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|: Energy Balance

A. Shoe-ground element power

Energy balance between musculotendon and muscle-induced power is a necessary check, but
induced shoe-ground element power, which has been neglected, must be included (i.e.,
muscul otendon power = induced segment power + induced shoe-ground element power). Power
loss and exchange to the shoe-ground elements are large during the first 15% of the gait cycle
(Fig. 1). A check that requires musculotendon power to equal induced segment power rejects
potentially valid solutions in which muscles contribute substantially to the GRF (and, therefore,
the shoe-ground powers) during early stance. For instance, Clay Anderson’s GRF decomposition
using hard constraints with inertial terms produced differences between musculotendon and

induced segment powers but checked exactly when shoe-ground powers were included.
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Fig. 1 Comparizon of shoe/gmound power with total

segment powar. Nofice that shoedground power is

substantial, espacially during the first 159 of the gait cycke
Using the integration method, differences between muscul otendon and induced segment powers
are larger using longer integration steps (examples for SOL and GMAX shown in Fig. 2A and
3A) but are primarily attributed to increases in induced shoe-ground powers (Fig. 4). When
induced shoe-ground powers are included, differences between musculotendon and induced
powersis negligible for step sizes from 0 to 11 ms (Fig. 2B and 3B, dt = 0.0, 2.2, and 11.0 ms).
Power imbalances only become evident using an integration step of 22 ms, due to state changes
during the long integration interval, but are often not great (Fig. 2B and 3B, dt = 22.0 ms).

Ironically, when induced shoe-ground power is neglected, musculotendon power only equals



induced segment power when none of the GRF is attributed to muscle (Fig. 2A and 3A, dt = 0.0

ms).
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Fig. 2 Comparson of muscuirendoen powsr with induced segment and indueced ssgment + shoefgrownd
powvar for SOL esing diflerent inlegration siep sizes. Motice that difierences bebvween musculetendon and
induced sagmant powearns incresss with integeation step size, but when indweed shoedground powerns ass
included, défermnces am meglgible jor slep sizes up o 1.0 ma.



GMAX
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Fig. 3 Comparson of muscuibtendown poeser with induced segment and induced segment + shoafground
pover or GRAX using different mtegraton step soes. Notice that diferences betwesn miescuiote ndon and
induced sagment powears incressse with integeation step sze, but when indueced sheelground powens aes
included, differmnces am negligite for step sizes vp o 110 ma.
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Fug. ¢ Comparison of mduced shos-ground powers using differsnt integration sep sizes. Notice that
mduced shoa-gound powe e incresss with integration step sipe, especialy for GRMAKX (& more poxemal
miesckE) during sarly stance.

B. Energy balance vs. superposition

Although a necessary check, an energy balance (i.e., musculotendon power = induced segment
power + induced shoe-ground power) does not imply superposition (i.e., total induced
accelerations / segment powers from muscles, passive forces, gravity, and velocity = simulated
accelerations / segment powers). Even if the total induced power from each muscle matches its






