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Objectives
• To discuss the historical landmarks and major discoveries pertinent to the disease since 

its original description through the second half  of  the twentieth century
• To illustrate how the current classification system has evolved relying on the clinical 

phenotype, electrophysiological testing, and then genotyping
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Overview
• Introduction
• Before Charcot, Marie, and Tooth
• Charcot, Marie, and Tooth’s contributions
• After Charcot, Marie, and Tooth
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Introduction
• Charcot Marie Tooth disease (CMT) is a phenotypically and genetically 

heterogeneous group of hereditary peripheral nerve disorders affecting the 
axons and/or Schwann cells

• Historically, the reported principal features have included:
o Slowly progressive muscle atrophy
o Relative preservation of the integrity of the proximal muscles
o Preservation of the integrity of the muscles of the trunk, shoulders, and face
o “Fibrillations” and cramps in the atrophied muscles
o Vasomotor disturbances in the segments of the involved limbs
o Often preserved sensory modalities

• Herskovitz S, et al (2010) Peripheral neuropathies in clinical practice.
• Smith AG (2001) Arch Neurol 58:1014–6.
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Introduction (Cont.)
• The term ‘‘peroneal muscular atrophy’’ (PMA) was commonly used to describe 

CMT for almost 100 years after the original description

• Until 1989, the CMT Association was called the National Foundation for 
Peroneal Muscular Atrophy

• Prior to Charcot and Marie’s and Tooth’s reports, cases of PMA were described 
by Virchow, Eulenburg, Friedreich, Osler, and others

• The accurate clinical description made by the three of them provided the 
foundation on which early classifications of hereditary neuropathies was based

• Pearce JM (2003) Fragments of neurological history
• Dyck PJ and Lambert EH (1968) Arch Neurol 18:619–25
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Materials and Methods
• This is a review of the original disease description made by Jean Martin 

Charcot, Pierre Marie, and Howard Tooth

• The more contemporary publications of Peter J. Dyck and Edward H. 
Lambert are also reviewed

• The seminal Charcot and Marie’s  article was translated to English by the 
Mayo Clinic Unit of Language Service 

• A copy of Dr. Tooth’s MD thesis was obtained from The British Library, 
London, UK
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Materials and Methods (Cont.)
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Results
Before Charcot, Marie and Tooth:

• The first case report of  PMA that should be included in the CMT category was from 
Rudolf  Virchow

• He described a 21-year-old man with paresis that had progressed in severity and extent 
from lower to upper limbs 

• His father had similar symptoms which began later in life
• This patient died of  tuberculosis and his autopsy showed a thickened tibial nerve with 

fewer nerve fascicles containing fewer nerve fibers
• This patient probably had CMT type 1

(1821-1902)

Virchow R (1855) Arch Pathol Anat 8:537–40.
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Eulenburg and Eichhorst
• In 1856, Albert Eulenburg described male twins in whom distal weakness 

and atrophy began at the age of  18
• The thigh muscles were reported to be strong and even hypertrophied
• In 1873, Hermann Eichhorst provided a complete description of  

a six-generation PMA family
• His description was thorough enough to prompt Dejerine to name the 

disorder after him
• Friedreich and Virchow later objected, arguing the disorder should bear Charcot 

and Marie’s names, so his name was dropped 

Albert Eulenburg

Hermann Eichhorst
(1849 – 1921)

• Schultze F (1930) Dtsch Z Nervenheilkd 112:1–19.
• Eichhorst H (1873) Berl Klin Wochenschr 10:497–9.
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Nikolaus Friedreich
• Friedreich’s report was the first to provide extensive pathologic evaluation 
• He described some pathologic features:

o Nerve fiber degeneration
o Neurolemmal hyperplasia
o Lumbosacral predominance of  the pathology

• However, amongst his cases of  progressive muscular atrophy, there were some cases of
o Muscular dystrophy
o Motor neuron disease
o Friedreich’s ataxia 

• Friedreich N (1873): Hirschwald Verlag, Berlin,11.
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William Osler (1880-1901)
“ This form, known also as the peroneal type, or by the names of  the men who have 

described it most accurately of  late—namely, Charcot, Marie and Tooth- occurs either 
as a hereditary or as a family affection. It usually begins in early childhood, 

affecting first the muscles of  the feet and the peroneal g roup; as a result of  the 
weakening of  these muscles, clubfoot, either pes equinus or pes equino-varus occurs. In 

rare instances, the disease may begin in the hands, but the upper limbs, as a rule, are not 
affected for some years after the legs are attacked, and the trouble then begins in the 
small muscles of  the hands. Sensory disturbances are frequently present and form 

important diagnostic features. Fibrillary contractions and twitching also occur. 
This form of  muscular atrophy seems to stand between the central 

form and the muscular dystrophies”
• Osler W (1901) The principles and practice of medicine, 4th edn. Young J. Pentland, Edinburgh.

1849-1919
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Charcot and Marie
• In February 1886, Charcot and Marie described their 

‘‘particular form of progressive muscular atrophy’’
• They reported five cases aged from seven to 25 years, with 

symptomatic onset ranging between the ages of three and 15 years
• Inheritance: three patients were sporadic and the other two were brothers
• They described several typical findings like:

o Tight Achilles tendon
o Atrophy of distal thighs and legs
o Pes cavus
o Hammer toes
o Claw hands
o Steppage gait

Pierre Marie
(1853-1940)

• Charcot JM, Marie P (1886) Rev Me´d Paris 6:97–138.
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Charcot and Marie (Cont.)
• Unlike Tooth’s series, lower limb areflexia occurred in all five patients
• Sensory loss was noted in just one case
• They also described the autonomic aspects of the disease

“There are intense vasomotor alterations in the affected parts, especially in the lower extremities. The feet 
and the legs show a bluish-marble or rose-marble aspect. The temperature is much cooler in the affected 

extremities. When the hand touches the feet or the legs the sensation of  cold is noteworthy. The difference in 
the temperature between the legs and the arms can be up to 6 degrees (Celsius)”

• Charcot JM, Marie P (1886) Rev Me´d Paris 6:97–138.
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Charcot and Marie (Cont.)
• Autopsy findings were:

o Fewer and smaller than normal anterior horn cells
o Demyelination of the posterior column and atrophy of Lissauer’s tract
o Nerve trunks were not enlarged, though there were increased amounts of interstitial connective tissue

“Are we dealing with a myelopathy? Is it multiple peripheral neuritis? Here it must be admitted that the issue is 
more delicate, especially in the presence of  those cases where there is either pain or various sensitivity disorders. 

Although to a certain extent there is the hypothesis for a myelopathy however preferable, it seems difficult for us to 
say absolutely”

• Charcot JM, Marie P (1886) Rev Me´d Paris 6:97–138.
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A Clinical Lesson at the Salpêtrière
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Howard Henry Tooth
• An Assistant Demonstrator of Physiology at the 

medical school of St. Bartholomew’s Hospital
• In his M.D. thesis presented to University of Cambridge in 

May 1886, he reported five patients with PMA
• Their age was from 7 to 49 years, with symptom-onset ranging between the 

ages of 6 and 35 years
• Inheritance:

o Three cases were sporadic
o One case had an elder brother having the same manifestations
o One patient’s mother had similar involvement of the legs

1856–1925

• Smith AG (2001) Charcot-Marie-tooth disease. Arch Neurol 58:1014–6
• Tooth HH (1886) The peroneal type of progressive muscular atrophy. Dissertation, University of Cambridge
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Tooth (Cont.)
• Outstanding manifestations were:

o Progressive muscular atrophy starting in the lower limbs, most often in the peroneal muscles
o Sometimes the atrophy started in the tibialis anterior or gastrocnemius
o Such distribution of atrophy led the author to designate the disorder with the title of ‘‘peroneal type 

of progressive muscular atrophy.’’
o Sensation was preserved in all subjects
o Leg muscle atrophy was asymmetrical in two patients
o Intrinsic hand muscle atrophy and loss of knee jerk 

reflexes occurred in two cases
o One patient showed pes varus

• Tooth HH (1886) The peroneal type of progressive muscular atrophy. Dissertation, University of Cambridge
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Tooth (Cont.)
• Four of his cases were autopsied by Virchow (1), Oppenheimer (1), and 

Friedreich (2):
o Peripheral nerve interstitial pathology and hypertrophy of connective tissue in all cases
o Enlarged peripheral nerves in one case
o Only 2nry degeneration of posterior column fibers in two cases
o No evidence of Myelopathy 

“I think these cases afford some proof  of  the existence of  a distinct type of  progressive muscular atrophy 
commencing in the lower extremities, and from the tendency of  the affection to attack first the peronei and 

extensors, it is proposed to call the disease the peroneal type of  progressive muscular atrophy. It would 
appear then, that such post-mortem examinations as we can command, point strongly to 
the conclusion that the disease is a neuropathy, using the term in its restricted sense, and that 

it probably belongs to that class known by the vague generic term, neuritis”

• Tooth HH (1886) The peroneal type of progressive muscular atrophy. Dissertation, University of Cambridge
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After Charcot, Marie and Tooth
• In the following decades, case reports of  :

o Hypertrophic neuropathy by Dejerine and Sottas
o Associated tremors by Roussy and Levy 

 increased confusion regarding the diagnostic boundary of  CMT
• Dejerine and Sottas reported on the pathology of  hypertrophic 

interstitial neuritis in two siblings with muscle weakness, atrophy, and 
areflexia in distal limbs

• This led to the creation of  this category of  cases with enlarged nerves or 
onion bulbs (OB) as a separate nosologic entity

• They believed that OB was of  connective tissue origin

• Berciano J, et al. Muscle Nerve 28:251–2.
• Dejerine J, Sottas J (1893) C R Soc Biol (Paris) 45:63–96.

Joseph Jules Dejerine
(1849-1917)

Jules Sottas
(1866–1945)
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The Duel

Dejerine Marie
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Roussy and Levy
• Described a new kinship of  the disease with static tremors as a 

characteristic feature
• Symptoms included difficulty of  walking and standing still, generalized 

areflexia, club feet, atrophy and slight clumsiness of  hands, and absence of  
Babinski and cerebellar signs

• They also emphasized the autosomal dominant inheritance of  the disease
• Dyck and Lambert did not find any electrophysiologic or pathologic 

evidence that would warrant assigning the Roussy and Levy syndrome as a 
separate entity from CMT type 1

• Roussy G, Levy G (1926) Rev Neurol 1:427–50.
• Dyck PJ, Lambert EH (1968) Arch Neurol 18:619–25.

Gustave Roussy
(1874-1948)

Gabrielle Lévy
(1886-1934)
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Sergej Dawidenkow
• Dawidenkow made the first attempt to classify inherited neuropathies (1927)
• He classified them into 12 categories based on clinical and inheritance patterns
• He included some cases of  what he termed “Scapuloperoneal Amyotrophy”
• In 1962, he acknowledged that these cases were closer to be a variant of   

facioscapulahumeral muscular dystrophy than a CMT subset 
• His classification faced several criticisms and never came into generalized use

• Dawidenkow SN (1927). Klinisch-genetische studien Z Neurol 107:259–320.
• Davidenkov SN and Dogel LV (1962). Davidenkov SN, editor. Notes of clinical neurology, p 5–22.

(1880–1961)

“It is necessary to emphasize that in the first descriptions of this disease (1927, 1929, 1932) the great 
mistake actually was made – this form was considered as a variant of neural amyotrophy. However, later 
(1935, 1939, 1952, 1956) the new facts were accumulated stressing the significant nearness of a scapulo-

peroneal form of myopathy”



2019

Peter J. Dyck and Edward H. Lambert

• In a 5-year prospective study, Dyck and Lambert relied on mode of  inheritance, natural 
history, electrophysiologic, and pathologic data to modify Dawidenkow’s classification

• Their system laid the foundation of  the current classification of  CMT
• They started by defining two main pathologically and electrophysiologically distinct 

subsets:
o One with slowed nerve conduction velocity and nerve hypertrophy (CMT with hypertrophic 

polyneuropathy, CMT1)
o Another subset without these features (CMT with neuronal degeneration, CMT2)

• Dyck PJ, Lambert EH (1968). Arch Neurol 18:619–25.
• Smith AG (2001). Arch Neurol 58:1014–6.
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Dyck and Lambert (Cont.)
• The first group could be divided into

 Autosomal dominant hypertrophic neuropathy which included kinships like those described by 
Virchow, Eichhorst, Charcot, Marie and Tooth

 Recessively inherited varieties including patients similar to those described by Dejerine and Sottas

• The neuronal degeneration group was subdivided into five groups of  progressive 
muscular atrophy that were associated with:
• Lower motor neuron involvement per se
• Involvement of  peripheral motor and sensory nerves
• Hereditary sensory neuropathy
• Spastic paraplegia
• Various forms of  spinocerebellar degeneration

• Dyck PJ (1975) In: Dyck PJ, Thomas PK (eds) Peripheral neuropathy, vol 2. Saunders, Philadelphia, pp 829–39.
• Dyck PJ, Lambert EH (1968) Arch Neurol 18:619–25.
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Dyck and Lambert (Cont.)

“The study was undertaken to obtain more reliable information about the 
natural history of  these disorders, to test the usefulness of  electrophysiologic 
studies in distinguishing affected from non-affected persons, to compare the 

results of  nerve biopsies from representative affected persons with these 
disorders, and to develop more meaningful classification”

• Dyck PJ, Lambert EH (1968). Arch Neurol 18:619–25.



2019

The Beginning of the Genetics Era
• The first step toward a genetic understanding of  CMT occurred when Heimler et al. 

(1978) described a family with CMT that segregated with nevoid basal cell carcinoma 
syndrome

• The syndrome had previously been linked to the Rh blood group on chromosome 1
• These observations led Bird et al. to perform linkage studies that mapped the first 

autosomal dominant CMT1 locus to the Duffy locus on chromosome 1q
• However, it was soon evident that CMT1 in most families did not map to this locus. 

This disorder was therefore referred to as CMT1B

• Heimler A et al. (1978). J Med Genet 15:288–91.
• Bird TD et al. (1982. Am J Hum Genet 34:388–94.
• Bird TD, et al. (1983). Ann Neurol 14:679–84.
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The Early Genetic Era (Cont.)
• Vance et al. in 1989 and Raeymaekers et al. in 1991 mapped CMT1a to chromosome 

17p11.2
• In 1991, Lupski et al. reported that DNA duplication in PMP22 was the genetic 

pathophysiology behind the phenotype
• Chance et al. (1993) distinguished hereditary neuropathy with liability to pressure 

palsies (HNPP) as a distinct entity caused by deletion in PMP22

• Vance JM, et al. (1989) Exp Neurol 104:186–9.
• Raeymaekers P, et al. (1991) Neuromuscul Disord 1:93–97.
• Lupski JR, et al. (1991) Cell 66:219–32.
• Chance PF, et al. (1993) Cell 72:143-51.
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Take Home Points
• Prior to Charcot and Marie’s and Tooth’s reports, cases of PMA were described by 

Virchow, Eulenburg, Friedreich, Osler, and others

• In February 1886, Charcot and Marie published their original description of PMA. 
They surmised that the lesion could be in the spinal cord

• Three months later, Tooth correctly localized the pathology to the peripheral nerves 
in his MD Thesis presented to the University of Cambridge

• Classification of  CMTs has never been easy because of phenotypic overlap among 
different syndromes

• Dyck and Lambert classified several CMT kinships based on inheritance, natural 
history, nerve conduction velocities, and pathologic characteristics
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Share Your Feedback
• Please use the 2019 AANEM Annual Meeting app to rate this presentation and the 

speaker(s). 

• Your feedback helps us enhance our annual meeting to ensure we are continuing to 
meet your needs. 



2019

• Claiming CME
• Course and Plenary Presentations

Visit: www.aanem.org/resources

Record your attendance hours after each session or do it all at once after the meeting is 
complete! Credit not recorded by December 15, 2019 will not be reported to ABPN and 
ABPMR. The AANEM will report ALL Annual Meeting attendees’ credit to ABPN and 
ABPMR by December, 31, 2019.

http://www.aanem.org/resources
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