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DO MEN AND WOMEN USE SIMILAR ADAPTIVE LOCOMOTION  
TO CLEAR STATIC AND DYNAMIC OBSTACLES? 
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Abstract
Purpose. The purpose of this study was to analyze the influence of gender on the adaptive locomotion in the clearance of obstacles. 
Specifically, it was evaluated if there are differences in the space-temporal parameters between male and female in the clearance of and 
dynamic obstacles moving at both slow and fast speeds. Basic procedures. Five young male adults and five young female adults took 
part in this study. The task was performed in three conditions: static obstacle and dynamic obstacle – clearance perpendicular to the 
participant’s trajectory at slow speed (1.07 m/s) and at fast speed (1.71 m/s). The trials were recorded by two digital cameras and spatial-
temporal information was obtained. Main findings. The dynamic obstacle conditions required more visual inspection. The results showed 
different adaptive locomotion between the sexes. The distinct gait patterns were evidenced for the spatial and temporal variables and 
cadence in the three conditions. Conclusions. The women presented a more conservative behavior, which was evidenced by the increase 
of the length in the penultimate step and in the toe clearance.
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Introduction

The difference between the sexes is extensively dis
cussed in the literature. Men and women show diffe
rences in the anthropometric and constitutional cha
racteristics [1 – 3], neuromuscular characteristics [4 – 6] 
and in physical capacities [7–8], among others. As for 
the gait, a comparison between the sexes has pointed to 
the similarity in the gait speed and differences in the 
step length (shorter for women), cadence (faster for 
men) and movement patterns [1, 3, 9, 10]. However, it 
has not been clarified how men and women program 
and execute locomotor adaptations in the clearance, 
especially the transposition of dynamic obstacles.

Adaptive locomotion is understood as the ability to 
adjust the basic locomotion pattern according to the 
environmental features, considering the individual’s con
ditions and the task’s objective, aiming to maintain the 
dynamic balance. Adaptive locomotion strategies are 
indicated by alterations in the base of support amplitude 
adopted to maintain balance, in the proper adjustment 
to the feet positioning before the clearance and in the 
safety margin over the obstacle [11]. The programming 
of strategies in the obstacle transposition takes into con
sideration the characteristics of the obstacle [12 – 15]. 

* Corresponding author.

Obstacle speed affects the locomotor behavior and stra
tegies were distinct in the obstacle avoidance phases 
[16]. Accordingly, the current study aims at clarifying 
the following questions: Are the adaptive locomotor 
strategies used by men and women different? Which 
spatial-temporal parameters are important to explain 
the strategies used? Are the strategies used the same for 
static and dynamic obstacles?

The aim of this study was to analyze the influence of 
sex on the adaptive locomotion in the obstacle avoid
ance task. Specifically, it was evaluated if there are 
differences in the spatial-temporal parameters between 
men and women in negotiating static and dynamic ob
stacles at slow and fast speeds. The hypothesis in this 
study is that the strategies used are different between 
the sexes, once the constitutional, genetic and physical 
abilities interfere in the gait [1 – 3, 7].

Material and methods

Participants

Five young male adults and five young female adults 
took part in this study (Tab. 1). All participants were 
right footed. They gave their informed consent to the 
experimental procedure as required by the Declaration 
of Helsinki and the institutional Research Ethics Com
mittee (Protocol# 004387/2003). The exclusion criteria 
were the presence of skeletal or neuromuscular damage 
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and/or vision problems not corrected by the use of 
glasses or lenses.

Task

The task consisted in walking along a corridor (8 m 
long and 0.5 m wide) and crossing an obstacle (50 cm 
long and 0.5 cm wide) with the right leg [16] (Fig. 1). 
The height of the obstacle (Tab. 1) was personalized  
for each participant corresponding to the knee’s height 
to compensate the anthropometric difference between 
the groups. The initial comparison between sexes indi
cated higher values of body mass (F1,48 = 8.85, p < 
0.05), height (F1,48 = 26.11, p < 0.0001) and right lower 
limb length (F1,48 = 11.97, p < 0.001) for the male group 
(Tab. 1).

Each participant carried out the task in three condi
tions: (1) static obstacle; (2) clearance perpendicular to 
the trajectory of the participant at slow speed (1.07 m/s); 
(3) clearance perpendicular to the trajectory of the par
ticipant at fast speed (1.71 m/s). These speeds were 
established on the basis of the adult unobstructed gait 
speed (1.33 m/s; deviation of nearly 20%) [17]. Three 
familiarization trials were made for each condition. 
Fifteen trials per participant were collected, in blocks 
of five trials for each condition. The presentation order 
of the blocks was randomized among the participants.

The static obstacle was placed 5 m from the parti
cipant’s starting point. In the dynamic obstacle task, the 
obstacle was attached to a cart and conducted along the 
rails. The cart’s control box commanded an engine 
(WEG, model 71, 0.33 cv, tri-phase; 1.6 A, 60 HZ; 220 v; 
1720 RPM) with a frequency inverter (TOSHIBA, 
model VF-SX, 220v, 0.75 kW) whose panel registered 
the rotation of the engine [16]. The key to direct the 
obstacle motions was attached to the inverter. The 
obstacle motion started when the participant crossed  
a mark 3.5 m distant from the rail. To eliminate the 
perception of the obstacle acceleration, a screen (1 m × 
0.80 m) was placed at the beginning of the obstacle’s 
trajectory.

Procedures

Reflective markers (of 15 mm diameters) were 
attached to the distal phalanx of the fifth metatarsal and 
lateral side of right and left calcaneus. A marker was 
also attached to the superior edge of the obstacle. The 
trials of the participants were recorded by two digital 
cameras (JVC – model GR-DVL 9800) with shutter 
speed of 1/250 and frequency collection of 60 Hz. The 
cameras were placed at an angle of 90° between them in 
order to record all of the markers and right-sided strides. 
The images were analyzed by DVIDEOW software [18]. 
The Direct Linear Transformation (DLT) method [19] 
was used to obtain the tridimensional coordinates of 
each marker. The calibration of the collection place 
was made by a volumetric object (1.5 × 1 × 4 m) of 
known measurements. The applied reference system 
was oriented along z axis in vertical direction (upwards); 
y axis with direction and orientation of the participant’s 
gait (orthogonal to z) and x axis with direction and 
orientation defined by the vector product of y and z. 
The experimental error was measured by accuracy test 
[16, 20] and the calculated error value was 16 mm.

Dependent variables

Ten dependent variables were used to describe the 
subjects’ locomotor behavior. The spatial and temporal 
variables analyzed in this study were: last step length 

Table 1. Participants’ characteristics and obstacle height for the groups of men and women

  Age (years) Body Mass (kg)* Height (m)* Lower limb length (m)* Height of obstacle (m)

Men 23.37 ± 2.13 68.16 ± 8.02 1.74 ± 0.05 0.90 ± 0.04 0.50 ± 0.02

Women 22.40 ± 1.04 60.56 ± 9.94 1.66 ± 0.05 0.87 ± 0.02 0.47 ± 0.03

*statistical difference between sexes ( p < 0.05)

Figure 1. Representation of the experiment
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(N-1) and penultimate step (N-2) length (horizontal 
distance between the right and left heels’ markers in the 
last and penultimate steps before the obstacle approach); 
take-off and landing distance (horizontal distance at the 
moment when the marker of the fifth metatarsus of the 
leading limb loses contact with the ground before and 
after the clearance); toe clearance (vertical distance 
between the marker of the fifth metatarsus of the 
leading limb and the top of the obstacle at the moment 
when the foot is over it); N-1 and N-2 duration (time 
between the contacts of right and left heels in the last 
and penultimate steps); clearance duration (time in 
which the right foot loses contact with the ground 
before the obstacle until the next contact after the 
obstacle); cadence (number of steps per minute); and 
average gait speed (distance which was covered in the 
last step divided by its duration). Distance parameters 
(N-1, N-2, take-off and landing distance, toe clearance, 
cadence and average gait speed) were normalized by 
the subject’s body weight [21].

Statistic analysis

Data was filtered by the 4th order Butterworth digital 
filter under a cut frequency of 5 Hz through MATLAB 
6.5© software. The Shapiro-Wilk test showed that the 
distributions used for the analysis did not depart from 
the norm (  p > 0.05). Three multivariate analyses of 
variance were carried out – MANOVA – (2X3), i.e. two 
genders and three conditions (obstacle at fast and slow 
speeds and static position) as factors. The condition 
factor was treated as repeated measurements. The first 
MANOVA analyzed the spatial variables (N-1; N-2; 
take-off distance; landing distance; and toe clearance). 
The second one analyzed the temporal variables (N-1 
and N-2 duration; and clearance duration) and the third 
one analyzed the cadence and the average gait speed 
variables. When the MANOVA pointed out significant 
difference, Tukey univariate tests were carried out, as 
proposed by Zar [22]. In all the statistics analysis, a sig
nificance level of α < 0.05 was established. Software 
SPSS 10.0© was used for these analyses.

Results

As for the spatial variables, the MANOVA revealed 
that the locomotor behavior was affected by sex (Wilks’ 
Lambda = 0.21, F5,39 = 29.04, p < 0.0001) and condition 
(Wilks’ Lambda = 0.08, F10,34 = 37.53, p < 0.0001), 
without interaction between the factors. The univariate 
analysis showed bigger N-2 for the three conditions of 
the study (F1,43 = 31.24, p < 0.001), N-1 (F1,43 = 4.25,  

p < 0.04) and toe clearance (F1,43 = 17.655, p < 0.0001) 
for the group of women (Fig. 2).

The temporal variables were also affected by sex 
(Wilks’ Lambda = 0.69, F6,32 = 5.03, p < 0.005) and con
dition (Wilks’ Lambda = 0.19, F6,32 = 22.74, p < 0.0001). 
An interaction between the factors (Wilks’ Lambda = 
0.57, F6,32 = 3.95, p < 0.005, Fig. 3) was revealed. For 
sex, women presented bigger N-2 duration for the slow 
(F37,74 = 7.14, p < 0,05) and fast conditions (F37,74 = 6.31, 
p < 0.05), and N-1 and clearance duration for the slow 

Figure 2. Average and standard deviation of spatial 
variables for the group of men and women. N-2 = N-2 

length; N-1 = N-1 length; TD = take-off distance;  
TC = toe clearance; LD = landing distance.  

* statistical difference between sexes ( p < 0.05)

Figure 3. Average and standard deviation in the temporal 
variables for the groups of men and women. F = obstacle 

condition in fast speed; C = obstacle condition in stationary 
position; S = obstacle condition in slow speed; N-2D = N-2 
duration; N-1D = N-1 duration; CD = clearance duration.  

* statistical difference between sexes ( p < 0.05)
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condition (F37,74 = 10.59, p < 0.05; F37,74 = 6.41, p < 0.05, 
respectively).

MANOVA revealed that the average speed and ca
dence were affected by sex (Wilks’ Lambda = 0.869, 
F2,36 = 7.87, p < 0.001) and condition (Wilks’ Lambda = 
0.13, F4,34 = 55.23, p < 0.0001). An interaction between 
the factors (Wilks’ Lambda = 0.57, F4,34 = 6.36, p < 
0.001) was also revealed. For sex, the speed was higher 
for men in slow condition (F37,74 = 6.15, p < 0.05) and 
fast one (F37,74 = 7.21, p < 0.05), not indicating any 
difference in the cadence between the groups (Tab. 2).

Discussion

The results of this study confirm the hypothesis: 
adaptive locomotor strategies are different between the 
sexes. Distinct strategies were evidenced for the spatial 
and temporal variables and cadence in the three task 
conditions proposed in the study.

For the spatial variables, women presented conser
vative locomotor strategies evidenced by an increase in 
the penultimate step length (N-2), last step length (N-1) 
and in the toe clearance. The greater step length for 
women is in contradiction to the studies that found 
greater step length for men [9, 10]. The strategy of in
creasing the length of the N-2 and N-1 must have been 
used by women as a way to adjust the movement to the 
given task [14]. The adjustment in the toe clearance 
reveals the women’s safe attempt to avoid contact and 
fall while overcoming the high obstacle, the strategies 
not conventionally used in the studies [12, 23]. These 
spatial strategies can be understood as a difficulty for 
the women to couple the motor and the sensorial sys
tems, once the coupling of these systems is essential for 
the success of the task [13, 24 – 26]. However, the use 
of the same strategy for the three-task conditions indi
cates a reliable standard for the women and can be 
applied in several gait conditions.

Unlike the women, the men chose to maintain the 
spatial variables. The men used the same strategy for 
all tasks. This strategy can be related to the preoccupation 
in maintaining the stability in the sequence of the 

action. Still, this adaptation can be related to a greater 
flexibility of women in comparison to men – as they 
have a greater hip flexion [27]. Therefore, men choose 
to keep the movement pattern to accomplish the task 
safely adopting a more challenging strategy.

Temporal variables data confirm the conservative 
strategy of women and the difficulty of coupling the 
systems. Women showed the need of more visual ana
lysis time in dynamic obstacle conditions represented 
by an increase of the N-2 and N-1 duration in slow 
speed condition in comparison to men. Generally, an 
increase in the duration of the steps with a consequent 
increase in the time of vision for the planning of the 
action is a strategy used to increase the time to explore 
and obtain more relevant information [28]. Specifi
cally, it seems that for the fast speed condition, women 
increased the clearance time to adjust their movements 
to the task’s speed. As for the slow condition, the in
crease in the N-2 and N-1 duration and in the clearance 
indicates that the women decided to wait for the 
obstacle, they anticipated the obstacle and required 
some information to adjust the movement to the task. 
Differently, the men tried to modify the speed as a way 
to adapt it to the task, confirming earlier findings [1]. 
An increase in the speed is an adjustment to avoid the 
increase in the step length [1, 3], which shows that the 
men’s strategy was opposite to that of the women.

For the control condition the women did not modify 
temporarily their strategy while the men increased the 
N-2 and N-1 duration. This strategy used by the men 
can indicate either that their attention on the control con
dition was not the same as on the other conditions or 
that the temporal adjustment was prioritized. It is still 
probable that the men have underestimated the task in 
the control condition, as the dynamic obstacle conditions 
offered more risks and required more attention [29].

The different adaptive locomotor strategies used by 
men and women can be explained by the body consti
tutions and the sensorial and motor integrations. The 
differences between men and women regarding consti
tution and anthropometry, which were revealed in this 
study and confirmed in other studies [1 – 3], can affect 

Table 2. Average and standard deviation of the average speed and cadence for the groups of men and women  
in the three study conditions

 

Average gait speed (m/s) Gait cadence (steps/s)

fast control slow fast* control slow*

Men 2.59 ± 0.28 2.28 ± 0.41 1.62 ± 0.27 2.14 ± 0.35 1.84 ± 0.31 1.67 ± 0.25

Women 2.54 ± 0.34 2.36 ± 0.32 1.54 ± 0.40 1.98 ± 0.14 1.94 ± 0.10 1.43 ± 0.27

*statistical difference between sexes ( p < 0.05)
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the strategies. Women have wider hips and the physio
logical inclination to knock-kneed legs which help 
relocate the center of gravity downwards [30], making 
it possible for them to carry out more conservative stra
tegies than men. As for the integration between sen
sorial and motor systems, it is probable that men and 
women have used different ways to obtain and use 
relevant information for the motor planning, which 
made the online adjustments different, indicating that 
men were more capable of integrating the information 
and the movement to achieve the task’s goal, requiring 
fewer adjustments.

Conclusions

We can therefore conclude that the adaptive loco
motor strategies used by men and women are different, 
considering that women are more conservative and 
need more time to program the action. For the spatial 
variables, the N-2, the N-1 and the toe clearance were 
relevant to the efficacy of static and dynamic clearance. 
As for the temporal variables, the step duration was 
relevant for the women in the dynamic obstacle condi
tions, while the men used speed for adjustment.

The lack of analysis of the visual gaze and of the 
relation between the speed of the individual and the 
speed of the obstacle was a limitation of the study as it 
could have revealed other strategies which were not 
evidenced in this study and could be important for the 
obstacle negotiation for men and women.
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