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Review

Abstract
Hereditary Neuropathies include a wide range of syndromes, 
whose main symptoms and signs have chronic course, they 
could be are inherited through different patterns, and they are 
due to chromosomal abnormalities; they are not associated to a 
known metabolic defect. They represent 71% of Neuropathies in 
pediatric age group, while in the adult population, they represent 
27%. They have a prevalence of 9 cases per 100,000 inhabitants, 
being the most frequent of all hereditary neuropathy: sensory 
and motor neuropathy, it is named Charcot-Marie-Tooth disease. 
Nerve conduction study is an essential technique for diagnosis and 
classification of this kind of neuropathy.

We presented two families with inherited peripheral neuropathy 
through an autosomal dominant pattern, in which the nerve 
conduction study showed primarily demyelinating involvement, 
motor and sensory nerve fibers are damage; except in a case in 
which there was only sensory abnormality. The relatives of the 
patients did not present clinical involvement, despite the great 
abnormality showed in nerve conduction study.

Keywords: Hereditary Neuropathies; Charcot-Marie-Tooth Dis-
ease; Nerve Conduction Study 

Introduction
Hereditary Neuropathies include a wide range of syndromes, 
whose main symptoms and signs have chronic course, are inher-
ited through different patterns, they are due to chromosomal ab-
normalities; they are not associated to a known metabolic defect.

Hereditary Neuropathies represent 71% of Neuropathies in 
pediatric age group, whereas in the adult population, they represent 
27% [1-4]. 

They have a prevalence of 9 cases per 100,000 inhabitants [5].

There are several classifications of hereditary Neuropathies (table 
1). Charcot-Marie-Tooth disease is the most frequent form, with a 
prevalence of 1-2 cases per 5000 inhabitants [6, 7].

At least in the United States it has an incidence of 1 per 2500 live 
persons. In this disease there is a wide clinical heterogeneity: it 
means that the same phenotype occurs with different mutations, 
and at the same time a same mutation originates phenotypes of 
different severity [6, 7].

In 1886 Charcot and Marie in France and Tooth in England, 
described patients with a hereditary form of atrophy peroneal, 
with progressive weakness and atrophy of the distal muscles, which 

begins in the feet and lower legs and it  progress to the hands and 
forearms. This entity has known as Charcot-Marie-Tooth (CMT) 
disease [8].

Charcot-Marie Tooth disease is divided into two types: Hereditary 
Motor sensory neuropathy type I (demyelinating) and type II 
(axonal) [8].

The type I form is divided into type Ia (17, specifically in 17p11.2 
locus, inherited by autosomal dominant linked pattern) and type 
Ib (linked 1; 1q22) [8-10].

The type II is less frequent and is inherited by autosomal dominant 
pattern; according to the literature it is due to mutations of the 
gene of the mitofusin 2 (MFN2), a protein that is involved in 
mitochondrial function, have also been observed changes in the 
locus 1p35-p36, 3q13-q22, 7p14 [8, 11,12].

We present two families in which Charcot Marie Tooth type I is 
suspected by clinical and electrophysiological studies.

Cases Report
Was everyone evaluated motor and sensory nerve conduction study 
of median, ulnar, deep peroneal, posterior tibial and sural nerves, 
bilaterally. Studies were performed on Neuronica 5 equipment, 
from Neuronic SA. Nerve biopsy was not performed. The result of 
the genetic studies is in process.

Family 1

Patient

A 42 years old woman, only daughter, she has two children (female 
and male), mestiza race, with a history of health, from around three 
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years ago she has presented four limbs numbness and reduction of 
progressive muscle strength in the right lower limb.

Neurologic Physical Exam
- Conscious patient, oriented on time, place and person.

- Not characteristic of pathological process fascia.

- Right Steppage gait.

- Decreased muscle Trophies (hypotrophy) in the distal muscles 
and the flexor muscles of both lower limbs

- Decreased muscle tone (hypotonia) in the musculature of both 
lower limbs.

- Generalized deep reflex diminish (-3).

- Normal superficial reflex.

- Clonus and Babinski sign absent.

- Deficit of proximal and distal muscle strength in all four 
extremities (- 1) in both upper limbs, (- 2) in left lower limb and 
(- 3) on the right.

- Light decrease and painful of touch sensitivity (- 1) in four 
extremities with distal predominance.

- Distal hypopallesthesia in both upper and lower limbs. Absence 
of sensory level.

- No abnormalities of stereognosis were observed.

- No abnormalities of praxis were observed.

- Static and dynamic coordination without alterations.

- Absence of abnormalities in examining of the cranial nerves.

Figure 1: Small feet, with deviation in valgus.

Laboratory Tests

Normal blood analysis, HIV and non-reactive serology.

Neurophysiological Studies

Nerve Conduction Study

There was not partial conduction block in any of the evaluated - 
nerves.

Signs of severe myelinic damage of the motor fibers of both ulnar - 
and median nerves.

 Signs of axono-myelinic damage of motor fibers of  both poste-- 
rior tibial nerves. 

Absence of motor responses of both deep peroneal nerves(total - 
motor conduction block). 

Absence of sensory responses in all of sensory evaluated nerves - 
(sensory conduction block).

Figure 2: Study of motor nerve conduction by sections of the left median 
nerve. Note marked prolongation of the latencies and slowed of nerve 
conduction velocity.

Figure 3: Study of sensory nerve conduction of the left median nerve. 
Note absence of response. 

Patient´s Daughter

Woman of 20 years of age, of mestiza race, with a history of health. 
Does not concern symptomatology. She has not children. 

Neurologic Physical Exam
No abnormality was observed.

 
Figure 4: Small and cave foot, standing with increase of the plantar arc 

Laboratory Tests

Normal blood analysis, HIV and non-reactive serology.
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Neurophysiological studies

Nerve conduction study

Signs of severe myelinic damage of the motor fibers of both ulnar - 
and median nerves. 

Signs of axono-myelinic damage of motor fibers of both posterior - 
tibia land deep peroneal nerves. 

Non-sensory response in the both ulnar and median nerves was - 
observed (sensory conduction block). 

Signs of axono-myelinic damage of both sural nerves.- 

Patient´s Son

Man of 26 years old, of mestiza race, with a history of health. Does 
not concern symptomatology. He has no children. 

Figure 7: Small and cave foot, standing with increase of the plantar arc

Figure 5: Study of motor nerve conduction of left deep peroneal nerve. 
Note marked prolongation of the latency of responses, decreased 
amplitudes and slowing of the nerve conduction velocity. 

Figure 6: Study of sensory nerve conduction of nerve left median nerve. 
Note absence of response. 

Laboratory Tests

Normal blood analysis, HIV and non-reactive serology.

Neurophysiological Studies

Nerve Conduction Study

Signs of severe myelinic damage of the motor fibers of both - 
median nerves. 

Signs of moderate myelinic damage of the motor fibers of both - 
ulnar nerves. 

Signs of moderate myelinic damage of the motor fibers of both - 
deep peroneal and posterior tibial nerves. 

Signs of moderate myelinic damage of sensory fibers of both - 
median nerves.

Signs of axono-myelinic damage of the sensory fibers of both - 
median, ulnar and sural nerves. 

Figure 8: Study of motor nerve conduction by sections of the left median 
nerve. Note marked prolongation of the latencies and slowed nerve con-
duction velocity.

Figure 9: Study of sensory nerve conduction of median nerve. Note mod-
erate prolongation of the response latency and slowed nerve conduction 
velocity.
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Pedigree

Family 2

Patient

Women of 18 years of age, only daughter, black race, with a history of 
suffering from some months ago of difficulty in walking, gradually; 
as well as numbness of hands and feet. She has no children. 

Neurologic Physical Exam
- Conscious patient, oriented in time, place and person. 

- Not characteristic of pathological process fascia. 

- Very decreased muscle trophism (atrophy) of both lower limb 
extensors and flexor muscles. 

- Decreased muscle tone (hypotonia) in the musculature of both 
lower limbs.

-  Generalized reflex diminish (- 3).

- Normal superficial reflex. 

- Absence of clonus and Babinski sign. 

- Deficit of proximal and distal muscle strength in all four extremi-
ties (- 1) in both upper limbs, (- 2) in both lower limbs. 

- Light touch sensory decrease and painful (- 1) in all four 
extremities, with distal predominance. 

- Distal Hipopalesthesia in both upper and lower limbs. Absence 
of sensory level.

- Static and dynamic coordination without abnormalities. 

- Absence of alterations in examining the cranial nerves. 

Laboratory Tests

Normal blood analysis, HIV and non-reactive serology.

Neurophysiological studies

Nerve conduction study

Extremely severe signs of myelinic damage of the motor fibers of - 
both ulnar and median nerves.

Signs of axono-myelinic damage of the motor fibers of both deep - 
peroneal and posterior tibial posterior.

Absence of sensory responses in all the evaluated nerves (total - 
sensory conduction block).

Figure 10: Cave foot, increase of the plantar arc

Figure 11: Study of motor nerve conduction of nerve right deep peroneal. 
Note the extreme enlargement of the latency responses, as well as the 
of nerve conduction velocity slowing. There is also marked decrease in 
amplitude.

Patient´s Mother

Women of 45 years of age, with a brother, black race, health history. 
Shedoesn´t concern symptomatology.

Neurologic Physical Exam
Laboratory Tests

Normal blood analysis, HIV and non-reactive serology.

Figure 12: Small and cave foot, with plantar arc enlargement.
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Neurophysiological studies

Nerve conduction study

Extremely severe signs of myelinic damage of the motor fibers of - 
both ulnar and median nerves.

Signs of axono-myelinic damage of the motor fibers of both deep - 
peroneal and posterior tibial nerves.

Absence of sensory responses in all the evaluated nerves (total - 
sensory conduction block).

Figure 13: Study of motor nerve conduction of nerve left deep peroneal 
nerve. Note the extreme prolongation of the latency responses, as well 
as the slowing of nerve conduction velocity. There is also marked de-
crease in amplitude.

Figure 14: Study of motor nerve conduction of right median nerve. Note 
the extreme prolongation of the latency and duration of responses and 
slowed nerve conduction velocity.

Patient´s Grandfather (father of patient´s mother)

Man of mestiza race, 78-year-old with two children, he has history 
of progressive difficulty progressive of the gait of some years ago 
“justified by age”

Neurologic Physical Exam
- Conscious patient, oriented in time, place and person.

- Not characteristic of pathological process fascia.

- March on cane.

- Decreased muscle trophism (hypotrophy) in the distal muscles 
and the flexor muscles of both lower limbs.

- Decreased muscle tone (hypotonia) in the musculature of both 
lower limb.

- Generalized reflex diminish (-4).

- Absence of clonus and Babinski sign. 

- Deficit of the distal muscle strength in all four extremities (- 1) in 
both upper limbs, (- 2) in both lower limbs. 

- Moderate decrease in touch sensitivity and painful (- 2) in all four 
extremities distal predominance. 

- Distal hypopallesthesia in both upper and lower limbs. Absence 
of sensory level. 

- Static and dynamic coordination without alterations.

- Absence of alterations in examining the cranial nerves. 

Figure 15: Small and cavefoot

Laboratory Tests

Normal blood analysis, HIV and non-reactive serology.

Neurophysiological studies

Nerve conduction study

Signs of axono-myelinic damage of the motor fibers of both - 
ulnar and median nerves.

Signs of axono-myelinic damage of the motor fibers of both deep - 
peroneal and posterior tibialnerves.

Absence of sensory responses in all the evaluated nerves (total - 
sensory conduction block).

Figure 16: Sensory study of right sural nerve. No response was observed.
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Patient´s Uncle (patient´s mother brother)

Man of the black race, 47 years old, with a history of prior health. 
He has no children. Does not concern symptomatology

Neurologic Physical Exam
Without abnormalities. Foot of normal appearance.

Laboratory Tests

Normal blood analysis, HIV and non-reactive serology.

Neurophysiological studies

Nerve conduction study

Study of motor nerves showed normal parameters.- 
Signs of light to moderately myelinic sensory damage of fibers of - 
both median, ulnar and sural nerves.

Figure17: Nerve conduction of right sural nerve. Note enlargement of the 
latency and slowing of nerve conduction velocity

Pedigree

Discussion
All patients evaluated had abnormality in the nerve conduction 
study, indicating that although there are no clinical symptoms can 
be demonstrated abnormalities in peripheral nerve in these cases 
through the study of nerve conduction, proved the existence of a 
motor and sensory neuropathy, axono-mielynic type; presumably 
with primary damage of the myelin and secondary axonal 
involvement due to the long time of evolution. The latter evaluated 
case is an exception, because he only showed abnormality of the 
sensory evaluated nerve fibers. In all cases it showed the hereditary 
character of neuropathy [1, 3, 9, 13, 14].

In the case of family 1we observed severe abnormalities in the 
nerve conduction study both motor and sensory, even in the 
children of the patient, which did not show clinical symptoms, 
only abnormalities in the morphology of the foot. In this family is 
not collected family pathological history by maternal ancestry; so it 
could have been a point mutation in the case of the patient, which 
was transmitted by autosomal dominant pattern to their offspring 
[8-15, 19].

For family 2 the patient is young, however she showed severe 
abnormalities in the study of motor and sensory nerve conduction 
of the mother, who showed no clinical symptoms, as well as the 
grandfather, who showed signs, but was not diagnosed. In this 
family also observed light to moderate abnormalities of the uncle 
sensory nerve conduction study in the absence of clinic signs; 
which confirms that a same mutation originates phenotypes of 
different severity. [6, 7, 20-23].

In this family the abnormality appears to be at the level of the 
maternal grandfather of the patient, transmitted in a manner 
autosomal dominant, but with different severity of phenotypes [6, 
7, 20-23].

Both cases corresponding to hereditary motor and sensory 
neuropathy type and primarily demyelinating, with autosomal 
dominant inheritance pattern, they are Charcot - Marie - Tooth 
type I neuropathies [8, 24-26].

This kind of neuropathy clinically it is characterized by with distal 
and symmetric weakness, atrophy of peroneal muscles, which can 
be seen in early age with gait disorders (steppage gait) or clumsiness 
to run, and may also affect the fingers of the hands. Almost we 
observed patients with diminish of reflex, claw feet, or scoliosis, 
as well as thickening of the nerves to the palpation in some cases 
is presented. The degree of involvement is mild and the patient 
maintains independence [10, 13-15].

From the electrophysiological viewpoint, this form is characterized 
by marked slowing of the speed of nerve conduction and marked 
shift in latency [8, 11, 12].

From genetic view point in type I Charcot-Marie-Tooth disease a 
locus of chromosome 1 encodes the synthesis of myelin P0 protein, 
whose locus is located on 1q21-q23 and encodes a higher protein 
myelin in the peripheral nervous system. This protein plays an 
important role in the compaction of myelin, myelination and 
the regulation of cell growth. It has shown that these proteins are 
affected in this type of neuropathy [10, 27-31].

Condition for the myelin protein connexin 32 (encoded by a 
locus of the X chromosome) and the transcription factor of zinc 
EGR2, involved in myelination (encoded by a locus located on 
chromosome 10q) is also demonstrated [10, 32-38].

A locus of chromosome 17 encodes the peripheral myelin PMP22 
protein synthesis; the genetic alteration is a doubling of 1, 5 Mb 
of DNA, caused by a translocation of a homologous region of 
chromosome 17, usually, of paternal origin or may be due to a point 
mutation. People that contain duplication of this gene have three 
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copies instead of 2; excess copies makes the function of myelin may 
change and rise to an alteration of the function of the nerve [9, 
39-42].

The origin of the duplication that causes the disease is an uneven 
exchange of the chromatids during meiosis; this unequal crossover 
occurs between two regions that limit the PMP22 gene called REP-
proximal and distal-REP [1, 25, 27, 28, 31].

Charcot Marie Tooth type II is clinically similar to the type I, 
although the age of onset tends to be later in the second decade of 
life, or more lately; the intrinsic muscles of the hands are affected 
in fewer cases. It is associated with selective degeneration of lower 
motor neurons and ganglion cells of the dorsal root [8, 25, 26 36, 37]. 

From the electrophysiological viewpoint, this form is characterized 
by relative preservation of nerve conduction velocity and latencies 
or minimally abnormalities of them, with a marked decrease of the 
amplitudes it is an axonal form of neuropathy [8, 25].

The nerve conduction study is a technique that allows to evaluate 
the anatomical and functional status of the peripheral nerve, 
allowing you to confirm the diagnosis of peripheral neuropathy, 
demonstrate the type of nerve injury: axonal, mielinica myelinic or 
axono-mielyelinic, as well as the degree of intensity of involvement 
and its extension; all of which allows the classification of neuropathy, 
allowing you to reach even proper diagnosis of the same [43-49].

Unfortunately unlike others this type of neuropathy has no definitive 
treatment, being in them very important genetic counseling to 
prevent transmission of the disease to offspring [8, 9, 50].

Results from high utility to differentiate this type of neuropathy 
of others potentially treatable, especially cause autoimmune 
Neuropathies, which are primarily demyelinating, insidious onset 
and chronic course, both have clinically very similar, sharing a 
common sign in many occasions: thickening of nerves. Unlike 
the hereditary neuropathies in autoimmune unable to identify 
abnormalities in the family [49-51].

Some electrophysiological parameters have been purposed to 
differentiate Charcot Marie Tooth from others autoimmune 
neuropathies, speciphically Chronic Inflammatory Demyelinating 
Polineuropathy (CIDP), in special temporal dispersion. Kang et al 
showed that is higher in CIDP patients [50].

Them improve their clinical picture with immunosuppressive or 
immunomodulatory treatment [50].

Our study is based in clinical and electrophysiological abnormalities 
of Charcot Marie Tooth patients. It has two limitations: Nerve 
biopsy and nerve ultrasound there were not include.

Nerve biopsy has not carried out to our patients. It is not routinely 
carried out in CMT neuropathies, but in a few cases, pathological 
finding scan help define the morphological pattern of the 
neuropathy (particularly with electron microscopy)and narrow 
down the potential mutated genes. Various pathological anomalies 
can be found: Onion bulbs, to maculae, uncompacted myelin, 
myelin out folding, clusters of regeneration [52].

Murphy demonstrate in a recent study that the most frequent 
genetic abnormalities in those with CMT diseasewere PMP22 
duplication (39.5%), GJB1 mutation(10.8%), MPZ mutation 
(3.1%), MFN2 mutation(2.8%), PMP22 mutation (1.4%), SH3TC2 
mutation(1.2%), and less than 1% for each of the other genes 
[53]. Each genetic abnormality produces a demyelinating, axonal, 
or intermediate CMT, but some mutations can also indifferently 
give electrophysiological patterns of demyelinating, axonal, or 
intermediate neuropathy [52, 53].

Unfortunately in Cuba there is not any experience in nerve 
ecography. It is a very useful tool for diagnosis of peripheral 
neuropathies. Recently Pazzaglia et al have showed that in 20 
Charcot Marie Tooth patients evaluated 4/20 (20%) of patients had 
an enlargement of the right sural nerve and 2/20 (10%) of patients 
had an enlargement of the left sural nerve, while the cross-sectional 
area (CSA) was increased in all ulnar nerves, the occurrence of an 
enlarged ulnar CSA was significantly more frequent (p < 0.00001) 
than an enlarged sural CSA [54].

Cartwright et al reported reduced sural nerve CSA in another form 
of demyelinating CMT, CMT Ib [55-56].

Conclusions
There were two families with hereditary neuropathy type Charcoth-
Marie-Tooth disease type I. Neurophysiological studies confirmed 
the existence of neuropathy, even in the cases of asymptomatic, 
showing the extent of the peripheral nerve condition. 
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