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The motor endplate
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Etiology of axonal damage and denervation

 Acute (injury, trauma)

 Complete axonal damage

 Incomplete (partial) axonal damage

 Chronic

 Compression (carpal tunnel syndrome, herniated disc, etc)

 Neuropathies (diabetes, alcohol abuse, autoimmune)

 Axonal

 Inherited/acquired

 Demyelinating neuropathies

 Inherited/acquired

 Neurodegeneration/ amyotrophic lateral sclerosis

01.05.2023 Referent / Bereich
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Pathophysiology of denervation and reinnervation

01.05.2023 Referent / Bereich
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Clinical Neurophysiology

01.05.2023 Referent / Bereich
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EMG signs of denervation

 Abnormal spontaneous activity

 positive sharp waves

 fibrillation potentials

Christian Krarup, EAN teaching course 2017 
Referent / Bereich
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Denervation after complete nerve injury

Aug 2018 Referent / Bereich
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Fibrillation potential superimposed

01.05.2023 Referent / Bereich
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Nerve lesion and voluntary EMG

 Complete axonal

 Spontaneous activity (positive waves and fibs)

 No voluntary activity

 Partial axonal

 Spontaneous activity

 Voluntary activity

 Time dependent

01.05.2023 Referent / Bereich
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Motor unit firing
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The motor unit and voluntary recruitment

01.05.2023 Referent / Bereich
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Normal MU stable superimpose

01.05.2023 Referent / Bereich
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Nascent reinnervation after complete axonal 

damage and Wallerian degeneration

01.05.2023 Referent / Bereich
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https://www.researchgate.net/publication/289525755

EMG
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Nascent reinnervation

01.05.2023

HHS journal Feinberg 2006
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Nascent reinnervation after complete nerve injury

Jan 2019 Referent / Bereich
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EMG changes with partial nerve lesion: terminal 

sprouting

HistologyNormal
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Reinnervation- terminal sprouting
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Jiggle

01.05.2023 Referent / Bereich
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EMG changes over time

01.05.2023 Referent / Bereich
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Comparison of EMG changes

complete

 Spontaneous activity +++

 Nascent reinnervation

 Months-years

 MUPS:

 small

 complex

 unstable

 fatigues easily

partial

 Spontaneous activity +, ++

 Terminal sprouting

 Weeks-years

 MUPS

 Normal to large, «mother» unit

 complex (satellites)

 unstable (Jiggle)

01.05.2023 Referent / Bereich
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Clinical examples: Amotrophic lateral sclerosis

 Signs of active denervation

 signs of chronic denervation («chronic neurogenic»)

 Fasciculation potentials

01.05.2023 Referent / Bereich
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EMG changes in ALS: denervation

01.05.2023 Referent / Bereich
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Chronic neurogenic…. unstable MUPs (Jiggle)
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EMG changes in ALS: chronic neurogenic

01.05.2023 Referent / Bereich
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Electrophysiological Features of 

LMN Dysfunction (revised El Escorial criteria 2000)

 Conventional EMG studies
The features of LMN dysfunction …are defined 
by electromyographic ….evidence of 
 active and

 chronic denervation

 fasciculations.
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EMG findings

 Active denervation:

 spontaneous activity (fibrillation potentials, positive sharp 

waves)

 Chronic denervation:

 impaired MUP recruitment (rapid firing) 

 unstable MUPs (Jiggle)

 abnormal MUP size and shape (polyphasic potentials)

01.05.2023 Referent / Bereich
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1. Edx and clinical data are of equal and 

interchangeable value in diagnosing ALS

2. In the presence of signs of partial denervation, 

Fasciculation potentials (preferably of complex 

morphology) are equivalent to fibs-psw, indicating 

ongoing denervation

3. Fibs and psws are usually recorded in strong, non-

wasted muscles

4. Unstable MUPs & FPs are especially relevant
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 EMG abnormalities that must include:

 Both evidence of chronic neurogenic change, defined 

by large motor unit potentials of increased duration 

and/or increased amplitude, with polyphasia and 

motor unit  instability regarded as supportive but not 

obligatory evidence.

 And evidence of ongoing denervation including 

Fibrillation potentials or positive sharp waves, or 

fasciculation potentials
01.05.2023 Referent / Bereich
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Carvalho M, et al. J Neurol Neurosurg Psychiatry 2013;84:963–968
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Jiggle CMT II

01.05.2023 Referent / Bereich
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Fasciculations

01.05.2023 Referent / Bereich
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Fasciculations

01.05.2023 Referent / Bereich
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EMG changes in ALS: Fasciculations

01.05.2023 Referent / Bereich
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Clinical examples: Chronic inflammatory

demyelinating neuropathy (CIDP)

 Demyelinating disease

 Autoimmune

 Secondary axonal loss

 Very slowly

 Lots of time to reinnervate

 Very complex unstable MUPs

01.05.2023 Referent / Bereich
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CIDP

01.05.2023 Referent / Bereich
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Signs of denervation in myopathy

01.05.2023
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Other 

signs of

hyperexcit

ability

01.05.2023 Referent / Bereich
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Hyperexcitability

01.05.2023 Referent / Bereich
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Hyperexcitability

01.05.2023 Referent / Bereich
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Hyperexcitability

01.05.2023 Referent / Bereich
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01.05.2023 Referent / Bereich
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Question 1

 Nascent reinnervation occurs within

A.Hours

B.Days

C.Weeks

D.Months

E.Years

01.05.2023 Referent / Bereich
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Question 2

 Terminal sprouting occurs within

A.Hours

B.Days

C.Weeks

D.Months

E.Years

01.05.2023 Referent / Bereich
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Question 3

 Which statement is wrong

 Signs of active denervation include:

A.Fibrillation potentials

B.Positive sharp waves

C.Fasciculation potentials

D.All oft he above

01.05.2023 Referent / Bereich
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Question 4

 Which statement is wrong

 With nascent reinnervation MUPs are

A.Complex

B.Unstable

C.Large

D.Fatigue easily

01.05.2023 Referent / Bereich
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Question 5

 Which statement is wrong

 With terminal sprouting MUPs are

A.Complex

B.Stable

C.Normal to large

D.Show Jiggle

E.Long duration

01.05.2023 Referent / Bereich
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Question 6

 The following statements relate to the triggered MU

 What do you see ?

A.A complex unstable MU

B.A normal MU

C.Satellite potential

D.All 3

01.05.2023 Referent / Bereich

49



Muskelzentrum/ALS Clinic

Question 7

 The following statements relate to the recorded 

potentials.

 Which statement is wrong ?

A.All potentials are fasciculation potentials

B.They might occur in demyelinating diseases (e.g. 

CIDP)

C.They are typical in ALS patients

D.Fasciculation potentials are always abnormal

01.05.2023 Referent / Bereich
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Question 8

 The following MUP suggests

A.An acute complete nerve lesion

B.An acute partial nerve lesion

C.An intermediate stage of reinnervation

D.A very chronic disease

01.05.2023 Referent / Bereich
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Question 9

 The following recording suggests which etiology

A.Complete nerve cut

B.Partial nerve lesion

C.Radiation

D.Chronic nerve compression

01.05.2023 Referent / Bereich
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Question 10

 The duration of the recorded MUP is (sweep speed 8 

ms/Div)

A.8 ms

B.16 ms

C.32 ms

D.More than 32 ms

01.05.2023 Referent / Bereich
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Nerve longitudinal
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Pathophysiology of denervation and reinnervation

Wallerian dgeneration

•DOI:10.5772/intechopen.68174 Alvites et al.

•In book: Mesenchymal Stem Cells - Isolation, Characterization and Applications
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Motor nerve conduction study

CMAP Amplitude:
# of axons
n-m transmissionConduction velocity

Distal
latency

nerve

muscle
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Motor nerve conduction study and  compound muscle

action potential (CMAP)
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Central spike

Slow wave components

Electromyography with concentric needle:

signals from 2-15 muscle fibres
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Spontaneous activity in normal

• insertional activity

• end-plate noise

• ”nerve spikes”

• positive wave at end-plate zone


