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Peripheral nerve les ions play an impor­
tant role .in leprosy because of resultant 
muscular weakness and sensory loss, which 
may cause contractures, deformities and 
phys ical disability. The damage may occur 
in the trunk or b ranches of the nerve and 
depends on the spread, activity, progress 
and stage of leprosy. 

The nerve lesion may appear, or become 
worse, at any stage of the disease unless 
adequa te therapy is instituted. Som etim e~, 
however, not even adequate treatment l S 

able to prevent superimposed nerve dam­
age; this may be seen, for example, in 
leprosy reactions. It is not known wheth.er 
inconspicuous nerve lesions can occur whIle 
the patient remains in good clinical condi­
tion and the laboratory examin ations re­
main negative. 

The nerve lesions vary in degree and 
localiza tion, and little is known about their 
rate of progress or regress ion under ade­
quate therapeutic conditions. A long term 
follow-up study of nerve Ie sions, thcrefore, 
would be significant. 

The present investigation was carried out 
b y means of repeated examinations of the 
time-intensity curve ( TIC). This test has 
already proven reliable both as a diagnostic 
and prognostic aid in the evaluation of p~­
ripheral nerves in a variety of lesions (1. .J, 

r" 6. 8 . . 10. II , 14 , 111. l i, I S ) . It has the addition-
al advantage of making possible selective 
examination of nerve branches localized 
within indi vidual muscles. 
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MATERIALS AND METHODS 

Twenty-one patients with lepromatous 
leprosy were chosen for the study. For 
various reasons six of them did not a ttend 
regularly and were, therefore, subsequently 
excluded. The remaining 15 patients were 
followed for a period of six years. The main 
criteria for their selection were : nega tive 
hactel'iologic smears for at leas t two years 
prior to this study, good response to main­
tenance th erapy, no obvious vacillations in 
their clinical condition, and good cooper­
at ion. Their ages varied between 23 and 61 
yea rs and the discase had first been detect­
ed 6 to 28 years before the start of this 
investigation. 

All the pa ti ents were on maintenance 
therap y of sulfone, 25-100 mgm. per dose. 
No other drugs were administered during 
the investiga tion. During the six year peri ­
od of study none of the patients showed 
any signs of clinically detectable neurologic 
deterioration, and their histologic and bac­
teriologic examinations remained negative. 
W ith the exception of brie f periods of mild 
to moderate pain along the ulnar nerve, 
none of the patients exhibited clini cal signs 
of leprosy reaction. 

No mention will be made of th e p l tients' 
specific age, sex and country of origin as 
these data are irrelevant to the present 
report; the same applies to the sensory 
status which, except when there was exten­
sive damage, did not parallel the motor 
condition. 

Each patient underwent a thorough gen­
eral and neurologic examination, histologic 
and bacteriologic evaluation and TIC de­
t e rmin a ti o n ap pr oxim a t e ly every six 
months. 

In order to standardize the results of the 
cl inical and elec tric evaluat·ions, and for 
purposes of comparison, -the fo llowing three 
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muscles were exam ined bilaterally in each 
patient. They were chosen as being rep­
resentative of the three most commonl y 
damaged long peripheral nerves; opponens 
pollicis (OP ) ( median nerve), abductor 
digiti quinti ( ADQ ) ( ulnar nerve) and 
peroneus longus (PL ) (common peroneal 
nerve). Anoth er reason for their selection 
was, that of the muscles innervated by 
these nerves, they appea l' to be among the 
first to be damaged and also because two of 
them a re small , intrinsic ( OP and ADQ ) 
and one a large (PL ) muscle. Ease of 
technical approach was another factor in 
the choice of these muscles. 

The clinical muscle power was consid­
ered normal (grade 5) if the muscle was 
able to counter maximal resistance; grade 4 
if it was able to withstand some degree of 
resistance; grade 3 if able to carry out its 
full range of motion against gravity, hu t 
without additional opposition ; grade 2 if 
motion was possible only when gravity was 
eliminated ; grade 1 If some muscular con­
traction was observed, and 0 if no volitional 
muscular contraction could be detected. 

The TIC examinations were carried out 
with a constant current stimulator of high 
output impedan ce. This method was used 
because it apparently avoids flu ctuations of 
voltage b etween the electrode~ thereby 
minimizing the importance of skin res ist­
ance and allowing a bri ef preparatory 
period . According to the exnerience of oth­
ers (12. 1:1) this method is also more accur­
ate in scattered nerve les ions of the pol y­
neuritis or polymyositis type which are also 
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F lc . 1. TIC from a representative opponens 
lD lli cis mLlscle, over a peri od of six years. The 
TI curve is normal, as demonstrated by the 
regular slope and mild, gradual leftward rise. 
The clinical muscle p:l\ver was grade 5 in all 
the examinations. 

se :.:n in leprosy. The pulse frequency was 
one per second. The apparatus was inspect­
ed every three months for any change in 
the amplitude, form or duration of its 
pulse. The examinations were all carried 
out in a constant temperature room, and 
always by the same investiga tor. To ensure 

T A BLE 1. Muscle pO/cer" and atrophy. Initial examination. 
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TABLE :2 . Relationshi7) betlt'een musrle power and th e 1:nitial TIC exam.inatiol1. 

Time ill t('n~ity curve indi eat ion of dellel'l'at iOIl 

---------------- --

Clinically d etermil~ed 
muscle powe r No rma l Partial 

Norma l" 
Weak iJ 

Very weak " 

T otal 

" Grade :i. 
I, Grade 3-4. 
c Gracie 0- 2. 

66 5 
2 7 

- 1 

68 ]3 

exactitude each TIC examination was re­
peated twice, always using the same tech­
nic. 

Before the TIC examination, the skin 
was thoroughly cleaned and dried. No 
heating of the skin was used mainly be­
cause some of the patients had anesthetic 
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FIG. 2. TIC from an abductor digiti quinti, 
over a five-year period. The irregular slope, 
earl y rise and shift to the right indicate par­
tial denervation. There is no change of the 
TIC during the follow-up period. The muscle 
power was grade 3 in all the examinations. 

lj nobtainable T otal muscle 
~e\'c l'c resJlonse examinat iors 

- - 71 
1 - 10 
3 5 9 

-----
4 5 90 

--

lesions and because there was always am­
ple time for adaptation to the room tem­
perature. The electrodes were placed at 
the ends of the small muscles (OP and 
ADQ) and with a distance of 10.0 cm. 
between them for th e PL ( large muscle) . 

The TIC examination was performed ac­
cording to the technic described by Wynn 
Parry (17 , 18 , 10 , 20). The intensity of cur-
rent, measured by milliamperes ( rna ) 
necessary to elicit the slightest visible mus­
cular contraction was observed at eight 
preset times ( measured in milliseconds 
(ms); 100 (rheobase), 30, 10, 3, 1, 0.3, 0.1 
and 0.03 respectively. The results were 
plotted on a curve whose shape, slope and 
shift were analyzed. Each additional fol­
low-up TIC was superimposed on the pre­
vious one and compared with it. 

According to this technic, a normal curve 
( implying normallv innervated muscle) is 
indicated by a regular shape, low slope and 
a leftward rise (Fig. 1) ; irregularities, 
kinks or shar.p discontinuations, a steep 
slope and shift of the rise to the right, 
indicate partial or complete denervation 
(Fig. 2-5 ). 

RESULTS 

Because the 15 patients included in the 
present report mav be considered similar in 
most respects, and for simplicity of compar­
ison, the figures presented are chosen as 
representative. 

The degree of muscle power and atrophy 
found at the initial examination are de­
tailed in Table 1. Of the 90 muscles, 71 had 
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T A IILI~ :{. Helat iunship between muscle pmrer and til e TIC t11'O years after 'inil'ial f:t:an/,7'­
nation. 

Time in tensity curve indication of denervation I 
Clinically determin ed 

muscle power Normal Part ial 

Norma l" 5-+ 4 
Weak " I 7 
Very weak" - 2 

Tota l 55 13 

" See T able 2 for grades . 

normal (grade 5) strength and the remain­
ing 19, various degrees of weakness; ADQ 
(ulnar nerve) was the most commonly 
damaged muscle. In the following tables, 
the muscle power is redivided into three 
main groups: normal (grade 5), weak 
(grade 3-4) , and very weak (grade 0-2 ). 
The TIC examination is presented in four 
main groups: normal (Fig. 1 ); paItial de­
nervation ( Figs. 2, 3) as indicated by kink­
ing of the curve, a slight shift to the right 
and a somewhat higher slope; severe den­
ervation, as indica ted by a sharp rise of the 
slope, discontinuity and a shift to the right 
( Figs. 4-5) , and unobtainable ( no response 
to an in tensity of 50 rna). 

The rela tionship between muscle power 
and TIC at the time of the initial examina­
tion is presented in Table 2. Sixty-six of the 
71 normal muscles had a normal TIC, while 
five showed signs of partial denervation. 
On the other hand, two of the weak group 
had normal curves while seven showed 
partial and one, severe denervation. In the 
very weak group, four showed partial or 
severe denervation and in fi ve, no response 
was elicited. This absence of response indi­
cates complete denerva tion and atrophy of 
the muscle (especially if small ) . 

Table 3 shows the S:lme relationship two 
years a fter the initial examination. As no 
striking changes were found at shorter time 
intervals, the following tables present the 
results from two year intervals. There were 
69 normal , 9 weak and 12 very weak mus­
cles. Comparison with Table 1 shows tha t 
the number of normal and weak muscles 

U nobtainable To tal muscle 
Severe rf'spon,,;e f'xam inations 

--
I - 59 
I - 9 
5 5 12 

7 5 90 

decreased. The decrease in muscle power 
fo llowed a pattern of slow, gradual weak­
ening without signs of general neurologic 
deterioriation. Of the 69 normal muscles, 
fi ve had abnormal curves. Of the nine weak 
muscles, one had a norm al TIC (a PL, see 
Discussion ), seven showed signs of partial, 
and one of severe denerva tion. The very 
weak group showed denervation in seven, 
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FIG. 3. TIC from a peroneus longus muscle, 
over a five-year period. The follow-up demon­
strates a gradually developing partial denerva­
tion. The initial muscle power was grade 5; 
it was grade 4 after one year and in all the 
ensuing examinations, grade 3. 



168 Tllt e /'lw(iollal j()I//'Ila{ ()f Le)Jrosy ]969 

TAI!LI~ I. H('latilil/ sliip betw('e lt 1II'l/.w·lc !)flll'(,/, (ll/rl th (' '1'/(' Jilll/' !1(,(1I'8 (If/ ('/' illitial ('.W IIII ­

lIat inn. 

'l'i Ill(, ill I (,l1"i Iy ('111'\ ' (' illd i('al iOIl or dl'IJ('I 'I'a l iOIl 

-------

( 'linically detel'mil1('rl 
must'l!' po\\'el' 

\'o l'mal " 
\\ '('ak" 
\ 'PI',)' \\'('ak " 

Total 

" :-';ce Tahle :! 1'01' gra Ips . 

I\ol'mal 

(j2 

H2 

TIME-INTENSITY CURVE 
ABDUCTOR DIGITI V 

m.a. 
FOllOW UP 

Partial 

,,) 

10 
I 

l(i 

so EXAMINATION 

os 

40 

\ 

3S \ 
>- \ .. _ 30 \ 
.,. 
Z 

"''' .. 
Z -

10 

\ 
~ 

\ 
\ 

\ 
\ 

\ 

-- INITIAL 
1 YEAR LATER 
3 YEARS 

_ .- .- 6 

15 \-.. " " 

10 
......• '" "'" 

" 'II. 'e.... , 
..•. .... .• ......... ........... ......... . .... 

....... • .... ~. :-:-: .~ 

0.03 0 .1 0.3 10 30 100 m. sec, 

TIM E 

Flc. 4. TIC from an abductor dig;iti quinti , 
over a six-year period. The initial TIC exami­
nation shows partial denervation , with gradual 
worsening. The muscle power was initially 
grade 5 and decreased to grade 2. 

and the same nve muscles as previously 
were completely denervated and atrophied. 

The same trend i, evident at four (Table 
4) and six years after f e initial examina­
tion (Table 5). Of the initial 71 normal 
muscles, only 65 were still normal after six 
years and three of thes~ showed a TIC of 
partial denervation. At the same interval 
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I II 
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six of the 12 previous ly very weak muscles 
showed severe denervation, and in the re­
maining six it was impossible to e li cit any 
response. 

From Figure 3 it is evident that the 
deterioration of some of th e muscles oc­
curred insidiously ( never abruptly as in a 
lepra reaction ) and 'within variabl e, but 
a lways protracted, p~riods of time. From 
Figure 4 it is noted that a muscle with 
normal power and a TIC showing anv 
degree of partial denervation , graduall)' 
deteriorated , whil e a normal TIC in a 
grade 5 muscle ( Fig. 1 ) indicates that the 
muscle wi ll remain normal. 

DISCUSSION 

The TIC determination evaluates the ex­
citability of the nerve in relation to that of 
the muscle, and the proportion of normal 
and abnormal inn ervation (2. 17 ), It actual­
ly relates, in curve form , the intensity of 
the stimulus and its duration. Through the 
application of an electri cal stimulus be­
twren two electrodes, it permits the exami­
nation of the whole of small ( in the present 
instance th e OP and ADQ ) or part of large 
muscles ( PL ) . 

Even though th e examination of rheo­
base and chronaxy is Jess time consuming, 
we cannot agree with Walthard( I") that 
for this reason and becaus ·· they are not 
painful , th ese procedures should be pre­
fen'ed -to TIC. First, both in our experience 
and that of others(!' ), the TIC examination 
may be uncomfortable, but never painful if 
employed at times less than 300 ms. This 
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may be due to the usc of a constant current 
technic. Furthermore, th e TIC has the ob­
vious advantages of demonstrating partial 
denervation ( 1. ~. 4 . ii. 7. ~") and of indica t-
ing the trend of the nerve les ion . 

There is no doubt that electromyography 
(EMG) is by far a more delicate and 
accurate explorative diagnostic tool but the 
TIC permits evaluation of a whole muscle 
and, through r e p ea t e d co mparison of 
curves, has value in assessing the prognosis 
of the lesion (i. J 1. ) . Similarly, measure­
ment of motor conduction velocity allows 
evaluation of the nerve trunk but not of 
nerve branches localized within individual 
muscles (i) . 

The present study, though based on a 
small number of pa tients for such a broad 
spectrum disease, presents a number of 
important findings . 

First, a number of muscles have dearly 
shown an insidious, gradual deterioration. 
Contrary to general belief, this may be a 
fairly common occurrence in spite of appar­
ent inactivity of disease, good response to 
therapy, nega tive laboratory tests and lack 
of lepra reaction. The progressive weakness 
of the muscle may be detected only 
through careful examinations of individual 
muscles (not groups), always carried out 
by the same invest-icra tor, using the same 
technic. In most instances, the p atient was 
not aware of the deterioration, mainly be­
cause the gradual progression of the weak­
ness provided sufficient time for adapta­
tion. The neuropathic origin of the deterio­
ration, either in the nerve trunk or nerve 
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branch, was demonstrated. It may he as­
sumed that at some time or another there 
was infiltration of the nerve and the re­
sultant mild pressure caused neurapraxia. 
Supportive evidence for this assumption is 
given by the TIC examination which, in a 
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Flc. 5. TIC from a peroneus longus muscle, 
over two and a half years. The initial TIC 
examination was normal , although the muscle 
strength was grade 4. The second TIC exami­
nation showed partial denervation ; later, there 
was gradual worsening of both the TIC and 
muscle power. 
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number of instanccs, was initially indica­
tive of mild partial denervation although 
clinically normal muscle power was 
present. In subsequent examinations these 
were the very muscles that showed gradual 
onset of weakness. Additional indirect evi­
dence for this finding was that patchy, 
irregular sensory loss was always present in 
these cases. This, of course, is not a reliable 
indicator of the motor condition as, in 
many cases, the irregular sensory loss was 
for a long time not accompanied by mus­
eu lar weakness. 

Second, the TIC has been of value in 
indicating mild partial denervation in un­
suspected cases. On the other hand, the 
TIC was normal initially in two muscles 
that were weak (Table 2 ) while in the 
following examination, the TIC indicated 
partial denervation. A possible explanation 
for this discrepancy may be that these two 
muscles were PL, a large muscle. As al­
ready noted, the TIC will only reBect chan­
ges occurring between the two electrodes, 
allowing, th erefore, evaluation of only part 
of a large muscle. In this specifi c instance it 
is probable that while part of the muscle 
was sufficiently damaged to show a de­
crease of strength, the TIC was performed, 
by chance, in a part which was still 
healthy. In the ensuing months, the lesion 
progressed and the TIC also became abnor_ 
mal. 

Third, in some instances, the TIC 
showed severe denervation while the mus­
cle was only weak. Without exception, 
these muscles later became very weak. This 
finding, together with the abnormal TIC in 
clinically healthy muscles, which subse­
quently deteriorated, indicates that the 
TIC is a good prognostic tool. The TIC 
may even demonstrate, in celtain in­
stances, nerve lesions which are not yet 
clinically manifest. This is corroborated by 
two facts. First in no instances in which 
the muscle po~er and the TIC were nor­
mal, did muscular weakness subsequently 
develop. Second, whenever a discrepancy 
existed between muscle strength and th e 
TIC, with the latter being worse, the clini­
cal condition soon followed the trend indi­
cated by the electric test. These findings 
would seem ,to indicate that the TIC has 

va lue both in detecting unsuspected local­
ized nerve lesions, and in providing a relia­
ble indicator of the likely course of the 
damage. This may prove valuable in the 
general follow-up of patients with or with­
out motor defects. It is useful in the deter­
mination of clinically suspected local 
lesions during the assessment of specific 
nerve branch condition if individual muscle 
corrective surgery is contemplated. It may 
be useful in the evaluation of drug effects. 

Finally, ,the TIC is a very simple, brief 
test which does not require elaborate 
equipment or highly specialized, prolonged 
training. It may cause some discomfort to 
the patient, but never to the extent of 
actual pain (except in the presence of 
lepra reaction ). It would seem that the bes t 
technic is to examine at eight preset times, 
as the curve which can then be plotted 
may demonstrate even mild partial dener­
vation, and is available for future compara­
tive studies. It is warranted, therefore, that 
TIC be included in the battery of tests 
necessary for the ev~luation of the periph­
eral nerve condition in leprosy, especially 
if this is to be followed for a protracted 
period of time. . 

SUMMARY 

Fifteen patients suffering from leproma­
tous leprosy underwent neurologic, histo­
logic, bacteriologic and time-intensity curve 
examinations, a t six month intervals, for a 
period of six years. Ninety muscles were 
examined: the opponens pollicis, abductor 
digiti quinti and peroneus longus, bilateral­
ly in each of the 15 patients. Although the 
patient's clinical condition was good and 
the laboratory tests were negative, in a 
number of instances a gradual muscular 
weakness developed over a protracted 
period of time. This was preceded by time­
intensity-curve (TIC) evidence of partial 
denervation. Whenever both the muscular 
power and the TIC were normal, no deteri­
oration occurred in the ensuing period. The 
TIC has been proven to be an accurate, 
simple electric test with a definite value in 
the investigation of lesions in individual 
nerve branches, and in determining their 
prognosis. 
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RESUMEN 

Quin ce enfermos con lepra lepromatosa fue­
ron sometidos a examenes neurol6gicos, histo­
logicos, y bacterio16gicos, y al de curva tiempo­
intensidad a intervalos de seis meses pOl' un 
periodo de seis ml.os. Noventa musculos fUel'on 
examinados: el opponens pollici, abductor di­
giti quinti y peroneus longus, bilateralmente 
en cada uno de los 15 enfermos. Aunque la 
condici6n cHnica del enfermo era buena y los 
examenes de laboratorio eran negativos, en un 
numero de casos se desarro1l6 una debilidad 
muscular gradual en un periodo prolongado 
de tiempo. Esto fue precedido por la curva 
tiempo-intensidad (TIC) evidencia de una 
denervaci6n parcial. Siempre que ambos, el 
poder muscular y el TIC fueron normales, no 
se produda dano en el periodo siguiente. El 
TIC ha demostrado ser una prueba simple y 
exacta, con un valor definitivo en la investiga­
ci6n de lesiones en ramas nerviosas individ­
uales, y en la determinaci6n de su pron6stico. 

RESUME 

Quinze malades soulfrant de lepre Jeproma­
teuse ont ete soumis a des examens neuro­
logiques, histologiques et bach~riologiques, a 
des intervalles de 6 mois, et ce pour une peri­
ode de 6 ans; 0 a egalement dresse des 
courbes de l'intensite en fon ction du temps. 
Un total de 90 muscles a ete examine, a 
savoir, chez chacun des 15 malades, et des 
deux cotes, l'opposant du pouce, l'abducteur 
du cinquieme doigt, et Ie long peronier. Mal­
gre un etat clinique satisfaisant chez les mal­
ades, et des epreuves de laboratoire negatives, 
une fa iblesse musculaire progressive s' est de­
voloppee a la longue dans un celiain nombre 
de cas. Cette faiblesse etait annoncee par des 
signes de denervation partielle, dans les courbes 
de l'intensite en fon ction du temps (TIC ) . 
Chaque fois que la force musculaire et Ie TIC 
etaient l'un et J'autre normaux, aucune deteri­
oration n'est survenue dans la periode qui sui­
vait. Le TIC s'est revele etre une epreuve 
electrique precise et simple; elle presente un 
interet indubitable pour l'etude des lesions 
survenant dans les ramifications nerveuses in­
dividueJJes, ainsi que pour determiner leur 
pronostic. 
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