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Effect of scaling on muscle tension estimation using a musculoskeletal model
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There are two types of modeling of the human body: a rigid link model, which does not consider muscle activity,
and a musculoskeletal model, which includes the force exertion characteristics of muscles. The musculoskeletal model is
a mathematical expression of the dynamic properties of the musculoskeletal system. Combined with information obtained
in measurements using an optical motion capture system and a force plate, they can be used to estimate muscle tension.
Electromyography (EMG), which is the acquisition of the electrical signals generated by muscle contraction, is used to
measure muscle tension. However, the measurement of surface EMG does not allow to measure individual muscle activity
or deep muscle activity. Although needle electrodes enable individual muscle measurement, their use is highly invasive.
Furthermore, because musculoskeletal models enable the non-invasive estimation of muscle tension, their use is
promising in a wide range of fields. In musculoskeletal analysis, it is necessary to adjust the standard model to correspond
to individual subjects. Different scaling settings yield different muscle tension results. Therefore, more accurate
estimation of muscle tension can be expected by applying slightly different scaling settings for each segment, such as the
thigh and lower leg. In this study, the musculoskeletal model software OpenSim is used to calculate the lower limb muscle
tension during walking. Multiple scaling patterns are performed correspond to individual subjects to verify the effect of

the determination of each bone length in scaling on the results of muscle tension.
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Fig.4 Definition of left lower limb joint angles in sagittal plane
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Fig.5 Results of left lower limb joint angles in sagittal plane
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Tablel  Root mean square error and correlation coefficient

Hip Knee
size 0.9 0.95 1 1.05 1.1 0.9 0.95 1 1.05 1.1
RMSE[® ]| 9357 8.807 8.188 7.304 5.567 4.406 3.071 2.194 3.122 5.586
Correlation
. 0.9943 09940 09936 09930 0.9922 | 0.9950  0.9959  0.9962  0.9956  0.9940
coefficient
Ankle
size 0.9 0.95 1 1.05 1.1
RMSE[® ]| 19.802 16.854 13.764 10249  7.413
Correlation
. 0.9679 09728 09769 09803  0.9820
coefficient
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Fig.6 Results of Muscle Forces
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