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Abstract

To evaluate the clinical and electrophysiological similarities and differences between 
two large groups of patients with Charcot-Marie-Tooth disease, i.e. CMT1A and CMT2, 
we performed a post-hoc comparison of clinical and electrophysiological data.
Most CMT1A and CMT2 patients had the classical CMT phenotype. Age of onset was 
significantly later in CMT2. Total areflexia was present in approximately half of the 
CMT1A patients whereas it was rare in CMT2. Foot deformities and weakness of knee 
extensor and foot dorsal flexor muscles were more frequent in CMT1A. Median nerve 
motor nerve conduction velocities (MNCV) were always less than 38 m/s in CMT1A 
patients, whereas this was also the case in 16% of the CMT2 patients. Sensory nerve 
conduction velocities showed less overlap. In both CMT1A and CMT2 compound 
muscle action potential (CMAP) and sensory nerve action potential (SNAP) amplitudes 
were often reduced or not obtainable in the legs. In CMT1A, SNAP amplitude was 
more reduced and SNAP duration more prolonged than in CMT2. 
We conclude that there are no robust clinical signs or symptoms that differentiate 
between CMT1A and CMT2 patients. Electrodiagnostical studies show a length-
dependent motor and sensory axonal dysfunction in both CMT-types. Additional 
SNAP and SNCV evaluation may be helpful in focusing molecular genetic analysis 
in the occasional case of CMT2 showing slow motor nerve conduction velocities 
overlapping with CMT1A values. The reduction of CMAP and SNAP amplitudes in 
CMT1A is probably a combined effect of demyelination and axonal dysfunction. 
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Introduction

Charcot-Marie-Tooth disease (CMT) or hereditary motor and sensory neuropathy (HMSN) 
is characterized by distal muscle weakness, atrophy and sensory disturbances and often 
manifesting with pes cavus and decreased or absent tendon reflexes. 
Initially, electrophysiological and histological features were used for distinction between 
a demyelinating form with markedly decreased nerve conduction velocities (NCVs), onion 
bulbs and a loss of myelinated nerve fibres (CMT1), and an axonal form characterized by 
(near) normal NCVs, and clusters of regenerating nerve fibres and loss of large myelinated 
nerve fibres (CMT2) (Dyck and Lambert, 1968a; Behse and Buchthal, 1977; Buchthal 
and Behse, 1977; Harding and Thomas, 1980). In both types, the inheritance pattern is 
autosomal dominant in most cases. Molecular genetic developments enabled further 
subclassification. CMT1A turned out to be the most prevalent form of CMT1, associated 
with a 1.5 Mb duplication in the short arm of chromosome 17, giving rise to three copies 
of the peripheral myelin protein 22 gene (Lupski et al., 1991; Raeymaekers et al., 1991). 
More recently, mutations in several genes responsible for CMT2 were identified, each one 
only in one or a few families (Mersiyanova et al., 2000; De Jonghe et al., 2001; Zhao et al., 
2001; Antonellis et al., 2003; Evgrafov et al., 2004; Zuchner et al., 2004; Tang et al., 2005; 
Verhoeven et al., 2006). In the clinical setting of diagnosing CMT patients the first step 
after clinical examination is to perform an electrophysiological examination, in order to 
find out if the patient has a CMT1 or CMT2 phenotype. At present, specific diagnosis at 
the genetic level is readily available for the majority of CMT1 patients, but not for CMT2 
patients. Studies comparing CMT1 and CMT2 took place before the era of molecular 
genetic developments (Dyck and Lambert, 1968b; Buchthal and Behse, 1977; Harding and 
Thomas, 1980; Bouche et al., 1983). It would be useful to know the extent of overlap at the 
electrophysiological level and if there are clinical or electrophysiological differences that 
could direct genetic analysis. Recently, we have completed two cross-sectional studies on 
both CMT1A (the most prevalent subtype of CMT1) and CMT2 in which state-of-the-art 
genetic studies were carried out (Verhamme et al., 2004). Here we describe the results of 
a formal post-hoc comparison to evaluate the clinical and electrophysiological similarities 
and differences between these two patient groups. 

Material and Methods 

Patients

CMT1A patients were recruited from the out-patient neurology clinic of the Academic 
Medical Centre, University of Amsterdam and via the Dutch patient organisation 
(Vereniging Spierziekten Nederland). All patients had a documented duplication on 
chromosome 17p11.2-p12. In order to minimise selection on the basis of disease severity, 
as many individuals as possible within one family were investigated. CMT2 patients 
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were recruited from the out-patient neurology clinics of the Academical Medical Centre 
of Amsterdam and the University Medical Centre of Nijmegen. A median motor nerve 
conduction velocity (MNCV) of more than 38 m/s was used for initial selection of families 
with CMT2 (Harding and Thomas, 1980), but we allowed values of less than 38 m/s in 
the occasional family member, which is in accordance with the diagnostic guidelines for 
CMT2 described in the report of the 2nd workshop of the European CMT Consortium in 
1998 (De Jonghe et al., 1998). Families with a presumed autosomal recessive or X-linked 
inheritance were not included. To exclude CMT1A, hereditary neuropathy with liability 
to pressure palsies, CMT1B or CMTX-linked families, DNA analysis was performed in all 
families for a duplication or deletion of 17p11.2 and mutations in the PMP22, MPZ and 
Cx32 genes, respectively, in at least one definitely affected patient per family. Further 
DNA analysis in this group included the EGR2, LITAF, NEFL, MFN2, HSPB1, HSPB8, GARS, 
DNM2, RAB7 and GDAP genes. As in CMT1A, as many family members at risk as available 
were subjected to a full neurological and detailed electrophysiological examination. For 
ascertainment of affected disease status the presence of weakness was required. In the 
present study only the definitely affected individuals are included. 
Neurological examinations were performed in the same centre by two of the authors (C.V. 
for CMT1A and H.B. for CMT2). In both studies electrophysiological examination took place 
on the same day as the clinical examination. Patients with confounding co-morbidity like 
alcohol-abuse or diabetes mellitus were excluded. All patients and relatives gave written 
informed consent to participate in the study, which was approved by the medical ethics 
committee of the Academic Medical Centre for CMT1A and CMT2 patients and for a 
proportion of the CMT2 patients by that of the University Medical Centre Nijmegen.

Neurological history and examination

In both studies history taking and neurological examination were carried out according 
to a standardised protocol. For comparison of the two studies only unambiguous data 
were used. Muscle strength was assessed using the Medical Research Council (MRC) 
scale and subsequently MRC gradings were pooled in three categories: normal strength 
(MRC grade 5), moderate paresis (MRC grade 4) and severe paresis to paralysis (MRC 
grades 3 to 0). Asymmetry was defined as at least one category difference of strength 
between sides. Sensation abnormalities and reflexes were scored as absent or present. 

Electrophysiological examination

Electrophysiological measurements were carried out using a Viking IV EMG machine 
(Nicolet, Madison, Wisconsin). Temperature was kept between 32 and 34 degrees Celsius 
at the distal recording sites. Motor nerve conduction velocities (MNCVs) from the median, 
ulnar, peroneal and tibial nerves were measured in both patient groups. The compound 
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muscle action potential (CMAP) amplitudes, measured baseline to negative peak, were 
recorded from the abductor pollicis brevis (APB), abductor digiti quinti (ADQ), extensor 
digitorum brevis (EDB) and abductor hallucis brevis (AHB) muscles. Special attention was 
directed towards ensuring supramaximal stimulation by increasing the stimulus intensity 
(max 80 mA) and duration (max 1.0 ms). In the CMT1A patients and 26 controls (median 
age: 40 years, range 25-64 years, 11 males and 15 females) large surface recording 
electrodes (2.0 x 2.6 cm) were placed at standardised sites defined by anatomical 
landmarks to improve reliability of future comparison of CMAP amplitudes, as the CMT1A 
patients participate in a longitudinal study (van Dijk et al., 1994; Tjon-A-Tsien et al., 1996). 
For CMT2 motor nerve conduction studies were performed using standard 1 cm diameter 
surface recording electrodes and normal values from our laboratory were used (Kimura, 
1989). Results of the median nerve are presented. Because of the different recording 
electrodes used for motor nerve conduction studies in CMT1A and 2, we calculated how 
many patients in each group had CMAP amplitudes below the lower limit of normal (LLN) 
and below the mean of normal for the corresponding methods. 
Antidromic sensory nerve conduction velocity (SNCV) and sensory nerve action potentials 
(SNAPs) were investigated in the median and ulnar nerves using ring electrodes around 
the index and little finger, respectively and in sural nerves using surface electrodes at 
the lateral malleolus. SNAP amplitudes were measured from the baseline to the peak of 
the negative deflection. Normal values of 26 controls (median age: 40 years, range 25-64 
years, 11 males and 15 females) were used.
Myography (EMG) was performed by concentric needle electrodes inserted into the APB, 
ADQ, brachial biceps, AT and rectus femoris muscle on the same side as the corresponding 
nerve tested. Spontaneous activity comprising positive sharp waves and fibrillation 
potentials were scored as denervation. Long-duration, high amplitude MUPs, which may 
be polyphasic, were scored as reinnervation activity and the recruitment pattern of the 
MUPs at full effort was noted.

Statistical analysis

All analyses were performed with the Statistical Package for the Social Sciences 
10.0 for Windows (SPSS Inc. Chicago, IL, USA). Data are reported as means, standard 
deviations and ranges or medians and ranges depending on the distribution of the 
data. Categorical data are reported as counts and percentages. Possible differences 
between CMT1A and CMT2 patients and between patients and controls were evaluated 
with parametric (t-test) or non parametric statistics (Mann-Whitney U-test and Kruskal-
Wallis H-test) for continuous variables or by the chi-square test, Fisher’s exact test for 
categorical variables. Differences were considered significant when the P-value was less 
than 0.05. In view of the explorative nature of this study we did not correct for multiple 
comparisons (Rothman, 1990).
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Results

Symptoms, signs and course of disease

Fifty-one CMT1A patients from 28 families and 61 CMT2 patients from 18 families were 
included. Twenty of the CMT1A patients were also included in a previous study, but were 
investigated again (Hoogendijk et al., 1994). In two of the 18 families mutations in CMT2 
genes were present: one mutation in the MFN2 gene (Gln45Arg) and one in the RAB7 gene 
(Lys157Asn). Apart from a toe amputation and frequent sores at the feet in the patient 
with the RAB7 mutation the CMT phenotype in these small families was identical to that 
of other CMT2 kinships. The RAB7 mutation will be subject of a separate paper.
No mutations were found in the NEFL, HSPB1, HSPB8, GDAP, GARS, DNM2, EGR2 and LITAF 
genes. Clinical findings of CMT1A and CMT2 patients are listed in table 3-1. Age of onset 
of symptoms was significantly later in CMT2, being in the first decade in less than 25% 
of CMT2 patients versus more than 75% of CMT1A patients. Disease duration at the 
time of examination, use of walking aids and disease progression were not significantly 
different. Weakness of the knee extensors and foot dorsal flexors was more frequent 
in CMT1A. In significantly more CMT1A patients (78% versus 44% of CMT2 patients, P 
< 0.001) foot dorsal flexor muscles were weaker than foot plantar muscles. Additional 
features were hand tremor in 41% of CMT1A patients and in 31% of CMT2 patients (not 
significant (NS)), a history of hearing impairment in 22% in CMT1A and in 23% in CMT2 
(NS) and hoarseness, which was present in one patient in both types. Two patients of 
each type had a history of surgery or a brace for scoliosis. Surgery for foot deformity 
or short ankle tendons was performed in 20% of CMT1A patients and 28% of CMT2 
patients, respectively (NS). Claw hand deformity was found in two CMT1A patients. Calf 
hypertrophy was present in four CMT1A patients (8%) and in 10 CMT2 patients (16%) 
(NS). Asymmetrical presence of deformities, weakness, atrophy and calf hypertrophy 
was noted in a few patients of both types (data not shown). 

Figure 3-1. Age at onset in years in 51 CMT1A and 40 CMT2 patients (white bars: CMT1A, grey bars: CMT2)
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Table 3-1. Clinical comparison of CMT1A and CMT2 patients

CMT1A CMT2 P 

Number of patients 51 61

Male / Females (%) 27 (53) / 24 (47) 34 (56) / 27 (44) 0.767

mean / median age at investigation  (range; years) 38 / 39 (6-69) 43 / 41 (15-72) 0.135

mean / median age at onset (range; years)  8 /  6 (0-40) 20 / 13 (1-63)a < 0.001

mean / median disease duration (range; years) 29 / 29 (1.6 – 64.5) 24 / 20 (2 – 71) 0.093

use of walking aids b (%) 15 (29) 19 (31) 0.851

wheelchair dependent (%) 1 (2)   1 (2 ) c

Progressive coarse according to patient (%) 35 (69) 34 (56 ) 0.162

Signs: N  (%)

Pes cavus or high arches 48 (94) 45 (74) 0.004

Hammertoes 22 (43) 30 (49) 0.523

Atrophy legs distal d 21 (41) 36 (59)  0.048

Atrophy legs proximal   7 (14)   4  (7)  0.215

Atrophy hands 24 (47) 30 (49) 0.823

Muscle weakness (right side)               

Elbow flexors   3 (6)   1 (2) 0.329

Abductor digiti quinti e 26 (51) 21 (36) 0.120

Hip flexors   8 (16)   4 (7)  0.120

Knee extensors 14 (28)   4 (7)  0.003

Foot dorsal flexors f 45 (88) 37 (63) 0.002

Foot plantar flexors f   5 (8) 11 (19) 0.190

Extensor hallucis longus g 43 (93) 52 (88) 0.507

Sensation loss

Pin prick finger   5 (10)   - 0.018

Vibration finger   7 (14)   1  (2) 0.022 

Pin prick toe 37 (73) 33  (54) 0.045

Vibration toe 41 (80) 43  (71) 0.228

Reflexes

Areflexia 25 (49)   2  (3) <0.001

Normal reflexes, ankle jerk excluded   0   16 (26) <0.001

a age at onset could be determined in 40 patients, b usually walks with orthopaedic shoes, ankle foot ortheses, a cane, 

crutches or a walker (outside), c numbers too small for statistical analysis, d intrinsic foot muscle atrophy not included,  e 

3 not tested in CMT2, f surgery: 2 unknown in CMT2, g surgery: 5 unknown in CMT2 and 2 unknown in CMT2 

Nerve conduction studies and electromyography

Motor and sensory nerve conduction velocities differed significantly between CMT1A 
and CMT2 (figures 3-2 and 3-3). In CMT1A the mean median nerve MNCV was 23 m/s 
(range: 12 – 38 m/s), while in CMT2 this was 46 m/s (range: 21 – 64 m/s) (P < 0.001). In 
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CMT1A the mean median nerve SNCV was 29 m/s (range: 19 – 38 m/s), while in CM2 
this was 50 m/s (range: 36 – 63 m/s) (P < 0.001). 
Figure 3-2 shows that there is substantial overlap in the median nerve MNCVs of 
CMT1A and 2. In CMT2 median nerve MNCV was less than 38 m/s in nine patients from 
six families (figure 3-4). Age and age of onset did not differ between CMT2 patients 
with MNCV less than 38 m/s as compared to CMT2 patients with MNCV higher than 
38 m/s. In the nine CMT2 patients with MNCV less than 38 m/s weakness of intrinsic 
hand muscles and foot dorsal flexors was more severe. The distally elicited APB muscle 
CMAP amplitudes were significantly lower in these patients as compared to the other 
CMT2 patients. Four of these nine patients had uniformly decreased MNCVs in the arms, 
and in none of these patients SNAPs could be recorded from the median, ulnar and 
sural nerves. In 33 CMT1A patients with median nerve MNCVs in the (overlap) range of 
20 to 38 m/s median nerve SNAPs were preserved in 31 patients. Median nerve SNCVs 
showed virtually no overlap between CMT1A and CMT2 patients (figure 3-3a).
In both CMT1A and CMT2, CMAP and SNAP amplitudes were often not obtainable 
in the legs (table 3-2). The percentage of patients with absent CMAPs, decreased 
CMAP amplitudes (< LLN) and absent SNAPs did not differ between both groups 
after stimulation of the median, peroneal and sural nerves. In all CMT1A patients 
the CMAP amplitudes of the APB muscle and EDB muscle were below the mean of 
normal whereas in CMT2 patients this was the case in 69% (P < 0.001) and in 92% (NS), 
respectively.

Figure 3-2. Median nerve motor conduction velocities in 46 CMT1A and 56 CMT2 patients; white bars: CMT1A, 

grey bars: CMT2
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Figure 3-3. Median nerve sensory nerve conduction (SNCV), sensory nerve action potential  (SNAP) amplitude 

and sensory nerve action potential duration in CMT1A, CMT2 patients and controls: (A) reduced SNAP amplitu-

des are associated with slower SNCV, (B) longer SNAP durations are associated with slower SNCV and (C) reduced 

SNAP amplitudes are associated with longer SNAP durations (� CMT1A,  � CMT2,  � controls)
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Figure 3-4. Median nerve motor nerve conduction velocity (MNCV) and compound muscle action potential 

(CMAP) amplitudes in CMT2 patients: (A) median nerve MNCV is below 38 m/s in nine patients from six different 

families, (B) relation of MNCV and CMAP amplitudes.

Table 3-2. Electroneurographical findings of CMT1A and CMT2 patients 

3-2A. Comparison of compound muscle action potential amplitudes 

CMT1A CMT2 P a

Number 
tested

Absent (%) Recordable below 
LLN (%)

Number 
tested

Absent (%) Recordable 
below LLN (%)

APB 46   - 11  (24) 53   - 15  (28) 0.661

EDB 48 19 (40) 26  (90) 54 30 (56) 18  (75) 0.271

3-2B. Comparison of sensory nerve action potential amplitudes

CMT1A CMT2 P a

Number 
tested

Absent (%) Mean SNAP 
amplitude (SD) (μV)

Number 
tested

Absent (%) Mean SNAP 
amplitude (SD) (μV)

Median 46   6 (13) 2.9 (2.4) 56 11 (20) 11.9 (12.7) <0.001

Sural  47 27 (57) 1.9 (1.0) 56 36 (64) 3.8 (4.0) 0.383

SNAP = sensory nerve action potential, LLN = lower limit of normal, APB = abductor pollicis brevis muscle, EDB 

= extensor digitorum brevis muscle, a values for comparison of numbers with CMAP amplitudes below the LLN 

and comparison of SNAP amplitudes

Recordable median nerve SNAP amplitudes were most reduced in CMT1A and 
reduced in CMT2 as compared to controls (Kruskal-Wallis H-test, P < 0.001) (table 3-2B 
and figure 3-3). Median nerve SNAP durations were most prolonged in CMT1A (3.5 SD 
1.1 ms) and less so in CMT2 (1.8 SD 0.5 ms) as compared to controls (1.3 SD 0.1 ms) 
(Kruskal-Wallis H-test, P < 0.001) (figure 3-3). 
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After stimulation of the median nerve at the wrist the CMAP of the APB muscle had a 
45.6% lower mean amplitude, a 36.6% longer mean duration, and a 37.6% lower mean 
area in CMT1A as compared to controls (P < 0.001). When comparing the CMAPs of the 
APB muscle after stimulation at the wrist and at the elbow, there was a significant 
difference between CMT1A patients and controls in reduction of CMAP amplitude 
(13.8 versus 2.2%, P < 0.001), but there was no significant difference between CMT1A 
patients and controls in increase of CMAP duration (7.3 versus 4.5%) or reduction of 
CMAP area (3.4 versus 0.2%).
Spontaneous muscle activity was present in the anterior tibial muscle in 11% of CMT1A 
patients and 21% of CMT2 patients, respectively, and in the brachial biceps muscle in 
none of the CMT1A patients and 4% of CMT2 patients (both NS). Reinnervation signs 
were found distally more often than proximally in both patient groups. Only in the 
anterior tibial muscle reinnervation signs were more often detected in CMT2 patients 
than in CMT1A patients (96% versus 78%, P = 0.009). The frequency of absent motor 
unit potentials or reduced recruitment pattern was not different.

Discussion

Our post-hoc comparison was done in two large patient cohorts. The CMT1A group 
was genetically homogeneous. Our CMT2 group was extensively screened for 
mutations. In 18 CMT2 families only two mutations in the MFN2 and RAB7 gene, 
respectively, were found. This reflects the clinical setting where in CMT2 cases often 
no specific DNA diagnosis is available. 
The clinical findings in our CMT1A patients and in CMT2 patients were similar in 
many aspects; especially regarding self reported progression and use of walking 
aids. However, age of onset of symptoms was much later in CMT2 as compared to 
CMT1A, and pes cavus, proximal weakness, sensation loss and absent reflexes was 
more frequent in CMT1A. Age of onset is difficult to assess in retrospect, as initially 
signs and symptoms may be mild and escape attention (Harding and Thomas, 1980; 
Birouk et al., 1997). The perceived disease status may differ between patients and 
‘asymptomatic’ patients may become alerted only if other members in their family 
are diagnosed. 
The higher frequency of pes cavus in CMT1A probably reflects both the earlier age 
at onset and the predominance of weakness of foot dorsal flexors over that of foot 
plantar flexors. Proximal weakness of the lower limbs has been previously described 
in 0 to 12% of CMT1A patients (Hoogendijk et al., 1994; Birouk et al., 1997; Thomas et 
al., 1997; Krajewski et al., 2000). Only one CMT2 family with several older individuals 
reported to be wheelchair bound was described, but no further details about proximal 
weakness as a possible explanation are given (Loprest et al., 1992). Total areflexia was 
rare in CMT2 as opposed to CMT1A. Notably, in a quarter of our CMT2 population 
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reflexes were normal or in some cases even brisk, whereas this was not found in any 
CMT1A patient. These findings were described before (Harding and Thomas, 1980). 
Absent tendon reflexes in CMT1A can be explained by the demyelinating nature of the 
underlying neuropathy, which leads to desynchronized input from afferent neurons. 
The finding that sensory deficit is slightly more pronounced in CMT1A might also be 
relevant in this respect. In axonal polyneuropathies normal (brisk) reflexes may be 
retained as long as the afferent volley, evoked by tapping the tendon, is large enough 
to excite motor neurons. This depends on many factors; most important here are 
nerve fibre integrity and motor neuron excitability. In many axonal polyneuropathies 
enough Ia afferent nerve axons are preserved and conduction velocity differences do 
not lead to asynchronisation of the afferent volley. That reflexes are sometimes brisk 
in CMT2 reflects increased motor neuron excitability suggesting that some CMT2 
genes have a role in the central nervous system. In our study there was no significant 
difference in hand weakness or atrophy, in contrast to three earlier studies which 
found relative preservation of hand muscle strength in CMT2 patients as compared 
to CMT1 patients (Dyck and Lambert, 1968a; Dyck and Lambert, 1968b; Buchthal and 
Behse, 1977; Harding and Thomas, 1980).
We observed that several singleton CMT2 patients within families in which the 
majority had nerve conduction velocities faster than 38 m/s, were found to have 
median and ulnar nerve MNCVs of less than 38 m/s. This is in agreement with 
international guidelines dating from 1998 (De Jonghe et al., 1998) that allow median 
nerve MNCVs of less than 38 m/s in some CMT2 patients, provided that a higher than 
38 m/s median nerve MNCV is present in the propositus. Our results emphasize that 
for electrophysiological differential diagnosis, a cut off value of 38 m/s to distinguish 
CMT1 from CMT2 is not always appropriate, although it is still widely used. Median 
nerve SNCVs showed less overlap between both types, but could not be calculated in 
around one third of both patient groups.
The CMT2 group includes families that might be considered Intermediate CMT 
(CMTDI), because MNCVs of some family members were between 20 and 45 m/s. 
The intermediate group was initially described, when studies revealed an overlap 
group between CMT1 and CMT2 (Davis et al., 1978). However, with the availability of 
genetic testing it became clear that the CMT1A group also includes “intermediate” 
patients and that CMT with GJB1 and MPZ mutations may also include patients with 
intermediate MNCVs. For CMT2 the search for disease causing mutations has only 
quite recently been successful, although only mutations in the MFN2 gene seem to be 
quite frequent. Therefore, genetic testing is not helpful to differentiate between CMT2 
and CMTDI, especially since CMTDI is not well defined. Some authors adhere strictly to 
MNCVs between 20 and 45 m/s in all family members, but others include families with 
wide ranges of MNCV. It is clear that many different mutations may include patients 
with intermediate MNCV. Only when all CMT-associated mutations are known, it 
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will be clarified if CMTDI really is a genetic entity, i.e. that all patients with CMTDI 
mutations have the same neurophysiological characteristics. Till then, it remains a 
semantic discussion whether families with a wide range of MNCVs, that have none 
of the presently known mutations, should be included in a separate CMTDI group 
or in CMT2. The CMT2 patients with slow median nerve MNCVs in our study were 
more severely affected than patients with near normal MNCVs in the same family, 
suggesting that intermediate MNCV can be a result of a primary axonal neuropathy. 
MNCV and SNCV slowing in our CMT1A group was uniform as has been described 
before (Lewis and Sumner, 1982; Kaku et al., 1993) . In the four CMT2 patients who 
had uniform MNCV slowing in the arms no SNAPs could be recorded whereas in our 
CMT1A patients with median nerve MNCVs in the range of 20 to 38 m/s SNAPs were 
most often retained. This led us to conclude that, in case the median nerve MNCV is 
below 38 m/s, preservation of SNAPs is more consistent with CMT1A. 
In CMT2 as well as in CMT1A there is a length-dependent motor and sensory axonal 
involvement, as in both groups CMAP and SNAP amplitudes are more often reduced 
or absent in the legs as compared to the arms. However, our results also indicate that 
in CMT1A a reduction of CMAP and SNAP amplitude are not only the result of axonal 
loss, but are partly due to demyelination. In general, CMAP amplitude reduction may 
be used as an indirect measurement of axonal loss, keeping in mind that sprouting 
of axons may increase the amplitude of individual motor unit potentials (MUPs), 
leading to a relatively normal CMAP amplitude, despite a severe motor unit loss 
(Lawson et al., 2003; Lewis et al., 2003). In our CMT1A and CMT2 patients we found 
that reinnervation signs and a reduced recruitment pattern in electromyography 
were equally present. However, in agreement with Dyck, although not discussed 
at that time (Dyck and Lambert, 1968a; Dyck and Lambert, 1968b), we found that 
in all CMT1A patients CMAP amplitudes of the hand muscles were below the mean 
amplitude in normal controls, whereas in CMT2 these amplitudes were quite often 
above the mean of normal. Although we cannot exclude that there is indeed more 
axonal loss in CMT1A patients, demyelination may also contribute to reduction 
of CMAP amplitude. In CMT1A the MNCV is uniformly slowed in terminal nerve 
segments, while these segments have a variable length. This will give an increase 
in CMAP duration and a reduction of CMAP amplitude. Reinnervation may even 
increase this effect, because the length variability of the terminal nerve segments 
increases. It is of note that temporal dispersion and interpotential phase cancellation 
due to demyelination only have a minor role in the more proximal nerve segments 
in CMT1A, as there was no significant influence on CMAP area and duration between 
stimulation of the median nerve at the wrist and at the elbow (Verhamme et al., 
2004).
In our study we found evidence that decreased SNAP amplitude can be partly 
explained by increased temporal dispersion due to demyelination. In agreement 
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with previous studies (Buchthal and Behse, 1977; Davis et al., 1978), SNAP duration 
was significantly longer in CMT1A than in CMT2 patients and healthy controls. 
SNAPs elicited by different axons have a relatively short duration, as opposed to 
MUPs, so that interpotential phase cancellation and temporal dispersion have a 
major influence on amplitude and duration of the total SNAP (Kimura et al., 1986; 
Kimura et al., 1988; Kincaid et al., 1988). Furthermore, the range of nerve conduction 
velocities is broader in sensory nerves than in motor nerves, which leads to more 
temporal dispersion in SNAPs as compared to CMAPs (Dorfman et al., 1982; Dorfman, 
1984). Altogether, demyelination may give rise to smaller SNAP amplitudes of 
longer duration. This indicates that in CMT1A SNAP amplitude reduction is not 
only the result of axonal loss, but a combined effect of demyelination and axonal 
dysfunction.
There are no robust clinical signs or symptoms that distinguish CMT1A patients from 
those with CMT2. Nevertheless, our results suggest that the combination of disease 
onset in the first decade, pes cavus and areflexia makes a diagnosis of CMT1A more 
likely. Disability and self reported progression are similar in both types. In most cases 
median nerve MNCV is useful to differentiate between the demyelinating and axonal 
forms. Given the considerable overlap in median nerve MCV between CMT1A and 
CMT2, which hampers diagnostic accuracy, evaluation of SNAP and SNCV can be an 
important additional tool in those cases.




