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Brief neuroanatomy/ neuroscience

https://alsadotorg.wordpress.com/2017/02/17/upper-motor-neurons-contribute-to-als-in-human-brain-tissue/



Brief neuroscience/ neuroanatomy
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A History

⚫ 1800‘s – Several practitioners described the 
syndrome

− Focused on clinical manifestations of disease

⚫ 1869 – Charcot (First to name it)

− Provided the first detailed description with 
pathology

⚫ Muscle wasting and weakness

− Recognised the involvement of anterior horn 
cells (motor neurons) and consequent lateral 
sclerosis

− This is led to differing terminologies:

⚫ UK: Motor neuron disease

⚫ USA: Amyotrophic lateral sclerosis

⚫ 1939 – Lou Gehrig diagnosed (died 1941)



What is it clinically?

⚫ Painless progressive wasting and weakness
⚫ No sensory involvement

⚫ “Mixed” neurological signs
⚫ Upper and lower motor neuron involvement

⚫ Weakness affects any skeletal muscle
- spares cardiac and smooth muscle 



https://neuromuscular.wustl.edu/synmot.html#Hereditaryals



Fasciculations

⚫ Not specific to motor neuron disease

⚫ A feature of lower motor neuron involvement

⚫ Occur in a range of diseases and in the normal 
population

https://youtu.be/u421daHAgpY

https://youtu.be/u421daHAgpY


Types of MND

⚫ Amyotrophic lateral sclerosis (Spinal/ Bulbar)

⚫ Primary lateral sclerosis 

⚫ Primary muscular atrophy

⚫ Progressive bulbar palsy

⚫ ALS/ Frontotemporal dementia

⚫ Pattern variants:

− Bulbar onset

− Flail arm/ Flail leg variant

− Hemiplegic/ pseudoneuralgic/ respiratory/ ALS+...



Spectrum of motor neuron diseases



How is it diagnosed?

⚫ Clinical suspicion

− UMN signs can only be detected clinically

⚫ EMG:

− To exclude other diseases (eg CIDP and variants)

− To demonstrate LMN signs not clinically apparent

⚫ Appropriate other tests

⚫ Overall it remains a clinical diagnosis 



Awaji Criteria

⚫ Older criteria (el Escorial/ Arlie house)

− 21% of patients die without meeting criteria

⚫ Awaji criteria proposed 2008 (Sens 81%/ Spec 98%)

⚫ Allow clinical and EMG features to be combined

Clinical certainty Clinical + Electro-physiological findings

Definite UMN + LMN findings in 3 body regions 

Probable UMN + LMN in 2 body regions, UMN findings rostral to LMN

Possible 
UMN +LMN in 1 region; UMN in 2 regions; LMN findings rostral to 
UMN



https://clinicalgate.com/132-motor-neuron-disease/

EMG is helpful but the 
diagnosis can be made 

clinically



Copyrights apply

The differential 
diagnosis is 
important



Where does it start? 

⚫ From the earliest descriptions it was assumed 
to have a spinal onset

− Spinal pathology was most prominent

− Muscle/ NMJ toxicity was theorised

⚫ But some features didn't fit eg split hand



Split hand  - a small detour into 
neurological localisation

Case Reports 2014;2014:bcr2014207647.

FDI and APB
Wasted

FDI – Ulnar; C8/T1
APB – Median C8/T1

ADM spared

ADM – Ulnar; C8/T1 

Same nerve roots
Different nerves

So why is there differential 
Involvement?



Cortical representation – Cortical 
onset?

Motor homunculus



And with more modern pathology 
changes are found in the motor 

cortex and elsewhere in the brain



Cortical hyperexcitabilty seems to 
be a very early feature

… and its a biomarker/ test for upper motor neuron dysfunction
… and it offers a new target for therapy
… and it explains the association with frontotemporal dementia



Case studies – case 1 

⚫ 69yo woman presents with weakness of her right 
shoulder. On examination she has increased 
tone and brisk reflexes in her legs with 
asymmetrical weakness of both shoulders (R>L)

⚫ What next?



Case 1

⚫ MRI – mild stenosis of the cervical spine with 
some degenerative bony changes



Case 1

⚫ MRI – mild stenosis of the cervical spine with 
some degenerative bony changes

⚫ EMG: Chronic neurogenic units in all limbs with 
scattered fasciculations and fibrillations

⚫ Meets criteria for probable ALS (definite if 
bulbar features)



Case 2

⚫ 47 yo man presents with twitches in his muscles

− He's noticed them in multiple muscles

⚫ Examination normal reflexes and strength, no 
wasting. Occasional fasciculations seen in the 
calves.

⚫ Diagnosis?



Case 3

⚫ 75 year old man with progressive speech 
difficulty. On examination stiff, atrophic tongue 
with slow movement. Noted to be very 
emotional – crying easily. Questionably brisk 
reflexes. 

⚫ Speech therapy detects impaired swallowing.

⚫ Wife reports odd behaviour – disinhibited and 
making odd, inappropriate comments 

⚫ MRI Brain – age appropriate atrophy 



Case 3

⚫ Probable progressive bulbar palsy (+ 
frontotemporal dementia)

⚫ But by criteria only possible (1 segment 
involved)

⚫ EMG may show lower motor neuron signs in 
other regions



Case 4

⚫ 81 yo man presents to the emergency unit after 
a fall. Noted to be breathless and dysarthric. He 
has been deteriorating over approximately 6 
months with progressive weakness. Also known 
to have a large orbital groove menigioma.

⚫ On examination very stiff atrophic tongue with 
fasiculations, brisk jaw jerk. Fasciculations also 
seen in the arms and chest with slightly brisk 
upper limb reflexes. Type 2 respiratory failure.

⚫ Should he be ventilated?  



Case 4

⚫ CT brain largely unchanged

⚫ Diagnosed clinically as probable motor neuron 
disease

⚫ He and his wife were very accepting and had a 
strong preference for a death at home

⚫ Very tricky!



What is it Pathologically?

Neurodegenerative 
proteinopathy

PD ALS

Alzheimer's CJD



What is it Pathologically?

⚫ Essential a failure of cellular housekeeping 
leading to death of motor neurons

⚫ Dysfunction has been described in multiple 
cellular systems

− Motor neurons

− Astrocytes

− Glial cells

− Inflammation? 



Pathophysiology 



Its interesting that those processes 
looks a lot like other 

neurodegenerative diseases



The                   question

What causes it?



Any environmental links?



What causes it? 

⚫ Multiple environmental associations but very 
inconsistent reports and small studies

− Older age, male gender 

− Smoking, pesticides, heavy metals?

⚫ Increasingly recognised genetic component

− Similar to cancer

⚫ Known genes account for ~20% of risk

⚫ Twin studies suggest heritability of ~60%

− Likely to be a multistep/ polygenic risk

− At least 6 mutation steps required



Very brief basic genetics...

https://www2.le.ac.uk/projects/vgec/highereducation/topics/dna-genes-chromosomes https://schoolworkhelper.net/dna-mrna-introns-and-exons/



Different techniques are suited to finding different types of mutations



Some are easier to find than others

⚫ Genes leading to defective proteins are often 
very heritable (eg Huntingtons, familial ALS)

⚫ That makes it easier to find the cases and 
easier to find the gene

− eg SOD-1 mutations

⚫ Smaller contributions are more difficult to find



GWAS



You need LOTS of cases



Most techniques focus on the exome

⚫ Other DNA has been regarded as junk but 
probably isn't

⚫ Whole genome sequencing is becoming 
cheaper and will probably help

⚫ But its hard to analyse 6.4 Billion base pairs for 
variation 



/Environment

The process probably 
goes something like 
this for all 
neurodegenerative 
diseases



Therapy



https://www.clinicaladvisor.com/home/features/amyotrophic-lateral-sclerosis-update-for-the-primary-care-clinician/2/



Disease modifying therapy

⚫ Riluzole (1995)

− Mortality benefit (~2/12)

− Inhibits NMDA receptors 

− ↑Glutamate uptake

⚫ Endavarone (2017)

− Slows disability 
progression

− Very select group

− Free radical scavenger 



What does the future hold? 



Better understanding of 
pathophysiology is helping to target 

more promising drugs

⚫ Excitotoxicity: Perampanel, memantine...

⚫ Oxidative stress: Endavarone, Co-Q10, Vitamin E...

⚫ Mitochondrial dysfunction: Rasagaline

⚫ Autophagy and protein quality control: Arimoclomol, 
Guanabenz, L-serine...

⚫ Neuroinflammation: Ravalizumab, Zilucoplan...

⚫ Apoptosis: Tauroursodeoxycholic acid, GDC—
134... 



Stem cells (but not the way you 
think)

⚫ Stem cell therapies have been disappointing

⚫ Induced pluripotent stems cells offer new ways 
of testing treatments

This has already started 
to accelerate drug 
discovery

Candidates include:
⚫ Ropinerol
⚫ Retigabine
⚫ Bosutinib

https://science.sciencemag.org/content/330/6008/1172.full



Stem cells (but not the way you 
think)

https://www.cell.com/trends/pharmacological-sciences/fulltext/S0165-6147(19)30274-3





Better trial design

⚫ Platform trials 

− Allows multiple medications to be tested

− Shared infrastructure and protocol

− Shared control groups 

MND

1       2      3         4       

Pooled 
ControlAnalysis 1vs pool 2 vs pool etc



Genetic therapy is a reality

Registered for spinomuscular atrophy           - In trials for SOD-1 ALS and Huntington's



Refining prognosis

Doctors can register for the site at:
http://encalssurvivalmodel.org/



Personalised survival curve

⚫ AUC 0.75  

⚫ ~80% accurate



Survival probability



Take home points

⚫ Wasting and weakness are the main features

⚫ The cause is still unclear but better understood:

− Genetics/ Age/ epigenetics/environment 

⚫ It begins in the cortex and is a 
neurodegenerative proteinopathy

⚫ Better treatment is not too far away (Hopefully!)

⚫ Until then there is lots of care to offer 



Thank you


