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THE P R A C T I C E of muscle biopsies bas revealed 
tha t bo th contracti le and nervous éléments of 
the motor appara tus were very sensitive to 
varions aggressions. ' ­ This sensitivity is com­
pensa ted by a remarkable power of régénérat ion. 
As far as t he motor innervat ion is con­
cerned, this react ive process consists in a col­
latéral sprout ing of t he spared nerve fibers 
which results in an increase of t he terminal 
innervat ion rat io and , therefore, in an extension 
of the motor uni t territory.^'* 

Thus , it may be assumed that the clinical 
manifestat ions of a neural aggression are the 
resuit of a conflict be tween régressive and re­
generat ive forces. In acu te and massive in­
juries, the degenera t ive process obviously dom­
inâtes the clinical p ic ture and results in a 
marked réduct ion of motor power . In diseases 
leading to chronic and part ial involvement of 
motor neuron or per iphera l nerves, t he occur­
rence of muscular weakness can be delayed 
and part ial ly overcome by the compensatory 
process of collatéral ramification and also by 
the hyper t rophy of the muscle fibers. This is 
p robably the case in motor neuron diseases. 
I t m a y even happen , provided the disease 
process is slight enough, that a satisfactory 
ba lance be tween régressive and regenerat ive 
changes makes the illness clinically inappar­
ent . ̂  Such a condit ion may b e qualified as sub­
clinical or la tent neuropa thy . 

In fact , a good n u m b e r of biopsies taken in 
varions conditions, inc luding fébri le illness of 
long durat ion, systemic diseases, mal ignant 
tumors, and uremia , bave revealed conspicuous 
changes of the terminal innervat ion pat tern 
in pa t ients hav ing no symptoms of neural in­
volvement and even in the absence of neuro­

genic a t rophy of the muscle tissue. Thèse 
changes are a mixture of mild régressive or 
dys t rophic altérations of the terminal arboriza­
tions a n d intramuscular nerve fibers and in­
creased collatéral ramification of motor axons. 
Such a histological picture, giving a clear mor­
phological évidence of the opposi te forces act­
ing on the nei­vous structures, bas been con­
sidered to represent t he very first s tage of 
the la ten t neuropathies occasionally p reced ing 
the fascicular atrophy of the musc le fibers, 
which itself may précède the clinical év idence 
of a réduct ion of the motor power . ­

T h e finding of subclinical al térations of in­
t ramuscular nerve fibers led us to under t ake a 
systematic investigation of the neuromuscula r 
func t ion in various condit ions k n o w n to in­
volve t he peripheral nervous System, wi th spé­
cial interest to the cases in wh ich the symptoms 
of po lyneuropa thy were very slight or absent . 

T h e purpose of t h e présent s tudy is to 
descr ibe the histological changes occurr ing in 
muscle tissue and terminal motor innervat ion 
in d iabe t ic and alcoholic pa t ien ts and to ana­
lyze t h e évolution of thèse changes in connec­
tion wi th the clinical p ic ture . T h e histological 
fea tures , quantitatively es t imated, bave been 
compared wi th the e lec t romyographic behav­
ior of t h e neuromuscular territories submi t ted 
to a biopsy. 

I t w a s expected that such a b road app roach 
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should piovide useful informat ion about the 

mechanism of the neural involvement in two 

very common causes of chronic polyneuropathy. 

M E T H O D S 

The patients, submit ted to a gênerai clinical 

examination, were investigated by stimulation 

electromyography in a selected nervous terri-

tory, either médian nerve or latéral popliteal 

nerve. A neuromuscular biopsy was then taken 

within this territory in palmaris longus or 

flexor carpi radialis for the médian nerve and 

tibialis anticus for the latéral popliteal nerve. 

T h e intensity-duration curve and détection 

electromyography were pe r fo rmed in this mus-

cle at the t ime of the biopsy. T h e contractile 

power of the biopsied muscle was graded ac-

cording to the System proposed by the médical 

research council.^ 

Electrophysiological study. T h e nerve con-

duct ion velocity was measu red by the usual 

method." A square electrical stimulus, usually 

200/ ivL 0.02 sec 

Fig. 1. Latency in 
evoked potentials in 
abductor poUicis brev-
is by stimulation of 
médian nerve above 

wrist ( A ), above el-
bow (B) , in axilla 
(C). Time base: 0.001 

second. Case 522, 
group 1 

Fig. 2. Latency in 

evoked potentials in 
extensor digitorum 

brevis by stimulation 

of latéral popliteal 

nerve at heaci of fibula 

and above ankle. Time 
base: 0.001 second. 

Conduction velocity 

within normal range 

in case 505, group 2 
( A ), reduced in case 

486, group 3 ( B ) 

Fig. 3. Electroniyographic records in nioderate voluntary contraction. Normal pattern in case 
550, group 2 (A) . Increa.sed nuniber of polyphasic potentials, case 509, group 2 (B) . High pro-
portion of grouped polyphasic potentials and long-duration potentials, case 438, group 2 (C) 
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Fig. 4. Lanametric drawing of muscle fibers in transverse section used for planimetric measure-

ments. Normal pattern (A) . Single fiber atrophy and hypertrophy pattern, case 343, group 3 (B) 

0.1 to 1 msec. in durat ion, a n d more than 

twice the threshold voltage, was delivered 

th rough the s t imulat ing ca thode at 2 or 3 

points of the skin along the course of the nerve. 

T h e evoked action potential was recorded 

over distal muscles b y silver disk électrodes. 

Care was taken to locate the néga t ive électrode 

a t the motor point of the muscle , wh ich cor-

responds to the end-p la te région' ' and, there-

fore, to the point of spreading of the muscle 

action potentials.*-** T h e evoked potent ia l was 

displayed on a ca thode ray oscilloscope trig-

gered by the st imulator, and the latency be-

tween the onset of the st imulus art ifact and 

the onset of t he response was measured on 

the photographie record of the oscillographic 

t race ( Fig . 1 ) . T h e méd ian nerve was stimu-

lated in the axilla above the e lbow and above 

the wrist and recorded f rom the extensor pol-

licis brevis. T h e conduct ion velocities repor ted 

in the tables concern only t h e elbow-wrist 

segment . The latéral popli teal ne rve was stim-

ula ted at the h e a d of t he fîbula a n d above the 

ankle and recorded f rom the extensor digi-

to rum brevis (F ig . 2 ) . According to Thomas 

and associâtes," the normal values are 57.2 

meters per second ± 4.2 in the méd ian nerve 

and 49.7 meters per second ± 7 .1 in the lat-

éral popliteal nerve. T h e r a n g e of normal 

values obtained in our laboratory are 51.6 to 

67.3 meters per second in the médian nerve 

and 46.6 to 56 .3 meters per second in the 

latéral popUteal nerve. 

The détect ion e lec t romyography has been 

performed dur ing the biopsy on the exposed 

muscle and within the fasciculi selected for 

Fig. 5. Outlining of subiieural apparatiis. 
Used in measurements of synaptic surface. 
Case 515, group 1 
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Fig. 6. Normal histograms in palmaris longus. Case 453. Muscle fiber surfaces (A) ; subneural 

apparatus surfaces (B) 

sampling. A bipolar need le électrode was in-

serted in thèse fasciculi outside the région 

containing the end-pla tes zone wh i ch was to 

be excised. Records w e r e taken f r o m at least 

2 régions. The analysis was pe r fo rmed on 

traces obtained at rest and dur ing modera te 

voluntary contraction. W e have mainly esti-

ma ted the occurrence of spontaneous activity 

and the proport ion of polyphasic potentials 

(more than 4 phases) and long-duration po-

tentials (more than 12 msec . ) . According to 

Buchthal and Pinelli^' w e have considered as 

abnormal a proport ion higher than 4%. The 

intensity-duration curve was established on 

the muscle selected for biopsy th rough the 

skin motor point , wi th a constant current stim-

ulator. 

Histological study. T h e sampling of neuro-

muscular biopsies was pe r fo rmed by electrical 

localization of the te rminal irmervation area on 

the exposed muscle. T h e in t ramuscular nerve 

fîbers and endings w e r e selectively stained 

by intravital méthy lène blue . '^ T h e synaptic 

région of the motor e n d plates was demon-

strated by a modificat ion of the thiocholine 

method of Koelle and F r i e d e n w a l d for cholines-

terase.13'1* Muscle t issue was examined on lon-

gitudinal a n d t ransverse sections, a f te r staining 

by hematoxylin and eosin, Masson's tr ichrome, 

and Mallory phosphotungst ic acid hematoxylin. 

Our mater ia l bas been submit ted to a quan-

titative histological investigation of the size of 

the muscle fibers and the number and situation 

of muscle nuclei. T h e modifications of the in-

nervation pa t t e rn have been quanti tat ively 

est imated by the m e a n terminal innervation 

ratio and the measurement of the surface of 

the myoneura l junction. 

In order to obtain an objective estimation 

of t he volumetr ic modifications of the muscle 

fibers, their size was est imated by planimetr ic 

measurement of the fiber surfaces in cross sec-

tions. According to the great variety of shape 

of t he musc le fibers in transverse sections, the 

measurement of the surface is obviously more 

reliable than the measurement of the d iameter 

generally used.^^ I n each case the surfaces of 

100 to 200 muscle fibers were measured , and 

the m e a n value and the s tandard déviat ion of 

the m e a n w e r e established (Fig . 4 ) . According 

to t h e a symmet ry of the histograms in normal 

muscles (F ig . 6 ) , t he s tandard déviat ion does 

not accurately figure the distr ibution curve. 

However , t he comparison be tween the arith-

met ic and géométr ie values of the m e a n and of 

the s tandard déviat ion shows tha t the asym-
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m e t r y of dis t r ibut ion is slight and t ha t ari th-

me t i c values comprised b e t w e e n ± la and 

± 2a give a sat isfactory indicat ion of t h e dis-

pers ion area.''' I t may b e a s sumed tha t x — 2a 

and X + 3cr in a r i thmet ic values covers approxi-

ma te ly 95% of the no rma l d is t r ibut ion curve . 

In pa thologica l cases, w e f o u n d it u se fu l to 

take t h e s t andard dévia t ion as an indicat ion of 

the dispers ion of individual values and , there-

fore , of the process of a b o p h y and h y p e r -

t rophy of t h e muscle fîbers. T h e re la t ive im-

po r t ance of b o t h processes bas b e e n es t ima ted 

by t h e propor t ion of fibers, the s u r f a c e of 

w h i c h was outs ide t h e limits of the no rma l 

values. T h e increased n u m b e r of musc le nucle i 

a n d the i r cent ra l d i sp lacement are o f t en re-

p o r t e d in musc le biopsies and seem to repre-

sent a n unspecif ic react ion of t h e musc le tissue 

to m a n y kinds of aggressions. H o w e v e r , in 

the case of neura l a t rophy, increased dens i ty 

of nuclei m a y b e more a p p a r e n t t han rea l and 

requi res a quan t i t a t ive es t imat ion. So w e 

f o u n d i t necessary to m a k e a ca re fu l c o u n t of 

pe r iphe ra l a n d centra l nucle i in 100 fibers in 

each case on strict h-ansverse sections, accord-

ing to Greenfield and associâtes. 

T h e terminal innervat ion ra t io gives an in-

dicat ion of the collatéral ramif icat ion of the 

nerve fibers. I t corresponds to t h e n u m b e r of 

moto r end pla tes which or ig ina te f rom a given 

n u m b e r of terminal axis cyl inders . T h e normal 

m e a n va lue averages 1.1 p e r 1 and does not 

exceed 1.27 p e r 1.^ T h e sur face of t h e myo-

neura l junct ion is easily e s t ima ted b y t h e size 

of t h e subneura l appa ra tu s i " w h i c h in m a n is 

f o r m e d by a séries of s epa ra t e é léments or 

units.1' ' To figure the t rue synap t ic a rea , i t 

w o u l d bave been necessary to m e a s u r e the 

sum of the surfaces of ind iv idua l un i t s for 

each subneura l appara tus . N o w , such a figure 

should not b a v e given an indica t ion of t h e 

scat ter of t h e units on t h e su r face of t h e musc le 

fiber, which is an impor t an t f e a t u r e in neuro-

muscu la r pathology. Thus , w e b a v e p r e f e r r e d 

to measu re t h e area conta in ing ail the uni ts of 

t h e subneura l appara tus ( F ig . 5 ) . This value, 

a l though giving an app rox ima te figure of the 

synapt ic surface , represents accura te ly t h e de-

gree of dispersion of t h e un i t s and t h e size 

of t h e myoneura l junct ion area . T h e subneura l 

appara tuses selected for p lan imet r i c measu re -

m e n t were those clearly seen on f ron t a l v iew 
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TABLE 2 

f, Physiologie aï data , 

^ o .2 

-Cliîiicaî data , ^ S c ^ S 

�S e ». -g i -a ^ 5 

r—Tendon réflexes—^ tS Studied région 5 5 = ^ a.~- Ti e 
^Inf. L.—, I c ï I => c ii 5 S 

Case Sex Age Diagnosis S.L. P. An. Bh Sensé Muscle Nerve I/T Q :a (2 3 S . « " a . 

.522 M 62 A.W. + + + 0 N P.L. M N 43.6 100 0 0 0 

515 M 38 
A.W. 

+ 
T.M. 

+ 0 0 0 N P.L. M 43.2 

525 F 55 
A.W. 
+ K. + 0 0 0 N P.L. M N 46.1 94 4 0 0 

505 M 84 D. + + 0 0 N P.L. M N 

506 F 75 D. + 0 0 0 N P.L. M N 47.8 100 0 0 0 

516 M 61 D. + 0 0 0 N P.L. M N 45.8 100 0 0 0 

413 F 52 D, + 0 0 + N P.L. M N 38.0 72 28 0 0 

526 F 63 D. + 0 0 0 N P.L. M N 46.1 100 0 0 0 

An. = Ankle reflex D. = Diabètes I / T = Intensity duration cur\-e L.P. = Latéral popliteal nerve 
A. = Alcoholism Inf. L. = Inferior limb K. = Korsakoff psychosis M. = Médian nerve 

and well separated f rom each other, in order 

to avoid the inclusion of units belonging to 

ne ighbor subneura l appara tuses . T h e surface 

of 100 subneural appara tuses was measured in 

each biopsy. T h e m e a n value and s tandard 

déviat ion were calculated as in the muscle 

fibers, and the proport ion of individual values 

exceeding the normal r ange was noted. 

In addit ion to the quant i ta t ive data , qual-

i tat ive histological observations were recorded 

concerning the s t ructure of the muscle fibers, 

the State of interstitial tissue, and the changes 

in axis cylinders and terminal arborizations. 

MATERIAL 

W e have studied 30 pat ients : 13 diabetic, 

15 alcoholic, and 2 bo th diabet ic and alco-

holic in an âge r ange of 27 to 84 years. AU 

the diabet ic pat ients w e r e unde r insulin or 

hypoglycémie su l fonamide derivat ive treat-

ment . T h e dura t ion and severity of the illness 

has not been taken into account . Most of t h e al-

coholic pat ients had been hospitalized for one 

or another complicat ion of their addict ion, 

mainly, Korsakoff's psychosis or Wemicke ' s en-

cephalopathy. T w o of them (case Nos. 402 

and 403) h a d an active pulmonary tubercu-

losis, 1 had tuberculous meningit is (case No. 

5 1 5 ) , and 2 others were diabet ic (case Nos. 

157 and 4 3 7 ) . As usual a m o n g alcoholic pa-

tients, it was very difRcult to obtain reliable 

informat ion concerning the dura t ion of alco-

holic habits and the amount of daily consump-

tion. W e have roughly es t imated the minimum 

intake at 50 ce. daily for at least ten vears in 

most of the patients . In some of them, a thia-

mine deficiency was suggested by an excess of 

blood pyruvate af ter a glucose load. Most of 

the pat ients were submit ted to electromvogra-

phy and histology in only one nerve territory. 

In 2 pat ients (cases 4 1 3 and 505) both mé-

d ian and latéral popliteal nerve territories 

were explored. 

Only 12 of our 30 pat ients had symptoms 

of sensory neuropathy , mostly pain or pares-

thesia, or both, in lower limbs. Impa i rmen t of 

vibration and position sensé was found in 9 of 

thèse pat ients; 4 of them had sensory ataxia. 

Ail pat ients bu t one h a d loss of d e e p réflexes, 

a t least in lower limbs. A mode ra t e réduct ion 

of motor power, at least in the territoiT of the 

nerve s tudied or in the biopsied muscle, was 

présent in 6 alcoholic pat ients , 1 being also 

diabet ic , and in 1 diabet ic subject . Only one 

other diabet ic pat ient (case 343) h a d a marked 

weakness in the biopsied muscle. 

T h e histological and physiological investi-

gations were pe r fo rmed in régions selected ac-

cording to the following gradat ion: ( 1 ) Clini-

cally normal l imb: d e e p réflexes présent , no 

motor weakness, no sensory symptoms. ( 2 ) 

L i m b in which the d e e p réflexes a r e lost, b u t 

having retained a normal motor power . Sen-

sory symptoms présent in 4 of the pat ients of 
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2,061 475 900-4,500 0 0 3 1 1,05 348 176 40-880 1 3 

2,829 740 900-4,800 0 2 2,8 2 1,15 338 173 40-880 1 4 

2,031 599 900-3,300 0 0 2,4 1 1,1 164 87 80-560 0 0 

2,097 724 900-3,900 0 0 2,7 2 1,18 156 60 40-360 1 0 

2,071 830 300-5,100 7 5 2,8 3 256 189 40-720 2 3 

2,178 709 900-4,200 0 0 3,2 1 1,23 

1,410 555 300-3,000 8 0 2,4 1 1,38 199 60 40-360 2 0 

1,932 589 600-3,300 1 0 2,9 0 

P. = Patellar reflex 
P.L. =: Palmeris longiis 

TIR = Terminal innervation ratio SNA z= Subneural apparatuses 
SX. = Superior limb a = Standard déviation 

T.A. = Tibialis antieus 
T.M. = Tuberculous meningitis 
W. = Wemicke encephalopathy 

this group. (3 ) L i m b showing a loss of deep 

réflexes and a réduc t ion of motor power, at 

least in the biopsied muscles. Sensory symp-

toms were présent in mos t of thèse patients. 

T h e histological observations were compared 

with a normal control g roup of 10 biopsies, 6 

taken in t he palmaris muscles (palmaris longus 

or fle.xor carpi radialis) and 4 in the tibialis 

antieus. Thèse controls were selected f rom bi-

opsies pe r fo rmed for diagnost ic pui"pose in 

adul t ambula tory pat ients in good gênerai con-

dition whose neurological examination did not 

suggest any neuromuscula r disorder. W e have 

discarded the biopsies in which histological 

abnormali t ies in the muscle tissue or its inner-

vation were found . 

BESULTS 

T h e ( juanti tat ive histology of muscle tissue 

and innervat ion of normal controls is summar-

ized in table 1. 

T h e range of the m e a n values of the trans-

verse sur face of musc le fibers is 2 ,096 to 2,378 

yu,2 in palmaris g roup and 2 ,201 to 2,459 jx^ 

in tibialis antieus group. T h e m e a n of ail in-

dividual values is 2 ,249 ju,2 ± 449 in palmaris 

g roup and 2,327 ± 599 jn tibialis antieus 

group. T h e di f férence b e t w e e n thèse values 

is not significant, and w e m a y accep t t he mean 

and s tandard déviat ion of t he pooled individ-

ua l values in bo th groups as satisfactory figures 

of t he normal range of muscle fiber surfaces 

wi th in the s tudied material . This value is 2 ,285 

jj?' ± 518. W e will consider as probably ab-

normal the m e a n values fal l ing outside the 

range of 2 ,096 to 2,459 û,̂  for the mean diam-

eter and of 4 8 2 to 662 fx^ for the s tandard dé-

viation. T h e range of measured individual 

values in the control g roup is 900 to 4,500 

jj?' and exceeds slightly the calculated range 

covering 95% of the distr ibution curve (—2o-

+ 3<T) 

30 T 

which is 1,049 to 3,639 fx^. 

2 5 -

20 

1 5 -

10 

5 -

O 
O 

Fig. 7. Histograms of subneural apparatus 
surfaces in case 505, group 1, subject with 
diabètes (plain line), compared with normal 
distribution in control case 453 (dotted 
line). Shifting toward low values 



2 6 NEUROLOGY 

30 1 

V. 

25 

20 -

25 

�/. 

20-

15 
15 

1 0 -
1 0 -

8 
00 

o 
o 
en 

o 
o 

o 
o 

^ CM 

O 
o 

en 
o O 

CM 
O 
O 
CM 

O 
00 

O 
(O 

Fig. 8. Histograms of case 413, group 1, subject with diabètes. Normal distribution, muscle fiber 

surfaces (A) . Shifting toward low values, subneural apparatus (B) 

T h e range of m e a n surfaces of subneura l 

appara tuses is 256 to 314 jx^ in palmaris longus 

g roup (pooled m e a n 270 ^2) ^nd 261 to 397 

ju,2 in tibialis anticus g roup (pooled m e a n 272 

yu,2). T h e pooled m e a n of bo th muscles (271 

fjp' ± 91) may b e accepted as représenta t ive 

of the normal average in the s tud ied material , 

the range of normal m e a n values be ing 256 

to 397 jx^. S tandard déviat ions fal l ing outside 

the range of 81 to 105 are considered to repre-

sent an abnormal dispersion cu rve of the in-

dividual values. T h e measu red range of indi-

vidual value is 80 to 620 jx-. T h e calculated 

15 

V. 

10 

range covering 95% of the distribution curve 

is 89 to 544 fn^. 

The number of per ipheral muscle nuclei 

does not exceed 4 per fiber, and there is no 

more than 4 central nuclei per 100 fibers in 

the control group. 

As previously s tated, the m e a n terminal 

innervation ratio does no t overcome 1.27:1 

and lies within the range of 1 .06:1 to 1.26:1. 

Group 1. In the 3 alcoholic and 5 diabet ic 

pat ients of this g roup (Tab l e 2 ) the nerve 

territory invest igated be longed to a l imb f r ee 

of neuropathic symptoms hav ing re ta ined its 

6 

r-T—I 

^ CM 
* 2 

(M 
Fig. 9. Histograms of case 522, group 1, patient with alcoholism. Normal distribution, muscle 

fiber surfaces ( A ). Abnormal dispersion of individual values toward low and high values, sub-

neural apparatus surfaces (B) 
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Fig. 10. Histogranis of case 521, group 2, patient with alcoholism. Muscle fiber surfaces 

(A). Subneural apparatus surfaces (B). Abnormal dispersion toward small and high values 
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deep réflexes. T h e e lec t romyographic investi-

gation was carried out in t he m é d i a n nerve and 

biopsy taken in palmaris longus in ail cases. 

T h e histological s tudy revealed no quali-

tative changes in the muscle tissue except in 

one diabet ic pa t ien t (case 5 0 6 ) in which 

2 small lymphocyt ic foci w e r e found . The 

s t ructure of muscle fibers was wel l preserved. 

Thei r size did not look abnormal at routine 

microscopic examination. However , measure-

men t showed a slight increase of t h e s tandard 

déviat ion in 4 cases and a small proport ion of 

individual values fall ing outside t he u p p e r and 

lower normal range in 2 cases. There was 

nei ther increase nor central d i sp lacement of 

muscle nuclei. T h e innervat ion was quali ta-

tively and quant i ta t ively modif ied in the 7 

cases in wh ich it was observed. In méthylène 

b lue préparat ions , some axis cylinders were 

abnormal ly small and b e a d e d in cases 522 

and 505, and, in case 413, an increased col-

latéral ramification was found ( te rminal inner-

vat ion ratio: 138:1, f igure 2 3 ) . T h e most 

conspicuous changes w e r e observed in the 

motor end plates. Some terminal arborizations 

showed a marked tendency to t h e réduct ion 

and fus ion of t he terminal arborizations with 

concomitant simplification of t he subneural 

appara tus (Fig. 16, reduced end plates). Others 

were abnormally expanded wi th corresponding 

enlargement of subneural appara tus (Figs. 18 

and 19, expanded end p la tes ) . In some end 

plates of the normal or expanded type, there 

was an irregularity of size of the telodendrial 

expansions, one being usually abnormal ly large 

(irregular end plates, figures 20 and 2 1 ) . T h e 

présence of reduced and expanded end plates 

resulted in abnormal values of t he m e a n sur-

face and s tandard déviat ion of t h e subneural 

apparatuses in ail the cases. H igh values of the 

mean and of the s tandard déviat ion indicate a 

prédominance of expanded end plates (cases 

522, figure 9, and 515, a lcohol ism). L o w value 

of the mean and of the s tandard déviat ion is 

the expression of a gênerai t endency to the ré-

duction of the motor end p la tes (cases 505, 

figure 7, and 413, figure 8, d i abè te s ) . In case 

506, the normal mean wi th h igh s tandard dévi-

ation figures an equal t endency toward both 

processes of expansion and réduct ion. 

The electromyographic détect ion did not 

show déviat ion f rom the normal pat tern , ex-

cept in case 413, in w h i c h there was a high 

proportion of polyphasic potentials . I t is wor th 

mentioning tha t this muscle was the only one 

of the séries present ing an increased collatéral 

ramification of the nerve fibers. T h e nerve con-

duction velocity was modera te ly b u t definitely 



28 NEUROLOGY 

TABLE 3 

^ Physiological data 

-Clinical data . ^ g g § ^ 
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429 M 56 A.W. 0 0 0 0 V. T.A. L.P. N. 36.5 92 6 0 0 

509 F 67 A.K. + 0 0 0 N. T.A. L.P. N. 34.9 86 14 0 0 

455 F 55 A. 0 0 0 0 N. P.L. M. N. 

403 M 55 A.+T.B. 0 0 0 0 N. P.L. M. N. 37.5 81 19 0 0 

521 M 81 A. + + 0 + V.P. T.A. L.P. N. 43.3 

546 M 36 A. 0 0 0 ++ V.P. P.L. M. N. 48.0 95 5 0 G 

438 F 56 A.K. 0 0 0 ++ P.Atax. T.A. L.P. N. 53.3 61 28 11 G 

437 M 56 A.+D. + + 0 ++ Atax. T.A. L.P. N. 80 20 0 0 

432 M 77 D. 0 G 0 0 N. T.A. L.P. N. 34.9 86 14 0 G 

475 F 69 D. + 0 0 0 N. T.A. L.P. N. 31.9 100 0 0 G 

469 F 76 D. + 0 0 0 N. P.L. M. N. 50.0 57 37 6 G 

465 F 76 D. 0 0 0 0 N. P.L. M. N. 46.0 

517 F 80 D. 0 0 0 0 N. P.L. M. N. 44.4 95 5 0 G 

505 M 84 D. + + 0 G N. T.A. L.P. N. 43.3 

550 M 27 D. 0 0 0 + N. P.L. M. N. 30.8 95,5 4 0,5 0 

413 F 50 D. + 0 0 + N. T.A. L.P. N. 25.0 

reduced in 6 cases. T h e lowest va lue was ob-

tained in case 413, t h e only one showing an 

abnormal e lec t romyographic pa t t e rn and an 

increased axonic collatéral ramification. 

Group 2. T h e 16 cases of this séries were 7 

alcoholic, 8 diabetic, a n d 1 both alcoholic and 

diabetic pat ients ( T a b l e 3 ) . Investigations 

were pe r fo rmed in arreflexic limbs, 4 of them 

presenting symptoms of sensory neuropathy, 

bu t no réduct ion of moto r power . 

Histological examinat ion of the biopsied 

muscles did not show conspicuous quali tat ive 

altérations of the contract i le éléments and of 

the connect ive tissue. T h e only changes were 

some ring fibers (cases 4 7 5 and 413, figure 12 ) . 

In ail the cases b u t one the re was a wide 

range of muscle fiber sizes dis t r ibuted at ran-

dom in t he pa t te rn of single fiber a t rophy 

bu t wi th a marked hype r t rophy of many fibers 

(Figs. 4B and 13 ) . T h e r e was, in some cases, a 

tendency to the grouping of small fibers (Fig . 

14) . Thèse changes w e r e reflected by an in-

crease of the s tandard dévia t ion of the mean 

surface. T h e p rédominance of t h e hyper t rophie 

process in most of t he cases resul ted in an im-

portant increase of the m e a n surface value. The 

shifting of the his togram toward the high 

values (F ig . lOA) was also indicated by the 

larger proport ion of surfaces exceeding the 

upper normal limit. 

T h e r e was some increase in muscle nuclei 

and a large n u m b e r of central nuclei in many 

cases (Fig . 14 ) . 

T h e in t ramuscular nerve fibers were abnor-

mally ramified, and the terminal innervation 

ratio was normal in only 2 cases (517 and 

5 5 0 ) . Some axis cylinders were fine and 

beaded . T h e m e a n surface of the subneura l 

appara tuses was normal, reduced, or increased, 

b u t the s tandard déviat ion was consistently 

increased in most of the cases, indicat ing an 

abnormal ly large spect rum of end-pla te sizes, 

bo th in alcoholic and diabet ic pat ients , ex-

ceeding t he u p p e r and lower normal limits in 

nearly ail the cases (Fig . lOB) . 

T h e e lect romyographic détect ion disclosed 

an increased proport ion of polyphasic or long-

durat ion potentials , or both, in the major i ty 

of biopsied muscles (Fig . 3 B ) . Only 2 had a 

normal e lec t romyographic pa t te rn (F ig . 3 A ) . 

N o n e of the cases had spontaneous activity. 

Nerve conduct ion velocity was modera te ly re-

duced in 8 cases and within the normal limits 

in 6 cases (F ig . 2 A ) . Intensi ty-durat ion curve 

was normal in ail examined muscles. 

Group 3. Thèse 8 patients , 5 alcoholic, 2 

diabetic, a n d 1 bo th alcoholic and diabetic , 

we re diagnosed as sensory motor polyneurop-

athy. In one pa t ien t (case 3 4 3 ) , the biopsied 

muscle h a d a markedly r educed motor power . 
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(GROUP 2) 

-Histological data-

—Muscle fibers— 

1 
c 
2 ^ 

-Innervation-

Meon Percent oittsidc A/ eati Percent outside 
surface normal range .surface ntnmaî range 

Ii2 a Range f£2 — + U riR:l (T Range [i2 — + 
5,285 1,218 2,850-10,650 0 70 4,6 43 1,50 

3,101 1,737 900- 7,800 0 14 4,0 U 268 153 40- 640 2 1 

1,637 706 450- 3,750 10 0 2,3 3 1,36 269 128 40- 500 1 3 

1,532 887 450- 3,300 12,5 0 2,1 5 1,40 194 92 BO- 600 5 0 

3,615 1,713 900- 8,100 0 27 5,7 7 1,80 392 199 40- 920 2 13 

2,580 1,305 600- 7,500 4 H 5,0 7 1,44 326 142 80- 600 0 0 

2,904 949 1,050- 6,150 0 5,5 3,2 11 1,70 420 180 140-1,100 0 9 

3,798 1,707 450- 9,600 1,5 34 4,9 35 1,34 533 213 100-1,180 0 27 

3,424 1,188 1,650- 7,650 0 15 3,6 10 1,57 560 188 180-1,220 0 30 

3,373 1,407 600- 5,750 1 20 4,7 21 1,45 311 108 100- 680 0 1 

Z,390 871 600- 5,250 2,5 4 2,7 3 1,37 243 149 60- 720 3 2 

1,887 590 300- 3,900 10 0 2,7 3 1,35 271 86 40- 520 1 0 

1,751 790 300- 4,500 5 0 2,2 2 1,16 200 113 40- 560 4 0 

3,300 740 900- 5,100 0 10 4,1 14 218 115 40- 880 3 1 

1,704 913 600- 4,200 2 0 3,1 1 1,26 441 199 80-1,160 0 17 

4,413 1,768 1,200- 8,400 0 22 4,0 7 1,60 242 121 80- 480 0 0 

In the others, the weakness did not exceed 

grade 4. 

The qual i ta t ive histology revealed various 

pat terns of a t rophy: single fiber a t rophv and 

hyper t rophy in 6 cases (F ig . 13 ) , small group 

a t rophy (case 5 5 0 ) , and large g roup atrophy 

(case 459, figure 1 5 ) . T h e s t ructure of the 

contractile é léments was not consistently al-

tered, except in the large groups of a t rophied 

fibers (case 4 7 9 ) , which h a d lost their stria-

tions and w e r e filled by conglomerat ions of 

pycnot ic nuclei. The great variety of sizes was 

indicated by a marked increase of s tandard 

déviat ion of the muscle fiber mean surface. 

T h e high value of this mean surface, f o u n d in 

most of the cases, is the resuit of t h e large 
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proport ion of hyper t rophie fibers. This figure 

does not apply to ease 459, in vvhich it was 

not possible to include the large groups of 

verv small fibers in the planimetr ic measure-

ments . In ease 530 the relatively low mean 

value is related to the high proport ion of small 

fibers (Fig. I I A ) . As in g roup 2, there was an 

impor tan t increase of central muscle nuclei 

in nearly ail the cases. 

T h e intramuscular nerve fibers showed nu-

merous collatéral branches ending in growth 

cônes (F ig . 22) or fo rming small or large end 

plates . Many axis cylinders were fine and 

b e a d e d . T h e quant i ta t ive expression of thèse 

changes was an increase of the terminal inner-

vat ion ratio and a high value of the s tandard 

déviat ion of the subneura l apparatuses m e a n 

surface in ail cases (Fig . I I B ) . 

The electromyographic pat tern of the bi-

opsied muscles was markedly altered in ail 

examined cases, large proport ion of polyphasic 

or long-duration potentials, or both . T h e nerve 

conduction velocity was reduced in 2 of the 4 

patients in whom it h a d been measured (Fig . 

2 B ) . In one pat ient (case 4 5 9 ) , there was no 

evoked potential in extensor digi torum brevis. 

The intensi ty-durat ion curve indicated a par-

tial denervat ion in case 530 and 459 (biphasic 

c iuve) and a complè te denervat ion in case 

343. Another indication of denervat ion was 

the occurrence of fibrillation potentials in cases 

486, 530, and 342. 

C O M M E N T 

The subclinical involvement of peripheral 

nerves, ment ioned by Hurs t in 1925, '^ seems 

to be a ra ther common fea tu re among diabetic 

patients. Do lman '^ has observed histological 

lésions of per ipheral nerves and neurogenic 

a t rophy of muscles in pat ients f ree of obvions 

symptoms of neuropathy. Stimulation electro-

myographic studies h a v e demons t ra ted a slow-

ing of nerve conduction velocity in most of the 

diabet ic patients, including those wi thout overt 

neuropathy.- '" - ' Thage and associâtes-- --' have 

obtained abnormal e lec t romyographic pat terns 

in unaf îec ted limbs of pat ients w i th polyneurop-

athv or mononeuropa thy of various origins, 

including those w h o are d iabe t ic and alcoholic. 

In confirmation to thèse reports , the présent 

Fig. 13. Single fiber atrophy 

pattern with increased num-
ber of muscle nuclei. Case 

343, H.E. 
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Fig. 14. Small group atrophy 

pattern witli numerous cen-
tral niiclei. Case 429, group 
2, H.E. 

Fig. 15. Large group atro-

phy pattern. Case 459, group 
3, 'P.A.H. 

4 «t 

s tudy gives évidence of e lec t romyographic ab-

normalit ies in a large n u m b e r of the diabet ic 

a n d alcoholic pa t ients examined. T h e nerve 

conduct ion velocity is significantly reduced in 

9 pat ients , modera te ly r educed in 7 others, 

and wi th in the normal limits in 9. I t mus t be 

poin ted out t ha t the propor t ion of r educed 

conduct ion velocity is about t he same in clin-

ically affected and nonaffec ted neuromuscular 

régions (6 to 7 in t he first group, 8 to 14 in 

t he second group, and 2 to 4 in t he third 

g r o u p ) . T h e e lec t romyographic pa t t e rn dur ing 

voluntary contract ion is a b n o n n a l in 15 and 

wi th in the normal r ange in 8. Here , the pro-

port ion of abnormal traces is defînitely higher 

in muscles having a clinical indicat ion of neu-

ral involvement: 1 in the 6 records pe r fo rmed 

in the first group (normal musc les ) , 8 in the 

11 records of the second g roup (arref lexia) , 

and in ail recorded cases of the third g roup 

( reduced motor p o w e r ) . Fibril lat ion potentials 

we re observed only in 3 pat ients of the third 

group, 3 of whom also had abnormal intensity-

durat ion curves. In ail other cases the intensit\ '-

durat ion curve was not significantly al tered in 

the biopsied muscle. 

Histological observation of the muscle tissue 

discloses tha t t he most common change is a 

pat tern of single fiber a t rophy, in which the 

small fibers are scattered a m o n g normal or 

hyper t rophied fibers. Such a distr ibution is not 

considered as characterist ic of t he neurogenic 



3 2 NEUROLOGY 

TABLE 4 

—Physioîogical data-

5 J J : ^ 1 3 S:G 

^Tendon réflexes^ M ~ Studied région 5 S g E.— I l a § ? 

Case Sex Age Diagnosis S.L. P. An. ^ ^ Sensé Muscle Ncrve I/T | £ J a . w c . 
397 M 46 A. 0 0 0 4 + V.P. P.L. M. N. 

457 M 54 A.+D.W. + 0 0 4-5 0 N. T.A. L.P. N. 63 23 14 0 

508 M 41 A.W. 0 0 0 4-5 -1- V.P.Atax. T.A. L.P. N. 39,0 

402 M 50 A.T.B. 0 0 0 4-5 ++ V.P. P.L. M. N. 51,6 78 22 0 0 

486 M 64 A. G 0 0 4-5 + P.Atax. T.A. L.P. N. 27,8 65 0 35 + 
530 M 33 A. 0 0 0 4 ++ P.Sup. P.L. M. B. 40,0 85 15 0 + 
459 F 67 D. + 0 0 4-5 0 N. T.A. L.P. B. 0 76 24 0 0 

343 F 71 D. 0 0 0 3 ++ N. T.A. L.P. D. 64 36 0 + 

�In large fibers groups D. = Denervation curve 

a t rophy a n d lias been in t e rp re t ed as an indi-

cat ion of a p r ima ry muscu la r invo lvement in 

d iabe t i c amyotrophy.-''>2'T This assumpt ion will 

b e discussed in t h e l ight of the neura l changes 

observed in our pa t ien ts . W e m a y a l ready re-

mark t ha t the p a t t e r n of single f iber a t rophy 

canno t b e cons idered as the ha l lmark of a 

myogen ic process in t h e absence of degen-

B. = Biphasic curve P. = Position sensé 

erat ive changes in t h e musc le fibers. In am-

yot rophies of neura l origin, showing t h e g r o u p 

a t rophy pa t t e rn , it is cus tomary to observe a 

g r ea t var ie ty of sizes in the large fiber groups. 

This is the case of our biopsy 4 5 9 (F ig . 1 5 ) . 

T h e absolute increase of muscle nuclei wi th 

mul t ip l ica t ion of cent ra l nuclei is usual ly more 

p r o n o u n c e d in p r imary muscle diseases'' ' '^® 

f 1 0 / 1 

B 

Fig. 16. Reduced end plates. Terminal arbori-

zation has fused into a single mass (A) . Case 

525, group 1, patient with alcoholism. Méthy-

lène blue vital staining. Units of the reduced 

subncural apparatus are packed together and 

tend to nierge into a single large unit ( B ). 

Case 465, group 2, patient with diabètes. Modi-

fied thiocholine mctliod. Counterstained with 

thionine—sliglit staining of end plates and 

muscle nuclei 



LATENT NEUROPATHY IN DIABETES AND ALCOHOLISM 3 3 

(GROUP 3) 

-Muscle fibers— 

-Histological data— 

\f ean 
surface 

n2 Range (L2 

Percent outside 
normal range 

+ 

1 ^ 

TIR:Î 

, SNA-
M ean 

surface 
fi2 

-Innertatîon-

Range ii2 

Percent outside 
normal range 

3,931 1,751 600- 8,700 1 31 6,1 9 2,70 352 168 60- 800 1 9 

4,258 985 2,250- 8,400 0 15 3,2 9 1,31 364 173 eo- 900 3 8 

3,978 1,874 900- 8,400 0 36 4,9 23 1,45 386 209 40-1,000 2 11 

2,712 1,545 750- 5,850 1 10 3,8 8 1,32 338 180 120- 800 0 3 

4,278 1,990 600- 8,100 2 45 3,2 22 1,42 309 213 40- 800 3 

2,508 2,463 300- 9,300 21 19 3.3 3 1.45 320 143 80- 720 0 2 

4,850» 2,437 600-10,500 3 60 4,9 19 1,65 327 204 80- 860 0 

3,373 1,407 300- 9,900 7 21 5 15 1,60 312 149 60- 820 1 3 

Sup. = Superficial seiisibility Sp.Pot. = Spontaneous potential 

bu t is in n o way spécifie of them. In this re-

spect, t h e small foci of lymphocytes observed 

in our case 506 and the r inged fibers présent 

in cases 4 1 3 and 475 cannot b e in terpre ted 

as a proof of pr imary muscle involvement , both 

changes be ing qui te unspecific processes, 

occasionally found in otherwise normal mus-

Cles.l.28,27 

In fact , the pathological changes of t he 

muscle tissue, if no t very marked , can hardly 

be in terpre ted in the absence of information 

on the morphological changes of the motor 

innervat ion. 

W h e n w e corne to this par t of our observa-

tions, w e see tha t the very first changes in the 

innervat ion pat tern , clearly seen in group 1, 

h a p p e n a t the level of the myoneura l junction. 

Some of t he terminal arborizations shrink and 

their te lodendrial expansions b e c o m e closely 

packed together . Eventual ly they fuse into a 

single mass. T h e subneura l appara tus foUows 

this évolution and takes the form of a single 

large uni t , wi th a well-preserved laminated 

bo rde r (F ig . 17) resul t ing f rom t h e conglom-

erat ion a n d merg ing of its é léments . Thèse 

changes in diabet ic neuropa thy w e r e first de-

scribed by Woolf and Malins.' '^ In the présent 

séries they have been also observed in alcoholic 

pat ients , a l though somewhat more f r equen t ly in 

t he d iabe t ic of the first group. O t h e r end plates 

have an opposi te évolution and, through a 

process of neurocladism of the te lodendrion, 

b e c o m e abnormal ly large and expanded , with 

cor responding enlarged subneura l appara tuses . 

I n some motor arborizations, an a l ternate pat-

T.B. = Pulinonary tiibercxilo.sis V. = Vibration sensé 

tern of réduction is observed: One of the 

terminal expansions enlarges, whereas the 

others become small and eventual lv d i sappear 

(Fig . 20 ) . 

Thèse processes were observed in the ab-

sence of other conspicuous changes in nerve 

fibers in several biopsies of the first g roup of 

clinically normal cases, in which there w e r e no 

significant changes in muscle fiber sizes. I t 

m a y b e deduced that : ( 1 ) the modification 

in nerve ending s tructure is not secondary to 

muscle fiber altérations, ( 2 ) thèse morpho-

logicallv abnormal end plates have re ta ined 

their trophic action on the contract i le units , 

and (3 ) they are able to ensure a satisfactory 

10M 

Fig. 17. Reduced subneural apparatus. Case 

459, group 3, subject with diabètes. Note 
préservation of well-laminated border. Modi-
fied thiocholine method 
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Fig. 18. Expanded and ir-

regular terminal arboriza-

tions. Case 475, group 3. 

Méthylène blue 

neuromuscular transmission which results in 

the préservation of a good motor power and 

even a normal e lec t romyographic pat tern . Ac-

tually it is not excluded that such end plates 

should be unable to sustain a répét i t ive activity 

at high f r equency which might resuit in a my-

asthenic-like irregular decrease of 50 evoked 

potentials per second.-" In this respect it is 

t empt ing to correlate the mvasthenic reaction 

described in some cases of small cell carcinoma 

of the lung^** wi th the f înding of reduced end 

plates in carc inomatous neuropathv."' '̂ " So far, 

the only defînite physiological indication of 

a neural dysfunct ion, at the s tage of diabet ic 

and alcoholic neu ropa thy in which the histo-

logical al térations are l imited to t he myoneural 

junction, is a s lowing of nerve conduction 

velocity. 

I t m a y b e assumed tha t the next s tep in 

the évolution of r educed end plates should be 

their degenera t ion wi th subséquent f ragmenta -

tion of axis cylinders. This process of disin-

tegration beginning distally has been occasion-

ally observed in acu te denervation- '^ bu t 

never in chronic neuropathies , which is not 

surprising, according to the p robable cjuick-

ness of this process a n d to the fact that the 

axonic débris hardly stain with méthylène blue. 

More stable is the collatéral ramification of 

nerve fîbers wh ich has been considered as a 

reaction to degenera t ion in compensat ion to 

the loss of nerve fibers.'' * This collatéral 

sprout ing is regularly observed in biopsies of 

group 2, corresponding to neuromuscular ter-

ritories in which the only clinical neuropath ic 

sign was a loss of deep réflexes. Thèse biopsies 

contain also beaded fibers ending in growth 

cônes tha t are other indications of a regenerat-

ing process (F ig . 2 2 ) . 

Therefore , we may consider t he single fiber 

a t rophy pa t te rn observed in biopsies of g roup 

2 as secondary to the loss of scat tered terminal 

nerve fibers. Even if thèse fibers are g rouped 

in a subuni t pa t te rn , the concomitant process 

of collatéral ramification wi th subséquent ran-

dom reinnervat ion of muscle fibers should 

account for the type of a t rophy observed. W e 

may conclude that the single fiber a t rophy 

pat tern , though generally a t t r ibuted to myo-

genic a t rophv, is perfect ly consistent with a 

neurogenic process occurring distally. Such is 

the large increase of muscle nuclei observed 

in most of the cases. 

Fig. 19. Expanded subneural apparatns. 
Case 47.5, group 3. Modiiîed thiocholine 

method 
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Fig. 20. Irregvilar subneural apparatiis. Case 

515, group 1. One unit abnormally large, 
others small; some very pale and probably 
degenerating ( arrows ) 

Fig. 21. Small and irregular terminal expan-

sions. Case 505, group 2. Méthylène blue 

T h e measurement of the muscle fiber sizes 

reveals the impor tance of hype r t rophy which, 

in many cases, definitely overcomes the atro-

phy . Both hyper t rophy and collatéral ramifi-

cation account for the préservat ion of a nor-

mal muscle s t rength. However , the hetero-

genei ty of muscle fiber sizes and the distortion 

of innervation pa t t e rn are ref lected in a high 

proport ion of polyphasic potent ials in biopsied 

muscles. This is in good agreement vvith Buch-

thal 's statement^'^ tha t such potent ia ls are the 

expression of a greater tempora l dispersion of 

t he subuni t potentials in relation to a slowing 

of conduction and transmission in regenera t ing 

nerve fibers and endings . In this respect, it 

is worth point ing out t ha t the only muscle 

having an increased n u m b e r of polyphasic 

potentials in group 1 h a d also an increased ter-

minal innervation ratio. 

If the gênerai corrélation be tween the oc-

currence of collatéral sprout ing and polyphasic 

potentials is qui te satisfactory, this corrélation 

is not significant in individual cases, in spite 

of the fac t that both histological and electro-

myographic investigations were carefuUy per-

formed in the same fasciculi . E v e n in such con-

ditions it should have b e e n unlikelv that the 

recording électrode h a d picked u p selectively 

the electrical activity of the biopsied éléments 

in moderate voluntary contract ion. Therefore , 

the lack of parallelism be tween the proport ion 

of polyphasic potentials and the degree of col-

latéral ramification in each case does not in-

validate the gênerai corrélation. Besides, the 

great variety of muscle fiber sizes is another 

factor of temporal dispersion of motor uni t po-

tentials which must b e accounted for in the 

interprétation of e lec t romyographic pat terns . 

The third g roup il lustrâtes the decompensa-

tion of the balance b e t w e e n régressive and re-

generative processes. T h e loss of contracti le 

éléments becomes a p p a r e n t as a slight réduc-

tion of motor power . This s tep bas no clear-cut 

electromyographic or histological expression 

in 5 cases which show the same features as 

group 2. However , w e m a y assume tha t the 

pat tern of g roup a t rophy which appears in 

cases 459 and 530 is the histological expression 

of the increased n u m b e r of denerva ted musc le 

fibers, which appear as a high proport ion of 

small fibers (F ig . I l ) and , on the other hand , 

may resuit in an abnormal intensi ty-durat ion 

curve of the biphasic type and in spontaneous 

denervation potentials. 

T h e innervat ion pa t t e rn is not obviously dif-

férent in groups 2 and 3 and the terminal in-

nervation ratio is increased within the same 

range. T h e motor end pla tes are of the reduced , 

expanded, irregular, or normal type. Méthylène 

blue préparat ions seem to contain more fine 

beaded fibers and less normal axis cvlinders 

in some biopsies of g roup 3, bu t thèse fea tures 

cannot b e ( juanti tat ively est imated, and it is 

not excluded tha t thèse différences should 

sometimes be t he resuit of artificial variat ion 

of staining intensity. 

The reduced and expanded end plates in 
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Fig. 22. Raniified and beaded fiber endings 
in growtli cone. Case 530, group 3. Méthy-
lène blue 

groups 2 and 3 laise t he problem of the spe-

cificity of thèse morphological changes. W e 

bave previously po in ted out---'^ -'" tha t the 

small régressive end plates, seen in chronic 

neuropathies, closely resemble the first s tage of 

difîerentiation of the myoneura l junction, ei-

ther in normal deve lopmen t or in régénérat ion, 

when the axoplasmic g rowth cone reaches the 

sarcoplasm and before it starts its ramification. 

As for the enlarged e n d plates, they could 

represent an adapta t ion to the hyper t rophy of 

the muscle fibers, according to the gênerai rule 

tha t the size of t he motor end plates is propor-

tional to the size of the muscle fibers.' '- '" 

Therefore, in groups 2 and 3, thèse ambiguous 

pictures cannot be safely in terpre ted as ré-

gressive or regenerat ive phenomena . Never the-

less, in group l at least, the small end plates 

mav undoubted ly be considered as the fîrst 

s tage of régression in the absence of any 

indication of axonal degenera t ive or regen-

erative changes and of conspicuous changes 

in muscle fiber sizes. 

CO.NCLUSION 

The study of our mater ia l bas demons t ra ted 

the importance of the subclinical involvement 

of neuromuscular appara tus , not only in dia-

bet ic bu t also in alcoholic pat ients . T h e histo-

logical and e lec t romyographic fea tures and 

their évolution are no t significantly différent 

in either condition. On lv at the fîrst s tage is 

the proportion of r educed end plates somevvhat 

higher in diabet ic than in alcoholic subjects. 

The morphological changes in end-plate 

structure, p reced ing the loss of nerve fibers and 

contracti le units, are t he first indication of a 

generalized involvement of per ipheral nerves, 

the physiological expression of wh ich being a 

slowing of motor nerve conduct ion velocity. 

The axonic degenera t ion may eventually lead 

to a loss of muscle iîbers and a réduct ion of 

motor power , in spite of the reactive collatéral 

sprout ing of nerve fibers and of the hyper-

t rophy of muscle fibers. 

The démonst ra t ion of a pr imary involvement 

of motor axons excludes the possibility that 

the pa t te rn of single fiber a t rophy generally 

observed could be the expression of a pr imary 

muscular injury. 

T h e general ized na tu re of the subclinical 

involvement of per iphera l nerves in diabètes 

is in good agreement wi th the assumption that 

d iabet ic po lyneuropa thy is d u e to a metabol ic 

defec t in relation to insulin deficiency''^ in 

the same way as alcoholic polyneuropathy is 

related to an inefficient metabolism of carbo-

hydrate . I t may b e assumed that varions nu-

tritional or toxic factors could p roduce sim-

ilar changes in per iphera l nerves. 

It is hoped tha t t he deta i led s tudy of neuro-

muscular appara tus in o ther conditions lead-

ing to chronic polyneuropathy , part icularly 

the mal ignant tumors, will contr ibute to the 

unders t and ing of some ill-defined features , 

such as the myasthenic-l ike reaction in some 

cases of small-cell bronchot^enic carcinoma.-'*' 

Fig. 23. Abnormal collatéral ramification: 4 
small end plates coming from same axon 
( 1, 2, 3, 4) and beaded fibers ( arrow). Case 

413, group 1 
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Fig. 24. Low-power magnification of préparations stained with inodified tliioclioliiie method for 

cholinesterase. Prédominance of small end plates. Case 465, group 2, patient with diabètes (A) . 

Abnormally large end plates. Case 397, group 3, patient wilJi alcoholism (B) 

S U M M A B Y 

1. Selected neuromuscular territories were 

s tudied in 30 pat ients , 13 diabet ic , 15 alco-

holic, a n d 2 b o t h d iabet ic and alcoholic, by 

several electrophysiological and histological 

means, inc luding intensi ty-durat ion cuïves, 

s t imulat ion and détect ion electromyography, 

quant i ta t ive histology of muscle tissue, and in-

t ramuscular innervat ion. Invest igat ions were 

carried ou t in clinically normal muscles ( group 

1 ) , in muscles be longing to a région having 

lost its d e e p réflexes ( g r o u p 2 ) , and in mod-

erately w e a k muscles ( g roup 3 ) . 

2. T h e fîrst morphological indication of a 

neural involvement , constantly observed in 

g roup I , is l imited to t he level of myoneura l 

junct ion as a réduct ion, an irregularity, or an 

abnormal expansion of motor end plates. Thèse 

changes, wh ich h a v e no clinical expression, are 

nei ther associated wi th histological changes in 

muscle tissue nor wi th abnormal electromyo-

graphic pat terns . Their only physiological 

coun te rpar t is a slowing of nerve conduct ion 

velocity. 

3. T h e next s tep of la tent neuropa thy ap-

pears regular ly in group 2. I t is character ized 

by an increased collatéral ramification of 

motor nerve fîbers and a m a r k e d variety of 

muscle fiber sizes dis t r ibuted a t r andom, the 

hyper t roph ie process be ing usually prominent . 

Thèse changes probably correspond to t he 

distal degenera t ion of scat tered nerve fibers. 

Their e lec t romyographic expression is an in-

creased n u m b e r of polyphasic or long-durat ion 

potentials, or both . Nei ther denervat lon po-

tentials nor abnormal intensity-duration curves 

occur in this group. T h e collatéral ramification 

and muscle fiber hyper t rophv account for the 

préservation of motor power . 

4. T h e réduct ion of s trength of the muscles 

s tudied in g roup 3 is not indicated by a clear-

cut change in the innervation pa t te rn or in 

conduct ion velocity, as compared wi th group 

2. However , the loss of innervated fibers may 

appear histologically as a pa t te rn of group 

a t rophy and physiologically as spontaneous 

denervat ion potentials and as abnormal intens-

i tv-durat ion curves. 

5. T h e type and évolution of histological 

and physiological changes are similar in both 

diabet ic and alcoholic patients, and it mav b e 

concluded that the same generalized subclin-

ical involvement of per ipheral nerves may re-

suit f rom varions metabol ic or nutri t ional 

defects . 
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