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INTRODUCTION 
EMG-driven models are widely used for predicting muscle 
forces, in a forward dynamic approach. The model input is 
often the neural command and can be obtained from 
electromyograms (EMG). The use of single differential 
configuration may hinder force prediction due to the small 
detection area covered by a couple of electrodes [1,2]. A 
grid of densely spaced monopolar electrodes, named 
high-density EMG (HD_EMG) [2], maps the 
myoelectrical activation over a wide superficial area on the 
skin, providing better spatial representation of the 
neuromuscular activity. This study aims to investigate if 
the use of HD-EMG can improve the estimation of the 
plantar flexors force with a Hill-type mechanical model. 
 
METHODS 
Ten male subjects laid prone over a bed, with the knee 
extended and the right ankle at neutral (90o) position and 
with the joint rotation axis coaxial to a torque meter axis. 
Ultrasound scanning was applied to assist in the 
positioning of the detection system on the gastrocnemius 
medialis (gm), gastrocnemius lateralis (gl) and soleus 
(sol) muscles (Figure 1). The protocol consisted of two 5 s 
maximal voluntary contractions (MVC) followed by one 
isometric contraction at 60% MVC and lasting 10 s. 
Feedback display of actual torque output and rest periods 
of 2 min between trials were provided. Torque signal and 
surface HD-EMG (monopolar configuration) were 
synchronously recorded from gm, gl and sol muscles. For 
each muscle, the EMGs were processed in two ways. 1) 
HD (high-density): The envelopes of single differential 
EMGs, pertaining to pairs of electrodes disposed along 
each columns of the matrix, were averaged into a single 
envelope. 2) BP (bipolar): One single differential signal  
were digitally obtained between two selected electrodes, 
separated by 2.4 cm, to simulate the conventional bipolar 
configuration according to recommendations for the 
triceps surae muscles [3]. In both conditions, the resulting 
envelope was normalized and fed in the model as the 
excitation signal for each muscle. A Hill-type model with 
parallel elastic and damping elements was applied to 
estimate muscle force twice (with signals from HD and 
BP) [4,5]. The total torque was computed by summing up 
each simulated force multiplied by the moment arm of 
each muscle around the ankle joint [5]. The difference 
between simulated and measured torque was calculated as 
the mean square error between the two curves, normalized 
with respect to the maximum measured torque (%RMSE). 
A non parametric Wilcoxon test was applied to assess 
significant differences of the RMSE(%) between HD and 
BD methods. Significance level was set to 5 %. 

 
 

Figure 1: Schematics of electrodes positioning on the skin. 
gm: 6x5 electrodes array, 8mm IED; gl: 8x1 electrode 
arrays 5mm IED and sol: 5x13 electrodes array, 8mm IED. 
 
RESULTS AND DISCUSSION 
The mean RMSE(%) values were: 25.7  9.9 with the BP 
signals and 21.6  10.2* with the HD signals (*p<0.05), 
showing that the HD-EMG reduced the torque estimation 
error by approximately 16%. The use of spatially 
distributed electrodes, likely covering different motor 
units, has shown to improve the estimation of the muscle 
force in some EMG-force studies, without concerning to 
Hill-type muscle models [1,6], as for example, a 30% 
improvement of force estimation for the triceps brachii 
muscle during three different contractions levels [1]. 
Considering the averaged envelope from the matrix of 
electrodes as representative of the underlying muscle 
activity could have represented a limitation. Other 
processing methods, as maximal centroide amplitude and 
cluster analysis together with improvements of the model 
formulation may enhance the muscle activation level and 
force estimations. The HD-EMG significantly improved 
the plantar flexors force estimation for the specific task 
tested. 
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