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SUMMARY 
It is accepted that the role of Anticipatory Postural 
Adjustments (APA) during gait initiation is to create the 
propulsive forces necessary to reach the gait velocity at the 
end of the first step. The aim of this study was to examine 
whether and how an overload modifies these APA. 
Twenty-one subjects performed gait initiation in two 
experimental conditions: unloaded (UL) and with an 
overload of 15% body mass (WL). In each condition, two 
speed conditions were imposed: Normal and Fast. The 
results showed that the subjects maintained a similar gait 
velocity at the end of first step with the overload whatever 
the speed condition. For that, in normal speed condition, 
they increased the duration of APA with the overload. By 
increasing the duration of this phase, the subjects 
maintained the same horizontal CG velocity at heel-off. 
However, when the gait speed was faster, the duration of 
APA could not be increased, and therefore the CG velocity 
at heel-off decreased with the overload. To maintain the 
gait velocity in fast speed condition, the subjects had to 
compensate the lacking of initial velocity by lengthening 
the step execution duration. In conclusion, to maintain a 
similar gait velocity, overloaded individuals must increase 
the duration of APA, but if the APA cannot be increased, 
they use another strategy that consists to increase the 
duration of the step execution phase.  
 
INTRODUCTION 
Gait initiation represents the transient phase between the 
upright posture and the gait steady state. As the gait steady 
state is reached at the end of the first step [1], it is accepted 
that gait initiation is the period between early modification 
of the upright posture and the end of the first step. 
Previous studies have shown that dynamic phenomena 
appear before the step execution, starting from heel-off of 
the swing limb to subsequent CG maximal velocity [2, 3]. 
These phenomena, traducing by a backward shift of the 
Center of Pressure and forward displacement of the CG, 
have been called Anticipatory Postural Adjustments 
(APA). The role of APA is to create the propulsive forces 
necessary to reach the desired gait velocity at the end of 
the first step [3]. Indeed, it has been shown that the 
separation between the CP and the CG, creating a 
disequilibrium torque around the ankles, generates 
propulsive forces [3, 4]. These initial propulsive forces 
allow the CG to reach a horizontal velocity at heel-off. As 
the step execution is a phase submitted mainly to the 
action of gravity [4], this initial velocity of the CG 
predetermines the CG velocity at the end of the first step. 
Thus, by modulating the velocity at heel-off, individuals 
are able to reach different velocity at the end of the first 
step. Furthermore, it has been found a linear relationship 
between the duration of APA and the velocity at the end of 
the first step. A faster gait velocity requires a longer 
duration of APA. Thus, it is established that the both the 

duration and the amplitude of APA, i.e. the CG velocity at 
heel-off, determine the gait speed reached by the 
individual at the end of the first step [1].  
The aim of this study was to examine the effect of an 
overload on the APA during gait initiation. 
 
METHODS 
Twenty-one young and healthy individuals participated to 
this study. The subjects stood upright, barefoot and 
motionless on a first force-plate. At the signal’s 
experimenter, they had to execute the first step on a second 
force-plate and walked on a five meters walkway. This 
protocol was realized in two conditions: an unloaded 
condition (UL) and a condition with an overload of 15% 
body weight (WL) (Figure 1). In each condition, two gait 
speeds were imposed: Normal and Fast. The order of 
conditions was randomized. 
 

	  
Figure 1. Participant wearing the overload. 
 
A VICON optoelectronic system and two force-plates 
(AMTI) were used to obtain the dependent variables: 
Duration of APA (DAPA) corresponding to time between 
the onset of backward shift of the CP and the heel-off time 
of the swing limb, Horizontal velocity of the CG at heel-
off (AAPA), Maximal backward shift of the CP during the 
APA (XPmax), Horizontal velocity peak of the CG at the 
end of the first step (V) and Duration of step execution 
(DEXE) corresponding to time between the heel-off time 
and the time to reach the horizontal velocity peak of the 
CG at the end of the first step.  
 
The effect of the overload on the dependant variables was 
evaluated by using a student’s t-test for paired samples. 
 
 
 



RESULTS AND DISCUSSION 
The duration of APA (DAPA) increased of 9% with the 
overload at normal speed (P<0.05), but remained invariant 
at fast speed (Figure 2). Conversely, the velocity of the CG 
at heel-off (AAPA) did not vary at normal speed while it 
decreased of 7% with the overload at fast speed 
(P<0.001). The maximal backward shift of the CP was not 
affected by the overload whatever the speed condition. 
Despite these modifications in the APA, the horizontal 
velocity peak of the CG during the first step remained 
unchanged whatever the speed condition. 
The duration of step execution increased with the overload 
only in the fast speed condition (P<0.001). 
 
 

	  
Figure 2.  Mean and S.D. of the duration of APA (DAPA) 
and the horizontal velocity of the CG at heel-off (AAPA) 
without overload (UL, black) and with overload (WL, 
grey) in Normal (left) and Fast (right) speed conditions.  
*, **: Statistical difference with P<0.05, P<0.001 
respectively. 
 
A previous study has shown that the role of APA is to 
induce an initial velocity to the body, i.e. a CG velocity at 
heel-off time [4]. According these authors, this initial 
velocity is induced by the decoupling between the CP and 
the CG, traduced by the maximal backward shift of the CP. 
In our study, the velocity of the CG at heel-off is 
maintained at normal speed, but decreases with the 
overload at fast speed. However, we observe that the 
maximal backward shift is not affected by the overload 
whatever the speed condition. These results suggest that 
the maximal backward shift is not responsible on 
modifications of the CG velocity at heel-off. Couillandre 
et al., [5] have shown that there is another way to modify 
the velocity of the CG at heel-off. This strategy consists to 
modulate the duration of APA. In the current study, we 
observe that, at normal speed, the duration of APA (DAPA) 
increases but the horizontal velocity of the CG at Heel-off 
(AAPA) is maintained. Conversely, at fast speed, DAPA does 
not change whereas AAPA decreases. These results indicate 
the subjects modulate the duration of APA to adapt the 
initial velocity of the CG. More precisely, we observe that 
to achieve a similar velocity of the CG at heel-off with the 
overload, the subjects have to increase the duration of 
APA. 

Moreover, previous studies have shown that the horizontal 
velocity at heel-off predetermines the gait velocity reached 
by the individual at the end of the first step [3, 4]. Our 
results are consistent with these studies only for the normal 
speed condition. Indeed, in this speed condition, we note 
that the CG velocity at heel-off is maintained with the 
overload and therefore the subjects achieve a similar CG 
velocity at the end of the first step with the overload. As 
the maintaining of the CG velocity at heel-off is related to 
the increase in the duration of APA, this suggests that the 
increase of APA duration with the overload allow keeping 
the gait velocity at the end of the first step. At fast speed, 
the invariance in the APA duration induces a decrease in 
the CG velocity at heel-off with the overload. However, 
the subjects are able to achieve a similar velocity of the 
CG at the end of the first step with the overload. This 
suggests that to maintain the gait velocity, they must 
compensate the lacking of velocity during the step 
execution. For that, the subjects increase the duration of 
step execution phase with the overload. Such strategy has 
already been observed in unilateral lower limb amputees 
[6]. 
The incapacity to increase the APA duration at fast speed 
probably may indicate a limit in the ability to produce 
propulsive forces during the APA. In this case, subjects 
must use another strategy in order to maintain the gait 
velocity. For that, they adjust the duration of the step 
execution phase. 
 
CONCLUSIONS 
The results of this study suggest that the overload induces 
longer duration of APA to keep the same gait speed, but if 
APA cannot be increased, the subjects use another strategy 
that consists to increase the duration of step execution.  
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