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Summary 

In animal movement, latches enhance the peak power (Pmax) a 
muscle-tendon (MT) unit transfers to a body mass by 1) 
providing a resistive force a muscle can shorten against and 
store energy in the elastic tissues and then 2) acting as a switch 
that releases the stored elastic energy at a great rate. We asked, 
can an antagonist muscle function as a latch? We investigated 

this question with a novel in vitro platform where two muscles 
interact across a virtual joint to drive an emulated body mass. 
We observed peak power enhancement when the agonist 
muscle was pre-stretched and had an effective mechanical 
advantage (EMA) of 0.10 (in-lever/out-lever). This new 
methodology allows us to identify feasibility of novel 

locomotor strategies and offers insights for designing wearable 
devices for rapid acceleration. 

Introduction 

Series elasticity improves locomotion. This is especially true 
when we consider animals, like frogs, who can use their 
muscles to store and release elastic energy for a quick escape 

[1]. In order to store elastic energy, many animals use 
anatomical latches whose force capacity and release rate 
mediate the power transferred to a load [2]. However, 
anatomical latches often act as switches and therefore the 
energy release phase is all-or-nothing. With simple models, we 
demonstrated that a latch with release rates similar to muscle 

relaxation could amplify or attenuate power transferred to the 
load [3]. Therefore, perhaps antagonist muscles have the 
adequate force capacity to allow for an agonist muscle to store 
energy but can also provide a variable release rate that allows 
for controllable power enhancement. We hypothesized that 
antagonist muscles could shut off fast enough to act as latches 

and enhance peak power? 

Methods 

We extended an in vitro platform [4] with two muscle-tendon 
(MT) units that interact with a body mass across a virtual hinge 
joint. Two plantaris longus muscles from Lithobates 
catesbeiana were characterized to obtain optimal fascicle 

length (L0) and maximal isotonic power output (Pmax).  

  Figure 1: Antagonist muscle latch experimental set-up. 

To simulate a jump, first we activated both muscles (storage 
phase) and then we deactivated the antagonist muscle only 
while the agonist continued its contraction (release phase).  In 
the virtual environment we applied various EMAs and body 
masses such that the effective load was in the range of the frog’s 

normal body mass (≤5.0N). 

Results and Discussion 

By merging the best of both in vitro MT physiology and in silico 
modelling, we sought to examine if it was possible for an 
antagonist muscle to act as a latch. Using a living tissue rather 
than a modelled Hill-type MT, we have confidence that the 

dynamics of force production in the antagonist muscle that was 
relaxing while lengthening were realistic. These eccentric 
behaviours are classically difficult to model [4]. Meanwhile, the 
virtual inertial environment provides us a wide parametric space 
to better understand how components of morphology (i.e, EMA 
load, pre-stretch) transfer power to a load. In a biological 

system, these morphological components are difficult to vary 
independently. 

Figure 2: With tuned pre-stretch (1.2L0) and EMA (0.10) the load 

(blue line) received higher power than the muscle limit (pink bar). 

Our initial results lend support to our hypothesis that an 
antagonist muscle can act as a latch to enhance power 

transferred to a load by ~5% (Fig 2). Thus, these data indicate 
that an antagonist muscle latch is a feasible strategy that could 
allow controllable MT power transfer. 

Conclusions 

Future directions will explore how morphology of the 
antagonist and features like dynamically changing EMA across 

a joint may expand the scope of antagonist muscles as effective 
latches.  
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