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SUMMARY 
Mechanisms related to balance maintenance in human walking 
are still not fully understood. In this study we elicited 
perturbations in the anterior-posterior and medial-lateral 
directions during walking by using a moveable force platform 
simulating slips. Unperturbed walking previous to the 
perturbation, as well as unperturbed walking trials among the 
perturbations trials were compared, in order to verify the 
effects of perturbations on biomechanical parameters at heel 
strike. The results indicated that normal walking performed 
while experiencing perturbations presents similar global gait 
parameters (stride length, walking velocity), as well as heel 
kinematics. The only change was identified for vertical peak 
ground reaction force, which was decreased for both anterior-
posterior and medial-lateral directions. Thus, it is concluded 
that experiencing possible slips during walking do not change 
overall gait parameters but there are changes close to the heel 
strike event as a strategy to avoid falls. 
 
 
INTRODUCTION 
Although humans have consciousness about movement 
planning, controlling movements is partly under unconscious 
mechanisms. During daily life, often people have to walk on a 
wet and slippery floor, changing movement patterns compared 
to save walking, which seems to be involuntary. Furthermore, 
people who use escalators report odd sensations when they use 
an out-of-order escalator, which seems to move (broken 
escalator aftereffect) [1]. In other words, humans may learn 
how to behave and this behaviour will be triggered under a 
given context, even if it is not needed. 
 
Falls have high economic impact on ergonomics and 
public/private health services, motivating a number of 
investigations on slips during gait, generally on forward slips 
[2,3]. Catch trials during balance recovery experiments are 
trials without any perturbation, which are neccessary to assure 
unpredictable situations. These catch trials may present 
different patterns compared with previously established 
normal gait. Since slips may occur in different directions, 
different strategies may be assumed to regain balance [3]. 
Thus, the objective of the present study was to verify whether 
catch trials for perturbations in different directions may 
present different foot placement strategies at heel strike during 
walking. 

 
METHODS 
Eight healthy men (age: 21-38 years) volunteered for the 
experiment. Subjects were asked to walk along a 7-m 
walkway, stepping with the right foot on a moveable platform 
[4] in the middle of this path. After habituation and verbal 
instructions, subjects were asked to walk 10 trials along the 
walkway with no perturbations (BASE). Subsequently, in the 
same walking task the platform produced four classes of 
perturbations (10-cm translations): forward (FW), backward 
(BK), to the left (LF) and right (RI). Perturbations were 
applied in two sets: 1) catch trials (C-AP), FW and BK trials, 
and 2) catch trials (C-ML), LF and RI trials. For each block, 
twelve trials of each class were performed randomly, with the 
perturbation initiated at the heel contact (HC), except for BK, 
where a delay of 250-300 ms was applied in order to coincide 
with the mid-stance phase. Comparisons were made among 
BASE and the catch trials in A-P (C-AP) and M-L (C-ML) 
directions 
 
A retroreflective marker was placed on the right heel and 
tracked by motion analysis system. From these data, stride 
length (ratio between step length/leg length), stride duration 
and walking velocity were determined. Additionally, vertical 
(Vacc) and horizontal accelerations (Hacc) were calculated at 
heel strike [5]. Three-dimensional ground reactions forces 
were measured during foot contact and the first vertical 
(FzPK) and horizontal (FyPK) peaks were extracted. 
Comparisons among BASE, C-AP and C-ML were made by 
one-way ANOVA complemented by Tukey post hoc test if 
needed. The significance level was set at p<0.05.  
 
 
RESULTS AND DISCUSSION 
No significant differences were found for stride length 
(0.56±0.01 vs 0.56±0.01 vs 0.57±0.03), stride duration 
(1.17±0.1s vs 1.14±0.08s vs 1.16±0.05s), and walking velocity 
(1.32±0.07m.s-1 vs 1.35±0.07 m.s-1 vs 1.31±0.08 m.s-1) among 
the conditions (BASE vs C-AP vs C-ML, respectively). Thus, 
the subjects did not change the overall gait pattern when there 
was the possibility of slipping in different directions, as 
previously verified for A-P slips [2].  
 
In the same way, kinetics and kinematics of the heel at touch-
down showed similarities among the conditions (Figure 1). 



Vertical and horizontal heel accelerations have been used as 
parameters to describe successful strategies to avoid falls [5], 
with a lower horizontal acceleration at heel contact being 
associated with a reduced falling risk. Although no significant 
changes were found for any kinematic and kinetics parameter, 
a trend for lower horizontal and higher vertical acceleration at 
C-AP was noticed. Corroborating the kinematic results, FzPK 
was reduced when compared to other conditions, while no 
significant differences were verified for PyPK. These results 
may be explained as a strategy to avoid falls, by decreasing 
the loading at the potentially slipping leg at early ground 
contact. 
 

 
 
Figure 1. Mean (SD) horizontal (A) and vertical heel 
acceleration (B), and braking horizontal (C) and vertical (D) 
peak ground reaction forces in percentage of body weight 
(%BW). * denotes significant difference to BASE (p<0.05); † 
denotes significant difference to BASE and C-AP (p<0.05).

CONCLUSIONS 
Catch trials present similar general kinematic gait 
characteristics than normal walking, independent of the 
expected direction of perturbation. However, at heel strike 
subjects decrease the load on the potentially slipping leg as a 
strategy to avoid falls. 
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