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The pathogenesis of Charcot-Marie-Tooth disease (CMT) still remains 
unsettled. The different opinions of earlier writers have been exten- 
sively reviewed by England & Denny-Brown (1952), and more recently 
by Dyck & Lambert (1968 a, b ) .  The concept that muscular dysfunc- 
tion is secondary to a primary affection of the peripheral nerve or 
possibly the spinal cord has many proponents (England $2 Denny- 
Brown 1952, Dyck & Lambert 1968a, Brodal et al. 1953. Schwartz 
1963), but electromyographic studies and motor conduction velocity 
determinations have yielded conflicting results, considering the extent 
and distribution of muscular impairment. The Research Group on 
Neuromuscular Diseases ( 1968) leaves the question open, whether 
CMT should be classified under “spinal muscular atrophies” or “periph- 
eral nerve disorders”. Dyck & Lambert (1968 a, b )  distinguish be- 
tween three types of neurogenic disorders within the general category 
of CMT, the hypertrophic neuropathy, the neuronal type, and the 
progressive spinal type. 

Sensory dysfunction is rarely prominent (England & Denny-Brown 
1952, Dyck & Lambert 1968 a, Hoffmann 1893), and little information 
is available from the literature on the afferent nerve system in patients 
with CMT. Advances in the electrophysiological techniques ( Buchthal 
& Rosenfalck 1966) have made i t  possible to discriminate sensory 
nerve action potentials of even low amplitude. This report presents 
the results of conduction velocity determinations in sensory and 
motor fibres of the median nerve in a series of severely affected pa- 
tients with the hypertrophic neuropathy type of CMT*. Our data and 



CHARCOT-MARIE-TOOTH DISEASE 5 

previously reported findings seem to fit in with the concept that the 
CMT disease may be due to a hereditary Schwannopathy. 

M A T E R I A L  A N D  M E T H O D S  

Fifteen patients, 6 women and 9 men, were selected from a large material collected 
by one of us (SP). The age ranged from 14 to 64 years, on the average 35 years. 
The patients belonged to seven families, two generations being represented in five. 
The following criteria for  the selection were used: 

1. A clear, dominant inheritance of CMT, established by analysis of the pedigree 
of the families. Personal examination (SP) of 114 of the 132 living members 
disclosed CMT i n  another 20 persons (Figure 1) .  

2. Cavus feet, loss of ankle and patellar jerks, and wasting and paresis of distal 
muscles in the legs. U‘asting of the small hand muscles. The muscular affection 
in the lower extremity was severe in fourteen patients, and moderate in  one (AT, 
female, 62 years old). 

3. No clinical evidence of affection of the proximal muscles. 
4. Severe reduction of the motor conduction irelocity i n  the peroneal nerve, 

which ranged from 0 (i. e. no response in  the extensor digitorum brevis muscle) 
to 26 m/sec. 

5. No other neurological disorders sui generis, o r  due to internal medical diseases, 
intoxications, or trauma. 

The earliest clinical symptoms or signs of the disease could be traced back to 
childhood or adolescence in  all the patients. 

The sensory and motor conduction velocity in  the median nerve was measured 
with the technique described by Bachthal & Rosenfalck (1966). Supramaximal 
stimuli were applied to finger I through ring electrodes, and the evoked nerve 
action potentials were recorded a t  the wrist and when possible a t  the elbow 
through needle electrodes. These served as stimulating electrodes when motor 
fibres were activated. Muscle action potentials were recorded from the abductor 
pollicis brevis muscle through two concentric needle electrodes, 0.9 mm in 
diameter. The action potentials were displayed on and photographed directly from 
the oscilloscope of a three-channel electromyograph (DISA). Whenever necessary 
15-20 potentials were superimposed on the same spot of the film. The temperature 
was about 35”C, recorded near the nerve with a thermoneedle (Ellap, Copenhagen). 
The interelectrode distances were measured percutaneously to the nearest 2 mm. 

Results obtained from 60 examinations in  normal persons between 16 and 62 
years of age served as reference material (Nielsen, in preparation). 

R E S U L T S  
Clinical Findings 

None of the patients had ever experienced sensory symptoms in the 
upper extremities, aiid clinical testing of sensibility yielded entirely 

Part of the study was presented at  the 19. Scandinavian Congress of Neurology, 
Aarhus, 1970. 
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I I 1  

P S  R K S  d 5 3 y r  R. Gk jlomv 
d 18yr + 

( c v  = 22m/sec (cv = 2 5  m/sec ) 

, f -~] lomv ,;kj ,Om" 

u 0 10 20msec 
0 10 20rnsec 

+ + u 

- 
1 sec - 

1 sec 
Figure 2. Muscle action potentials f r o m  the abductor pollicis Zlrevis muscle evoked 
bg stimulation of the median nerrie at  the wrist  ( W )  and the elbow ( E ) .  Be low:  
Electromuographic recording of the maximal voluntarg contraction of the muscle, 

showing nn interference paf tern .  

normal results. Slight to moderate paresis and atrophy of the thenar 
muscles were present in all patients. 

Motor Conduction Velocity 
Figure 2 shows typical examples of muscle action potentials follow- 

ing stimulation of the motor- fibres at the wrist and the elbow. The 
distal latency (wrist-abductor pollicis brevis muscle) averaged 7.3 
msec, ranging from 5.0 to 11.0 msec (Table 1 ) .  This was 2-3 times 
longer than in normal persons (3.1 2 0.05 msec). The motor conduc- 
tion velocity between elbow and wrist was on the average 23.6 m/sec, 
ranging from 16 to 35 m/sec. This represents a reduction of about 
60 per cent (40-76 per cent) of the expected normal values for the 
age of the single patients (Figure 3 ) .  The conduction velocities, re- 
corded in the two generations, were almost identical in four of the 
five families, Four patients had been examined by one of us (SP)  
16 to 35 months prior to the present examination. The two sets of data 
showed variation, well within the range of intraindividual variation 
in normal persons (Table 2 ) .  
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The shape of the muscle action potentials following stimulation at 
the wrist was somewhat split up, but never clearly polyphasic. The 
duration was increased, averaging 15 msec (8-22 msec). The am- 
plitude was low normal or borderline, being markedly reduced in only 
one patient (2  mV). She (SJJ) had a distal latency of 11 msec and a 
motor conduction velocity of 18 m/sec, but an interference pattern 
could be recorded by maximal contraction of the muscle. The dis- 
crepancy between the distal latency and the amplitude is demonstrated 
in Figure 4. 

Repeated replacements of the two needle electrodes in the search 
for a sharply defined onset of the action potential never aroused inser- 
tion activity, and spontaneous fibrillation potentials at rest were never 
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observed. Maximal voluntary contraction always showed an inter- 
ference pattern (Figure 2 ) .  

Table 2. Double determinations of the motor  conduction velocity 
(median  nerve) in Charcot-Marie-Tooth disease. 

Conduction velocity 
(m/sec) Age Time interval 

(yr) (months) 1. Exam. 2. Exam. 
Patient Sex 

PSR 8 18 16 22 22 
OSR 8 18 16 22 22 
I J  0 34 20 18 19 
AT 8 28 35 18 16 

Amplitude 
mV 

V rn 

0 

A 8 

V A  
A 

Distal Motor Latency msec 

Figure 4. T h e  relationship between the  amplitudes ( log  scale) of action potentials 
f r o m  the  abductor pollicis brevis muscle and the  distal latency (following stimula- 
tion at t he  wrist) .  Symbols  as indicated in Table 1. T h e  shaded area indicates the 

95 per cent range o f  normal variation in the  two variables respectively. 
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Sensory conduction velocity (finger I -wr is t )  in 
Charcot-Marie-Tooth disease. 

70 
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P< 0.001 

30 - 

Sensory Conduction Velocity 

A sensory action potential could be recorded at the wrist in all pa- 
tients, but in three patients the potential could be discerned only when 
15-20 potentials were superimposed. These potentials were omitted, 
since a reliable determination of the latency and amplitude was not 
possible. The latency was on an average 6.5 msec, corresponding to 
a niean distal conduction velocity of 20 m/sec, ranging from 13 to 28 
m/sec. This represents a mean reduction of 65 per cent (53-76 per 
cent) of the expected normal value for the age of the single patients 
(Figure 5 ) .  A s  in the motor fibres, the sensory conduction velocity 
was almost identical in two generations within the same family. 
Action potentials at the elbow were recognizable in four of the six 
patients tested. The conduction velocities between wrist and elbow 
(Table 1 )  showed a reduction of 60 per cent of the normal mean 
value. 
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dig. I .  

B. I. S. 
9 26 yr. NORMAL 

m 

C.M.T. 
J + + 

C. M.T. 

H. J. 

5pV u" 41 yr. 

m 
m sec 

0 5 10 15 

Figure 6. Sensory action potentials recorded at the  wrist  following supramaximal 
st imulation o f  f inger  I .  In the CMT patients, 10-20 single potentials were super- 
imposed. Figures above the  potentials indicate the  eonduction velocity (m/ sec )  
in the  distal segment. T h e  markedly  prolonged latency and potential duration 
constitutes the  mos t  significant deviation f r o m  the  normal  action potential (upper 
trace). Note the  un i form shape of potentials recorded in SJ and her father,  H J ,  
despite a dif ference in age and the  duration of the  disease o f  about 25 years. The  
lower trace (PSR) demonstrates a normal ly  synchronized potential despite the  
severely reduced conduction velocity. T h e  well-preserved amplitude does not 

indicate any  significant loss of nerve fibres. 
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Typical examples of sensory nerve action potentials, recorded at thc 
wrist, are demonstrated in Figure 6, which also includes an action 
potential from a normal person. The most significant deviation from 
the normal potential was a highly increased potential duration, which 
ranged from about 3 to 5 msec. The prolonged duration may in part 
account for the low potential amplitude, which varied from 1 to 12 
pV, being 4 pV or lower in nine of the patients. The technique applied 
was insufficient for a detailed study of the shape of pathological 
potentials of the present degree. 

C O M M E N T S  

Functional impairment of muscles in the upper extremity is not a 
spontaneous complaint of the patients with CMT, but in most patients 
wasting and mild pareses in the small hand muscles is demonstrable, 
and in older persons the atrophy may reach severe degrees. 

Thus, the extreme slowing of the motor conduction velocity is out 
of proportion to the clinical picture. Marked slowing of the conduction 
velocity in the ulnar and median nerve in patients with CMT was 
originally reported by Henriksen (19561, working with Lambert 
(1956),  and Gilliatt & Thomas (1957).  Later reports have convinc- 
ingly confirmed these €indings (Dyck & Lambert 1968 a, Amick & 
Lemmi 1963, Blom et al. 1964, Cristie 1961, Dyck et al. 1963, Earl & 
Johnson 1963, Kaeser 1965, Myrianthopoulos et al. 1965). The re- 
ported conduction velocities range from 10-30 m/sec, i. e. of the same 
order as recorded in the present material. Slight reduction of the 
conduction velocity in unaffected children of affected parents (Myri- 
anthopoulos et al. 1965) has been interpreted as an  indication of an 
early subclinical stage of a progressive impairment of the muscular 
function ; a progressive deterioration of the motor conduction velocity 
has never been demonstrated in individual patients. On the contrary, 
the stationary level observed in four of our patients for up to 35 
months confirms similar observations made by Amick & Lemmi 
(1963).  

The evoked muscle action potential has a surprisingly well preserved 
amplitude and shape. The pronounced difference in amplitude follow- 
ing stimulation at the wrist and the elbow (Table 11, presumably 
resulted from a marked increase in the temporal dispersion. We did 
not measure the duration of single muscle action potentials by slight 
voluntary contraction, and the absence of fibrillation potentials does 
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not disprove the presence of a neurogenic atrophy. However, an inter- 
ference pattern could be recorded by maximal voluntary contraction 
of the thenar muscles, adding further evidence of a discrepancy be- 
tween the motor nerve function and the functional state of the 
muscles. These observations are not at variance with the more 
pronounced findings in previously reported electromyographic inves- 
tigations (Amick & Lemmi 1963, Myrianthopoulos et al. 1965, Haus- 
manowa et al. 1967), since they have mainly been confined to muscles 
in the lower extremity. Hausmanowa et al. (1967), however, comment 
that even in the legs the electromyographic pattern took “a rather 
peculiar position among the neurogenic atrophies differing consider- 
ably from the entire group of neuropathies, and resembling in many 
aspects the group of spinal diseases”. 

Quite a number of patients, even with severe CMT, deny sensory 
symptoms. Clinical sensory findings are rarely prominent, usually 
confined to the distal parts of the lower extremities, and predomi- 
nantly late manifestations (England & Denny-Brown 1952, Dyck & 
Lambert 1968 a, Brodal et al. 1953, Schwartz 1963, Dyck et al. 1963, 
Myrianthopoulos et al. 1965). The literature is particularly short of 
reports on sensory dysfunction in the upper extremities, and the few 
cases reported have been recorded almost exclusively in old persons 
(England & Denny-Brown 1952, Brodal et al. 1953, Amick & Lemmi 
1963). Hence, the lack of sensory findings in our patients forms no 
exception. 

With a few exceptions (Kaeser 1965, Myrianthopoulos et al. 1965, 
Bram et al. 1965), earlier attempts to record action potentials from 
the sensory nerve fibres in CMT patients have failed, owing to dif- 
ficulties in discerning action potentials of low amplitude from the 
background noise. Dyck et al. (1963) commented that this indicated 
an abnormal sensory nerve function, as sensory action potentials were 
easily recorded in all their normal persons. Kaeser (1965) recorded a 
sensory conduction velocity of 27 m/sec in one of four patients 
examined. Dyck & Lambert (1966) measured the sensory conduction 
velocity in three sural nerves in uitro. The peak velocity ranged from 
12 to 23 ni/sec. 

The consistent observation of extremely slow conduction velocities 
in sensory fibres in the present material contrasts with the absence 
of clinical sensory findings. The percent reduction from the normal 
mean values shows that motor and sensory fibres were equally af- 
fected. The uniform results obtained in two generations within the 
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same family countersct the normal tendency towards a decrease in 
the conduction velocity with advancing age. Furthermore, since the 
age of onset of clinical manifestations was roughly the same in both 
generations, and all patients experienced a progressive clinical course, 
the conduction velocity does not appear to  be correlated with the 
duration of the disease. In a large kinship, examined by Dyck et al. 
(1963), a positive correlation between the conduction velocity and 
age was apparent. This was also observed in the present material (e. g. 
for the motor conduction velocity: Y (m/sec) = 0.19 X (yr )  + 23.6, 
r = 0.64, P < 0.01). On this account it has been suggested that SLIC- 

ceeding generations become earlier and more severely affected (Dyck 
et al. 1963, Earl & Johnson 1963). We hesitate to draw this conclusion 
for reasons discussed in the following paragraph, and because a reduc- 
tion of the conduction velocity with progressive severity of clinical 
signs has not been documented in single patients. 

A detailed analysis of the shape of the sensory action potential may 
yield valuable information, but this would require an averaging 
technique (Rosenfalck & Buchthal 1970). In the present study the 
marked increase of the duration of the sensory action potential indi- 
cates a wide temporal dispersion between action potentials of indi- 
vidual fibres, whence follows that the low amplitude of the compound 
action potential does not provide conclusive evidence per se of a 
significant reduction in the number of sensory fibres. One of the 
characteristic findings in histopathological studies has been a large 
decrease in the numher of myelinated fibres, but Dyck et al. (1970) 
emphasized that considerable reservations should be made due to the 
fact that demyelinated segments of myelinated fibres or totally demye- 
linated fibres were not counted. It may be added that their observa- 
tions are restricted to the sural nerve, where the extent of axonal 
degeneration may be more prominent than in the median nerve, 
considering the pattern of distribution of clinical findings. 

C O N C L U S I O N S  

The consistent, yet conflicting results may be concentrated into three 
aspects : ( 1 ) A discrepancy was observed between the clinical findings, 
in particular the lack of sensory symptoms and signs, and the dis- 
proportionately extreme slowing of the impulse transmission. ( 2 )  The 
electrophysiological findings in the thenar muscles were minimal 
compared with the severe reduction of the motor conduction velocity 
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in the median nerve. (3 )  A negative correlation was absent between 
the conduction velocities and the duration of the CMT disease or the 
age of the patients. The common denominator is the slow conduction 
velocity. This made us raise the question: Has the motor and sensory 
conduction velocity ever been normal in patients with CMT? 

At birth the conduction velocity amounts to about 50 per cent of 
the normal adult values, which are reached around the eighth year 
of life (Thomas 8z Lambert 1960, Gamstorp 1963). There is abundant 
evidence that the postnatal increase in conduction velocity is due 
to the myelinisation of peripheral nerve fibres during infancy and 
early childhood (Gamstorp 1963). This reflects the function of the 
Schwann cells. 

Conduction velocities reported in this and previous studies came 
close to those measured in infants at birth. Hence, we advance the 
hypothesis that the low conduction velocities in CMT patients reflect 
an impaired post-natal muelinisation o f  fibres. 

A normal sensory perception is acquired in early childhood by a 
process of learning. A CMT child who has experienced nothing but 
afferent impulses, conducted at a speed of 15-30 m/sec, may learn to 
interpret such impulses “normally” from experience. The clinical 
picture of CMT, characterized by a slowly developed muscular atrophy‘ 
and paresis eventually followed by minor sensory defects, may result 
from a progressive axonal degeneration. Histopathological studies 
strongly suggest that the primary site of affection is the Schwann cell, 
as evidenced by an absent or incomplete myelinisation of almost all 
fibres and by an inability to maintain myelin (see Dyck et al. 1970). 
It is conceivable that such a condition may lead to degeneration of 
nerve axons, also demonstrable in nerve biopsies. 

Thus clinical, neurophgsiological, and histopathological observa- 
tions seem to fit in with the concept that the pathogenesis of the CMT 
of the present type, is a dominant, hereditary “Schwannopathy”. 

S U M M A R Y  

The motor and sensory conduction velocity (median nerve) was 
determined in fifteen patients with Charcot-Marie-Tooth disease. Two 
generations were examined in five families. Clinical sensory findings 
were absent, whereas slight to moderate atrophy and paresis were 
demonstrable in the small hand muscles. The average motor and 
sensory conduction velocity was 23.6 and 19.8 m/sec, i.e. about 40 
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per cent of the normal values. The values were nearly the same in 
the two generations, despite differences in age and duration of the 
disease of 30-40 years. No deterioration was observed in four patients 
after 1&35 months. Muscle action potentials had relatively normal 
amplitudes, and maximal contraction showed an interference pattern. 
Sensory action potentials showed great temporal dispersion, account- 
ing partly for the low amplitudes. It is suggested that the patho- 
genesis of CMT may be an absent or incomplete post-natal myelinisa- 
tion, due to a dominant, hereditary “Schwannopathy”. 
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