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Problems in the interpretation of surface EMG
• Adrian ED. Interpretation of the electromyogram. The Lancet June 13: 1229-1233 and June 20: 1282-1286, 1925
• Pritchard EAB. The electromyogram of voluntary movements in man. Brain 53: 344-375, 1930
• Denny-Brown D. Interpretation of the electromyogram. Archives of Neurology and Psychiatry 61: 99-128, 1949
• Person RS. Problems in the interpretation of the electromyograms. Biophysics 8: 89-97, 302-307, 1963
• De Luca CJ. The use of surface electromyography in biomechanics. J Appl Biomech 13: 135-163, 1997

2024 edition coming soon ……
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Example: Surface EMG amplitude and neural drive

Martinez-Valdes et al. J Appl Physiol 2018
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Del Vecchio et al. J Physiol 2019

Example: Crosstalk



Single fiber, 
concentric 
monopolar 

needle 
electrodes 

(Adrian & Bronk, 
1929) (modified 

from Ekstedt & 
Stålberd, 
Comput 

Programs 
Biomed., 1973)

Wire electrodes 
(Basmajian)

Quadrifilar electrode (De Luca 1972)

Non-invasive linear and bidimensional arrays, with spatial filtering for single motor unit 
identification (Masuda, Stegeman, Merletti, Rau, Disselhorst-Klug, Farina, De Luca)

Traditionally, very selective, few spinal motor 
neurons concurrently detected

Two main directions to overcome the low 
selectivity: spatial sampling and spatial filtering

Direct probing of neural activity



Reucher et al. IEEE Trans Biomed Eng 1987 Masuda et al. Electroenc Clin Neurophysiol 1985

Merletti et al. Electroenc Clin Neurophysiol 1999; Farina et al. J Appl Physiol 
2004; Kleine et al. J Electromyogr Kinesiol 2007

Surface EMG and motor unit signatures

Farina & Cescon IEEE Trans Biomed Eng 2001



Gazzoni et al. Acta Physiol Pharmacol Bulg. 2001; Merletti et al. J Electromyogr Kinesiol. 2003; 
Farina et al. J Appl. Physiol. 2004, 2005; Gazzoni et al. J Neurophysiol 2005 

Volitional control of motor units with surface 
EMG feedback
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Neural drive to muscles 
(ultimate neural code of 

movement)
EMG signals

Estimating the neural drive to muscles
Achieving a representative estimate of the neural drive to muscle implies full decomposition 
of the signal with a level of accuracy comparable with that of intramuscular recordings



Decomposition with spike sorting methods

Gazzoni et al. J Neurosci Meth 2004

De Luca et al. J Neurophysiol 2006



Challenges in surface EMG spike sorting
The volume conductor reduces the differences between motor unit action potential 
waveforms

10 mm

10 mm

au

Skin surface

Farina et al. J Neurophysiol. 2008
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Inverse problem
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De Luca IEEE Trans Biomed Eng 1979



High spatial sampling approach

0.
1 

m
V

8 mm

8 m
m

MU 1 MU 2 MU 3

MU 4 MU 5 MU 6

MU 7 MU 8 MU 9

Farina et al. J Neurophysiol 2008

The spatial representations of motor units must be 
unique for source separation

The dense spatial sampling increases the likelihood 
that motor units have different spatial distributions of 

their action potentials at the skin surface



Sampling large populations of motor 
neurons motor neuron firings 

(from the spinal cord)

source
separation

high-density EMG

A neural interface with single neural 
cells (the only non- invasive or 

minimally invasive single neuron 
interface)

Muscle imaging

Holobar & Farina IEEE Signal Proc Magazine 2021



Aszmann et al. The Lancet 2015; Farina et al., Nature Biomed Eng 2017; Bergmeister et al. Science 
Adv 2018; Hahne et al. Science Robotics 2018; Salminger et al. Science Robotics 2019; Farina et al., 

Nature Biomed Eng 2021; Del Vecchio et al, Science Advances, 2021

Potential applications in neural interfacing
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Limitations of Surface EMG in MU Identification

Del Vecchio et al                            
J Electromyogr & KInesiol, 2021

Oliveira et al         
J Neural Eng 2022

Erim & De Luca Muscle 
Nerve 1996

De Luca & Contessa J Neurophysiol 2012

Enoka                                          
J Electromyogr Kinesiol 2019
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