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ABSTRACT
Motor neuron diseases (MNDs) are a 

group of devastating neurologic disorders 
that cause specific damage to the motor 
neuron cells. The current diagnosis of MND 
is based on results of the clinical examina-
tion and neurophysiologic studies. The 
length of time of referral to a neuromus-
cular neurologist and the lack of validated 
diagnostic criteria can delay diagnosis. 
Although the role of imaging is currently 
most useful in excluding other conditions, 
several attempts to incorporate neuroim-
aging in the diagnosis of the disease and 
assessment of progression have shown 
promising results. 

We conducted a literature review via 
searches in PubMed and The Cochrane 
Database using multiple relevant terms 
to the topic. Two cases with a challenging 
diagnosis of MND are described, with a 
thorough discussion of how the diagnosis 
was suggested on the basis of magnetic 
resonance imaging evidence in each case. 
Advanced magnetic resonance imaging 
findings can be useful tools that add to the 
diagnostic criteria of MNDs, especially in 
cases where reaching a definitive diagno-
sis is difficult. Such findings might enable 
clinicians to reach an early diagnosis that 
can improve the patient’s quality of life 
and prolong survival.

INTRODUCTION
Motor neuron diseases (MNDs) are a 

group of progressive degenerative neuro-
logic disorders involving both the upper 
motor neurons (UMN) and/or the lower 
motor neurons (LMN). Major forms of 
MND include 1) amyotrophic lateral scle-
rosis (ALS), which involves both UMN 
and LMN; 2) primary lateral sclerosis 
involving mostly UMN; 3) progressive 
muscular atrophy involving mostly LMN; 
4) progressive bulbar palsy involving both 
bulbar UMN and LMN only; and 5) pseu-
dobulbar palsy.1,2 The most common dis-
order in the group is ALS. The diagnosis 

of ALS and other forms of MND is usu-
ally delayed.3 Currently, conventional and 
quantitative magnetic resonance imaging 
(MRI) are not included in the diagnostic 
criteria for MND and are used only to 
exclude MND mimics. 

In this article, we review the literature 
and present 2 illustrative cases of possible 
MND that were supported by conven-
tional and advanced MRI findings.

LITERATURE REVIEW
Etiology and Pathogenesis

The etiology and pathogenesis of 
MNDs are not yet well understood, and it 
is unclear whether the degeneration starts 
from the neuron cell and descends to the 
axons or vice versa.4 Nonetheless, extramo-
tor cerebral pathology with certain genetic 
linkage is now recognized in 5% to 10% of 
the cases, and the rest are sporadic cases 
with no identified genetic component.3,5,6 

Diagnostic Challenges
Early diagnosis of MNDs can have a 

major positive impact on quality of life 
and survival given the benefit of highly 
specialized palliative care and pharma-
cologic therapy. It is now well known 
that early, noninvasive positive-pressure 
ventilation and placement of a gastros-
tomy tube improves the quality of life and 
prolongs survival in patients with ALS.7-12 
However, the subtle onset, different disease 
presentations, and overlapping symptoms 
with other neurologic disorders make early 
diagnosis sometimes difficult to achieve. 

Several studies reported that the time 
from onset to diagnosis of ALS ranges 
from 5 months to 15 months.13 Initial mis-
diagnoses by general practitioners and in-
appropriate referrals are major reasons for 
the late diagnoses.14 The low incidence of 
ALS (median incidence rate, 2.08/100,000 
population) and other forms of MNDs 
makes general practitioners and general 
neurologists unfamiliar with the variety 
of disease presentations.15 Multiple studies 

have shown that MNDs are misdiagnosed 
by 26% to 42% of neurologists.16-18 Even 
if MND is suspected, it is difficult for any 
clinician to tell a patient with progressive 
weakness or disability, or both, that their 
diagnosis is only probable or possible. 
Furthermore, with the recent approval of 
the intravenous medication, edaravone for 
the early treatment of ALS in the US19 the 
validation of diagnostic criteria becomes 
more important.

Diagnostic Criteria 
El Escorial criteria and the modified 

version20 were developed for the diagnosis 
of ALS. However, the sensitivity of the 
criteria in the diagnosis of definite ALS is 
very low. It is categorized according to the 
presence of both UMN and LMN signs in 
4 body regions: Brain stem (bulbar), cervi-
cal (neck and upper extremities), thoracic 
(trunk and abdominal wall), and lumbosa-
cral (lower back and lower extremities).21 
A diagnosis of definitive ALS requires 3 
regions of combined UMN and LMN pa-
thology, probable ALS requires 2 regions 
of combined pathology, and possible ALS 
requires 1 region of combined pathology 
or 2 UMN signs in 2 regions. 

In 2006, Awaji-shima (also called 
Awaji) criteria integrated electromyo-
graphic (EMG) data into the clinical 
diagnosis.22 These criteria require evidence 
of both acute and chronic denervation in 
the absence of sensory nerve conduction 
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abnormalities and the presence of severe 
motor nerve conduction abnormalities. 
Evidence of acute denervation includes the 
presence of fasciculation potentials, fibril-
lations, and complex repetitive discharges 
in the weak or wasted muscle. Chronic de-
nervation signs on EMG include increased 
numbers, duration, and amplitude of the 
motor unit potentials. A normal sensory 
nerve conduction study includes normal 
sensory nerve action potential amplitude 
and conduction velocities. Severe motor 
nerve conduction abnormalities include 
conduction velocity less than 75% of nor-
mal, prolonged distal compound muscle 
action potential latency greater than 150% 
of normal, and presence of more than 50% 
distal to proximal compound muscle ac-
tion potential conduction block. Awaji-
shima criteria recommended that EMG 
abnormalities should be considered equiv-
alent to LMN abnormalities that increase 
the sensitivity for disease detection.22-24 
Both El Escorial and Awaji-shima criteria 
are used for research purposes but are not 
used widely in clinical practice. 

According to Traynor el al,25 56% of 388 
patients given a clinical diagnosis of ALS 
met the definitive or probable diagnosis 
of ALS using the El Escorial criteria. 
Another 10% of the patients, who died, 
did not reach a level of diagnostic certainty 
greater than possible ALS.25 According to 
a meta-analysis, there was a 23% increase 
in the proportion of patients with a defini-
tive or probable ALS diagnosis after using 
the Awaji-shima criteria that incorporated 
EMG findings.26 Nonetheless, there re-
mains insensitivity in detecting the UMN 
pathology in MNDs, which makes their 
diagnosis challenging at times.27

Magnetic Resonance Imaging for Diagnosis 
of Motor Neuron Disease

Few studies have evaluated MRI as 
an additive technique that can be used 
for the diagnosis of MND. Findings in 
conventional MRI include mainly hyper-
intensities on the T2-weighted sequences, 
proton density, and fluid-attenuated inver-
sion recovery (FLAIR) sequences along the 
corticospinal tract and hypointensities in 
the precentral gyrus, called the motor dark 
line, on T2-weighted images (susceptibil-
ity images).28,29 Recently, quantitative MRI 
techniques such as diffusion tensor imaging 

(DTI) have been tested and compared with 
conventional MRI. DTI has the potential 
for early detection of the micropathology 
of the disease before the macropathology 
shows up on conventional MRI.30 Al-
though more abnormal test measures in 
DTI were detected in patients with ALS 
pathology on conventional MRI compared 
with patients with an ALS diagnosis with-
out conventional MRI pathology, the stud-
ies showed variable statistical significance 
compared with control groups. The DTI 
measures did not correlate with the dura-
tion of the disease, probably because of the 
different disease pathologies, locations, 
and durations. Probably the most statisti-
cally significant DTI measures were the 
fractional anisotropy (FA), mean diffusiv-
ity (calculated at the motor cortex and the 
posterior limb of the internal capsule), and 
the reconstructed tractography of the ce-
rebrospinal tract at the centrum semiovale 
extending to the motor cortex.31,32 

Methods
We conducted an evidence-based 

search for relevant studies of MND us-
ing PubMed from the National Library 
of Medicine and The Cochrane Database 
of Systematic Reviews. The following 
search term combinations were used to 
find and review relevant articles in the 
literature: Motor neuron disease, amyotrophic 
lateral sclerosis, primary lateral sclerosis, 
progressive muscular atrophy, pseudobulbar 
palsy, progressive bulbar palsy, MRI, cerebral 
MRI, brain MRI, cervical MRI, advanced 
MRI, conventional MRI, diffusion tensor 
imaging, susceptibility weighted imaging, 
three-dimensional T1 imaging, T2 imaging, 
FLAIR, fluid attenuated inversion recovery 
imaging, tractography, functional MRI, 
Awaji criteria, El Escorial criteria, and early 
diagnosis. We did not apply a filter for date 
of publication. We reviewed all articles 
that discussed the role of MRI in MNDs. 

This review of the literature includes 
2 challenging cases for illustration. No 
institutional review board approval was 
obtained because the reported cases do 
not meet the criteria for human research. 
Both patients gave informed consent for 
publication without disclosure of personal 
information. Conventional MRI sequenc-
es included T2-weighted imaging, FLAIR 
imaging, and susceptibility-weighted 

imaging. Advanced MRI sequences were 
3-dimensional T1-weighted imaging, 
DTI, and tractography.

CASE PRESENTATIONS
Case 1

A 63-year-old woman with a history 
of hypertension and adequately treated 
hypothyroidism presented with 6 months 
of progressive bilateral lower extremity 
weakness and difficulty swallowing. Her 
physical examination revealed diffuse 
muscle weakness in all extremities without 
atrophy or fasciculations. Although an up-
going plantar reflex was noted on the right 
side, there were no clear UMN findings 
otherwise (normal upper extremity reflexes 
and absent lower extremity reflexes). 

Results of the nerve conduction study 
demonstrated a moderate diffuse axonal 
polyneuropathy. The EMG study find-
ings revealed chronic and active motor 
denervation out of proportion to the 
polyneuropathy suggestive of MND, but 
some diagnostic uncertainty remained 
because of the presence of less than 70% 
motor nerve conduction velocities on the 
nerve conduction study and the lack of any 
clinical history that explained such neu-
ropathy. Because of the presence of con-
fusing results of nerve conduction studies 
alongside the abnormal EMG results, the 
treating neurology team raised a concern 
of missing a treatable diagnosis such as 
autoimmune neuropathy.

Conventional MRI with T2-weighted 
susceptibility images showed a hypoin-
tense rim in the right precentral gyrus 
(Figure 1). The DTI results showed de-
creased FA in the left Brodmann area 4 
(motor) and in the body of corpus cal-
losum bilaterally with bilateral motor 
cortical thinning on T1-weighted 3-di-
mensional reconstruction (Figures 2 and 3; 
Table 1). When combined with EMG, the 
DTI findings confirmed LMN lesions. 
A diagnosis of MND (ie, ALS) became 
more likely because of the presence of 
both UMN and LMN lesions. A diagno-
sis of polyneuropathy was then extremely 
unlikely or irrelevant.

Case 2
A 52-year-old woman presented with 

recurrence of bilateral lower extremity 
weakness 6 months after thoracic spine 
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evacuation of syringomeningocele that 
had caused lower extremity myelopathy 
but had resolved postoperatively. She also 
complained of hoarseness of voice, slurred 
speech, difficulty swallowing, intermit-
tent ptosis and diplopia, urinary reten-
tion, and fecal incontinence. Her physical 

examination revealed she had UMN find-
ings, such as a brisk jaw jerk, hyperreflexia, 
and bilateral arm spasticity not explained 
by the conventional MRI results. 

The EMG findings did not reveal new 
or evolving LMN changes. The possibility 
of primary lateral sclerosis superimposed 

on her other medical conditions was raised 
clinically but was difficult to tease out giv-
en the confounding variables of the case. 
She had no evidence of other autonomic 
findings or orthostatic hypotension. Test 
results for other causes, such as myasthenia 
gravis, were normal.

Figure 1. Conventional magnetic resonance T2-
weighted susceptibility image from Case 1 showing 
right-sided, ribbon-like hypointensities in the 
precentral cortex (red arrow).

Figure 4. Normal conventional magnetic resonance 
T2-weighted susceptibility image from Case 2.

Figure 2. Three-dimensional T1-weighted recon-
structed magnetic resonance image from Case 1 
showing cortical thinning in the primary motor 
cortex (blue areas).

Figure 5. Three-dimensional T1-weighted recon-
structed magnetic resonance image from Case 2 
showing cortical thinning in the primary motor 
cortex (blue areas).

Figure 3. Tractography of the corticospinal tract 
from Case 1 showing decreased fiber thickness on 
the right side of the brainstem from the cortex to the 
cervical spine.
A = anterior; L = left; R = right; S = superior.

Figure 6. Tractography of the corticospinal tract 
from Case 2 showing truncated motor fibers on the 
left side of the brainstem and corpus callosum and 
decreased density in the left subcortical fibers.
A = anterior; L = left; P = posterior; R = right.
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Conventional MRI did not show any 
abnormality (Figure 4), but T1-weighted 
3-dimensional reconstruction images 
displayed bilateral motor cortical thin-
ning (Figure 5). Tractography showed 
asymmetric truncation of motor fibers 
with low FA along the corticospinal tract 
(Figure 6; Table 1). These findings were 
located in the motor cortex and extended 
down the corticospinal tract, indicating 
a selective UMN lesion. Advanced MRI 
results helped confirm the clinical find-
ing of UMN pathology in 3 different 
anatomical regions. This abnormality was 
confined to the motor cortex and the cor-
ticospinal tract as illustrated in Figures 5 
and 6. Absence of any lesion on the repeat 
conventional MRI made the correlation of 
her new symptoms to the old pathology 
(syringomeningocele) extremely unlikely. 
On the basis of the advanced MRI find-
ings, the diagnosis of primary lateral scle-
rosis became more likely.

DISCUSSION
The results of the conventional and 

advanced MRI imaging in our 2 patients 
were variable but overall were consistent 
with dispersed UMN pathology not 
explained by other diseases. In Case 1, 
because of the presence of confusing re-
sults of nerve conduction studies (< 70% 
motor nerve conduction velocities) with 
the abnormal EMG results, the treating 
neurology team considered the possibil-
ity of missing a treatable diagnosis such 
as autoimmune neuropathy. Eventually, 
the MRI results confirmed degeneration 
along the fibers of the corticospinal tract 
and the motor cortex, thus increasing the 
possibility of an ALS diagnosis.

In Case 2, because this was a challeng-
ing case, the neurology team suggested 
using other advanced modalities to try 
to narrow the differential diagnosis. Al-
though the patient ’s symptoms were 
anatomically overlapping, a chronologic 
understanding of her symptoms was 
crucial. Initially, the patient had lower ex-
tremity myelopathic manifestations with 
EMG degenerative changes. This condi-
tion resolved after surgery. The patient 
came back describing new progressive 
myelopathic manifestations involving the 
lumbar, cervical, and bulbar regions with-
out LMN signs that started 6 months 

after resolution of her initial symptoms. 
A subsequent spine MRI revealed no new 
lesions. A repeat EMG showed resolution 
of the denervation signs. Findings on 
advanced MRI sequences suggested that 
a diagnosis of primary lateral sclerosis 
was more likely. 

Although a retrograde atrophy of the 
corticospinal tract secondary to a thoracic 
syrinx was a possibility, it was rather un-
likely given the long period of resolution 
of the lower extremity symptoms and 
resolution of signs of denervation on the 
EMG after surgery, with no evidence 
of new lesion on the most recent MRI. 
Nonetheless, it was even less probable 
that the developmental abnormalities 
that caused the thoracic syrinx initially 
might be causing her new symptoms 
because the patient was asymptomatic in 
the bulbar and cervical region before the 
development of the thoracic syrinx and 
because the new MRI did not show any 
lesion progression.

A similar diagnostic approach was 
followed by Matsunaga et al32 before 
they diagnosed ALS in a patient with 
new-onset myelopathic weakness in the 
upper extremities. In their case, it was ac-
companied by C4 to C7 spinal foraminal 
narrowing.

Primary lateral sclerosis presents early 
with only UMN signs; LMN signs ap-
pear several years later. For this reason, 

diagnosis in the early stages depends on 
the absence of LMN signs. The disease is 
slowly progressive. Such challenges make 
the diagnosis difficult for many clinicians, 
which might contribute to the reported 
rarity of the disease. The diagnosis of 
primary lateral sclerosis is thus mainly 
clinical so far, making it likely a diagnosis 
of exclusion.

Other diagnoses that need to be ex-
cluded in patients with primary lateral 
sclerosis are diffuse neurodegenerative 
diseases, including multiple system at-
rophy and spinocerebellar ataxia. These 
possibilities further stress the importance 
of MRI, which in our Case 2 did not 
show diffuse cerebral or cerebellar atro-
phy. Clinically, multiple system atrophy 
was less likely in our case because of the 
absence of orthostatic hypotension that 
indicates autonomic instability, and spi-
nocerebellar ataxia was less likely because 
of the absence of ataxia.

Although MNDs involve patholo-
gies in both the UMN and LMN with 
variable degrees of involvement, it is un-
known which pathology occurs first. Is it 
an anterograde process starting as neu-
ronopathy and spreading downstream, or 
is it a retrograde process starting as axo-
nopathy and then extending upstream to 
the motor neuron? It is possible that both 
hypotheses are true and that different 
or combined forms of the disease occur. 

Table 1. Comparative fractional anisotropy across different sites of corticospinal tract 
from cortex to medullaa

Site
Patient 1 Patient 2 Reference 

value32,33
Standard 
deviationRight Left Right Left

BA 4 (motor) 0.54 0.27b 0.39 0.48 0.39 0.02
BA 3, 2, 1 (sensory) 0.49 0.51 0.44 0.39 0.38 0.03
Posterior limb of 
internal capsule

0.65 0.64 0.62c 0.69 0.68 0.04

Midbrain 0.72 0.70 0.62 0.60c 0.64 0.03
Pons 0.76 0.65 0.55c 0.47b 0.59 0.03
Medulla 0.69 0.77 0.29b 0.35 0.47 0.08
Thalamus 0.27 0.35 0.25c 0.28 0.29 0.03
Splenium of corpus 
callosum

0.80 — 0.79 — 0.78 0.03

Body of corpus 
callosum

0.47b 0.30b 0.72 0.83 0.70 0.05

a In Patient 1, there is a decrease of the FA in the left motor cortex and the body of the corpus callosum bilaterally. In 
Patient 2, there is a significant decrease of the FA in the brain stem bilaterally

a Boldface values indicate significant decreases in fractional anisotropy (FA).
c Italic values indicate mild decreases in FA. 
BA = Broadmann area.
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Also, the anatomical location where the 
disease begins is still unknown.31 Nev-
ertheless, other motor areas such as the 
corpus callosum, especially the middle 
and posterior parts, are involved in the 
pathology and are now well recognized.33 
A new hypothesis in the pathogenesis of 
the disease has been proposed, which sug-
gests an imbalance between the excitatory-
inhibitory signals in the interneuron on 
the basis of some magnetic resonance 
spectroscopy studies.3,34,35

DTI is a promising quantitative MRI 
technique for the diagnosis of MND. 
This technique detects the diffusion of 
proton particles freely within the tissues 
in multiple plains while intact myelin 
provides the maximum restriction of 
such diffusion, leading to a higher FA 
and lower mean diffusivity.36-38 De-
creased FA and increased mean diffusiv-
ity in the cerebrospinal tract in primary 
lateral sclerosis, ALS, and progressive 
muscular atrophy could potentially be 
used as a marker for early and clinically 
silent UMN involvement. Inconsistent 
mean diffusivity values in some studies 
might be attributed to coexisting gliosis 
along with myelin/axonal degeneration 
that also can limit proton diffusivity. If 
this is true, normal mean diffusivity and 
decreased FA might indicate longer du-
ration of the disease because of restric-
tive gliosis.39-41 Decreased FA also has 
been described in the corpus callosum, 
premotor white matter, prefrontal white 
matter, temporal white matter, and cer-
vical cord. Nevertheless, a significant 
direct correlation between the amount of 
decrease in FA and disease progression 
has been noticed in small studies. The 
amount of corpus callosum involvement 
was independent of the degree of UMN 
involvement clinically in these small 
studies,42-44 and other studies showed 
truncated subcortical motor fibers on 
tractography.45

Changes on magnetic resonance spec-
troscopy such as decreased N-acetylas-
partate (NAA), NAA/creatinine, NAA/
choline, NAA/creatine + choline, and 
NAA/myoinositol along the cerebro-
spinal tract from the cortex to the cere-
bral peduncle have been described with 
variable sensitivity and specificity. These 
changes also correlated with the disease 

severity. The NAA/myoinositol marker is 
the most sensitive and specific.46,47 

Three-dimensional T1-weighted re-
constructed MRI images have shown 
cortical thinning in the primary motor 
cortex with or without clinical cognitive 
impairment. Also, temporal and parietal 
thinning has been described in patients 
with associated dementia and possible 
genetic linkage. Results using a surface-
based rather than voxel-based technique 
were more statistically consistent with 
these findings.48,49 A small, controlled 
study in 2016 showed no difference in 
cortical thickness or DTI metrics be-
tween patients with LMN-predominant 
MND and healthy controls.50 Cervical 
spinal cord MRI showed evidence of 
thinning of the cord diameter compared 
with controls.50 Also, a decrease in the 
FA on DTI was noticed, especially in 
the distal cervical cord.50 Assessment of 
the cervical cord requires more sophisti-
cated MRI machines and is technically 
challenging to assess in most medical 
centers.51

Regarding functional MRI, a few stud-
ies have shown decreased connectivity in 
the sensorimotor areas, but other study 
results showed increased connectivity. 
This is probably because it depends on 
the type of neuron affected and the tim-
ing along the disease course when the 
functional MRI was done. The increased 
connectivity might be caused by a com-
pensatory process for the associated 
structural damage or because of direct loss 
of the inhibitory interneurons.52

It is important to note that the sensitiv-
ity, specificity, accuracy, positive predic-
tive value, and negative predictive value 
of advanced MRI findings have not been 
studied on a large scale. Nonetheless, in-
corporating such findings with the cur-
rent diagnostic criteria and studying its 
effect on shortening the time needed to 
reach a diagnosis of MND and on out-
comes must be studied as well. Because 
adding the electrophysiologic results to 
the LMN clinical criteria for MND diag-
nosis has improved the sensitivity of the 
criteria, it is possible that neuroimaging 
might add to the sensitivity of detecting 
UMN pathology.

According to the revised criteria of the 
World Federation of Neurology Research 

Group on Motor Neuron Diseases,53 con-
ventional MRI studies are not required in 
patients with clinically definite disease 
with bulbar or pseudobulbar onset. How-
ever, in those with probable or possible 
ALS, routine brain and/or spinal cord 
MRI can be useful in excluding several 
ALS mimics.53

According to the European guide-
lines,53 and although cerebrospinal tract 
hyperintensities or a T2-weighted hy-
pointense rim in the precentral gyrus can 
support a preexisting suspicion of MND, 
the specific search of these abnormalities 
for the purpose of making a firm diagno-
sis is not recommended. We encourage 
the establishment of new clinical trials 
using the different MRI measures to gain 
additional insight into disease patho-
physiology and into the value of these 
techniques in a longitudinal assessment of 
the diagnosis and progression of MNDs. 

CONCLUSION
As illustrated in our 2 challenging cas-

es, findings on the conventional MRI se-
quences (T2-weighted imaging, FLAIR 
imaging, and susceptibility-weighted 
imaging) and advanced MRI sequences 
(3-dimensional T1-weighted imaging, 
DTI, and tractography) solidified the 
MND diagnosis. The intent of this review 
is to raise the awareness of these advanced 
MRI findings to serve as a backup tool 
when a diagnosis of MND is in doubt. 
By having these tools available, the time 
to reach a definitive or more affirmative 
diagnosis can be shortened in doubtful 
cases. Although it is not the intent of 
this article to change the guidelines or 
amend the diagnostic criteria, our results 
point toward the need for more advanced 
criteria for the diagnosis of MNDs.

Applying early supportive measures 
and pharmacologic therapies will improve 
the quality of life and survival in patients 
with MNDs, and thus early diagnosis is 
preferable. Primary care practitioners and 
general neurologists may have limited 
experience with MNDs, and a delay in 
diagnosis may lead to worse outcomes. 
Recent studies and reviews have shown 
that a combined approach between all 
imaging techniques (especially DTI and 
functional MRI) might have stronger 
sensitivity and specificity. Nevertheless, 
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we recommend the development of 
standardized criteria that include clinical 
findings, EMG findings, and MRI find-
ings to increase the sensitivity of disease 
detection. v
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What Use Is It?

For the doctor, whether it is sad or not is not the issue.  
Let the patient live in illusions to the end …  

it is humane and the best way … .  
We are sometimes reproached for conducting  

incessant studies on the major neurologic diseases,  
which have, up to now, mostly been accurate.  

What use is it? … Let us keep working,  
in spite of everything. Let us keep searching.

— Jean-Martin Charcot, 1825-1893, French neurologist  
and professor of anatomical pathology


