of the resistances in the two" 
halves of the potentiometer the potential difference between the 
points A and B can be varied from 1 to 200 volts. Thus both 
current strength and current duration can be varied within fairly 
wide limits. The whole arrangement is practically identical with 
that devised by Keith Lucas,l for use 'in his experiments on cold
blooded tissues. No attempt was made to measure the current 
directly; this is not essential, since all we ..require to kno~ is the 
strength compared with that required to excite when the duration 
is infinitely long; furthermore, it is impossible to measure the 
strength without using a ballistic galvanometer or some such 
method, since the currents are too short in duration to affect the 
usual measuring instruments and too strong to be borne comfortably 
by the patient if they are allowed to run for any length of time. 

In the following experiments the current strength is always 

1 JaU1·n. af Physial., 1907, xxxv, p.319. 

0" 
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56 The Electrical Reactions of Muscles 

expressed asa multiple of that required to excite when the duration 
lasts for several seconds. This is given the value ten and is spoken of 
as the strength at infinite duration, for when the duration exceeds 
one or two seconds its exact value is found to make no difference 
to the strength. 

The majority of experiments to be described were made on the 
tibialis anticus muscle. This is an ideal muscle for the purpose as 
it is easily excited and its contractions are easily observed and 
distinguished from those of neighbouring muscles. Moreover, it is 
frequently paralysed in injuries of the sciatic, poliomyelitis, etc. 
In working with this muscle a large pad electrode was placed under 
the calf t,o serve as the anode and a small pad 1 inch square. was 
bandaged on to the front of the leg for the kathode. The exact 
position of' this was found to be unimportant, but as a rule it was 
secured with its centre on~ inch from the anterior horder of the 
tibia and two inches below the level of the head of the fibula. Both 
electrodes were soaked in a solution of ammonium choloride. 
With this arrangement the strength of current required to excite 
at infinite duration dOEls not vary by more than five per cent during 
a· series of measurements lasting twenty minutes or more. The 
contraction of the muscle is best detected by placing the index 
finger across the surface of the muscle with its tip resting on the 
border of the tibia. The contraction of those fibres lying immedi
ately external to the tibia can, be felt by this method when their 
contraction is too weak to produce any movement of the foot, or 
any visible deformation of the skin. 

The strength-duration curves were always determined in the 
following way. First of all the current was made and broken after 
an interval of some seconds by a hand switch, and the potentio
meter was adjusted so that. the current was just strong enough to 
produce a contraction. This gave the strength at infinite duration. 
If this appeared to be constant after several measurements, the 
pendulum was set to give a current lasting for about 0-1 second 
and the requisite strength wasredetermined. The duration was 
reduced still further and the strength required to excite was 
determined for each duration, until eventually the duration was so 
short that currents five or six times the value at infinite duration 
failed to excite the muscle. The duration was then increased to 
check the previous results and finally the . strength at infinite 
duration was determined again. As a .rule the results of the two 
sets of readings with the duration decreasing and increasing agree 
very well, the difference in two readings at the same duration being 
rarely greater than five per cent and usually less. 

" 
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E. D. Adrian 57 

A typical curve for the tibialis anticus with intact nerve supply 
is shown in fig. 3. In this and in all subsequent figures the current 
strength is shown by the ordinates, the strength at infinite duration 
being given the value ten and other strengths expressed as multiples 
of' this. The duration of the current is shown by the abscissffi. 
In the present case it will be seen that the curve rises very 
gradually until the duration is reduced to about 0'0003 second. 
Af.lthe duration is reduced still further the curv~ rise~ very r~pidly 

50~~----~--------~,-------r------~r-------~ 

.. 
. 40 

30 , -

20 -

INF-'t4 

'0005 '0'01 '002. 
Duration (Secs.) 

FIG. 3. 

and at 0'0001 second a current over three times as strong as that 
at infinite duration is required to produce a contraction. As the 
significant durations are so short it is difficult to be certain as to 
the, precise form of the' curve, but the current strength appears .to 
be doubled at a duration of about 0'00018 second; Thus the 
chronaxie in this. case is 0'00018 second, A value which varies 
between 0'00025 and 0'00008 second was found in all the healthy 
muscles examined, and this holds good not only for the tibialis 
an:ticus, but for all the other muscles which were investigated, the 
biceps, the flexors and extensors of the forearm, the extensors of 
the thigh and the small muscles of the thumb. 

o 
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The actual values of the chronaxie for healthy muscles III SIX 

different individuals are shown in Table I. 
When the kathode is applied to a nerve trunk instead of to a 

muscle the chronaxie is on the whole slightly longer. In the case 
of the external popliteal nerve the average of four determinations 
gave 0'00025 second. However, the measurement is more difficult 
than in the case of a muscle, and for this reason the difference 
camlot be insisted upon. 

TABLE 1. 

CHRONAXIE OF MUSCLES WITH INTACT NERVE SUPPLY, 

Musele Subject Chronaxie 
Tibialis anticus a 0'00016 second_ 

;, " 
b 0-00008 

" 
" 

c, 0-00015 
" 

'\ 
d 0'00025 

" 
.. e 0'00016 

Biceps a 0-00012 
" 

" 
b 0-00020 

Extensor longus digitorum b 0-00024 

" " " 
.. e O'OOOla 

Tensor fascire femoris a 0'00008 

" " 
0'00015 

Average value for all muscles 0'00016 

THE S'l'RENGTH-DURATION CURVE IN DENERVATED MUSCLES: 

The simplest case to consider is one in which there has been ,a, 
complete section of the nerve, the muscle being examined at a time 
when all the nerve fibres peripheral to the injury must' have 
degenerated, and before .there are any signs of recovery. The 
observations to be recorded in the present section were made on 
the tibialis anticus at different times after the section of the sciatic 
or external popliteal nerve. Records were made from four patients 
showing the syndrome of complete sciatic division (due to gunshot 

. wounds) and in three of these the division of the nerve was verifiBd 
by operation. The fifth case is one of injury to the external 
popliteal. The following is a short summal'Y of the cases. 

Case I.-The patient was shot through the right leg < on 
March 10, 1915. There was complete paralysis of all the muscles 
below the knee, and complete sen~ory loss over the area supplied 
by the sciatic. There was no pain and hot much wasting of the 
muscles. Tested in the ordinary way the tibialis anticus showed 
the complete reaction of degeneration. As there were no signs of 
recovery the sciatic was exposep. on October 30, 1915, and it was 

by copyright.
 on M

ay 22, 2023 by guest. P
rotected

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-28-01-03 on 1 January 1917. D
ow

nloaded from
 

http://militaryhealth.bmj.com/


E. D. Adrian 

found to be completely divided with a gap of 2t inches between the
ends. Fig. 4 shows the strength-duration curve determined on 
September 28. The curve is of the same form as that in figs. 1 ~nd 

-3, but the slope is much more gradual and the current strength is . 
doubled at 0'0095 second and increased to five times the threshold 
value at 0'C027 second. Thus the chronaxie is 0'0095 second. In 
the other leg, which was uninjured, the tibialis anticus gave a 
chronaxie of 0'00012 second, the usual value for muscle with intact 
nerve supply. Thus the chronaxie of the denervated muscle is 

50~'Ar--~r-~--~~--~-----r----~-----' 

40 

30 

20 

'005 '01 
Dura.tion (Secs.) 

INF ""' 

'05 

FIG. 4. 

nearly 100 times as long as that of the corresponding healthy 
muscle. The determination was repeated on December 4, nearly 
two months after the operation and three months after the first 
determination. The curve coincides within the limits of error 
with the earlier determination, the chrqnaxie being 0'011 second. 

Cas.e 2.,-In this patient the left sciatic was wounded in March, 
1915, and a month later the wound was opened and· a portion of 
the nerve which had been converted into scar tissue was removed 
and the ends of the nerve were sutured. There was the usual 
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60 The Electrical Reactions o} Muscles 

motor and sensory loss and there were no signs of recovery when 
he was examined. ,The curve was determined on September 17,' 
1915, and again on September 30. In both cases the chronaxie was 

.0'011 second and the curves were almost identical with those' in 
Case l. 

Case 3.-The leg was shot through in September, 1915, and the 
sciatic was exposed on October 11, and found to be divided. The 
ends were cleaned and sutured, and the curve was determined· on 
November 3 and again on December 10. The chronaxie had the 

50~----~------~-----r------.------r~----

40 

30 

20 

INF,~ 

·005' '01 -os, 
Duration (Secs.) 

FIG. 5. 

value 0'013 second at the first determination and 0'010 second at 
the second. For very strong currents the limiting durations are 
shorter than in Case 1, but otherwise the agreement is very close. 
The curve for November 3 is shown in fig. 5. 

Case 4.-The patient was shot through the lumbo-sacral plexus 
onl the right side in May, 1915, and had all the signs of complete' 
division of the sciatic. He was examined once at the beginning 
of September and again a month later. The chronaxie was 0'010 
second at the first determination and 0'0095 at the second. There 
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E. D. Adrian 61 

were no signs of recovery when the patient was discharged, but the 
condition of the nerve was never verified by operation .. 

. Case 5.-The patient's fibula was fractured at its head by a bullet 
in J une, 1~15, and there was at once complete paralysis of the muscles 
supplied by the external poplite~l. There was no recovery when he 
was examined on November 4. The chronaxie in this' case was 
0'013 second and the curve. agrees closely with those in' figs. 
4 and 5. 

The different values of the chronaxie in these cases are collected 
in Table n, and it will be seen that th~y give a mean value of 
0'011 second with extremes of 0'013 and 0'0095 second. 

From one point of view these results are only 'What might have 
been expected. The muscles had lost their response to faradic 
currents and retained that to galvanic currents; and therefore it 
is not. surprising that the least duration of current which is neces
sary to excite them is very much longer than it is in a muscle 
with intact nerve supply. The form of the curve remains esse~ti
ally the same though the time constant is altered, and this again 
is not to be wondered at in view of the fact that the same form of 
curve. has been found for every excitable tissue which has been 
investigated hitherto . 

. From another point of view the results are certainly unexpected. 
In all nine curves were determined in five different subjects at 
intervals varying from six weeks to nine months after the division 
of the nerve. In all these determinations the chronaxie was never 
greater than 0'013 second and never less than 0'0095 second. It is 
true that in every case the leg had been treated with daily massage, 
passive movements and galvanism very soon after the injury had 
occurred, but even so it is surprising to find that the nature of the 
current required to excite varies so little with the lapse of time. As a 
matter of fact the temporary condition of the muscle at the moment 
when it is examined does not affect the curve in the least. This is 
shown by some observations which were made on Case 1 to test the 
immediate effect of massage and exercise. The right tibialis anticus 
was examined at 9.30 a.m. before the leg was massaged and the ~ 

chronaxie was found to be 0'011 second. The leg was left motion
less and exposed to cold air until 11.15 a.m. The curve was 
redeterruined and was found to coin'cide with the first measurement. 
The leg was then massaged and exercised thoroughly for half an 
hour and at 12.20 p.m. the curve was determined again. The 
chronaxie was still 0'011 second and the curve had not altered in 
the least, although the contraction was certainly less s.luggish than 

!. 
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I. 

6'2 The Electrical Reactions of Muscles 

it had been before t.he massage. Clearly then the curve is not 
affected' by such transitory, conditions as the temperature and state 
of activity of the muscle at the mome~t when the determination. is 
made, and some other cause must be looked for to explain the 
constancy of the results with different muscles. ;Either we must 
suppose that the excitability constants do not vary as the condition 
of the muscle passes from bad to worse; or else the condition of 
the muscle does not change appreciably within the time limits 
investigated. ' 

The question is cleared up to some extent by the results given by 
muscles to which voluntary power is returning after an incomplete 
injury' to the nerve. These are discussed in the following section. 

TABLE n. 
TIBIALIS' ANTICUS AFTER COMPLETE DIVISION OF THE SCIATIC WITH NO 

SIGNS OF RECOVERY. 

Case 

11 

2 . 

3 

4 

5 

Time after injury Chronaxie 
•• (a) 6 months . . 0'0095 second. 

(b) 9 .. 0'011 
.. (a) 6 " ... 0'011 

(b) 6~ " . . 0'011 
(a) 1~ .. 0'013 
(b) 2~ 0'010 " (a) 4 I 0'010 
(b) 5 " 0'0095 

•. (a) 5 (external popliteal) ., 0'013 
Mean value I 0'011" 

.In Cases 1, 2, and 3 the section of the nerve wa.s verified by operation. 

THE STRENGTH-DURATION CURVE IN CASES SHOWING EVIDENCE 

OF RECOVERY. 

The foregoing results show that in the healthy tib,ialis anticus 
with intact nerve supply the strength of current required to excite 
is doubled when the duration is reduced to 0'0003-0'00008 second, 
whereas if the nerve has degenerated the duration at·which the 
strength is doubled is about 0'011 second. Both cases give a curve 
of the same type, but the curve falls much more slowly in the 
latter case than in the former. To understand the significance of 
these curves it is important to find out what happens when recovery 
is takiIlg place, how the slow curve for denervated muscle becomes 
transformed into the rapid curve characteristic of muscle with 
intact nerve supply. 1 

The ideal case to investigate would be one in which there had 
been a complete section of the nerve wjth subsequent regeneration 
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E. D. Adrian 63 

and commencing return of voluntary power. However, the sciatic 
takes many months to regenerate and cases of compl.ete sciatic 
division are usually discharged long before there are any signs of 
recovery, The ulnar and median divided near the wrist recover 
much more rapidly, but the small muscles of the hand are. very 
difficult to investigate by the present method on account of the 
spread of the current to neighbouringheaithy muscles. Conse
quently the cases in the present section are limited to two of 
acute anterior poliomyelitis, one of toxic polyneuritis of unknown 
origin and one of incomplete injury to the sciatic by bullet wound. 
In all these cases the tibialis anticus had been completely paralysed 
and at the time of investigation voluntary power had just returned 
in some degree to it or to neighbouring muscles. 

The following is a short abstract of these cases. 

100~~----~------r-----~r-----~~----' 

50 

t 

~ 
1\1 

.\... 

~ 10 

• • Right Leg 
-x- -iX_Left Leg 

INF~ 

'001 ,005 '01 ·oz 
Duration (Secs.) 

Case6.-The patient, _aged 19, had a typical attack of acute 
anterior poliomyelitis beginning on September 5, 1915. When he 
was first examined there was moderate power in the .arms, but very 
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64 The Electrical Reactions of Muscles 

little in the trunk or legs. Power in tpe legs returned gradually 
during the months- of November and December, when he was under 
observation. 'rhe muscles were examined electrically on Novem
ber 27, December 8, and December 26. During the whole of this 
time there was no response to faradism in the right tibialis anticus, 
and in the left' there was a slIght response to very strong currents. 
A slight degree of voluntary power was present on either side, but 
the left tibialis anticus was always stronger than the right and its 

JOO~------~--------T-------~--------~----~ 

• • RIght Leg 
~- -*" Left Leg 

50 

t ~ ..c: 

~ ... -t(- __ ~ __ 

t.. 
ti) J 0 INF--

'001 '005 '01 '02 
DuratIon (Secs.) 

FIG. 7. 

power improved more· rapidly. The determinations on N ovem
ber 27 and December 8' are shown in figs. 6 and 7 . The curve for 
the right tibialis anticus is drawn as an unbroken line, and that for 
the left is interrupted. All these curves show an obviolls discon
tinuity, and are cOlllposed of two simple curves of th~ same form but 
different constants. In fig; 6, for instance, in the curve for the 
tight tibialis anticus -there is a discontinuity when the duration is 
reduced to 0'0008 second and the strength is risen to 60. At this 
point the curve suddenly becomes horizontal and the strength 
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E. :no Adrian 65 

remains constant at 60 until the duration has fallen to 0·0002 
second. A further slight decrease in duration causes a suddep rise 
in the strength. In the curve for the left tibialis anticus the dis
continuity occurs when the duration is 0·0024 second, and the 
strength 35, .and the curve does not begin to rise· steeply again 

. until the duration has fallen to 0·00024 second. 
In fig. 7 the discontinuities occur at longer durations and smaller 

current strengths. That for the right leg begins at a duration of 
·0·0016 . second and a strength of 40, and that for the left at a 
duration of 0·0002 and a strength of 29. The curves had not 
changed appreciably I from this· at the third determination on 
DecemJ:)er 26. . 

(To be continued.) 
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