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INTRODUCTION 
Humans and animals are able to perform movements 
efficiently, even while having to adapt to unpredictable 
environment. The understanding of motor control, especially 
in upright bipedal locomotion is challenging; Humans have to 
utilise specific mechanisms to maintain equilibrium on the 
stance leg during locomotion [1].  
 
Neural oscillators, also known as spinal pattern generators 
(SPGs) may play an important role in generating rhythmic 
movements [2]. In this study, SPGs refer to neural networks 
that do not require a central input from the brain so as to create 
a motor output. It has been demonstrated that coordinated 
electromyographic (EMG) patterns were induced in patients 
with complete or incomplete paraplegia while walking on a 
treadmill with reduced loading [3]. Such findings support the 
view that humans may use SPGs in generating locomotion. 
Three main afferents seemed to be essential in generating 
locomotor-like activity in humans.  Load receptors, consisting 
of proprioceptive afferents in muscles and exteroceptive 
afferents from mechanoreceptors in the feet, and afferents 
related to hip position were identified [4-6].  
 
In this study, a simple two-neuron SPG model was developed, 
and applied to the ankle joint. Loading and hip position were 
used as inputs into the model. Our aim is to demonstrate that 
rhythmic motion at the ankle can be simply explained by an 
SPG model using two afferent inputs. This model was then 
applied to a situation when a sudden loss of ground support 
occurred while walking. 
 
METHODS 
Seven healthy male subjects were requested to walk at their 
normal self-selected speed on a treadmill. Force measurements 
calculated from in-shoe pressure sensors, EMG of the Soleus 
(SOL) and Tibialis Anterior (TA), and kinematic data of six 
consecutive strides were captured simultaneously.  
 
A simple Matsuoka oscillator [7] consisting of two neurons 
was used (Figure 1); one neuron will activate the SOL and the 
other will activate the TA. Thus, the outputs from the 
oscillator represented the muscle activation of each muscle. 
Each neuron was excited by two inputs; Force (F) and hip 

flexion/extension angles (HA) of the ipsilateral limb were used 
to determine the inputs in the following equations:  

)(1 pFrp −=&   

)(2 qHArq −=&   

The input si was thus calculated as:  
qwqvpnpms iiiii && .... +++=   

where i=1 or 2, and m, n, v and w represented weights of each 
excitation. A nonlinear least squares fitting algorithm was 
used to determine a set of parameters that would fit the outputs 
to experimental EMG data.  
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Figure 1:  SPG model consisting of two neurons.  
 
RESULTS AND DISCUSSION 
The oscillator’s output became periodic only after the first 
stride, so the results presented are only from stride two 
onwards.  
 
With force and hip angles, the SPG model successfully 
generated outputs that fit experimental EMG data (mean 
correlation coefficient R=0.79±0.03). An example of one trial 
is shown in Figure 2. This agreed with previous studies that 
the main sensory inputs required during locomotion are 
loading and hip position [4]. It is also possible that SPGs are a 
direct link between sensory inputs and muscle activations via 
motoneurons.  
 
We attempted to introduce a perturbation into the SPG model 
to determine if it can predict a sudden loss of one input. This 
model was applied to a situation when a sudden loss of ground 
support occurred during walking. This was done by removing 
loading during the last stride, while maintaining the same hip 
angles during walking. This sudden removal of loading was 
initiated at four different stages during the last stride: at heel 
strike, at the first peak, trough and second peak of insole force.  
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Figure 2: Generated muscle patterns of the SOL (top) and TA 
(bottom) with loading and hip angles as inputs (bold black 
lines) compared to experimental EMG data (grey lines) 
 
An increase in TA activity was expected, due to a premature 
onset of the swing phase [8]. An increase in SOL was not 
expected. This contrasted with studies suggesting a close 
relation between loading and ankle extensor activity [9,10]. 
However, a co-activation of antagonistic muscles could be a 
compensatory response to secure stabilization due to an 
unexpected disturbance to equilibrium during walking [11,12]. 
It could also be that a sudden perturbation at this phase 
required a correction from central input rather than relying on 
sensory afferents [9,10].  
 
In cat studies, the cat rapidly withdrew its limb, and effects of 
hip joint angle was varied but usually in a more extended 
position [9,13]. In our study, the SPG model assumed that the 
subjects maintained the same hip angles as during normal 
walking. A delayed advancement of the hip over the foot 
might result in a continued SOL activity. However, this 
increase in SOL activity was only seen when the perturbation 
was introduced before late stance. It could be that at late 
stance, SOL activity has fallen below a certain threshold, and 
a compensatory response is not detrimental to equilibrium. 
 
CONCLUSIONS 
We have shown that a simple SPG model could generate 
muscle activations at the ankle. A close correlation between 
simulated and experimental data might indicate that neural 
networks at the spinal level are important in motor control. A 
resulting co-activation of antagonistic muscles was 

unexpected, but it could also be a compensatory response to 
achieve equilibrium when a perturbation occurs during 
walking. 
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Figure 3: Generated muscle patterns of the SOL (top) and TA 
(bottom) with loading and hip angles as inputs during normal 
walking (grey lines) and due to a sudden loss in loading 
applied during midstance in the last stride (black lines) 
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