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Introduction 
The field of neuromechanics’ current view is that terrestrial 
mammals’ lower limbs exhibit a proximal to distal morphology 
gradient – proximal joints have long parallel muscle fascicles 
with short, stiff tendons, while distal joints have short pennate 
muscle fascicles and long, compliant tendons [1]. However, 
within humans the extent to which in-series compliance (i.e. 
tendons and aponeuroses) of proximal muscle-tendon units 
(MTUs) influences muscle and joint mechanics has not been 
directly quantified during locomotion. This in-series compliance 
has implications for where on the force-length curve a muscle 
operates and thus its force generation. We investigated the 
coupling of ultrasound-measured biceps femoris longhead (BFlh) 
muscle velocities and OpenSim-generated BFlh MTU velocities 
across different biomechanical demands (i.e. speeds and slopes) 
to test the hypothesis that BFlh muscle velocities would be highly 
positively correlated with MTU velocities, as expected from low 
BFlh in-series compliance across all locomotor demands. 
 
Methods 
One healthy participant (28 yrs, 74.3 kg) completed 2 minute 
trials at 26 walking and running speed-slope combinations in a 
randomized order, with motion capture, ground reaction forces, 
and B-mode ultrasound data collected during the last 20 seconds 
of each trial. The speeds collected were walking at 1.25 and 2.0 
m/s, as well as running at 2.0 and 3.25 m/s. The slopes collected 
were ±15% grade in 5% grade increments. We did not collect the 
3.25 m/s conditions at +15% and -15% grade. BFlh muscle 
lengths were measured as the product of extrapolated hand-
tracked fascicle lengths and cosine of pennation angle. BFlh 
MTU velocities and joint moments were calculated using 
OpenSim. A Pearson correlation coefficients quantified coupling 
between MTU and muscle velocities over the entire gait cycle [2].  
 
Results and Discussion 
Loads on the BFlh (approximated by peak hip extension moment) 
were generally larger with faster speeds and more extreme 
inclines (Figure 1a). Correlations between BFlh muscle and MTU 
velocities were generally largest for the slowest walking speed at 

small slopes, as well as intermediate speed and high slopes, and 
were smallest for the fastest speed and level slopes (Figure 1b). 
This suggests that the in-series elasticity of the BFlh may allow 
for appreciable decoupling between muscle and MTU lengths, in 
contrast to our hypothesis. Thus, functionally, the in-series 
compliance of proximal musculature may not always act as a strut 
in humans during walking and running. Recent experimental 
work on the human vastus lateralis (VL) may further support this 
claim – during the period when the VL was active during running, 
VL fascicles remained approximately isometric while the MTU 
lengthened, attributable to either series elasticity or changes in 
pennation [3]. In all, the decoupling of BFlh muscle from MTU 
we observed during locomotion conditions indicate that in-series 
compliance of the hamstring group may have real, unappreciated 
functional implications for human movement, particularly under 
conditions of high load.    
 
Significance 
This is the first direct experimental measurement of BFlh muscle 
lengths during locomotion in humans. The observed decoupling 
influence of BFlh series elasticity at high loads suggests: 1) series 
elasticity of proximal muscles should be carefully reconsidered 
in musculoskeletal models of movement, 2) the concept of 
muscle-tendon tuning in elastic exoskeleton design at the ankle 
may also be useful at the hip, 3) proximal joints may generate 
force at slower, more economical velocities than previously 
realized, and (4) since intrafusal fibers may be decoupled from 
movemens of the entire muscle-tendon, the proprioceptive 
pathways of proximal muscles should be further explored.  
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Figure 1: (a) Peak hip extension moments and (b) Correlation of BFlh muscle and MTU velocities across speeds and slopes 
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