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Outline 20 min

n Spinal muscular atrophy (SMA)
n Kennedy syndrome
n Post polio syndrome
n Monomelic spinal atrophy
n Tick borne encephalitis
n Late onset spinal muscular atrophy
n Hereditary spastic paraparesis
n Benign fasciculation

2

Amyotrophic lateral sclerosis

3

ALS

n Neurodegenerative disorder
n Affecting mainly upper and lower motor neurons
n Progressive and spreading to different regions of the body
n Also, other neurons affected to varying degrees
n No definite biomarker
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Gold coast criteria

Clinical Neurophysiology 131 (2020) 1975–1978

5

Gold coast ALS definition 1

n 1. A progressive disorder primarily of the motor system
n a. Clinically focal onset is most frequent, but a generalized 

symptom onset is also recognized.
n b. ALS reflects both lower and upper motor neuron dysfunction, 

but upper motor neuron signs are not always clinically evident.
n c. Evidence of lower motor neuron dysfunction can be derived 

from clinical examination and/or from EMG.
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n d. For the diagnosis, evidence of upper motor neuron dysfunction 
is derived from clinical examination.

n e. Supportive evidence of lower motor neuron dysfunction
n Ultrasound detection of fasciculations from multiple muscles

n e. Supportive evidence of upper motor neuron dysfunction
n Transcranial magnetic stimulation studies of the CNS
n MRI
n Neurofilament levels
n Diagnosis does not require these studies.

n 2. ALS may include cognitive, behavioural and/or psychiatric 
abnormalities, not essential for diagnosis.
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Gold coast criteria
1. Progressive motor impairment by history or repeated 

clinical assessment, preceded by normal motor 
function.

2. Presence of upper and lower motor neuron 
dysfunction in at least 1 body region
n upper and lower motor neuron dysfunction noted in the same 

body region if only one body region is involved
n or lower motor neuron dysfunction in at least 2 body regions.

3. Investigations excluding other disease processes
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Body regions

n Bulbar
n Cervical
n Thoracic
n Lumbosacral
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Lower motor neuron dysfunction

n Clinical examination evidence
n Muscle weakness and muscle wasting

n EMG abnormalities that include
n Fasciculation
n Fibrillation/positive sharp waves
n MUP amplitude and duration increased, instability
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Upper motor neuron dysfunction

n Increased tendon reflexes
n Presence of a reflex in clinically weak and wasted muscle

n Presence of pathological reflexes
n Babinski sign, Hoffman sign, crossed adductor reflex, or snout 

reflex.
n Spasticity
n Slowed, poorly coordinated voluntary movement, not 

attributable to weakness of lower motor neuron origin or 
Parkinsonian features
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Sensitivity of  Gold Coast criteria

n Sensitivity 88%
n Specificity 98%
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ALS

Classical ALS

PLS

PMA

PBA

LMN onset

Bulbar onset

UMN onset
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Primary lateral sclerosis (PLS)

n Only upper motor neuron involvement
n Many with PLS onset develop classical ALS within 4 years

n Definite diagnosis of PLS should not be made < 4 years 
n Pure PLS has a better prognosis than ALS
n Rule out hereditary spastic paraparesis (HSP)

n Family history
n Onset usually < 40 years
n Genetic testing
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Progressive muscular atrophy (PMA)

n Only lower motor neuron signs
n Aran - Duchenne

n Many ALS patients start with lower motor neuron signs
n Within 1 year 20 % have upper motor signs
n At autopsy 50% have upper motor lesions
n Prognosis similar to ALS
n PMA is mostly a form of ALS

15

Survival in PMA and ALS

Kim et al. Survival in 962 patients….. Neurology 2009: 73:1686-
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Progressive bulbar atrophy
n Only bulbar symptoms

n Dysarthria
n Rarely dysphagia

n Upper and lower motor neuron involvement of cranial 
nerve innervated muscles (pseudobulbar palsy)

n Emotional lability
n Ocular muscle spared in the early stages
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Hereditary spastic paraparesis

n Onset 10-30 years or < 6 years
n Spasticity, mainly legs
n Mild weakness in distal part of legs
n Mild sensory symptoms
n May also have lower motor neurone involvement
n Mode of inheritance

n Autosomal dominant, autosomal recessive and X-linked
n > 45 genes
n HSP4 most common - spastin gene
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Changing view of  ALS

n Sporadic  è Genetic
n Motor neuron disorder  è Multisystem disorder
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ALS etiology
n Syndrome with heterogeneous etiology

n Genetic
n Environmental factors (exosome)

n Smoking increases risk x 3
n Diet, high fat, glutamate
n Autoimmune
n Oxidative stress
n Glutaminergic excitotoxicity
n Infections, trauma
n Diabetes

n Most patients have no family history of ALS
n 5-10 % Familial ALS, dominant or recessive
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Risk factors for ALS - diabetes

Giancarlo Logroscino: Are diabetes and amyotrophic lateral sclerosis related? 
Nature Reviews Neurology:2015:11:488-489 

Risk Protective
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ALS pathogenesis

22

ALS - Epidemiology

n Incidence 2-4/100 000/year
n Prevalence 4-9/100 000
n Usually, onset 50-75 years
n Lifetime risk of ALS by age of 85 is 1:300
n Males > females below the age of 70

n 1.3-1.6 : 1
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Change in ALS incidence
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Incidence of  ALS in Sweden
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ALS death rates 1998-2019 in Finland
Sipilä J, Jokela M. Journal of Neurology (2023) 270:1147–1149

26

Number of motor neuron disease deaths 1998-2019 in Finland

27

Age of  onset and life expectancy

Byrne et al. Age at onset of ALS is proportional to life expectancy.  ALS  and front temp dem 2013: 14:604   
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ALS - Clinical features 1
n Painless, asymmetric weakness
n Upper limb muscles > lower limb muscles
n Bulbar muscles may be involved

n Dysarthria

29

ALS - Clinical features 2
n Rarely clinically affected muscles

n Extraocular muscles
n Anal or urethral sphincters

n Upper motor neuron signs
n Increased tendon reflexes
n Babinski sign

n Mild sensory symptoms may be present
n Paraesthesia
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Psychiatric aspects
n Depression

n Precedes often weakness
n Prevalent

n Mild 33%
n Moderate 14%
n Severe 5%

n Correlated with disease severity at the time of diagnosis
n Does nor progress during the disease 

n Personality
n Often nice persons
n Rarely psychopathic persons
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Cognitive function in ALS

n Mild cognitive impairment in 55%
n Frontotemporal dementia 7%

n Behavioural changes 16%
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Weight loss in ALS

n In 60% weight loss preceding diagnosis
n Loss of muscle mass
n Reduced appetite
n Metabolism?

n Poorer prognosis
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Clinical phenotypes at onset

n Limb-onset ALS
n Most common 70%
n Pure lower motor neuron onset
n UMS and LMS

n Bulbar onset
n Quite common 25%

n UMS onset
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ALS course - plateaus and reversals

n Usually ALS is a progressive disorder
n Some patients do not decline for extended periods

n 6 months 25%
n 12 months 16%
n 18 months 7%

n Mild reversals occur 14%
n Large sustained reversals are rare

35

Plateaus and reversals in  2 individuals 
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Spreading of  ALS

37

Spreading of  ALS

38

Pathophysiology

n Proteinopathy
n Abnormal RNA processing

39

Proteinopathy

n Prion like proteins
n TDP – 43
n FUS
n TAF15
n hnRNAP

n Protein degradation abnormal
n Multisystem degeneration
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RNA processing

n C9orf72
n TDP 43
n FUS
n Ataxin 1
n Etc.......
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ALS + frontotemporal dementia (FTD)

n 10-15 % have FTD
n ALS and FTD

n Occur in 40–60-year-olds
n Prevalence lower in older age groups

n Share similar inclusions in neurons
n TAR DNA binding protein TPD-43
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Discovery of  ALS related genes

Colin Quinn, MD; Lauren Elman. Amyotrophic Lateral Sclerosis and Other Motor Neuron 
Diseases. Continuum 2020:26:1323-1347
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Frequency of  genetic ALS

44

Features of  genetic ALS
n C9orf72

n Slightly younger
n Bulbar onset
n Rapid progression
n Frontotemporal dementia

n SOD1
n Lower motoneuron predominance
n No cognitive changes

n FUS
n Younger onset
n Rapid progression

45

Environmental influence
n Smoking increases risk x 3
n Extreme physical activity
n Type 1 diabetes increases risk
n Excessive alcohol intake  x 1,5
n Diet, high fat, glutamate
n Autoimmune
n Type 2 diabetes, metabolic syndrome decreases risk
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C9orf72 hexanucleotide repeat 

n Hexanucleotide repeat CGGGCC
n Wild type < 23 repeats
n Affected >30 repeats, sometimes > 1000
n Non-coding region

n Finland
n 21% of sporadic ALS
n 46% of familial ALS

n United Kingdom
n 7% of sporadic ALS
n 40% of familial ALS
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C9orf72 clinical features of  ALS

n Not much different from ordinary sporadic ALS
n Men with spinal onset have poorer progosis
n Frontotemporal dementia

n Clinically obvious FTD in 15-20% in ALS patients
n In patients presenting with FTD ALS is seen on 10-20%

n Huntingtonian features
n Probably incomplete penetrance

48
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C9orf72 pathophysiology

n The role of the C9orf72 protein is not known
n No accumulation of abnormal C9orf72 protein
n Compromised nucleocytoplasmic transport
n Toxic effects of

n RNA structures?
n Dipeptide repeat proteins? 

n Defective splicing of of messenger RNA?
n Transcriptional silencing?

49

SOD1 mutations
n Autosomal dominant SOD1 mutation

n >100 different mutations described
n Most do not differ from sporadic ALS

n Autosomal recessive SOD1 mutation  - A90D
n Tornio river valley in Sweden and Finland
n 2,5% of population heterozygous for gene
n LM > UM
n Cramps, myalgias
n Bladder dysfunction
n Slow progression, survival 10-15 years

50

Twin studies

n In monozygotic twins 20% concordant for ALS
n In dizygotic twins very low concordance 
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Heritability of  ALS

Lewis, Vajda, Hardiman. Heritability of ALS. JAMA Neurology 19
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Risk in family with sporadic ALS

n The risk of ALS for offspring of ALS in 
sporadic ALS is 2-3%
n Penetrance is not 100%
n Multigene heritability 

53

ALS - a multi-step process
n Genetics
n Different penetrance
n Symptoms start later in life, some with gene mutations stay healthy
n Why is the disorder expressed so late?
n Identical mutation may lead to different phenotypes
n ALS may be like cancer: a multi-step disorder
n Interaction between genetics and summation of lifetime 

environmental exposures (exposome)

54
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Al-Chalabi et al. Lancet Neurology 2014:13-1108-
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Modelling

i=incidencee
U1, U2, U3, U4, ….Un = probablity of each step

56

MS

57

ALS – linear regression, slope 4.8
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Multistep hypothesis
n Multistep process requiring 6 distinct steps
n People with certain mutations may require fewer steps
n Sequence of steps may explain different phenotypes
n One step may occur in each cell of cluster of six cells, 

and this would result in a prion like spread
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Gene – exosome hypothesis
Stephen A Goutman, Orla Hardiman, Ammar Al-
Chalabi, Adriano Chió, Masha G Savelieff, 
Matthew C Kiernan, Eva L Feldman .
Emerging insights into the complex genetics and 
pathophysiology of amyotrophic lateral 
sclerosis. Lancet Neurol 2022; 21: 465–79
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Diagnosis
n Symptoms

n Focal, progressive asymmetric weakness
n No significant sensory abnormalities

n Clinical Findings
n Focal, asymmetric weakness and muscle atrophy
n Fasciculations
n Brisk tendon reflexes
n Positive Babinski sign, Hoffman sign

n EMG
n Spinal fluid analysis
n Imaging
n Genetics

61 62

Delayed diagnosis in ALS 1
n Time from onset to first consultation

n 2 months
n Specialty on first consultation

n 55% general practitioner
n 16% neurologist 
n 14% orthopaedic surgeon

n Time from onset to specialist consultation
n 6 months

n Time from onset to diagnosis
n 10 months
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Incorrect diagnosis
n On first consultation <10% diagnosed ALS

n Neurologist > 90%
n Most GP have no idea of a diagnosis
n 40% have incorrect diagnosis
n 25% a surgical disorder incorrectly diagnosed

n Misdiagnosis
n 12% spinal surgery
n 4% immune mediated neuropathy
n Diagnostic delay 

n Initial EMG testing limited to symptomatic region and be erroneous
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10% of  ALS patients have unnecessary surgery !!!

65

Advantages of  early diagnosis

n Limit unnecessary medical procedures
n Limit unnecessary medical testing
n Opportunity for medical clinical trials
n Maximize potential benefit of treatment
n Time to plan the future
n Unburden emotional issues

66
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ALS requirements for diagnosis

n Lower motor neuron (LMN) degeneration by clinical or  
electrophysiological examination

n Upper motor neuron (UMN) dysfunction by clinical examination
n Progressive spread of symptoms and signs within a region or to 

other regions, as determined by history or clinical examination

67

Gold coast criteria
1. Progressive motor impairment documented by history 

or repeated clinical assessment, preceded by normal 
motor function.

2. Presence of upper and lower motor neuron 
dysfunction in at least 1 body region, (with upper and 
lower motor neuron dysfunction noted in the same 
body region if only one body region is involved) or 
lower motor neuron dysfunction in at least 2 body 
regions).

3. Investigations excluding other disease processes
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ALS diagnosis – absence of

n Electrophysiological and pathological evidence of other 
disease processes that might explain the LMN or UMN 
degeneration

n Neuroimaging evidence of other disease that might explain 
the observed clinical and electrophysiological signs
n MRI of the cervical and lumbar spine will often show 

degenerative changes and spinal stenosis in this age 
group
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EMG and Neurography

70

Strategy of  EMG in ALS

n Confirm LMN lesion in clinically affected regions
n Detect electrophysiological evidence of LMN 

dysfunction in clinically uninvolved regions
n Exclude other disorders
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The four regions of  the body
n Bulbar

n 1 abnormal muscle
n Trapezius, sternocleidomastoid, facial, genioglossus

n Cervical
n 2 abnormal muscles, different myotomes and nerves

n Thoracic
n 1 abnormal, rectus abdominis!!!! Not paraspinal

n Lumbosacral
n 2 abnormal, different myotomes and nerves

72
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Topography of  findings
n Upper limb onset

n Most common 60-70%
n Usually, asymmetric
n Spread to the opposite limb
n Dominant limb onset in <60%

n Bulbar onset patients
n Arms  > legs

n Lower limb onset
n Arms > bulbar

73

EMG in chronic neurogenic disorders

n MUP amplitude and duration increased
n Decreased MU recruitment
n Unstable MUPs
n Fibrillation potentials 
n Fasciculation potentials have equal significance as fibs
n Clinical and electrodiagnostic findings have equal 

significance
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Fasciculation potentials

50 uV/div 10 ms/div
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Fasciculation potentials

https://www.youtube.com/watch?v=6-3PP_S-Q8I&t=18s
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Fasciculation

77

Fasciculation

78
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Detection time of  fasciculation potentials

Kerry Mills JNNP 2011
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Fasciculation potentials in ALS

n Fasciculation potentials (FP) characteristic 
n Absence of FPs does not rule out ALS, but raises doubts
n Most ALS patients are not aware of the FPs
n FPs in weak muscles cmplex and unstable
n FPs in strong muscles stable
n Many ALS patients are not aware of the fasciculation potentials 
n Most patients referred for FPs only have benign fasciculation

n I do not consider EMG indicated in a young person (<35 years)with no other 
symptoms than fasciculation
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ALS: Stable FPs in a strong muscle

De Carvalho M. Pathophysiological significance of fasciculations
in the early diagnosis of ALS. ALS and other motor neuron disorders. 2000:suppl 1;S43-S46

These stable FPs can often be voluntarily be recruited

81

De Carvalho M. Pathophysiological significance of fasciculations
in the early diagnosis of ALS. ALS and other motor neuron disorders. 2000:suppl 1;S43-S46

ALS: Complex FPs in a weak muscle

These unstable FPs cannot be voluntarily be recruited
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De Carvalho M. Pathophysiological significance of fasciculations
in the early diagnosis of ALS. ALS and other motor neuron disorders. 2000:suppl 1;S43-S46

ALS: Simple, stable FPs driven by TMS
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Fasciculation (FP) and fibrillation (FIB) in strong and weak 
muscles

De Carvalho M. Pathophysiological significance of fasciculations in the
early diagnosis of ALS. ALS and other motor neuron disorders. 2000:suppl 1;S43-S46

Denervation Number of 
muscles

FIB-
FP-

FIB+
FP-

FIB+
FP+

FIB-
FP+

NORMAL 94 56 0 0 38

SLIGHT 101 43 6 4 48

MODERATE 183 32 45 19 87

SEVERE 97 9 63 15 10
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ALS - Procedure EMG

IOD I

Delt/Bic

Contralat

Gastroc

Tib.ant.Rect abd

Vast.lat. Geniohyoid

M.orb.oris

Trapezius

Masseter

Cricothyr

2 neurogenic

< 2 abnormal

2 neurogenic

normal< 2 abnormal

normal

normal

normal

Cervical Thoracic Lumbosacral Cranial

2 abnormal 2 abnormal1 abnormal 1 abnormal

Contralat.
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“Split hand and elbow” in ALS”
Hypothenar muscles spared compared to thenar muscles and first dorsal inteosseus muscle
Also the triceps is better preserved than the biceps
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M.rectus abdominis

Spinal innervation: Th5-Th12
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M.rectus abdominis

Patient lifts both legs 5 cm up. Palpate m.rectus abdominis
Insert needle into muscle during activation. When in muscle patients relaxes. 
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Fibs in healthy paraspinal muscles

n <40 years 0%
n 40-60 8%
n >60 90%

J Clin Neurophys 2006:23:573-
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ALS - Procedure EMG

IOD I

Delt/Bic

Contralat

Gastroc

Tib.ant.Rect abd

Vast.lat. Geniohyoid

M.orb.oris

Trapezius

Masseter

Cricothyr2 neurogenic

< 2 abnormal

2 neurogenic

normal< 2 abnormal

normal

normal

normal

Cervical Thoracic Lumbosacral Cranial

2 abnormal 2 abnormal1 abnormal 1 abnormal

Contralat.

Weak
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Requirements of  EMG findings

n Bulbar muscles
n One abnormal muscle enough

n Trunk muscles
n Abdominal muscles
n Paraspinal muscles in midthoracic region show often fibrillation 

potentials in >65-year-old
n One muscle

n Cervical and lumbosacral region
n One proximal and one distal muscle
n ≥ 2 abnormal muscles
n Innervated by different myotomes and peripheral nerves
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Topography of  findings

n Upper limb onset
n Most common 60-70%
n Usually, asymmetric
n Spread to the opposite limb
n Dominant limb onset in <60%

n Bulbar onset patients
n Arms  > legs

n Lower limb onset
n Arms > bulbar
n Usually symmetric in legs and arms

92

Neurography in ALS

n Sensory neurography
n Usually, normal
n 10-15% have mild sensory abnormalities with 

reduced amplitudes
n Slight reduction of MCV if amplitude is low
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Gregory, Mills and Donaghy. J Neurol 1993:340:309-314

Progressive sensory dysfunction in ALS

95

ALS –weak thumb muscle

96
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Conduction velocity in ALS

97

ALS - Procedure Neurography
n Neurography MCS (bilaterally)

n n.medianus
n n.ulnaris
n n.peroneus
n n.tibialis

n Neurography SCS (bilaterally)
n n.peroneus superficialis 
n n.suralis
n n.radialis
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Motor unit number index (MUNIX)

99

EMG with surface electrodes at 5 different 
contraction levels – ALS patient
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MUNIX in ALS patients over time

101

Decrement in ALS 

102
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Abnormal decrement in ALS

n Decrement ≥10%

n Abductor pollicis brevis 24%
n Trapezius 38%
n Deltoid 54 %

103

Transcranial magnetic 
stimulation (TMS)

104

Tests for upper motoneuron involvement

n Motor evoked potentials
n Abnormal threshold
n Normal conduction time or mild prolongation
n Basic simple  MEP studies are of limited utility

n Triple stimulation technique useful

105

MEP – upper extremity

106

Silent period

107

Parameters to measure
n Resting motor threshold (RMT)

n 50uV response at 50% of trials
n Mediated by glutamatergic systems
n May be decreased early in ALS
n Usually increased during the course of ALS

n Central motor conduction time (CMT) mildly prolonged
n MS, cervical spondylolytic myelopathy
n ALS: Axonal loss of fastest neurons, desynchronization

n Cortical silent period
n Early part reflects spinal cord inhibition
n Later part cortical inhibition, GABAergic 
n Long – MS, stroke
n Short – ALS, PD, dystonia
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Triple stimulation

Kobayashi and Pascual-Leone. 
Transcranial meegnetic simtulation in neurology. 
Lancet Neurology 2003;2:145-156 
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Triple stimulation

Attarian, Verschueren, Pouget. Magnetic stimulation including the triple stimulation technique in ALS. Muscle Nerve 2007:36: 55–61

111

Attarian et al. Magnetic stimulation including the triple stimulation 
technique in ALS. Muscle Nerve 36: 55–61, 2007
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Utility of  MEP in ALS

n RMT increased in 20%
n CMT slightly prolonged in 28%
n Silent period shortened in 47%
n Triple stimulation abnormal in 56%
n When TST normal also CMT normal
n Normal findings in 20%
n MEP is more sensitive than clinical UMN findings

113

Triple stimulation

114
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Other tests

115

SEPs may be abnormal in ALS

116

CK

n Reflect lower motor neuron denervation
n CK value elevated in 40-50% of patients
n No correlation with prognosis
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Genetic testing in ALS

n No role in the diagnosis of ALS
n In a patient with diagnosed ALS

n Very limited value in predicting prognosis
n Entry into specific therapeutic trials 

n Asymptomatic relatives
n Counselling by clinical geneticist

n Presymptomatic research 
n Blinded

118

MRI and PET
n Corticospinal tract hyperintensity

n Por sensitivity and specificity
n Atrophy of motor cortex

n Not consistently observed
n Magnetic resonance spectroscopy

n Reduced N-acetylaspartate ratios (sign of neuronal loss)
n PET

Changes in several different types of imaging
n Multimodal advanced MRI may prove useful

119

Spinal fluid biomarkers
n Neurofilament

n Light, medium and heavy chains
n Light chain and heavy chain elevated in many patients
n Heavy chain neurofilament is elevated in 70% 
n Non-specific, elevated in frontotemporal dementia and 

Alzheimers diesase

120
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Differential diagnosis
n Late onset motor neuronopathy (LOSMoN)
n Multiple cervical radiculopathies (spinal stenosis)
n Multiple lumbar radiculopathies (spinal stenosis)
n Syringomyelia
n Monomelic spinal muscular atrophy
n Hereditary spastic paraparesis
n Spinal cord tumours
n Spinal cord AV malformations
n Benign fasciculations
n Multifocal motor neuropathy with conduction blocks
n CIDP
n Inclusion body myositis

121

Other diseases suggested if

n Conduction block is found
n MCV <70% and distal latencies >30%
n Decrement >20%
n SEP latencies >20%
n Full interference pattern in weak muscle
n Significant autonomic abnormalities

122

Disease modifying 
treatment

123

Treatment
n Riluzole

n Inhibit kainate and NMDA receptors
n Minimally effective, prolongs survival 2-3 months

n Edaravone (?)
n Mechanism unknown, antioxidant 
n Available in USA (and Japan), price $145,000/year
n Recent German study showed no efficacy

n Antisense nucleotide in C9orf72 mutation
n Inhibits formation of RNA that results in multidipeptide formation 

and RNA accumulation

124

Targeted treatment

Stephen A Goutman, Orla Hardiman, Ammar Al-
Chalabi, Adriano Chió, Masha G Savelieff, 
Matthew C Kiernan, Eva L Feldman .
Emerging insights into the complex genetics and 
pathophysiology of amyotrophic lateral 
sclerosis. Lancet Neurol 2022; 21: 465–79
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Summary

126
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Role of  EMG

n Confirm suspected diagnosis
n Rule out other possible causes
n Provide tool for monitoring progression and 

treatment

127

Take home!
n ALS is heterogenous

n Variable phenotypes
n Probably a multistep disorder involving multiple genetic and 

environmental steps
n Multisystem disorder  

n All patients >50 years with slowly progressing focal 
asymmetric muscle weakness without pain or 
sensory abnormalities have ALS until proven 
otherwise!!!

128

Take home!
n EMG is an essential diagnostic tool
n Diagnostic errors are likely to happen

n When the referral asks for a focal disorder
n Definite diagnosis may require several EMGs and  follow-up

n Delay from symptom onset to definite diagnosis is 1 year
n Follow-up between EMG controls should long enough for significant 

spread and progression of severity (< 4-6 months)
n We should be using MUNIX!!!!!!!
n Neurofilament testing and genetic testing may be helpful
n Imaging is probably a tool in the future

129

Spinal muscular atrophy
(SMA)

142

Spinal muscular atrophy

n Hereditary motor neuronopathies
n Proximal > distal

143

SMA – General aspects

n 1: 10 000 newborn affected
n Gene carriers 1:50
n Homozygous deletion in the SMN1-gene
n Treatment available!!!!

145
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SMA genetics
n Chromosome 5q13
n SMN = survival motor neuron gene 1 & 2
n SMN1 in the telomeric part
n Homologous SMN2 in the centromeric part
n SMN1 and SMN2 include 8 exons (1, 2a, 2b, 3-8), 

stop codon at the end of exon 7
n SMN1 and 2 differ from each other only in exons 7 ja 

8 (one base pair in each)

146

SMN genes
n SMN1 and SMN2 code survival motor neuron –protein
n SMN1 gene produces 90% of the SMN protein
n SMN2 alone is not capable of producing enough SMN
n 94 % of SMA patients lack lack both SMN1 genes
n SMN2 genes copies

n 1% no copies
n 18% 1 copy
n 47% 2 copies
n 31 % 3 copies
n 4% 4 copies

148

SMA phenotypes

SMA
Type

SMN2
Copies

SMA
5q %

Onset
Age

Motor
Milestone
Achieved

Life
Expectancy

SMA 0 1 < 1% Birth Never Sit < 6 mo
SMA 1 2-3 55% 0 - 6 mo Never Sit 8 to 24 mo

SMA 2 2-4 30% 6 - 18 mo Sit 2 to 4 decades

SMA 3 3-5 10% 1.5 - 20 yrs Walk Normal

SMA 4 3-5 5% Adult Walk Normal

149

SMA I (Werdnig-Hoffman)
n Onset usually < 3 months of age, before 6 months
n Sometimes intrauterine onset
n Reduced movements of the fetus
n Symmetric weakness of arms and legs

n Diffuse or proximal > distal
n Hypotonia, swallowing difficulties, unable to sit
n Fasciculations may be seen
n Lack tendon reflexes
n Weakness of respiratory muscles
n Normal cognitive function
n Without treatment 50% die before 7 months, 95% by 17 months

151

SMA1

152

SMA treatments

Features Drug
Nusinersen Risdiplam Onasemnogene

Abeparvovec-xio

Drug Type Oligonucleotide,
Antisense Small molecule Virus (AAV)

Gene Delivery
Drug delivery Intrathecal Oral Single intravenous

Mechanism More splicing of SMN2 gene to
full length SMN protein

SMN transgene: 
Produces

full length SMN 
protein

153

https://neuromuscular.wustl.edu/synmot.html
https://neuromuscular.wustl.edu/synmot.html
https://neuromuscular.wustl.edu/synmot.html
https://neuromuscular.wustl.edu/synmot.html
https://neuromuscular.wustl.edu/synmot.html
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SMA treatments
n With earlier treatment better results
n Newborn sreening

n USA 85% of babies screened
n Many countries screen

n 11 000 patients so far treated
n Cost high: Nusinersen (Spinraza®)

n USA $125,000 per injection
n $750,000 in the first year, annually $375,000
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SMA screening in Europe

155

Neurophysiology

n EMG
n Abundant fibrillations in all muscles
n Often fasciculations
n MUPs difficult to evaluate

n Neurography
n Sensory normal (superficial peroneal, radial)
n Motor: low amplitudes

156

SMA II (Intermediate)

n Onset around 6 months, before 18 months 
n Learn to sit, never stand
n All muscles weak
n Normal cognitive function

157

SMA III (Kugelberg-Welander)

n Onset 2-17 years
n Muscle weakness, proximal > distal
n Some walk
n Good survival

158

SMA IV

n Adult onset
n Walk
n Muscle weakness, proximal > distal
n May remain ambulatory
n Normal lifespan
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SMA diagnosis
n Clinical findings
n EMG
n Neurography
n SMN-gene test abnormal in 95 % a deletion
n Muscle biopsy  

n Fiber type grouping and group atrophy
n SMA I  ja II: type 1 hypertrophy
n SMA III (ja IV): reinnervation

160

Kennedy syndrome
Bulbo-spinal muscular atrophy

161

Kennedy syndrome
n Described by William Kennedy 1968
n X-chromosomal (Xq12 recessive)
n Androgen receptor located in the cytoplasm
n Accumulation of altered androgen receptor proteins leads to cell degeneration
n CAG repeat

n Normal 9-39
n MSMA 40-65

n De novo mutations rare
n Prevalence 1:50 000
n In Scandinavia common founder haplotype
n Female carriers are often also symptomatic
n Diabetes in 10%
n Life expectancy only slightly reduced

162

Kennedy syndrome
n Onset 15-75 years, mean 27-43
n Muscle weakness

n Legs > arms
n Proximal > distal
n Symmetric

n Bulbar symptoms
n Dysphagia
n Dysarthria

n Muscle cramps
n Sensory abnormalities

n Distal

163

Kennedy syndrome
n Gynecomastia

n Not always
n Androgen insensitivity

n Testicular atrophy
n Infertility
n Erectile dysfunction

n CK value often high
n Diabetes

164

EMG findings

n EMG
n Neurogenic findings
n Bulbar muscles affected 
n Fasciculations

n Neurography
n Sensory amplitudes reduced or absent
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Diagnosis

n Clinical picture
n EMG
n DNA analysis

166

Treatment

n No disease modifying treatment available
n Androgen supplement contraindicated

n Supportive
n Swallowing difficulties
n Dysarthria

167

Acute polio
Post-polio syndrome

168

Acute polio
n Poliovirus types 1, 2 & 3
n Incubation times 3-30 days
n Most infections very mild

n 70% asymptomatic
n 25% minor illness
n 1-5% aseptic meningitis
n 0.1-0.5% develop poliomyelitis

169

Acute polio
n 85% paralysis caused by type 1
n High fever, myalgia, nausea, headache
n Flaccid paralysis maximum within 48 hours
n Some recovery
n 1/1000 in children, 1/75 in adults

170

Epidemiology in Sweden

Andreasson et al. Rehabilatringsbidrag gav fler…Läkartidningen 1999;96:1999-
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Polio
n Vaccination started 1956

n Salk trivalent inactivated virus
n Sabin attenuated live virus

n Dramatic reduction in poliomyelitis
n Polio has practically disappeared

n Recent cases reported from Ukraine in 2021
n Central Africa and Pakistan

n Patients with postpolio symptoms
n European patients born before 1956
n Immigrants may be born later

172

Poliocases in March 2022

173

Postpolio syndrome (PPS)

174

PPS
n Past history of polio

n Stable period after poliomyelitis
n Development of new impairment 

n Generalized fatigue
n Weakness
n Joint and muscle pain

Extremely vague definition!

175

PPS

176

PPS – macro EMG & MRI
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PPS – weakness vs strength

178

PPS

n No objectively measurable parameter 
discriminated between stable and unstable
n EMG
n Histology
n Imaging
n Muscle strength

n Pain correlated with loss of function

179

Muscle strength

Agre et al. Electromyographic and neuromuscular variables in unstable postpolio 
subjects…Arch Phys med Rehab 1997;78:986-

180

Macro EMG m.tibialis anterior

Sandberg and Stålberg Changes in macro EMG over time in patients with a 
history of polio. Arch pys med Rehabilitation 2004:85:1174-1182
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PPS is multifactorial
n Severe primary involvement of muscles
n Aging
n Arthrosis
n Depression
n Concurrent other diseases

n Percieved functional deficit

182

Role of  EMG in PPS

n Ascertain that the patient really had polio
n Cerebral palsy, GBS

n Detect other concurrent disorders
n CTS, Radiculopathies, Polyneuropathy

n Conventional EMG does not discriminate between 
stable and unstable patients with previous polio
n Fibrillation potentials do not indicate PPS
n Severe involvement may be suggestive

n Macro EMG or MU counting may be helpful
n Research tool
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Normal findings with history of  previous polio

n Primary diagnosis erroneous
n CP
n GBS
n Meningitis
n Other CNS disorders
n Functional

n Paralytic polio
n Motor neuron loss minimal

184

Other viral causes of  
paralysis

185

Other causes of  polio-like paralysis

n West Nile virus
n Flavivirus
n Africa, North America, MiddleEast, South West Asia

n Entero virus 68
n GBS
n Live polio vaccine related paralysis

n 2-4/one million vaccinated

186

Monomelic spinal muscular 
atrophy

Hirayama’s disease

187

Monomelic spinal muscular atrophy

n Male : female  10:1
n 15-25 years
n C7-Th1 innervated muscles, rarely in the legs
n Often bilateral
n Progressive weakness over 1-4 years
n More common in Japan, occurs elsewhere
n Etiology unclear

n Hirayama believes in mechanical factors in cervical spine (SIC!)
n Genetic factors

n Twins, families with two generations

188

EMG findings
n Most common: C8-T1
n Partial involvement: C7
n Spared: C5-C6
n Rarely: Legs
n May be present in asymptomatic limbs
n Fibrillations in 45% to 70%, often fasciculations
n Chronic denervation
n Opposite arm or lower extremities: 30% to 100%
n No sensory abnormalities
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190

Tick borne encephalitis

191

Ixodes ricinus

192

Ixodes Ricinus (castor bean tick)

n Named by Linne 1758
n European hard bodied tick
n Transmits TBE and borreliosis
n 30% carry some pathogen
n Life-cycle 2-3 years

n Adults feed on humans, deer, cattle, dogs, horses for 6-13 days before 
dropping off

n A female lays thousands of eggs and dies
n Out of eggs grow larvae that feed hedgehogs, rodents, rabbits, reptiles, 

bats etc for 3-6 days before dropping off and moulting
n The resulting nymfs ascend on grass to find new hosts
n Nymfs grow to be adults

193

Spread of  TBE

197

Tick borne encephalitis (TBE)

n Flavirus (RNA), spread by ticks
n April-November
n Incubation 8 days (4-28 days)
n Encephalitis

n Rarely severe, often mild residual cognitive symptoms 
n Meningoencphalomyleitis

n 5-10% of patients with TBE will have flaccid paralysis
n Affection of alpha motor neurons
n Predilection for cervical segments
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Tick borne encephalitis (TBE)

n Diagnosis
n IgM/IgG on serum (1-2 weeks)
n PCR on serum
n PCR on CSF, 
n EEG
n MRI
n EMG if paralysis

n Treatment
n No antiviral treatment available
n Supportive

n Vaccination effective

199

5 days after symptom onset

204

Late onset spinal motor neuronopathy

LOSMoN

206 207

LOSMoN

n Autosomal dominant, chromosome 22q11.2–q13.2
n 197G>T p.G66V in CHCHD10 gene
n Onset 15-75, most in 40-50 years
n Slowly evolving muscle weakness

n Legs>arms
n Proximal > distal

n Painful cramps, fasciculations, areflexia
n Mild bulbar findings
n In Finland and Sweden prevalence 2/100 000
n Normal life expectancy
n CK elevated 2-8x times upper limit of normal

208

LOSMoN – EMG 

n EMG
n Symmetric chronic neurogenic findings
n Fasciculation
n Legs > arms
n Proximal < distal muscles

n Sensory neurography normal
n Motor neurography in early stages normal
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Multifocal motor 
neuropathy with 

conduction blocks (MMN)

210

MMN - Etiology

n Autoimmune
n GM1 antibodies most common (around 50%)
n Asialo GM1, GM2, GD1b less common
n Role of antibodies is not clear,

211

MMN - Clinical features 1

n Slowly progressive weakness
n Distributed over individual peripheral nerves
n In ALS the distribution follows myotomes 

n Progression usually slow over years
n Weakness is often distal, rarely proximal

212

MMN - Clinical features 2

n Muscle atrophy of weak muscles is less 
pronounced than would be expected
n Weakness is partly due to conduction block)

n Fasciculations, cramps and myokymia 
n Sometimes mild sensory symptoms and 

findings

213

MMN - Clinical features 3

n No signs of upper motor neuron lesion
n Rarely involvement of cranial nerves
n Diaphragm is rarely affected
n Superficially MMN may resemble ALS
n CSF protein normal
n Responds to IVIg, but not to steroids

214

MMN - Expected abnormal neurography  

n Motor nerves show conduction blocks
n Amplitude and area decay
n Reduced number of F-waves)

n Often reduced M wave amplitudes
n MCV may be reduced at conduction block sites
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MMN - Expected abnormal  EMG findings

n Subacute or chronic neurogenic EMG findings in muscles 
innervated by individual nerves

n Weakness and EMG findings are distributed according to 
peripheral nerves rather than myotomes

216

MMN - Expected normal findings

n Sensory nerve conduction studies
n Central motor conduction time normal

217

MMN - EMG

n m.interosseus dorsalis I
n m.biceps brachii/m.deltoideus
n m.tibialis anterior/m.gastrocnemius caput mediale
n m.vastus lateralis
n m.trapezius/orbicularis oris/m.genioglossus

The muscles should be chosen based on the clinical muscle 
weakness; if weakness is widespread, the following muscles 
are recommended

218

MMN - Procedure: neurography

n Motor nerves bilaterally
n N.medianus
n N.ulnaris (including supraclavicular stimulation)
n N.peroneus
n N.tibialis

n Sensory nerves 
n N. peroneus superficialis
n N.suralis
n N.radialis
n N.medianus
n N.ulnaris

n Sensory neurography in the segment with motor 
conduction block

219

MMN patient: history

n 52 year old engineer
n No significant disorders previously
n Since 10 years slowly increasing weakness of hand muscles
n During last year some weakness in the feet
n No obvious sensory symptoms

220

Clinical findings

n Slight atrophy of distal hand muscles
n Marked weakness of distal hand muscles
n Slight weakness of ankle dorsiflexion
n Tendon reflexes symmetric
n No sensory abnormalities
n Plantar reflex normal
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Motor neurography findings

222

Sensory neurography 1

223

Sensory neurography

224

Left median nerve motor

225

Left median nerve sensory

antidromic SCV: elbow to wrist

226

Right median nerve motor
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EMG findings

228

Hereditary spastic paraparesis
HSP

233

Hereditary spastic paraparesis

n Onset 10-30 years or < 6 years
n Prevalence 1/10000
n Family history
n Spasticity, mainly legs
n Mild weakness in distal part of legs
n Mild sensory symptoms
n May also have lower motor neurone involvement
n Mode of inheritance

n Autosomal dominant, autosomal recessive and X-linked
n > 79  genes have been identified
n SP4 most common - spastin gene

234

SPG4
n Chromosome 2p22.3
n Most frequent type 25-50% of all
n High penetrance (6% asymptomatic at age of 70)
n Affects mainly the lower limbs
n Variable age of onset, even within families

n Typical 20-35 years
n Often neurogenic EMG abnormalities In leg muscles

235

Benign fasciculations

236

Benign fasciculation
n Only fasciculations without other abnormalities
n Common problem
n No epidemiological studies
n Often young subjects with no other symptoms

n Medical students or health care personnel
n Duration of fasciculations variable 

n Sometimes lifelong
n Not a prelude to motor neuron disease
n Many ALS patients are not aware of their fasciculations
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EMG in benign fasciculations
n Only symptom: fasciculation

n Normal tendon reflexes
n No muscle atrophy or weakness

n 6-8 muscles
n Demonstrate fasciculations

n Simple FP
n No double FPs

n No fibrillations
n MUPs normal 
n Normal neurography

238

J Neurol 2013:260:1743-1747

n 20 doctors with fasciculation anxiety
n 70% had fasciculation alone
n 15% had cramp-fasciculation syndrome
n One (5%) had ALS, he also had limb weakness!
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Soft and smooth turns in Lyngen
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Osslerism of the day
“A physician who treats himself has a fool for a patient.”
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