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SUMMARY 
EMG-based force estimates can be improved with multi-
channel electrodes as compared to conventional bipolar 
configurations. We measured flexion force and the activity of 
arm flexor muscles with multiple electrodes. The constructed 
electrode configurations had an effect on EMG-based force 
estimates. Distal muscle activity of biceps brachii predicted 
force better than the proximal part. The sum of the major arm 
flexor muscles predicted force optimally resulting in 35% 
improvement compared to one bipolar configuration alone. 
  
INTRODUCTION 
Surface EMG is often used in biomechanics to get information 
of muscle activity and muscle force. The optimal method on 
how to arrange electrodes over the muscle and how to process 
EMG signals is still in development. It was recently shown 
that monopolar multi-channel EMG over the entire muscle can 
substantially improve the extraction of muscle activity, even 
with a muscle of heterogeneous muscle fiber architecture [1].  
The aim of this study is to analyze the effect of different 
electrode configurations over a muscle with homogenous 
muscle fiber architecture (biceps brachii, BB) and to test the 
quality of EMG-based muscle force estimation when also 
major synergistic muscles (e.g. brachioradialis, BRR) are 
considered. 
 
METHODS 

Eleven subjects performed 
controlled isometric contractions 
with the arm flexor muscles and 
produced trapezoidal patterns with 
a plateau phase at 50%-MVC. We 
measured monopolar EMG with 
multi-channel surface electrodes 
(REFA, TMSi, NL) and flexion 
force at the wrist.  
 
 
Figure 1: 63.0 ± 4.2 electrodes 
were homogeneously attached 
over the entire surface of BB and 
2×3 electrodes on BRR. We 
constructed: (1) 1-pair bipolar, (2) 
proximal and distal row of 
multiple bipolar, (3) all proximal 
and all distal electrodes, (4) all 
electrodes over BB, (5) BRR 
electrodes, and (6) 4 + 5.  

Mean amplitudes and standard deviation of flexion were 
calculated over the plateau. After applying high-pass filter 
(10Hz) the different configurations were constructed (1-2) 
and/or principal component filtering was applied (3-6) [2]. 
Then EMGs were rectified and summed, low-pass filtered 
(2Hz), normalized and compared to the normalized flexion 
force using root mean square difference (RMSD) between 
force and EMG.  
 
RESULTS AND DISCUSSION 
Mean flexion force at 50%-MVC were about 147±24 N 
(±SD). Quality of EMG-based force estimates is shown below 
for the conditions (1-6) described in Figure 1. 
 

1a 1b 2a 2b 3a 3b
0

5

10

15

20
R

M
S

D
(%

)

4 5 6
0

5

10

15

20

 
 

Figure 2: RMSD of the six conditions. Left: Proximal (a) vs. 
distal (b) configurations. Right: Remaining conditions (4-6).  
* indicates significant changes. 
 
 
CONCLUSIONS 
Multi-channel EMG allows a substantial improvement of 
35%-RMSD in EMG-based force estimates compared to 
conventional bipolar electrodes on arm flexor muscles. The 
distal part of BB appears to have more relevant information of 
muscle activity, presumably because brachialis muscle is 
better represented. More robust force estimates were achieved, 
when all synergists were optimally represented in the EMG. 
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