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Objectives

● To recognize clinical presentations and detection of motor neuron disease
● To recognize classification, epidemiology, pathophydiology, diagnosis, 

genetic testing and treatments of motor neuron disease



Outline 

● Motor neuron system 
● Motor neuron disease 
● Classification of motor neuron disease
● Epidemiology
● Pathophysiology
● Clinical presentations 
● Diagnosis 
● Genetic testing 
● Treatment



Motor neuron system

● The motor neuron system is composed of 
upper and lower motor neurons. 

● Upper motor neurons 
○ Primary motor cortex of the brain, and 

their axons comprise the corticobulbar 
tract (connecting to the brainstem) and 
the corticospinal tract (connecting to the 
spinal cord). 

● Lower motor neurons
○ Anterior horn cells, are located in motor 

nuclei in the brainstem or the anterior 
gray matter of the spinal cord. 
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● Motor neuron diseases (MND) are 
gradually developing disorders which 
results in degeneration of motor 
neurons in cranial nerves nuclei, 
spinal cord and pyramidal neurons in 
the motor cortex

● Mixture of UMN and LMN lesions

Motor neuron disease
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Classification of Motor Neuron Diseases



● Pure Lower Motor Neuron Disease
● Mixed Upper and Lower Motor Neuron Diseases
● Pure Upper Motor Neuron Diseases

Neurol Clin 33 (2015) 735–748

Classification of Motor Neuron Diseases



Pure Lower Motor Neuron Disease

Heritable disease

● Spinobulbar muscular atrophy (SMA) 
● Spinobulbar muscular atrophy (SBMA) or Kennedy's disease

Sporadic disease

● Progressive muscular atrophy (PMA)

Neurol Clin 33 (2015) 735–748

Classification of Motor Neuron Diseases



Mixed Upper and Lower Motor Neuron Diseases

● Amyotrophic lateral sclerosis (ALS)
○ Both familial and sporadic ALS 

Classification of Motor Neuron Diseases
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Pure Upper Motor Neuron Diseases

● Hereditary spastic paraplegia (HSP)
● Primary Lateral Sclerosis (PLS) 

Classification of Motor Neuron Diseases
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AMYOTROPHIC LATERAL SCLEROSIS



Amyotrophic Lateral Sclerosis (ALS)

● Fatal neurodegenerative and the most frequent motor neuron disease
● Primarily characterized by progressive weakness of voluntary muscles due to 

degenerating motor neurons in the brain, brainstem and spinal cord
● Non-motor symptoms, such as behavioral and cognitive impairment, and 

even manifest as an overlap syndrome with signs of frontotemporal dementia 
(FTD), known as ALS-FTD
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Epidemiology

● The worldwide prevalence and incidence : 4.42 per 100000 population and 
1.59 per 100000 person years

● Highest in western Europe and lowest in South Asia 
● The prevalence and incidence of ALS is higher in men than in women 

BMJ 2023;383:075037

Amyotrophic Lateral Sclerosis (ALS)



Clinical of ALS



● The clinical hallmarks of ALS are related to the impairment of voluntary 
muscles

● Progressive weakness of the limbs, speech and swallowing dysfunction and 
respiratory failure with concomitant signs, such as muscle atrophy, 
fasciculations and increased muscle tone. 

Amyotrophic Lateral Sclerosis (ALS)
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Clinical of ALS
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(A) Proximal and symmetrical upper limb wasting results in an inability to lift arms against gravity 
(“man-in-the- barrel” or flail-arm variant ALS)

(B) Recessions above and below the scapular spine, indicating wasting of supraspinatus and 
infraspinatus muscles, as well as substantial loss of deltoid muscle. As a consequence, the 
glenohumeral joint becomes prominent, and prone to subluxation.



Lancet 2011; 377: 942–55

(C) Disproportionate wasting of the thenar muscles combined with the first dorsal interossei, the 
so-called “split-hand”, is a typical feature in ALS.
(D) Substantial wasting of tongue muscles in bulbar-onset ALS.
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● Focal weakness in distal muscle groups of the 
limbs and simultaneous UMN and LMN 
involvement. 

● Distal segments of the upper or lower limbs are 
affected in a focal manner at the onset of the 
disease. 

● UMN dysfunction is not always easily identified in 
wasted or atrophic muscles of the limbs, 
particularly in the early stages of the disease

Spinal-Onset ALS
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● Initial motor dysfunction in the bulbar region. 
● Speech difficulties and frequent choking with 

concomitant hypersalivation are the cardinal 
presenting symptoms. 

● Both LMN and UMN impairment are present, 
causing tongue wasting with fasciculations, facial 
spasticity and pseudobulbar affect in the early 
stages of the disease. 

● Propagation to other spinal regions is evident later in 
the disease’s course

Bulbar-Onset ALS
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● Clinically isolated LMN impairment of the anterior horn 
cells and brainstem motor nuclei. 

● Subclinical UMN impairment can be detected in the early 
stages of the disease

● Although PMA tends to have a slower disease 
progression than classical ALS 

● 20 to 30% of the patients may develop ALS with clinically 
evident UMN impairment within 5 to 10 years from the 
disease’s onset. 

Progressive Muscular Atrophy (PMA)
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● Progressive isolated UMN dysfunction
detectable in at least two regions (thoracic 
region will not be considered) for at least two 
years. 

Primary Lateral Sclerosis (PLS)
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● Also known as Vulpian Bernhardt’s type
● Progressive, proximal and symmetrical weakness of both 

upper limbs caused by LMN impairment is predominantly 
apparent. 

● Motor symptoms in bulbar muscles or lower limbs are 
unaffected from 12 to 20 months after the onset of upper limb 
symptoms. 

● Represents a rather benign phenotype with a median survival 
time of 4 years and a 10 year survival rate of 17%.

Flail-Arm-Syndrome
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● Progressive and symmetrical weakness of both 
lower limbs, whereas distal muscle groups are 
typically affected and LMN involvement outweighs 
UMN involvement.

● Other segments are clinically spared for a mean of 
16 months after the disease’s onset. 

● Unlike FAS, FLS has a similar prognosis as spinal-
onset ALS, with a median survival time of 3 years 
and a 10-year survival rate of 13%.

Flail-Leg-Syndrome
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● Presents itself with weakness of trunk muscles. 
● Typically, paravertebral muscles are affected, 

resulting in bent posture, axial instability and dropped 
head syndrome. 

● In respiratory-onset ALS patients suffer from 
dyspnoea and orthopnoea at the beginning of the 
disease, caused by weakness of the respiratory 
muscles and the diaphragm, which is also 
anatomically related to the thoracic region. 

● The prognosis is poor due to early respiratory failure
and complications such as pneumonia.

Axial or Respiratory-Onset ALS

Vidovic, M.; Müschen, L.H.; Brakemeier, S.; Machetanz, G.; Naumann, M.; Castro-Gomez, S. Current 
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● Very rare phenotype is defined by slowly 
progressive, unilateral muscle weakness in the 
limbs alongside clinically predominant UMN
signs, such as pathological deep tendon reflexes 
(DTR) and pyramidal tract signs. 

● The onset may either occur in the upper limbs 
with subsequent descending propagation to the 
lower limbs or vice versa.

Hemiplegic ALS (Mill’s Syndrome)

Vidovic, M.; Müschen, L.H.; Brakemeier, S.; Machetanz, G.; Naumann, M.; Castro-Gomez, S. Current 
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Diagnostic Criteria





Diagnostic Criteria

Vidovic, M.; Müschen, L.H.; Brakemeier, S.; Machetanz, G.; Naumann, M.; Castro-Gomez, S. Current 
State and Future Directions in the Diagnosis of Amyotrophic Lateral Sclerosis. Cells 2023, 12, 736.

Studies evaluating the feasibility of the Gold Coast criteria to date have shown an increase in diagnostic 
sensitivity with largely preserved high specificity



Pathophysiology



Mead, R.J., Shan, N., Reiser, H.J. et al. Amyotrophic lateral sclerosis: a 
neurodegenerative disorder poised for successful therapeutic translation. 
Nat Rev Drug Discov 22, 185–212 (2023).
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Molecular pathomechanisms

● Most common neuropathological signature of ALS is cytoplasmic aggregation of TDP-
43 protein,  a protein encoded by TARDBP(found in 97% of cases of sporadic ALS) 

● Other aggregating proteins, such as SOD1 and FUS, are found in patients with SOD1 
mutation and FUS mutations

● Patients with C9ORF72 (chromosome 9, open reading frame 72) hexanucleotide 
repeat expansions have accumulations of dipeptide.

BMJ 2023;383:075037
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Environmental exposure

The gene–time–environment hypothesis of amyotrophic lateral sclerosis suggests 
that genetic susceptibility, age-related cellular damage, and a burden of 
environmental exposures combine to trigger amyotrophic lateral sclerosis.



Treatment



Disease-modifying treatments

● Only two drugs with regulatory approval are available
● Riluzole and edaravone

○ They are of marginal efficacy and only in select populations, and merely 
lengthen survival by a few months.

Lancet 2022; 400: 1363–80
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Spinal muscular atrophy



Spinal muscular atrophy (SMA)

● Classic spinal muscular atrophy (SMA) is an autosomal recessive disease 
caused by mutations in SMN1 on chromosome 5 leading to reduced 
expression of survival motor neuron protein (SMN). 

● This causes dysfunction and degeneration of α-motor neurons in the spinal 
cord and brainstem, in addition to progressive muscle atrophy and weakness 
of limb, trunk, bulbar and respiratory muscles.

Mercuri, E., Sumner, C.J., Muntoni, F. et al. Spinal muscular 
atrophy. Nat Rev Dis Primers 8, 52 (2022).



Epidemiology

● The worldwide incidence of SMA is 1 in 10,000 live births or 7.8–10 in 
100,000 live births



Pathophysiology

Mercuri, E., Sumner, C.J., Muntoni, F. et al. Spinal 
muscular atrophy. Nat Rev Dis Primers 8, 52 (2022).



Mercuri, E., Sumner, C.J., Muntoni, F. et al. Spinal muscular 
atrophy. Nat Rev Dis Primers 8, 52 (2022).



Diagnosis

● Genetic diagnosis 
● 95% of patients with SMA harbour homozygous deletions of exons 7 and 8 

or only of exon 7 in SMN1.
● Biallelic mutations in SMN1 provide genetic confirmation of 5q-SMA.
● New recommendations highlight the need to also determine SMN2 copy 

number as it provides information on disease severity in symptomatic 
patients and identifies which presymptomatic patients should undergo 
treatment.

Mercuri, E., Sumner, C.J., Muntoni, F. et al. Spinal muscular 
atrophy. Nat Rev Dis Primers 8, 52 (2022).



Treatment

● Nusinersen, onasemnogene abeparvovec and risdiplam have received 
regulatory approval by the FDA and EMA for the treatment of SMA, and 
are available in many countries worldwide.

Mercuri, E., Sumner, C.J., Muntoni, F. et al. Spinal muscular 
atrophy. Nat Rev Dis Primers 8, 52 (2022).



Kennedy’s disease or spinal 
bulbar muscular atrophy



Spinal bulbar muscular atrophy

● Slowly progressive multisystem disorder predominately affecting the 
peripheral nervous system

● An inherited X-linked mutation of the androgen receptor gene with males
usually affected but rarely females may exhibit some mild symptoms (such as 
cramps).

● The slowly progressive disease course of lower motor neuron dysfunction in 
this rare disorder leads to the frequent misdiagnosis as amyotrophic lateral 
sclerosis (ALS). 

● The disease spectrum encompasses in addition to the hallmark of 
progressive motor deficit, other manifestations such as sensory neuronopathy 
and hormonal dysregulation (infertility, gynecomastia) which is often times 
unnoticed or unlinked to the primary symptoms

Acta Neurologica Belgica (2020) 120:1289–1295



Epidemiology

● Difficult to estimate the exact prevalence of Kennedy’s disease since it 
is rare with variable incidence across different populations.



Pathophysiology

● The only X-linked polyglutamine disease caused by an expansion in CAG 
triplet repeats (> 38 repeats) leading to the formation of an abnormal protein.

● This disorder has a remarkable phenomenon of genetic anticipation where 
longer triplet repeats lead to a longer polyglutamine expansion causing earlier
disease onset with worse clinical manifestation.

Acta Neurologica Belgica (2020) 120:1289–1295



Spinal bulbar muscular atrophy

Acta Neurologica Belgica (2020) 120:1289–1295



Manzano R,Sorarú G, Grunseich C, et al. J Neurol 
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Diagnostic studies

● Electrophysiological study includes a relatively inactive and chronic slowly 
progressive motor axonal polyneuropathy with evidence of sensory 
polyneuronopathy.

● Needle electromyographic examination reveals chronic neurogenic changes
along with a relatively less pronounced spontaneous activity in the form of 
fibrillation potentials and positive sharp waves. 

● Nerve conduction studies in almost all patients reveal evidence of sensory 
neuronopathy of the axonal type.

Acta Neurologica Belgica (2020) 120:1289–1295



Treatment 

● No specific treatment  for disease progression 
● Symptomatic treatment 



Hereditary spastic paraplegia (HSP)



Hereditary spastic paraplegia (HSP)

● A rare neurodegenerative disorder with the predominant clinical manifestation 
of spasticity in the lower extremities.

● Categorised based on inheritance, the phenotypic characters, and the mode 
of molecular pathophysiology, with frequent degeneration in the axon of 
cervical and thoracic spinal cord’s lateral region, comprising the corticospinal 
routes

Meyyazhagan A, Orlacchio A. Hereditary Spastic Paraplegia: 
An Update. Int J Mol Sci. 2022 Feb 1;23(3):1697.



Epidemiology

● The prevalence ranges from 0.1 to 9.6 subjects per 100,000 reported around 
the globe.

Meyyazhagan A, Orlacchio A. Hereditary Spastic Paraplegia: 
An Update. Int J Mol Sci. 2022 Feb 1;23(3):1697.



Hereditary spastic paraplegia (HSP)
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Hereditary spastic paraplegia (HSP)
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Thank you for your attention


