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SUMMARY 

In EMG-driven models excitation function of deep muscles 

cannot be usually measured and must be estimated. This is 

the case of vastus intermedius (VI) component of the 

quadriceps group. This study presents a method to estimate 

VI activity using regression equations derived from least 

square curve fitting of EMG/torque relationships, reported in 
the literature. Three equations were tested to estimate VI 

excitations, based on: the normalized torque value; the 

vastus medialis, vastus lateralis and rectus femoris measured 

activities and both the muscle activities and torque. 

Additionally, VI signal was estimated as the average 

between VL and VM signals. The “A-ModeL” formulation 

was included, for correcting non- linearities of the activation 

dynamics. Experimental tests in healthy young males were 
performed for 10s isometric step contractions of 20%MVC 

and 60%MVC. The comparison among the VI estimation 

methods revealed no statistical differences in the knee torque 

error predictions, for both contraction levels. 

 

INTRODUCTION 

EMG-driven models are can be used to estimate the muscle 

forces produced during a certain task, by integrating 
numerically the muscle dynamic equations. Excitation 

functions for these models are considered as the normalized 

and processed EMG signals, usually acquired with 

superficial EMG technique (SEMG). However, deep 

muscles activity recording is not usually feasible, and must 

be somehow estimated. For the quadriceps muscles, the 

vastus intermedius (VI) activity has been simulated as the 

average between vastus lateralis (VL) and medialis (VM) 
EMGs [1]. Recently, it was proposed a protocol for 

recording the SEMG of the VI muscles [2]. Electrodes 

location were selected using ultrasound images of the lateral 

distal site of the thigh. In addition, the relative EMG activity 

of each of the quadriceps components, as a function of the 

normalized knee extension torque, has been presented.      

 

Based on Watanabe et al.[2] results, the present study 
proposes a method to estimate the VI activity. The impact of 

applying such estimated input signal in a EMG-driven model 

will be evaluated. Knee joint isometric extension torque 

predicted by the model will be compared to dynamometer 

measurements. 

 

 

 

METHODS 

A group of 9 health males (19 years old, 69,8 ± 12.16 Kg, 

176.0 ± 7.15 cm), participated in the study. Quadriceps 

volume was estimated with an ultrasound device (EUB-405, 

Hitachi, Japan, using a linear probe of 7.5 MHz). The right 

quadriceps muscle thickness (MT) was scanned and the 

volume was estimated by a regression equation proposed by 
Miyatani et al., [3, Equation for pooled data], which has 

been validated by magnetic resonance.  

 

The total volume was divided into individual muscle 

volumes, considering the proportions of 34% for vastus 

lateralis (VL), 28% for vastus intermedius (VI), 24% for 

vastus medialis (VM) and 14% for rectus femoris [4]. Each 

muscle PCSA was calculated by multiplying the respective 
volume by the cosine of pennation angle and divided by the 

fiber length. A maximum specific tension of 30.3 N/cm
2
  [4] 

was used to calculate the Maximum Force parameter. A 

quadriceps moment arm of 0.048m was considered for 

torque estimation [4]. Each individual was tested for the 

maximal voluntary contractions (MVC), and then followed a 

protocol of 10 seconds submaximal (20% and 60%MVC) 

knee extension isometric contractions, separated by relaxing 
intervals, at the same dynamometer, with a visual torque 

signal feedback. Torque signal and surface EMG from the 

VM, VL and RF muscles were synchronously collected. 

Raw EMG signal was initially band-pass filtered (15-

350 Hz), rectified and low-pass filtered. Input excitation 

signal u(t) for the muscle model was found by normalizing 

the processed test protocol EMG by MCV EMG. 

 
The VI excitation signal u(t) was estimated  by regression 

equations derived by least square curve fitting of the 

EMG/torque relationships presented by Watanabe et al. [2, 

Figure 3]. Three equations were proposed to estimate the VI 

excitations signal based on: the normalized torque value 

(TOR); the vastus medialis, vastus lateralis and rectus 

femoris measured activities (MUSC) and both the muscle 

activities and torque (MT). Additionaly, VI signal was 
estimated as average between vastus lateralis and medialis 

signals (MEAN). 

 

The muscle model was described in Menegaldo and Oliveira 

[5] and extensively used by our group in several studies. It is 

a Hill-type muscle model that uses Zajac‟s musculotendon 

actuator concept and notation, but includes parallel elastic 

and viscous elements in the contraction dynamics 
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formulation. The „A-Model‟ formulation proposed by Manal 

and Buchanan [6] was included, for correcting non- 

linearities of the activation dynamics. Two A values has 

been tested: zero (no correction) and the value that 

minimized the error of the model prediction (A OPT).  

 
Differences between simulated and Cybex

TM
 dynamometer 

measured torques were calculated as the normalized Root 

Mean Square Error (%RMSE) between the two curves. The 

two-way ANOVA (4 estimations X 2 A parameters  X 2 

%MVC contractions) was applied to assess significant 

changes of the model prediction error. Significant 

differences among means were set as a p value of 0.05. 

 
 

RESULTS AND DISCUSSION 

 

Figures 1 presents the model errors prediction for the 

20%MVC (1A) and 60%MVC (1B) steps, respectively.  
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Figure 1. RMSE% for the four VI estimations (see text), 

with A=0 (bold line) and optimum A (A OPT) (dashed line) 

for the 20%MVC (A) and 60%MVC (B) contraction 

intensities. 

 

It can be noted that, irrespectively of the method, the errors 

are significantly greater when „A-model‟ activation 

dynamics correction is not used. Observed mean errors were, 

for 20%MVC: 27.22 ± 5.7; for  60%MVC: 14.71 ± 3.84 with 

A=0. With A OPT correction, 9,54 ± 2,66 and 8.77 ± 1.86, 

respectively. Actually, it improves model prediction, 
preferentially in low-level activity, compared to medium-

high contractions By using the optimal A parameter 

correction, the mean RMSE% was similar for both 20% and 

60%MVC contractions, for all four methods of VI 

estimation. The mean optimum A value was 0.08 ± 0.01 with 

no statistical difference among the methods.  

 

Comparisons among VI estimation methods revealed no 
statistical differences in the error predictions, for both 

contraction levels.  

 

CONCLUSIONS 

 

The results show that the VI estimation based on the 

simplest method (mean VL and VM) seems to be suitable for 

the quadriceps force prediction with the EMG-driven  model. 
In spite of being more physiologically based, the regressions 

did not improve the prediction any further. This can be 

related to the protocol for the VI SEMG at the original study 

[2], which could have underestimated the VI signal. The VI 

SEMG is still an open field for study and, with more reliable 

VI signal, the regression methods proposed here is a possible 

way to enhance the quadriceps force estimation in the future. 
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