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SUMMARY 

For the completion of many motor tasks, the contributing 

skeletal muscle(s) are sub-maximally activated. The location 

and distribution of the activated motor units through the 

muscle could lead to localized changes in muscle shape.  

Alternatively, factors such as fascicle geometry and passive 

tissue material properties could lead to more distributed 

changes in muscle shape. Each scenario has different 

implications for, the potential for sensory feedback and force 

transmission from the motor unit through to the joint(s) the 

muscle spans. A linear electrode array and B-mode ultrasound 

imaging were used to quantify myoelectric activity and 

associated muscle shape changes along the length of medial 

gastrocnemius (MG) during quiet standing in humans (N=8). 

Myoelectric recordings revealed that participants stood either 

with very short, sporadic bursts of myoelectric activity (N=4) 

or with prolonged periods of myoelectric activity and very 

brief periods of no activity. When short bursts of activity 

occurred, larger muscle length changes were localized distally 

(p=0.029), the region of greatest myoelectric activity (p≤0.05).  

When prolonged myoelectric activity occurred, larger muscle 

length changes occurred proximally (p≤0.001), although larger 

myoelectric signal amplitude occurred distally (p≤0.05).  The 

pattern of myoelectric activity significantly influenced the 

profile and magnitude of shape changes in MG during 

standing. 

 

INTRODUCTION 

Determining shape changes in skeletal muscle associated with 

different patterns of myoelectric activity has implications for 

the development of detailed muscle models, improving 

understanding of sensory feedback and site specific injuries 

and developing targeted rehabilitation protocols. If regional 

changes in muscle length result from activity in sub-

populations of motor units within the muscle, they are likely to 

be apparent during low level myoelectric activity. We 

therefore investigate how local myoelectric activity influences 

changes in the shape of medial gastrocnemius (MG) during a 

simple task: quiet standing. 

 

METHODS 

To quantify myoelectric activity in different proximal-distal 

regions of MG a 16 silver bar linear electrode (10mm 

interelectrode distance) was placed onto the left leg of eight 

participants, over the mid-line of the muscle. As MG has a 

pinnate fascicle architecture, myoelectric signals recorded at 

the skin surface represent action potentials at the ends of the 

muscle fibres. Signals recorded in different regions of the 

muscle therefore represent activity in different muscle fibres, 

with the amplitude of the signal predominantly determined by 

the number of active fibres beneath the detecting electrodes 

[1].  

 

To quantify changes in muscle shape, B-mode ultrasound 

images were collected using two probes, aligned, in series to 

each other to visualize as much of MG as possible. They were 

positioned next to the electrode array and held in place using a 

custom-built device. Participants stood, in their natural pose, 

on two instrumented footplates. Myoelectric signals (2048 Hz) 

and ultrasound images (25 Hz) were collected synchronously 

using MatLab-Simulink scripts for a 40 sec period. 

 

Average rectified values (ARV) of the myoelectric signals 

were quantified in each pair of electrodes (i.e. 15 channels) 

across epochs of 250 ms. Channels were grouped into 

proximal and distal categories, allowing for the identification 

of localized activity along MG. Ultrasound images were 

processed using a recently published algorithm [2]. The 

vertical distance between deep and superficial regions within 

each muscle view was calculated and proximal/distal 

longitudinal length change defined as the vertical 

displacement relative to the first frame. 

 

RESULTS AND DISCUSSION 

The raw myoelectric data revealed that individuals 

demonstrated one of two behaviours during standing: 1) very 

discrete episodes of myoelectric activity (Figure 1) (N=4); 2) 

much longer periods of myoelectric activity, with very small 

periods where no activity occurred (Figure 2). Figures 1 and 2 

provide representative data showing, striking differences in 

the profile and magnitude of longitudinal length changes in 

proximal and distal muscle views. 

 

In all except one participant the largest amplitude myoelectric 

signals were recorded in the distal electrode channels 

(p≤0.05). The location of the largest longitudinal length 

changes differed between individuals. In the group 

demonstrating discrete periods of activity, larger movements 

occurred in the distal region of MG (p=0.029, N=4). In the 

group demonstrating prolonged periods of activity, 

significantly larger longitudinal length changes occurred in the 

proximal muscle region (p≤0.001). 



 
Figure 1: MG Myoelectric signals from each electrode 

channel and associated longitudinal length changes in one 

participant during standing, demonstrating discrete bursts of 

myoelectric activity and larger longitudinal length changes in 

the distal region of the muscle. Negative length change 

represents shortening. 

 

 

The results show variations in shape changes occurred 

between proximal and distal locations of MG during standing. 

Previous work has identified regional variation in fascicle 

architecture and differences in aponeurosis compliance as 

potential causes of inhomogeneous strain in MG aponeurosis 

[3].  Our results show the location of the largest longitudinal 

length changes was highly influenced by the underlying 

pattern of myoelectric activity. We therefore suggest that the 

location and distribution of activated muscle fibres also 

contribute to inhomogeneous strain in MG.  

 

Discrete, localized bursts of activity led to discrete localized 

changes in muscle shape. During prolonged periods of 

intermittent motor unit firing, the region of the highest 

amplitude myoelectric signals showed minimal length 

changes. This may reflect slow relaxation times in the 

activated muscle fibres. Alternatively, differences in fascicle 

architecture and passive tissue material properties may have 

contributed to the results, while activity in surrounding 

muscles should also be considered. 

 

 

CONCLUSIONS 

The presented work quantifies proximal-distal variation in 

myoelectric activity and shape changes in MG during 

standing. The profile and magnitude of the shape changes 

were highly influenced by the underlying pattern of 

myoelectric activity.  Thus the location and distribution of 

activated fibres likely contribute to inhomogeneous movement 

within MG during standing. 
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Figure 2: MG Myoelectric signals from each electrode 

channel and associated longitudinal length changes in one 

participant during standing, demonstrating prolonged periods 

of myoelectric activity and larger longitudinal length 

changes in the proximal region of the muscle. Negative 

length change represents shortening. 

 


