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A quan t i t i ve s t u d y o f t f i e t e r m i n a l I n n e r v a t i o n ra t io ( T I R ) w a s c o n d u c t e d 
us ing 18 a m y o t r o p h i c la téra l sc l e ros i s ( A L S ) a n d 12 C h a r c o t  M a r i e  T o o t h 
d i sease ( C M T ) m u s c l e b iops ies . M o r p h o m e t r i c a n d h i s t o c f i e m i c a l a n a l y 
ses of m u s c l e f i b e r s w e r e p e r f o r m e d in 9 A L S a n d 6 C M T b i ops i es . The 
resu l ts revea led t f ia t TIR a n d t ype g r o u p i n g w e r e s i g n i f i c a n t l y g rea te r In 
C M T t h a n in A L S . T h e p r o p o r t i o n o f t y p e 3 f i b e r s w a s h i g h e r in A L S , 
t h o u g h t h e p r o p o r t i o n o f i n t e r m e d i a t e a n d t y p e 0 f i b e r s w a s s i g n i f i c a n t l y 
h i ghe r in CMT. T h e a t r o p h y f ac to r w a s s i g n i f i c a n t l y g r e a t e r in t y p e 3 t h a n 
in t ypes 1 a n d 2 f i be rs , b u t It was n o t s i g n i f i c a n t l y d i f f é r e n t in t y p e 0 a n d 
i n t e r m e d i a t e f i be rs as c o m p a r e d to t y p e s 1 a n d 2. It a p p e a r s , t h e r e f o r e , 
tha t C M T has a be t t e r c a p a c i t y fo r c o l l a t é r a l r e i n n e r v a t i o n t h a n A L S . Type 
0 a n d i n t e r m e d i a t e f i be rs m ay rep resen t a l t e r e d e n d p r o d u c t s o f s u c c e s s 
fu l co l l a té ra l r e i n n e r v a t i o n . 
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Histochemical studies of denervated skeletal muscles 
have disclosed a characteristic change in the distribu
tion of the motor units, the socalled type grouping'" 
that probably results from the reinnervation of adja
cent denervated fibers by collatéral sprouting from 
healthy motoneurons.'2 It may be assumed from thèse 
findings that the efficiency of the compensatory process 
of collatéral reinnervation and the reactive muscle
fibertype pat tern varies according to the severity of the 
disease process. 

The purpose of the présent study was to compare 
the motor innervation and the musclefibertype pat
tern in two kinds of progressive muscular atrophy: (1) 
amyotrophic latéral sclerosis (ALS) and (2) Charcot
MarieTooth disease (CMT) , the latter having a much 
slower and milder évolution than the former. 

MATERIALS A N D M E T H O D S 

Muscle biopsies were obtained from 21 patients with 
ALS and from 16 patients with C M T . T h e muscles 
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biopsied were palmaris longus, flexor carpi radialis, or 
vastus medialis. Whenever possible, we chose for bi
opsy muscles that appeared clinically normal or had 
only a slight degree of atrophy and weakness. 

Ail biopsies were vitally stained with méthylène 
blue after electrical localization of the terminal inner
vation area.^'^ A quanti tat ive estimation of the collat
éral branching of motor axons was performed in 18 
biopsies from ALS patients and in 12 biopsies from 
C M T patients, using as a measurement the terminal 
innervation ratio (TIR)—that is, the number of muscle 
fibers innervated by one subterminal axon. ' ^ 

The morphometric analysis of muscle fiber types 
was performed in nine ALS biopsies and in six C M T 
biopsies. Transverse frozen sections (l iquidnitrogen
cooled isopentane, 170 C) were eut with a cryostat 
and stained for myosin ATPase''^ and N A D H di
aphorase.'^ The analyses were performed on 200 to 300 
muscle fibers in each sample. In two of the C M T 
biopsies, as a resuit of the marked variability of the 
fibertype pattern, the quanti tat ive da ta were coUected 
in four fields in one biopsy (800 fibers) and in two fields 
in the other (400 fibers) to increase the accuracy of the 
measurements. Thus, 10 samples were analyzed in 
CMT. The mean diameter of the muscle fibers and the 
standard déviation (SD) were estimated, and the pro
portions of type 1 and type 2 fibers were recorded. T h e 
degree of atrophy was estimated by the atrophy factor 
(AF) of Brooke and Engel.' Fibers having no reciprocal 
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relationship between the two enzymes were labeled 

either type 3, when they had a high activity for both 

enzymes, or intermediate, when they had a médium 

enzymatic activity for ATPase as compared to typical 

type 1 and type 2 fibers.'"^ Fibers having a low activity 

for both enzymes were labeled type 0. The proportions 

of type 3, type 0, and intermediate fibers were re-

corded. The type grouping was estimated on the basis 

of the greatest number of adjacent and enclosed fibers 

of the same type found in the spécimen.^ 

The quantitative data obtained were compared 

between ALS and C M T as well as with the control 

values obtained from biopsies from patients without 

clinical or histological évidence of neuromuscular dis-

order. Controls were obtained from 56 biopsies for 

TIR*" and 35 biopsies for fiber types. Means and SDs 

were compared using the Student t test. 

RESULTS 

The morphometric data on the muscle fibers are 

reported in tables 1 and 2. The atrophy factors were 

significantly increased to the same e.xtent in both 

diseases. A highly significant réduction in the number 

of type 2 fibers was found in CMT. Muscle fibers with 

aberrant enzymatic profiles are scarce in normal mus-

cles. The proportions of type 3 and intermediate fibers 

were significantly higher than the controls in both ALS 

and CMT. Type 0 fibers were observed only once, in a 

biopsy from CMT, in which they represented 56"% of 

the fiber population (figs. 1 and 2). Type 3 fibers were 

usually distributed at random and were often small 

and angulated (figs. 1, 3, and 4), and their AF was 

significantly higher than those of fiber types 1 and 2 

(table 1). Intermediate fibers, also randomly dis-

tributed in ALS, tended to be grouped in C M T (fig. 3). 

Type 0 fibers seen in one biopsy from C M T were also 

grouped in large bundles (figs. 1 and 2). The AFs of 

type 0 and intermediate fibers were net significantly 

différent from the AFs of types 1 and 2 (table 1). 

Comparison of the means suggested a reciprocal rela-

tionship between the proportions of type 3 fibers and of 

intermediate fibers, the former being greater in ALS 

and the latter being greater in CMT. However, because 

of the marked dispersion of individual values, the 

différence was not statistically significant. Neverthe-

less, when we considered intermediate and type 0 fibers 

together, the différence between ALS and C M T was 

statistically significant at the .05 level. 

The T I R was abnormally high in both ALS and 

C M T (fig. 5), but its mean value was significantly 

higher in C M T (table 3). Type grouping was less 

conspicuous in ALS (fig. 4) than in C M T (figs. 1-3), 

and the proportions of contiguous and enclosed fibers 

of both types were greater in C M T (fig. 6). Statistical 

comparison of the means showed that the différences 

were significant (table 3). Comparison of type group-

ing between the ALS and control patients disclosed a 

significant différence for type 2 fibers only, whereas this 

différence was highly significant for both type 1 and 

type 2 fibers in C M T (table 3). 

D I S C U S S I O N 

It has already been noted that type grouping is more 

fréquent in C M T than in ALS.'" The présent study 

provides statistical évidence of this différence in motor 

unit distribution for thèse two diseases. In addition, we 

Table 1 . Atrophy factor (AF). 

Sample 

Type 1 Type 2 Types 1 -1- 2 Type 3 Intermediate (i) Type 0 

Sample mean SD mean SD mean SD mean SD mean SD mean SD 

Controls 76 175 124 153 100 165 

ALS 365 462 495 638 430 544 1151 992 925 810 

CMT 294 405 617 676 447 559 1220 1032 490 1094 0 0 

Comparison t 3.012 4.057 

controls P <.005 <.001 

and ALS 

Comparison t 2.511 2.923 

controls P < .02 <.001 

and CMT 

Comparison t 0.356 0.396 0.095 0.562 0.883 

ALS and P NSa NS NS NS NS 

CMT 

Comparison AF3 and AF, + 

in ALS in CMT 

2.457 

< . 0 2 5 

2.534 

< . 0 2 

Comparison AF| and AF, + 2 

in ALS in CMT 

Comparison AF, + q and AF3 

in ALS and CMT 

1.890 

NS 

0.132 

NS 

2.313 

< . 0 5 

^NS - not statistically significant. 
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Table 2. Proportion of fiber types. 

Sample 

Type 1 (%) Type 2 (%) Type 3 (%) Intermediate (%) Type 0 (%) 

Intermediate 

+ type 0 (%) 

Sample mesn SD mpa n D m63n SD rnean SD mean SD mean SD 

Controls 47.3 9.5 55.1 9.4 0.4 0.8 0.3 0.5 0.03 0.1 — — 

ALS 36.1 15.8 45.5 21.9 14.9 12.4 3.5 2.8 0 0 3.5 2.8 

CMT 36.7 32.8 34.2 32.3 4.9 11.2 12.7 23.9 11.4 24.3 24.1 29.6 

Comparison t 1.870 2.004 7.101 5.480 

Controls P NSa NS <.001 < .001 

and ALS 

Comparison t 1.712 3.431 2.454 3.152 

Controls P < .01 <.005 < .02 <.005 

and CMT 

Comparison t 0.053 0.881 1.866 1.142 2.07 

ALS and p NS NS NS NS < .05 

CMT 

^NS - noi statistically significant. 

have established that the process of collatéral ramifica-

tion is more marked in C M T than in ALS, with TIR 

significantly higher in the former. Thèse différences 

suggest that the unaffected motoneurons in C M T have 

a better capacity for reinnervation of adjacent dener-

vated muscle fibers than their counterparts in ALS. 

Electromyographic estimation of fiber density"' bas 

produced results in agreement with the morphometric 

data reported here. The greater efficiency of the un-

affected motoneurons in C M T to compensate for the 

loss of motor units can be related to the slow and 

sometimes mild évolution of C M T as compared to 

ALS. 

In addition, the coexistence of increased T I R and 

increased degree of type grouping as shown by this 

study provides évidence that both changes are the 

Figure 1. CMT biopsy no. 1261. Sériai sections: left. myosin ATPase: right, NADH diaphorase. Type 1 

grouping (1): numerous grouped type 0 libers (0): type 3 fiber (arrow). 
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Figure 2. CMT biopsy no. 1261. Senal sections: left. NADH diaphorase: nght. myosin ATPase. Type 2 

grouping (2): type 1 fibers (1): grouped type 0 fibers (0). 

resuit of the compensatory increase in the size of 

residual motor units that takes place in chronic dener-

vation. Similarly, the formation of muscle fiber groups 

having the same enzymatic profile, typical of either 

type 1 or type 2 fibers, suggests that reinnervation of 

muscle fibers by collaterals from motoneurons of a 

différent type may lead to fuU conversion of their 

metabolic characteristics. This has been demonstrated 

by expérimental cross-reinnervation. ' 

In this respect, it has been assumed that in neu-

rogenic conditions, muscle fibers which exhibit a blur-

ring of the usual reciprocal relationship between 

myosin ATPase and NADH diaphorase represent a 

transitional state in the process of enzymatic conver-

s ion . " """ ' Various patterns of aberrant enzymatic 

profiles have been described: muscle fibers with inter-

mediate NADH diaphorase activity," or with a strong 

reactivity for both myosin ATPase and NADH di-

Table 3. TIR and type grouping. 

TIR Contiguous fibers Enclosed fibers 

Sample mean SD 

Type 1 Type 2 Type 1 Type 2 

Sample mean SD mean SD mean SD mean SD mean SD 

Controls 1.11 0.05 10.70 2.90 11.6 4.00 0.60 0.90 1.50 1.90 

ALS 1.66 0.30 10.70 7.50 18.0 7.60 1.40 2.70 4,50 4,40 

CMT 2.16 0,56 74.17 68.30 62.5 60.50 63.30 72.00 46,00 59.70 

Comparison t 12.700 0.994 2.893 1.407 3.122 

Controls P <.001 NSa <.01 NS <.005 

and ALS 

Comparison t 14.300 5.838 5.236 5.502 6.325 

Controls P <.001 <.001 <.001 <,001 <.0O1 

and CMT 

Comparison t 3.222 2.816 2.221 2,628 2.117 

ALS and P < .005 < .05 < , 0 5 <.025 < .05 

CMT 

^NS = not statistically signiticant. 
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Figure 3. CMT biopsy no. 1149. Sehal sections: top. 

myosin ATPase: bottom, NADH diaphorase. Type 3 liber 

(arrow): type 1 grouping (1): type 2 grouping (2); 

intermediate fiber (i). 

aphorase (type 3 fibers, according to Telerman-Toppet 

and Coërs)," or with low myosin ATPase and low SDH 

activity." Jennekens et al" also described "hybr id" 

fibers with low myosin ATPase and low capacity for 

aérobic metabolism. In the présent study thèse "hybrid" 

fibers were labeled type 0. Other aberrant fibers having 

an intermediate enzymatic activity for ATPase ac-

tivity, as compared to typical type 1 or type 2 fibers, 

were placed in a loosely defined group of intermediate 

fibers. 

Grouped type 0 fibers were found only once, in a 

case of CMT. Intermediate fibers were most numerous 

in CMT, in which they also tended to be grouped. 

Conversely, the proportion of type 3 fibers was higher 

in ALS. Type 3 fibers were randomly distributed and 

often small and angulated, and their AF was signifi-

cantly higher than that of type 1, type 2, or intermedi-

ate fibers. Type 0 fibers had a normal size. The AF of 

intermediate fibers was not significantly différent from 

that of type 1 or type 2 fibers. 

Thèse différences in distribution and size suggest 

Figure 4. ALS biopsy no. 1090. Sériai sections: left, 

myosin ATPase: right. NADH diaphorase. Grouping ol 

type 1(1) and type 2 (2) libers is not conspicuous. Small 

type 3 fibers (arrow) and intermediate libers (i). 

Motor Units in ALS and CMT 1 
MUSCLE &NERVE Mar/Apr 1978 1 3 7 



Figure 5. Distribution of TIR in ALS and CMT. 
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that type 0 and intermediate fibers do not have the 

same functional significance as type 3 fibers. It may be 

assumed that type 3 fibers either are in a dynamic 

process of conversion during reinnervation by collat-

erals from a motoneuron of the other type, or are 

undergoing denervation after failure of reinnervation. 

Type 0 and intermediate fibers, significantly larger 

than type 3 fibers, probably represent a steady state of 

incomplète enzymatic conversion after successful col-

latéral reinnervation, as suggested by Jennekens et al." 

Such "hybr id" fibers (type 0 and intermediate), 

together with type grouping, were also found in 

Kugelberg-Welander disease" and in infantile benign 

spinal muscular atrophy." Therefore, it seems likely 

that the différences in motor innervation and fiber-

type pattern observed in ALS and C M T are related 

primarily to différences in the severity and time course 

of the disease processes, and not to the différences in 

target structures, that is, motoneuron or peripheral 

nerves. 

Figure 6. Distribution of contiguous and enclosed type 1 (open circles) and type 2 (closed circles) fibers in 

ALS and CMT. 
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