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Background: Obesity and overweight are defined as abnormal or excessive fat accumulation and are associated with 
balance disorders. Objective: To assess the postural stability in a natural stance in overweight and obese women based 
on center of pressure (CoP) velocity in the anterior-posterior (AP) and medial-lateral (ML) directions. Methods: A total 
of 102 women categorized according to body mass index into normal weight, overweight and obese categories under-
went a measurement of quiet standing with their eyes open (EO) and with their eyes closed (EC). Postural stability 
was assessed with a force platform. The mean CoP velocity was evaluated in both directions. Results: In the AP 
direction under EO conditions, obese women swayed significantly faster than normal weight women (1.01 cm/s and 
0.80 cm/s). In the ML direction, a higher CoP velocity was observed in normal weight women than in obese women 
(0.52 cm/s and 0.41 cm/s). Under EC conditions in the AP direction, obese women swayed significantly faster than 
normal weight women (1.29 cm/s and 0.97 cm/s). In the ML direction, a higher CoP velocity was observed in normal 
weight women than in obese women (0.65 cm/s and 0.48 cm/s). Conclusions: Results suggest a negative impact of 
obesity on postural stability in the AP direction. In the ML direction, obese women were more stable than normal 
weight women, probably due to enlargement of the support base in a natural stance.
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Based on this idea, most studies dealing with obesity 
have focused predominantly on the assessment of pos-
tural stability in the anterior-posterior (AP) direction 
(Gravante, Russo, Pomara, & Ridola, 2003). There has 
also been limited information regarding the regulation 
of medial-lateral (ML) balance in obese adults. The 
integrity of the postural control system has most often 
been evaluated, in static conditions, by analyzing the 
center of pressure (CoP) movement (Menegoni et al., 
2009). CoP parameters (i.e. velocity of CoP) can be 
classified as related to postural activity for maintaining 
stability (Hue et al., 2007). Dutil et al. (2013) reported 
decreased postural stability in obese older women 
based on increased CoP velocity. In the literature, we 
can find different approaches for the evaluation of obe-
sity. We can assume that there is no universal method 
for assessing obesity and overweight that accounts all 
conditions. The most widely used “tool” is body mass 
index (BMI), which provides a useful population-level 
measurement of overweight and obesity, as it is the 
same for both sexes and for all ages of adults (World 
Health Organization, 2013a). Keionen, Kauranen, 
and Vanharanta (2003) investigated the relationship 
between body anthropometry and equilibrium, and 

Introduction

Obesity is among the greatest public health challenges 
of the 21st century, and it significantly increases the 
risk of developing numerous medical conditions. The 
prevalence of obesity in women older than 30 years 
of age in the Czech Republic is 32.9% (World Health 
Organization, 2013b). Increasing body weight with 
abnormal or excessive fat accumulation is associated 
with changes in body geometry and posture (Berrigan, 
Simoneau, Tremblay, Hue, & Teasdale, 2006; Fabris 
De Souza et al., 2005; Teasdale et al., 2007). Fregly, 
Oberman, Graybiel, and Mitchell (1968) proposed 
that in overweight individuals, body size and shape 
influenced static postural stability by altering the loca-
tion of the center of gravity. A center of mass located 
closer to the anterior edge of the base of support, 
due to additional abdominal mass, presumably leads 
to increased ankle torque necessary to maintain bal-
ance (Fregly, Oberman, Graybiel, & Mitchell, 1968). 
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BMI was the only parameter that was correlated with 
anterior-posterior sway in the bipedal quiet stance. Sev-
eral studies (Dutil et al., 2013; Hue et al., 2007; Ku, 
Abu Osman, Yusof, & Wan Abas, 2012) have shown 
the existence of a close relationship between obesity 
and postural instability. However, there have been few 
studies regarding excessive body weight and postural 
control in middle-aged women (Błaszczyk, Cieślinska-
Świder, Plewa, Zahorska-Markiewicz, & Markiewicz, 
2009; Cruz-Gómez, Plascencia, Villanueva-Padrón, & 
Jáuregui-Renaud, 2011; Dutil et al., 2013; Hita-Con-
treras et al., 2013). These studies have used different 
parameters to assess postural stability. The mean veloc-
ity of displacement as a single parameter distinguishes 
appropriately between test situations, and it also has 
the smallest standardized intra-individual coefficient of 
variation, i.e. the smallest reproducibility error (Ray-
makers, Samson, & Verhaar, 2005). However, it has 
mostly been used as an overall parameter and not in 
individual directions. For this reason, the aim of our 
study was to assess postural stability in overweight and 
obese middle-aged women based on CoP velocity in 
different directions.

Methods

Subjects
A total of 102 women between 48 and 65 years old 
(55.6 ± 4.9) participated in our study and were cat-
egorized according to BMI (27.1 ± 5.9): 39 normal 
weight women (BMI 18.5–24.9 kg/m2), 38 overweight 
women (BMI 25.0–29.9 kg/m2) and 25 obese women 
(BMI ≥ 30.0 kg/m2). The BMI ranges and categories 
corresponded to the international classification scale 
proposed by World Health Organization. The group 
characteristics are provided in Table 1. Women indi-
cating any diseases (except for obesity) that could 
affect their balance were excluded from the study. This 
study was approved by the institutional research ethics 

committee. All of the participants were informed about 
purpose of this study and provided written informed 
consent prior to data collection.

Experimental setup and methods
Each subject first underwent anthropometric measure-
ment of body weight and height. Following these mea-
surements, BMI was calculated in kg/m2. Then, pos-
tural stability was evaluated with a force plate (Kistler 
Instrumente AG, Winterthur, Switzerland). Subjects 
stood on the force plate barefoot and were instructed 
to stand normally as they would at home or at work. 
They had adopted their preferred stance position with 
their feet positioned comfortably. Any other feet cor-
rection was considered as an adjusted stance and was 
not allowed. 

The women performed two trials of a quiet stance 
with eyes opened (EO) and with eyes closed (EC), in 
random order. Each test was performed 2 times for 
30 seconds, and CoP movement was recorded at a 
sampling rate of 200 Hz. None of the subjects had any 
previous experience with a force platform.

Data analyses
The data were filtered using a fourth order low-pass 
Butterworth filter with a cut-off frequency of 7 Hz 
using MATLAB software (Version R2010b; Math-
works, Inc., Natick, MA). The mean CoP velocity in 
each direction and total CoP velocity were calculated 
with the same software. The average of the two tri-
als was calculated. Statistical analysis was performed 
using Statistica software (version 10; StatSoft, Inc., 
Tulsa, OK). The normality of the data distribution was 
not confirmed (Kolmogorov-Smirnov test); thus, for 
statistical comparisons among the groups, the Mann-
Whitney U test (p < .05) was used. Cohen’s d was cal-
culated and was interpreted as small (d < 0.2), medium 
(0.2 < d < 0.5), or large (d > 0.8) according to Cohen 
(1988), to assess the influence of obesity on postural 
stability. 

Table 1	  
The characteristics of the groups (mean ± SD)

Normal weight
(n = 39)

Overweight
(n = 38)

Obese
(n = 25)

Age (years) 54.4 ± 5.3 56.2 ± 4.9 56.5 ± 4.1

Body height (cm) 163.8 ± 3.7 163.1 ± 5.6 163.0 ± 5.7

Body weight (kg) 58.9 ± 6.5 71.9 ± 5.5* 93.6 ± 16.3*§

BMI (kg/m2) 21.9 ± 1.9 27.0 ± 1.5* 35.1 ± 5.5*§

Abdominal circumference (cm) 79.1 ± 13.9 92.1 ± 5.7* 107.9 ± 11.5*§

Note. *p < .001, significant difference in comparison with normal weight, §p < .001, significant dif-
ference in comparison with overweight.
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Results

All of the data are presented in Table 2.

CoP velocity with opened eyes 
The analysis of mean CoP velocity in the medial-lateral 
direction (VML

) showed a significant difference between 
normal weight and obese women (medium effect) and 
between overweight and obese women (small effect). In 
the AP direction, a significant difference was observed 
in mean CoP velocity (VAP

) between normal weight 
women and obese women (large effect). In total veloc-
ity (V), no significant difference was found.

CoP velocity with closed eyes 
Under the EC condition in the ML direction, the results 
showed significant differences (medium effect) in VML

 
between normal weight women and obese women 
and between overweight women and obese women. In 
the AP direction, a significant difference was found 
between normal and overweight woman (small effect) 
and between normal weight and obese women (large 
effect). In total velocity (V), significant difference was 
found only between normal weight and obese women 
(small effect).

Discussion

In our study, we found significant difference between 
all three groups, however large effect was observed only 
between normal weight and obese women. 

Obese women under the EO conditions swayed 
significantly faster in the AP direction than normal 
weight women. This finding was in agreement with 
those of Menegoni et al. (2009), who found the great-
est significant difference in mean velocity in the AP 
direction between healthy and obese women. The first 
explanation for this finding could be that the obese 
individuals often display a protruding abdomen. The 
significant difference in abdominal circumference 
between normal weight and obese women in our study 
was 28.8 cm (36%; p < .001). Corbeil, Simoneau, Ran-
court, Tremblay, and Teasdale (2001) assumed two 
main physical consequences of an abnormal distribu-
tion of body fat in the abdominal area: an increased 
mass to stabilize over the base of support; and anterior 
positioning of the center of mass relative to the ankle 
joint. In contrast, in obese and normal weight subjects, 
no differences were found in the percentages of pres-
sure distribution on the anterior and posterior foot 
areas, and the CoP was equally distant from the tangent 
line to the inferior border of the posterior heel. Based 
on these findings, authors have suggested that the CoP 
location does not seem be influenced by excess weight 
or body fat distribution (Gravante, Russo, Pomara, & 
Ridola, 2003). 

The greater pressure values and larger contact 
areas observed in obese subjects have been associated 
reductions in the quality and/or quantity of the sensory 
information arising from the plantar mechanoreceptors 
(Hue et al., 2007). Changes in the nature of informa-
tion from these receptors increase postural sway and 
corrective muscular and torsional activity (Fransson, 

Table 2	  
Postural parameters (mean ± SD) and significance, with and without vision 

Parameter
Normal weight

(n = 39)
Overweight

(n = 38)
Obese

(n = 25)

 p value (Cohen’ s d)

Normal vs. 
overweight

Normal vs. 
obese

Overweight 
vs. obese

Eyes open

VML 
(cm/s) 0.52 ± 0.17 0.47 ± 0.16 0.41 ± 0.16 .322

(0.29)
.003

(0.68)
.046

(0.42)

V
AP 

(cm/s) 0.80 ± 0.20 0.92 ± 0.26 1.01 ± 0.30 .072
(0.50)

.002
(0.87)

.221
(0.35)

V (cm/s) 1.06 ± 0.25 1.14 ± 0.27 1.17 ± 0.33 .199
(0.29)

.088
(0.40)

.722
(0.13)

Eyes closed

VML 
(cm/s) 0.65 ± 0.31 0.67 ± 0.46 0.48 ± 0.17 .765

(0.06)
.001

(0.64)
.015

(0.52)

V
AP  

(cm/s) 0.97 ± 0.24 1.28 ± 0.92 1.29 ± 0.39 .018
(0.46)

< .001
(1.04)

.210
(0.01)

V (cm/s) 1.30 ± 0.39 1.59 ± 1.12 1.47 ± 1.40 .192
(0.35)

.049
(0.45)

.601
(0.12)

Note. Statistically significant differences are in boldface.
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Gomez, Patel, & Johansson, 2007). Experimental stud-
ies have confirmed in healthy (non-obese) individuals 
the decisive role of proprioception in the maintenance 
of postural stability during quiet standing (Åstrand, 
2003; Peterka, 2002), mainly in the AP direction (Zem-
ková, 2008). Under these conditions, only propriocep-
tion in the lower limbs was associated with sway (Lord 
& Menz, 2000). It is known that when proprioceptive 
information from the feet and ankles is reduced, other 
systems play important roles in the maintenance of 
postural stability. Handrigan et al. (2012) assumed 
that there was no difference in the visual and vestibular 
senses among normal weight, heavy athletic and obese 
people and that it was possible that plantar mecha-
noreceptor sensitivities differed because after vision 
removal, these authors observed greater increases in 
postural sway speed for obese and heavy athletic sub-
jects compared to the control group. In contrast, we 
found under neither vision condition any significant 
differences in total mean velocity between normal 
weight and obese women. Surprisingly, separately 
in the AP and ML directions, significant differences 
were found. While in AP the direction obese women 
were significantly more affected by vision and showed 
higher values than the normal weight women, in the 
ML direction, the obese women achieved lower CoP 
velocity values. This finding was in disagreement with 
those of Dutil et al. (2013), who found in a group of 
older women more destabilizing effects of vision for 
the obese group in the ML direction. 

In the ML direction under both conditions, the 
obese women in our study achieved lower CoP velocity 
than the normal weight group. It is well known that 
a side strategy is significantly better (more stable) 
than an ankle strategy, which results from a given ana-
tomically more limited range of movement of the lower 
limbs and torso to the side. Lateral stability is highly 
sensitive to foot positioning (Day, Steiger, Thompson, 
& Marsden, 1993).

In some studies (Dutil et al., 2013; Hue et al., 2007; 
Menegoni et al., 2009), foot position during testing 
has been determined. In our study, the women were 
instructed to stand normally, as they would at home or 
at work, to maintain the most natural conditions. We 
believe that standardized foot positioning would have 
been unnatural for obese women. Observed postural 
deviations, such as separating the knees and ankles 
and flexing the legs, to achieve a lower center of gravity 
were associated with a wider natural stance in obese 
subjects (Fabris De Souza et al., 2005). Therefore, we 
can assume that the better postural stability in obese 
women in the ML direction is probably associated 
with a wider base of support due to overloading of 
the lower limbs (Fabris De Souza et al., 2005). Direct 

measurement of body movement confirmed that stance 
width influenced the velocity of body sway during a 
quiet stance (Day, Steiger, Thompson, & Marsden, 
1993). Our results suggested that assessment of pos-
tural stability in both directions was significantly more 
sensitive. 

One limitation of our study was the measurement 
of bipedal quiet standing on only one force platform, 
so it was not possible to determine stance width (base 
of support). 

Conclusions

Results of our study showed that obesity increases 
postural sways in the anterior-posterior direction. In 
the medial-lateral direction obese women manifested 
smaller postural sways in comparison with normal 
weight and overweight women, probably due to enlarge-
ment of the support base in a natural stance.
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