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Active muscles, aided by series elastic tendons, power us through our activities of 

daily living. When the integrity of neural excitation, muscle mechanics, and tendon energy 
storage and return is preserved, their interaction is precisely tuned for effective and 
economical locomotion. Because muscle-tendon units spanning the ankle perform roughly 
50% of the mechanical power needed to walk, age-related reductions in ankle power 
output have been one of the most prevailing biomechanical changes reported for elderly 
gait. The implications of reduced ankle power output among older adults include slower 
walking speeds and higher metabolic energy costs (i.e., worse “gas mileage”) than 
younger adults, reducing independence and accelerating fatigue. As biomechanists, we 
are generally trained to be reductionists; to leverage our understanding of neural control 
and musculoskeletal tissue mechanics to explain complex observational outcomes using 
changes we ascribe to constitutive components. We have for more than two decades used 
this reductionist approach to attribute age-related biomechanical changes to reduced ankle 
power output, and further to lesser plantarflexor muscle volume and strength. 

This ankle-centric perspective has been important and extraordinarily influential. 
Yet, interventions designed to strengthen the plantarflexor muscles have generally failed to 
improve push-off power or walking economy. Recent work from our research groups and 
others has moved beyond muscle alone to improve our appreciation for series elastic 
tendon in precipitating age-related changes in plantarflexor muscle-tendon unit function 1-4. 
However, older adults face substantial and, in many cases, inter-dependent declines in the 
structure, morphology, composition, and function of nearly all neuromusculoskeletal 
tissues and processes responsible for powering locomotion across all lower extremity 
joints. Thus, as we reflect on our current state of knowledge and opportunities for 
innovation and impact, we use this brief editorial to motivate a shift toward systems-based 
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biomechanics (i.e., that which explicitly considers the interaction between relevant 
subsystems) in studies into the causes and consequences of altered muscle-tendon unit 
function in elderly gait. As a motivating example, we first expand our focus to include 
muscle-tendon function regulating performance of the foot-ankle complex before further 
expanding to discuss the more proximal implications of those changes. 

The human foot plays a critical role in providing leverage to assist push-off in 
walking historically attributed solely to the plantarflexor muscles. Growing evidence 
suggests that foot stiffness regulates this leverage to meet the demands of walking 
through a complex combination of passive tension via the plantar aponeurosis (PA) and 
active contraction of the plantar intrinsic muscles (PIMs) 5. Unfortunately, older adults 
exhibit reduced PIM size and strength, a thicker but more compliant PA, and a fat pad that 
dissipates more energy when compressed. Some researchers have started to suggest that 
those age-related changes undermine foot stiffness regulation during walking 6. Moreover, 
anatomical studies suggest that a structural connection between the Achilles tendon and 
plantar aponeurosis may facilitate force transfer between the foot and ankle during walking. 
Indeed, some of our most recent ultrasound imaging data in young adults are highly 
consistent with this phenomenon 7. However, cadaveric data and magnetic resonance 
imaging allude to age-related calcification of this contiguous tendinous structure and loss 
of a potentially important structural transmission system (e.g., 8). Moreover, peripheral 
sensory changes due to aging can alter control of muscle and tendon mechanics spanning 
all lower extremity joints. In the case of the foot and ankle, understanding the interaction 
between such subsystems is critical because distal limb structures provide leverage critical 
not only for walking performance and economy, but also for stability. Shifting focus beyond 
ankle muscle-tendon units alone paves the way for feasible and cost-effective 
interventions and/or devices to modify foot structure and function in aging, such as carbon 
fiber insoles and stretching, strengthening, neuromuscular retraining, or even functional 
electrical stimulation of the PIMs and their associated tendinous structures. Moreover, this 
logical step toward ensuring that we include foot mechanics in our studies of muscle-
tendon unit changes due to aging improves our ability to understand the time course of 
those changes and identify biomechanical phenotypes relevant to the personalized and 
more targeted prescription of these interventions.  

However, even this shift from ankle-centric to foot-inclusive perspectives 
perpetuates the use of reductionist biomechanics and continues to oversimplify the 
complexities of the neuromusculoskeletal challenges faced by older adults. For example, 
in the study of altered muscle-tendon unit function in elderly gait, we collectively 
hypothesize that systems-based biomechanics will reveal that distal neuromusculoskeletal 
changes and interventions thereof precipitate a cascade of more proximal changes 
relevant to walking performance, economy, and stability in older adults. For example, in 
two independent studies from our groups 9,10, model predictions suggest that an insufficient 
push-off from the foot and ankle yields a redistribution to more proximal muscle-tendon 
units which, due to their relatively long muscle fascicles and short tendons, reduces 
walking economy in older adults. Those efforts highlight the potential for combined 
experimental and computational approaches to accelerate our understanding of cause-
effect relations and the more rapid evaluation of novel interventions. However, the broader 
impacts of these approaches will be best realized in the hands of inter-disciplinary teams, 
including expertise in whole-body neuromechanics and motor control and with focus on the 
interaction between relevant subsystems. Ultimately, biomechanists must preserve the 
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strengths of our reductionists practices to identify basic principles and mechanisms.  
However, only with team science approaches that shift focus to systems-based 
biomechanics will we accelerate discoveries into the causes and consequences of altered 
muscle-tendon unit function in elderly gait. 
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