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SUMMARY 
In this study, the effect of medio-lateral balance 
perturbations of walking speed was examined. In addition, 
the effect of the resulting speed adaptations on local dynamic 
stability was assessed. Remarkably, subjects did not lower 
their walking speed, but rather changed the underlying step 
parameters, step time and step length. Furthermore, local 
dynamic instability increased with perturbation amplitude. 
 
INTRODUCTION 
People with gait pathologies often walk slower than healthy 
controls. This lower walking speed is typically interpreted as 
a strategy to reduce the risk of falling [1]. However, it has 
never been adequately tested if people really select a lower 
walking speed in situations where stability is challenged. 
Also, the effect of walking speed on dynamic stability is 
unclear as both positive [1] and negative [2] effects of a 
lower walking speed on dynamic stability have been 
reported. We examined the effect of balance perturbations on 
walking speed in healthy subjects, and assessed the effect of 
walking speed alterations on local dynamic stability 
(operationalized in terms of the short-term Lyapunov 
exponent [3]). We did so by comparing trials at self-paced 
walking speed with trials at a fixed walking speed in which 
subjects could not adapt their walking speed to the balance 
perturbations.  
 
METHODS 
Subjects 
9 healthy subjects, age: 32.2±7.5 yrs., length: 1.77±0.12 m, 
and weight 72.2±14.0 kg were included. 
Equipment 
A Computer Assisted Rehabilitation Environment (CAREN) 
system (Motek Medical b.v., Amsterdam, The Netherlands) 
was used. CAREN consists of a self-paced instrumented 
treadmill mounted onto a 6-Degrees-of-Dreedom (6-DoF) 
motion platform in combination with a 5 m semicircular 
screen enabling a 180 deg. field-of-vision Virtual 
Environment (VE). In the self-paced mode, kinematic data of 
the pelvis-markers were used to control the speed of the 
treadmill. Twelve high-resolution infra-red cameras (Vicon, 
Oxford, UK) and the Lower Body Plug-in-Gait marker set 
were used to collect kinematic data. 
Protocol 
All subjects completed 10 trials, each consisting of 4 
minutes walking. In addition to an unperturbed condition, 
subjects were perturbed at four different intensities. These 
trials were offered twice, once at a self-paced walking speed 
and once at a fixed walking speed. Fixed walking speed was 
set to the comfortable speed chosen by the subject, during a 

self-paced, unperturbed trial preliminary to the measurement 
protocol. Balance perturbations were applied by medio-
lateral translations of the platform following a multi-sine 
function [4]: 
 
���� � ��1.0 sin �0.16 � 2��� � 0.8 sin �0.21 � 2�� �

1.4 sin �0.24 � 2��� � 0.5 sin �0.49 � 2��� �  
 
Intensity of the perturbation was changed by varying the 
amplitude (A) of this function (A = 0.05, 0.1, 0.15 or 0.2). 
Outcome variables 
During self-paced conditions, treadmill speed was recorded 
and used to calculate average walking speed of the trial. 
Local dynamic stability was defined in terms of short-term 
Lyapunov exponents, which were calculated from the 
angular velocities and linear accelerations of the pelvis [5], 
based on the position data of the markers at the left and right 
anterior superior iliac spines, and the left and right posterior 
superior iliac spines. Average step length, step time and step 
width were calculated from the position data of the markers 
at the lateral malleoli of the ankles.  
Statistical analysis 
Two–level repeated measures ANOVAs, with the 
perturbation conditions and the speed-conditions (fixed 
speed and self-paced) as within variables, were used to 
compare walking speed, Lyapunov exponents, and the 
different step parameters, over the different trials.  
 
RESULTS 
Subjects walked somewhat faster during the self-paced trials 
compared to the trials at a fixed walking speed (p = 0.011), 
but did not lower their speed as a consequence of the balance 
perturbations (p = 0.118) (Fig. 1).  
 

 
 
Fig 1: Averages and standard deviations (bars) of walking speed (n 
= 9) for all experimental conditions. (U = unperturbed walking; P1 
to P4 = Perturbation intensity 1 to 4). 
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With increasing amplitudes of the balance perturbation, 
subjects made faster (p < 0.001) and shorter steps (p < 0.001) 
(Fig. 2), and increased their step width (p < 0.001). Except 
for step time (p=0.002), no differences in step parameters 
were found between the two speed conditions. Short-term 
Lyapunov exponents increased with an increase in balance 
perturbation (p < 0.001), and did not differ between the two 
speed conditions (p = 0.175) (Fig. 3).  

 

 

 
 

Fig 2: Averages and standard deviations (bars) of step time (A), 
step length (B), step width (C), (n = 9) for all experimental 
conditions.  

DISCUSSION 
Several authors have studied the effect of walking speed on 
dynamic stability [1, 2], but none investigated if people 
really opt for a change in walking speed when stability is 
challenged, in order to stabilize gait The results of the 
present study showed that subjects did not change their 
walking speed following medio-lateral balance perturbations. 
Instead, they altered step time, step length and width, to 
withstand these balance perturbations. Nevertheless, local 
dynamic instability increased with perturbation amplitude. 
From the current experiment the effect of the adjustments of 
step time and step length on gait stability cannot be inferred. 

 

Fig 3: Averages and standard deviations (bars) of short-term 
Lyapunov exponents (n=9) for all experimental conditions. 

CONCLUSION 
Not so much a lower walking speed, but rather a 
combination of a decreased step time and step length, and 
increased step width seems to be the strategy chosen to cope 
with medio-lateral balance perturbations. Further research is 
necessary to investigate the effect of these step parameters 
on local dynamic stability. 
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