
Abstract:

The aim of this study was to investigate small myeli-
nated (Ad) and unmyelinated (C) fiber function in patients
with CMT1A and CMTX polyneuropathy. 17 CMT1A and
10 Cx32 polyneuropathy patients were investigated with
warm and cold threshold to evaluate small myelinated
(Ad) an unmyelinated (C) somatic fiber function and with
sympathetic skin responses (SSR) to evaluate post -
ganglionic sympathetic fiber function.

Median age and disease duration did not differ
 between the two groups. Charcot-Marie-Tooth neuropathy
score was higher in CMTX patients. Mean MCV differed
significantly between the two groups in both Median and
Ulnar nerve. In CMT1A patients warm threshold was
 abnormal in 72% and cold threshold in 53%. On the con-
trary, in Cx32 patients group warm and cold threshold
was abnormal in 10 and 20% respectively. SSR was also
abnormal in only a small number of both CMT1A and
Cx32 patients (24% and 10% respectively).

Conclusion: Small fiber function is frequently impaired
in CMT1A polyneuropathy patients. 

Key words: Charcot-Marie-Tooth; neuropathy; small
fibers.

Introduction

Charcot-Marie-Tooth (CMT) is the most frequent
inherited neuropathy. Although it is a genetically
 heterogeneous disorder with autosomal dominant,
recessive and x-linked inheritance pattern (Shy,
2004), all symptomatic subjects present similar
 clinical phenotype: Progressive muscle weakness
and atrophy, sensory loss, decreased or absent
 tendon reflexes, mainly achille’s, and skeletal defor-
mities. The most frequent form of the disease is
CMT1A which results either from point mutation or
duplication of peripheral myelin protein 22 (PMP22)
gene on chromosome 17p11.2 (Lupski et al., 1992)
and represent the 70% of all CMT cases (Ionasescu,
1995).The second more frequent is the X-linked

form (CMTX) encountered in about the 20% of
cases and due to mutations of connexin 32 (Cx32)
gene (Bergofen et al., 1993). CMT is considered a
large fiber neuropathy (Dyck 1984; Sanderek et al.,
1999; Vital et al., 2001). However some other elec-
trophysiological and histological studies indicate that
unmyelinated fibers are also  impaired (Ingall et al.,
1991; Low et al., 1978). 
Nerve conduction studies (NCS) test only large

diameter motor and sensory myelinated fibers, and
unmyelinated fibers can be tested only with quanti-
tative sensory tests (QST). Small fiber function has
been investigated in a few cases of CMT1 and CMT2
(Hanson et al., 1998; Ericson et al., 1999; Lankers
et al., 1991), but not in CMTX polyneuropathy
 patients. The aim of this study was to investigate
small myelinated (Ad) and unmyelinated (C) fiber
function in CMT1A and CMTX polyneuropathy
 patients.

Material and methods

Seventeen patients with CMT1A (7 men and
10 women, median age 42.4 ± 14 years) and ten
 patients with CMTX (8 men and 2 women, median
age 42.9 ± 13.6 years) diagnosed by DNA analysis
were included in the study. All CMT1A patients pre-
sented PMP22 mutation on chromosome 17p11.2
and all CMTX patients presented mutations of Cx32
gene. Five of them were members of the same family
with C.462T > G connexin 32 (Cx32) mutation. The
other five patients belonged to 5 families with dif-
ferent Cx32 mutations. In order to compare patients
of the same severity, three more female CMTX
 neuropathy subjects were excluded from the study
because of mild involvement. The remaining two
 female subjects were severely affected with CMT
neuropathy score (Shy et al., 2005) similar to those
of CMT1A patients. All subjects presented typical
clinical phenotype with distal muscular weakness
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and atrophy and steppage gait, distal sensory deficit
and absent tendon reflexes. For disability, the
 Charcot-Marie-Tooth neuropathy score was used.

Electrophysiological investigation comprised:
1. Motor conduction velocity (MCV) of the median,
ulnar, peroneal and tibial nerve and sensory conduc-
tion velocity (SCV) of the median, ulnar and sural
nerve in at least one side with standard stimulating
and recording techniques and a Keypoint Medronic,
Sweden electromyograph. Motor and sensory distal
latency, MCV, SCV, peak-to-peak amplitude of the
compound muscle action potential (CMAP), and
sensory nerve action potential (SNAP) amplitude
from the first deflection from the baseline to the
maximum negative peak were measured. 2. Electro -
myogram (EMG) was performed with concentric
needle electrodes in the 1st dorsal interosseous and
tibialis anterior muscle in all subjects. 3. Peripheral
nerve small fibres were studied using quantitative
sensory testing (QST): Thermal threshold (TT), and
Sympathetic skin response (SSR). 3a. TT was meas-
ured using a “Triple T” device, Medelec, Old Surrey,
UK, using the two alternative forced-choice method
of psychophysical analysis (Jamal et al., 1985).
Warm and cold threshold (WT and CT) values were
considered abnormal if exceeding the mean ± 2.5 SD
of our control data for the corresponding age group.
3b.SSR was recorded from the left plantar surface
using disc electrodes after stimulation of the right
median nerve at the wrist (Shahani et al., 1984).
 Filter band pass was 0.5-500 Hz, stimulus intensity
75 mA, stimulus duration 0.2 ms, sweep velocity
0.5 sec/div, sensitivity 0.2-0.5 mV/div. The stimuli
were given at irregular intervals greater than 1 min

to avoid habituation. Latency was measured from the
stimulus artifact to the first deflection from the base-
line. Amplitude was measured peak-to-peak. The
shorter and higher of five responses was selected.
SSR was considered abnormal if absent or if it was
lower and/or longer than our control values (x ± 2.5
SD). Skin temperature was maintained above 32° C. 

Statistical analysis

Statistical comparisons between the two groups
were performed using the chi-square test, Fisher’s
exact test, Mann-Whitney U-test and unpaired t-test
as indicated in table 1.

Results

Baseline characteristics and electrophysiological
findings are shown in table 1. There were 7 male and
10 female CMT1A subjects and 8 male and 2 female
CMTX subjects. Mean age (42,4 ± 14 and
42.9 ± 13.6 respectively) and mean disease duration
(31.1 ± 19.8 and 24.8 ± 7.9 respectively) did not
 differ between the two groups. CMT score (20 and
24 respectively) showed a statistically significant
difference  . Mean MCV differed significantly
 between the two groups in both Median and Ulnar
nerves (p = 0.027 and < 0.001 respectively). Small
fiber function was impaired in 13 (72%) CMT1A
and only in 3 (30%) CMTX patients (p = 0.097):
Warm threshold was abnormal in 9 (53%) CMT1A
and only in 1(10%) Cx32 subjects. Cold threshold
was abnormal in 13(72%) CMT1A and also only
in 2(20%) Cx32 subjects. As to postganglionic

Table 1

Demographic and electrophysiological data of CMT1A and CMTX patients

Characteristics CMT1A (N = 17) CMTX (N = 10) p

Male* 7 (44%) 8 (80%) 0.456
Age, years (mean, SD) 42.4 ± 14.0 40.3 ± 13.5 0.917
Disease duration, years (mean, SD) 31.1 ± 19.8 24.8 ± 7.9 0.373
CMT score, points (median, interquartile range)# 20 (4.5) 24 (2.5) 0.017
MMCV (mean, SD-m/sec)*** 20 ± 6 28 ± 9 0.027
UMCV (mean, SD-m/sec)*** 19 ± 5 35 ± 9 < 0.001
QST** 13 (72%) 3 (30%) 0.097
WT** 9 (50%) 1 (10%) 0.091
CT** 13 (72%) 2 (20%) 0.019
SSR** 4 (24%) 1 (10%) 0.621

* x2-test ** Fisher’s exact test. ***Unpaired t-test  # Mann-Whitney U-test.
Statistical comparisons between the two groups were performed using chi-square test, Fisher’s exact test, Mann-Whitney U-test and

unpaired t-test as indicated.
MMCV: Median motor nerve conduction velocity, UMCV: Ulnar motor nerve conduction velocity, QST: Quantitative sensory testing,

WT: Warm threshold, CT: Cold threshold, SSR: Sympathetic skin response.
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 sympathetic nerve dysfunction, no significant differ-
ence between the two groups was observed: SSR
was  abnormal in 4 (24%) CMT1A patients and in
1(10%) CMTX patients (p = 0.653)

Discussion

The aim of this study was the investigation of peri -
pheral small nerve fiber function in the two major
subgroups of CMT neuropathy, confirmed by DNA
analysis, CMT1A and CMTX, by quantitative deter-
mination of somatosensory thresholds and investiga-
tion of postganglionic unmyelinated. sympathetic
nerve fibers.
In order to achieve comparable types of CMT, we

compared mean age of the patients and mean disease
 duration which did not differ significantly between
the two groups. Disease severity (CMT score) was
higher in CMTX patients. Regarding the involve-
ment of small fibers, a significant difference between
the two groups was observed: CMT1A patients pre-
sented impaired small fiber function significantly
more frequently than Cx32 polyneuropathy patients.
The second finding is the significant difference re-
garding MCV, similar to the reported in other studies
(Anzini et al., 1997; Rouger et al., 1997). As to post-
ganglionic sympathetic nerve dysfunction, was not
observed a significant difference between the two
groups. Small myelinated (Ad) nerve fibers were
found involved in 72% and nonmyelinated (C) nerve
fibers in 53% of CMT1A patients while in Cx32
polyneuropathy patients both Ad and C nerve fiber
function was impaired in only 10-20%. Most
histopathologic studies show severe lesion of myeli-
nated and intact unmyelinated fibers (Behse et al.,
1977; Dyck, 1984). Vital et al. (2001) performed a
superficial peroneal nerve biopsy in 8 CMTX
 patients and mild lesions of unmyelinated fibers
were found in only one of them (12.5%). Behse et
al. (1977) also reported reduced number on unmyeli-
nated nerve fibers in only 3 out of 21 CMT patients
(14.3%). On the contrary, Low et al. (1978) found
abnormalities of unmyelinated fibers in the sural
nerve in patients with CMT1. In nerve biopsies the
lesser diminution in the number of small fibers could
be at least in part due to signs of regeneration given
that nerve sprouts are frequently considered as small
nerve fibers (Behse et al., 1978; Dyck 1984).
Small nerve fiber function has been studied in a

few small series of CMT1A and CMT2. Hanson et
al. (1998) using thermal threshold and SSR, found
normal warm threshold and abnormal cold threshold
in 5 CMT1 patients tested and prolonged SSR
latency   in 2 of them, a finding indicating disturbed
small myelinated Ad and intact C fibers. Disturbed

Ad fibers were also found by Lankers et al. (1991)
in a CMT1 polyneuropathy patient. Ericson et al.
(1999) studied 10 patients with CMT1 neuropathy
(five of them with CMT1A) and 10 with CMT2
 neuropathy and found abnormal cold threshold in
CMT1 and abnormal warm threshold in both groups.
Ingall et al. (1991) found abnormal sweat tests on
the  extremities of 4 CMT patients tested, a finding
consistent with distal degeneration of sympathetic
nerve fibers. Low efferent conduction velocity of the
SSR was observed in 10 CMT patients by Denislic
et al. (1993).
PMP22 and Cx32 are both peripheral nervous

 system myelin proteins, the former being one of the
main structural proteins in compact myelin, and the
last a gap junction protein in the non-compact
 domain of the myelin. CMT1A is characterized by
marked slowing of MCV and SCV (Dyck 1984),
while CMTX is also a demyelinated neuropathy
(Anzini et al., 1997; Scherer et al., 1998), but is
 characterized by mild slowing of CV (Anzini et al.,
1997; Rouger et al., 1997). 
We can attribute the higher percentage of small

fiber involvement in CMT1A in contrast to Cx32
patients  , to secondary lesion of these fibers, because
of the greater impairment of the myelin sheath in the
former as it results from the very low CVs in
CMT1A and the mild reduction of CVs in Cx32
polyneuropathy patients. Although disease severity
(CMT score) was higher in CMTX patients small
fibers were less frequently involved. We can postu-
late that the greater reduction of CVs is associated
with more frequent involvement of small fibers. It is
known that is not easy to compare CMT patients at
the same stage of severity. In order to achieve com-
parable types of CMT, we compared mean age of the
patients and mean disease duration which did not
differ significantly between the two groups.
In conclusion, in this study peripheral somatic

small nerve fiber function was found to be impaired
in a significant number of CMT1A patients. The
 involvement of these fibers in CMTX patients was
found significantly lower, as well as the involvement
of postganglionic sympathetic nerve fibers in both
groups. 
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