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Kinesiological Electromyography

The study of muscular 
function and cofunction and co-

ordination during 
selected movements and selected movements and 

postures



What is an Electromyogram (EMG)?

A recording of the electrical 
activity associated with the 
contraction of skeletal muscle

 EMG  ll  <5 V ( k raw EMGs usually <5 mV (peak 
to peak)

raw EMGs usually ‘processed’ 

raw EMGs usually synchronised 
with other analysis technique(s)



Applications of kinesiologicalApplications of kinesiological
electromyography

Evidence of muscle activity

Relationship with muscle 
force

Indication of muscle fatigue



A brief history of kinesiologicalA brief history of kinesiological
electromyography

DuBois-Reymond  1849DuBois Reymond, 1849
International Society of 
Electrophysiology and Kinesiology, 
founded in 1965founded in 1965

http://shogun.bu.edu/isek/index.asp

‘Muscles Alive’ by Basmajian and De 
Luca  1985 (final edition)Luca, 1985 (final edition)
Journal of Electromyography and 
Kinesiology, 1991
SENIAM, 1999



Electromyography in Sport Electromyography in Sport 
and Exercise

Fi  S dFirst Study
Broer and Houtz, 1967

1 subject, 32 muscles, 1 subject, 32 muscles, 

6 sports

Reviews
Clarys et al., 1988

Swimming and skiing

Clarys and Cabri  1993Clarys and Cabri, 1993
>130 studies

32 sports (>100 skills)



Understanding the Electromyogram (EMG)



Detection of  the electromyographicaly g p
signal

Surface electrodes

Fi i l t dFine-wire electrodes



Electrode location and orientation

LOCATE in the middle of 
the muscle between the 
origin and insertion

ORIENTATE on a line 
parallel to that of the 
underlying muscle fibresy g



Reducing skin-electrode resistance

The dead layer of skin, grease 
t  id   i t  t  th  etc. provide a resistance to the 

current from the underlying 
muscle and should be 
removed

shaving hair

washing with soap and water

rubbing with alcohol tissue?

abrading with sandpaper??abrading with sandpaper??



Cross-talk

Signals from muscles other 
than those that the electrodes 
are meant for

R d d bReduced by:
Careful preparation and 
knowledge of anatomy

less adipose tissue

smaller electrodes

Evaluated by:Evaluated by:
Muscle function testing?



What do raw EMGs reveal?
m

V
)

μV
 o

r m biceps

EM
G

 (μ triceps

E

Time (s)



What do raw EMGs reveal?

How active are the 
biceps and triceps 
during flexion and g
extension against 
resistance?

Not sure.
Need to process the 
raw EMG to be able 
to quantify amount of 
muscle activity.y



E l  i  h dEarly processing methods

Semi-quantitative scales (e.g. 
Basmajian, 1978)

Nil 0

Negligible ±
Slight +
Moderate ++
Marked +++

Very marked ++++
(equivalent to isometric maximal voluntary 

contraction)contraction)



Processing I - Rectified EMG

a = raw EMG (analogue)a = raw EMG (analogue)

b = raw EMG (digital)

c = full wave rectified EMGc  full wave rectified EMG

Full Wave Rectification
l f ll ti  h  f  EMGreversal of all negative phases of raw EMG

required for subsequent calculation of Average Rectified EMG



Processing II - Integrated EMG 

Integrated EMG (IEMG)
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Calculation of area underneath 
rectified EMG-time curve
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Over what time is integration 
performed (i.e. Time 
Window)?

Time (s)

)
e.g. 1 stride

e.g. a specified time

Units = μV⋅s or mV⋅s 



Processing II - Integrated EMG

Integrated EMG often 
calculated over successive ed
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Processing III Average Rectified EMG Processing III - Average Rectified EMG 
(AREMG) 

Also referred to as:
M  Ab l  V l  Mean Absolute Value 
(MAV)

Simply calculated by IE
M

G
 

(m
V

·s)

Simply calculated by 
dividing the Integrated 
EMG (IEMG) by the time 

Time 
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integrated (T), i.e.:
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Effect of length of Time Window on Effect of length of Time Window on 
Processed EMG

 

Vastus lateralis EMG (AREMG - 50 ms)
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The longer the time window the smoother the processed EMG



Root Mean Square (RMS) EMG

Root Mean Square EMG M
G

 

Root Mean Square EMG
Select time window (e.g. 100 ms)

Square all rectified EMG values 
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100 ms

within each window

Calculate mean of each window

Calculate square root of each 
Time (s)

Calculate square root of each 
mean value
Plot new root mean square EMG -
time curve M
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Average Rectified EMG 
vsvs
Root Mean Square EMG

 

Vastus lateralis EMG (AREMG 100 ms) Vastus lateralis EMG (RMS 100 ms)Vastus lateralis EMG (AREMG - 100 ms)
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What do processed EMGs reveal?

Is biceps more p
active during flexion 
against a resistance g
than triceps is 
during extension 1 5 mVg
against the same 
resistance? G

 

1.5 mV

Not sure.
Why not? A

R
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G
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V
)

1.2 mV



Factors affecting Processed EMGs

Intrinsic (e.g.)
Number of active MUs
MU firing rate
subcutaneous tissue

Extrinsic (e.g.)
Electrode

configuration

l  

∴Processed EMGs 
cannot be directlylocation 

orientation

cannot be directly 
compared between 
different muscles ordifferent muscles or 
individuals 



Normalisation of EMGs

Express processed EMG from task 
as a percentage of the processed 

Normalised biceps EMG 
as a percentage of the processed 
EMG from an Isometric Maximal 
Voluntary Contraction (MVC), i.e.:

= (1.5 mV/2.72 mV) x 100
= 55%of MVC

Normalised triceps EMGEMG
task        

x 100 %

EMG
MVC

Normalised triceps EMG 
= (1.2 mV/2.2 mV) x 100
= 55%of MVC

Isometric MVC at mid-range joint angle

If peak EMG from biceps MVC = 
2.72 mV

Provides a measure of 
muscle activation level

If peak EMG from triceps MVC = 
2.20 mV

muscle activation level 
during a task?
Allows comparison of 
processed EMGs betweenprocessed EMGs between 
different muscles and 
individuals?





F iFatigue



Generated Signal
Continuous Wavelet Time-Frequency Spectrum
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Si l l i  F iSignal analysis - Fatigue
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Si l l i  F iSignal analysis - Fatigue
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Summary

Raw EMGs need to be processed in order to objectively quantify Raw EMGs need to be processed in order to objectively quantify 
the level of muscle activity

Integrated EMG, or
Average rectified EMG (Mean Absolute Value), or
Root Mean Square EMG

Processed EMGs need to be normalised in order to compare the Processed EMGs need to be normalised in order to compare the 
level of muscle activity between different muscles and different 
individuals

Express as a percentage of the EMG from an isometric MVC
Do MVCs fully activate muscles?
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