SUPPLEMENTARY MATERIALS
Comparing predicted kinematics to experimental kinematics
Our simulated kinematics represent many of the key features of experimentally measured kinematics during running and sprinting. For marathon running, which we defined as running at 3.33m/s, we compared simulated kinematics and ground reaction forces to experimental data from ten individuals running at about 3.1m/s [1] (Figure A, B). The ankle, hip flexion, and hip adduction kinematics are similar. Our simulated hip rotation kinematics fall within the variability observed in experimental hip rotation kinematics. The knee kinematics have a similar waveform, but simulations show lower peak knee flexion during swing and greater knee flexion during stance. The pelvis, except for the rotation, and lumbar degrees of freedom have similar waveforms, but in the simulations there is a more limited range of motion. The pelvis posterior tilt is lower in simulation compared to the experimental data. This explains a similar but opposite offset in the lumbar extension angle and hip flexion angle, meaning that segment orientations for the torso and femurs do not have an offset between experiments and simulation. [image: ]
Figure A - Simulated (solid line) and experimental (dotted lines) kinematics during running. The gait cycle is defined from foot strike to foot strike.
Simulated and experimental ground reaction forces were also similar (Figure B). In our simulations the stance phase was slightly longer than in the experiments.
[image: ]
Figure B - Simulated (solid line) and experimental (dotted lines) ground reaction forces during running. The gait cycle is defined from foot strike to foot strike.
We compared our sprinting simulation (8.13m/s) to a sprinting gait cycle from an individual running at about 9.45m/s [2] (Figure C). The most important differences between simulated and experimental kinematics are a lower simulated peak knee and hip flexion during swing. This has been observed in other simulations studies as well [3]. These differences may be due to the fact that (1) we did not tune any of the muscle parameters (e.g., to reduce passive forces), which might prevent such high values for knee and hip flexion [4], and (2) our model has a lower sprint speed than in the experiment.
The shape of the ground reaction force and duration of contact are similar in simulation and the experiment (Figure D). The simulated vertical ground reaction force reaches a significantly higher peak than observed in the experiment. The contact impulse is similar for experiment and simulation (not shown explicitly) as the simulated higher peak is shorter than the experimental one. Such simulated running technique might be painful in reality because of high impact forces and therefore not seen in the experiment. Numerical parameters of contact models to represent real foot-ground contact are hard to determine. The parameters we used were calibrated against experimental data in a prior study [5], but due to the highly non-linear characteristics of contact physics large changes can occur when the model behaves outside of the experimental data for which it was calibrated. The fore-aft ground reaction force is smaller in simulation for both the braking and acceleration component. 
[image: ]
Figure C - Simulated (solid line) and experimental (dotted lines) kinematics during sprinting. The gait cycle is defined from foot strike to foot strike.
[image: ]
[bookmark: _Ref139633490]Figure D - Simulated (solid line) and experimental (dotted lines) ground reaction forces during sprinting. The gait cycle is defined from foot strike to foot strike.
Validating muscle-tendon length moment arm and approximation
Our neural network approximates the muscle-tendon lengths and moment arms within 2mm for all poses during a sprinting cycle and across all optimized models (Figure E). For each model, we calculated for each muscle the average absolute error between ground truth and our approximation of muscle-tendon length and moment arm during sprinting. The mean errors are well below 1mm.
[image: ]
Figure E - Muscle-tendon length and moment arm error. We show average absolute errors across all the muscles.
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Ground reaction forces during sprinting:
simulated (8.13m/s) vs experimental (~9.45m/s)
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Running Kinematics:
simulated (3.33m/s) vs experimental (~3.1m/s)
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Ground reaction forces during running:
simulated (3.33m/s) vs experimental (~3.1m/s)
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Sprinting kinematics:
simulated (8.13m/s) vs experimental (~9.45m/s)
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