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Introduction

• Surface electromyography (EMG) is a 
noninvasive method for getting information on 
muscle condition. But sometimes, obtained  
results could be surprising and need a proper 
thoughtful explanation. 

• In recent experimental studies of Rodrigues-
Falces et al. (2016) one second after 3-6 
seconds of maximal voluntary contractions:
– the main phase of the M-response remained 

unchanged in amplitude and duration

– while the terminal phase experienced an earlier 
appearance, increase in amplitude and shortening.
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Introduction

• It was not obvious to explain such findings, 
with used models.

• In these models muscles were 
represented as sum of straight parallel 
muscle fibers. 

• The actual fibers are not straight even in 
muscles whose geometry is considered to 
be simple. 

• Distal part of 
m.biceps brachii
has cone like 
gathering of 
muscle fibers 
around the tendon 
aponeurosis 

(Pappas et al. (2002): 
Nonuniform 
shortening in biceps 
brachii during elbow 
flexion. J Appl Physiol, 
92: 2381-2389).
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The aim of the present study is 

to clarify changes of extracellular 
potentials (EPs) detected with a surface 
electrode due to:

electrode

�Cone like gathering of 

muscle fibers around the 

tendon aponeurosis.

�Shorter length of muscle 

fibers located closer to the 

muscle axis

�Longer curved portion of 

muscle fibers located 

further away from the 

muscle axis

Method
• The method used was mathematical 

modeling

• Potential produced by a uniform double layer in 
shape of closed surface, outside the closed 
volume is zero.

• Potential generated by the pair of virtual cell 
cross section discs is equal by size, but opposite 
in sign, to the potential generated by uniformly 
charged double layer of the cell membrane 
between them. Because together they create 
closed surface with zero potential (Dimitrova and 
Dimitrov, 2006). 
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Method

• Calculating and understanding of the potentials 
of uniformly charged double layer discs is much 
easier than calculating of the same potentials 
created by cell membranes in shape of cylinders 
and cones

• Helmholtz introduced the concept of the 
electrical double (dipole) layer and showed that 
the potential produced by a uniform double layer 
is proportional to the solid angle, at which the 
layer is seen from the point of observation.

• Cell 
membrane

• Cell cross 
section

• Solid angle

• Direction 

• of the 
maximum 
potential 
axis of the 
cell cross 
section

• Deviation of 
maximum 
potential 
axis from the 
electrode 
position.
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• The surface electrode was 
located above the end-
plate region. 

electrode

Method

• To distinguish 
the effect of 
the fiber 
curvature, we 
compare 
extracellular 
potentials 
produced by 
straight and 
curved fibers 
with the same 
length. 

We varied:
• Radius-vector from 

the muscle axis x to 
the axis of the 
straight portion of the 
fiber - ρ;

• Angle φ between 
direction of axis z 
and radius-vector. 

• Angle θ between BC 
line and the muscle 
axis x. 

• Length of the straight 
portion of the distal 
semilength – AB;
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• Point C is apex of 
a cone, whose 
base is a circle of 
radius ρ.

• Combination of 
values for ρ, θ,
and φ defines 
length and 
position of the 
curved fiber 
portion - BC. 

electrode

Blue line - straight fiber 
Red line - curved fiber

The dipole type phase
(red, marked with *)
is produced at the site of 
fiber deflection.

The terminal phases 
produced by the proximal 
and distal fiber ends are 
marked with o and **, 
respectively.

Results - Effect of φ, ρ=10, el=40 mm
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electrode

Blue line - straight fiber 
Red line - curved fiber

•The dipole type phase 
(red, marked with *)
• can be 

•negative (A,B) or 
•positive (C,D,E)

with different magnitude
•The shape of the new 
phase was similar to the 
shape of the terminal 
phases produced by 
muscle fiber when the IAP 
profile extinguished at the 
fiber ends

Results - Effect of φ, ρ=10, el=40 mm

Results - Effect of φ, ρ=35, el=40 mm

electrode

Blue line - straight fiber 

Red line - curved fiber

•The red, marked 
with * dipole type 
phase produced at the 
fiber deflection is 

•positive and with 
different 
magnitude



25.11.2016 г.

8

Results - Effect of φ, θ=45o

ρ=10 mm  el=40mm ρ=35 mm
electrode

Results - Effect of  θ, ρ=10 mm

� From top to bottom:
� With increasing of the θ

� Increases the magnitude of the dipole 
type phase produced at the site of fiber 
deflection
(red, marked with *) 
New phase appears around the point B
(red marked with *)
Terminal phase appears around the 
point C
( marked with **). 

� BC part of the fiber is shortening.
So decreases the time interval between 
new and terminal phase. 
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AB=20mm AB=30mm AB=40mm
electrode

The effect of fiber deflection declines with AB increasing

Effect of length of the straight fiber 

portion - AB, ρ=10, el=40 mm, θ=45o

Effect of length of the straight fiber 

portion - AB, ρ=35, el=40 mm, θ=45o

AB=20mm AB=30mm AB=40mm
electrode

The effect of fiber deflection declines with AB increasing
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Results

• Comparing virtual extracellular potentials produced by 

straight and curved muscle fibers, we found:

• Generation of additional phase appearing when the 

action potential passed through the curved part of the 

muscle fiber. 

• The additional phase has dipole character, like the 

terminal phases. 

• Curving caused change in position and orientation of the 

muscle fiber cross sections along the fiber length. 

Results

• When curving increased the solid angle of observation of 

muscle fiber cross section from the position of the virtual 

electrode, the additional phase had the opposite sign 

comparing to the terminal phase. 

• When curving decreased the solid angle of observation 

from the position of the virtual electrode, the additional 

phase had the same sign as the terminal phase. 

• The effects of changes in the solid angle were similar to 

changes in the cell cross section.



25.11.2016 г.

11

Discussion
Experimental studies discovered an earlier appearance, increase in 

amplitude and shortening of the terminal phase. 

Dipole type terminal phase appears when cell cross section 
disappears at the end of the muscle fiber. 

Effect of the cone like gathering of muscle fibers is dipole type 
phase. In some geometrical conditions this new phase is like 
earlier disappearance of part of cell cross section.

• Time of appearance of fiber 
turning

• Time of appearance of fiber 
ending

Conclusions

• The fiber curvature and its changes in result of 

muscle activity could affect the terminal phases 

of the surface detected extracellular potentials, 

without affecting amplitude and duration of the 

main negative phase. 

• The possible change in the muscle curvature 

has to be taken into account when changes in 

the shape of M-response are analyzed.


