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Finding the best match between EMG and muscle activity prediction by musculoskeletal modeling
during normal walking activity
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he use of musculoskeletal modeling to describe a complex reality like the human body is increasing. It is not only a use-

ful tool for understanding the biomechanical aspects of the living body, but it also can be used to optimize new surgical
techniques and rehabilitation procedures. The AnyBody Modeling System (AMS) is a musculoskeletal modeling system that
predicts muscle activity based on prescribed model movements. This study focused on validating muscle activities predicted by
the AMS against measured muscle activity (EMG) from ten healthy subjects who performed a normal walking task. The Gait
Lower Extremity model was used in this study. Eight EMG electrodes measured the activity of eight different muscles of the
right leg: Vastus Medialis, Vastus Lateralis, Rectus Femoris, Semitendinosus, Biceps Femoris, Gastrocnemius Medialis and Lat-
eralis and Tibialis Anterior. Four different thresholds were applied on both curves (predicted and measured muscle activity):
10%, 25%, 35% and 45% of the mean of the RMS envelope. EMG and predicted muscle activity were compared quantitatively.
Number of onset, offset, hills and duration of muscle activity were used to quantify the level of agreement. For the parameters,
number of onset, offset and the number of hills, the weighted kappa method was used, while the concordance correlation coef-
ficient analysis was used to compute the level of agreement of the duration of muscle activities. Visual inspection of the muscle
activity pattern showed good agreement between EMG and predicted muscle activity. Quantifying the muscle activity by using
a number of onset/offset, number of hills and duration of muscle activation showed that, in general, for all parameters, the
45% threshold level showed the best agreement compared to the other threshold levels (10%, 25% and 35%). For the number
of onset and offset, two muscles (Tibialis Anterior and Vastus Lateralis) showed a fair agreement (0.20<kappa value<0.40) and
four muscles showed a slight agreement (O<kappa value<0.20), the other two muscles (Vastus Lateralis and Semitendinosus)
showed a poor agreement (kappa value<0). For the number of hills, two muscles (Gastrocnemius Medialis and Tibialis An-
terior) showed a fair agreement and five muscles showed a slight agreement while only one other muscle (Vastus Medialis)
showed a poor agreement. For the duration of muscle activity, all muscles showed poor agreement (concordance correlation
value <0.90). This first attempt in a quantitative point of view showed that the parameter number of hills was the best result.
The differences between AMS and EMG patterns can be attributed to the nature of the AnyBody modeling process, the choice
of parameters and the absence of a gold standard.
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