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1. INTRODUCTION 

Neuromechanical control of human erect 

posture is commonly modeled as an inverted 

pendulum which dynamics depend on the body's 

anthropometry, particularly on body height and 

weight. From a perspective of neuromechanics, 

neuromuscular control in individuals with 

excessive body weight is primarily determined 

by the universal requirement for optimization of 

the energetic cost of movement. This forces 

elimination from the behavior of the most 

energy-consuming movements. Additional 

reason for reduced motor activity in individuals 

with excessive body weight might be the 

associated decline of postural stability. This 

problem becomes an inspiration for the present 

research.  

Generally, the stability of human erect posture is 

essential for all activities of daily living [1,2]. 

Unfortunately, the human upright posture itself 

is inherently unstable and to maintain balance it 

must be actively controlled [3-5].  An excessive 

body weight results in alteration of the inertial 

properties of the motor system that play a 

crucial role in balance recovery and thus impairs 

postural stability. Generally, obesity potentiates 

instability of the erect posture and as a result, 

the obese individuals are more prone to 

accidental falls [6]. The interaction of postural 

stability and motor control with its dependence 

on body weight recently attracted the attention 

of researchers and clinicians.  

In humans, the stability of the upright posture is 

a basic property of the neuromuscular control 

that allows maintaining a qualitatively 

unchanged vertical body position in space while 

exposed to interferences or fluctuations, 

including chaotic, noise-like postural sway [5]. 

Postural balance and stability of human erect 

posture are commonly modeled as a process of 

active control of an inverted pendulum with the 

pivot point located at the ankle joints [4, 5]. The 

central nervous system controls the pendulum 

generating force in the ankle stabilizers and in 

the triceps surae, mainly [4, 5, 7, 8].
 

This 

redundant and nonlinear in nature control causes 

the human body while standing quiet to perform 

tiny chaotic oscillations, that are assessed in 

static posturography by trajectories of the center 

of foot pressure (COP). The COP oscillation 
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rad (EC). The SV azimuth was additionally affected by BMI (0.8 ± 0.05 radians (EO) and 0.66 ± 0.05 rad 

(EC) in the group of women with the highest BMI). The DIML exhibited a positive correlation with BMI (0.6 

and 0.71 for EO and EC, respectively), while the DIAP correlated negatively with BMI (-0.55 and -0.68 for 

EO and EC, respectively). In the control subjects the SV magnitude i.e., the mean velocity of sway, during EO 
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characteristics are utilized to quantify the 

balance control and eventually for the 

assessment of postural stability [5,9-11]. From 

this perspective, it seems clear that the body‟s 

anthropometry (its height and body mass with 

its segmental distribution) must impact the 

postural sway trajectories and the overall 

stability of posture. The relationships between 

postural sway and stability of the erect posture 

are not direct and always should be considered 

in the context with the postural stability limits 

[5]. Additionally, as in all biological systems, 

we have to keep in mind that the human postural 

system is adaptive in nature thus the control is 

shaped throughout the entire life by all kinds the 

adaptive and compensatory adjustments [12]. 

For instance, in young and physically active 

individuals, a decline of the postural stability 

due to increased body weight can be, at least 

partially, compensated by the functional 

adaptation of the ankle stabilizers, the muscles 

that are considered as the prime-movers of the 

inverted pendulum [8]. Deficiency in 

adaptation/compensatory mechanisms, however, 

can deepen in chronic conditions the postural 

stability deficit [5]. 

In the literature, it is commonly claimed that 

postural stability in obese subjects decreases as 

a result of increased body sway [13]. 

Consequently, most posturographic studies in 

morbidly obese subjects documented increased 

sway [6, 14-25]. 

In contrast to the aforementioned studies, in 

young and physically active obese women, an 

unchanged or even reduced body sway has been 

documented [2, 26]. Such exceptional results 

may be explained by the specificity and 

homogeneity of the experimental groups in the 

aforementioned studies. Firstly, the subjects‟ 

young age and active lifestyle probably resulted 

in a fast adaptation of their muscles to excessive 

body weight [2, 12]. Secondly, in young 

women, the gynoid type of obesity is observed 

that results in a lowering of the center of mass 

(COM) position since the adipose tissue is 

usually found around the hips and thighs [22]. 

Therefore the effective length of the inverted 

pendulum is shortened which slightly improves 

its stability. All these may explain why in young 

healthy women with excessive body weight 

decrease in postural sway can be observed [26]. 

These results should not be, however, compared 

with those obtained from individuals with 

morbid obesity and the resultant chronic motor 

deficits. Here, the essential question arises 

whether the results of static posturography may 

provide us with direct inferences for postural 

stability? If so, we must know which observed 

changes in COP trajectories can be used for the 

assessment of postural stability in obese 

subjects. Finally, we must answer the question 

to what extent the postural sway characteristics 

as observed in obese individuals may be 

confounded by some additional factors such as 

subjects' age and their BMI? Usually, it is a 

rather demanding task to find straightforward 

relationships between postural sway and the 

stability of the standing posture [5, 10, 11].  

Recently introduced directional COP measures, 

including the sway directional indices [11] and 

the postural sway vector [5] seem to be useful 

and reliable measures in the assessment of 

postural stability. They allow for the descent 

assessment of the sway trajectory characteristics 

withing a single 60-second trial [27]. Therefore, 

to get a better insight into bodyweight impact on 

postural balance and stability, in this research, 

we focused on the aforementioned sway 

measures. We claim that the main early 

predictor of the instability of the erect posture is 

an increase of the lateral sway. Thus, based on 

the previous results we put forward the 

hypothesis, that in young physically active 

women at the early phase of obesity postural 

balance might be well preserved. 

2. MATERIAL AND METHODS 

The research was accepted by the Senate Ethics 

Committee of the Jerzy Kukuczka Academy of 

Physical Education. A group of 145 adult 

women (mean age 37 ± 11 years) volunteered to 

participate in the study. The aim of the study 

and experimental procedures were explained to 

all subjects and written informed consent was 

obtained. All the participants had no evidence or 

known history of a gait, postural, or skeletal 

disorder and no history of falls. Subjects were 

excluded from the study if they had a balance or 

cardiovascular disorders, diabetes, were 

pregnant at the time of testing, had uncorrected 

vision problems, a severe musculoskeletal 

deformity or injury of the lower extremity that 

would interfere with testing.   

To answer the experimental questions, the 

subjects participating in the studies, depending 

on their BMI, were assigned to five groups: 

control (C) consisting of 33 healthy normal-

weight women (BMI = 22 ± 1.8 kg/m2) and four 

groups with excessive body weight that were 
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formed by 11 overweight women, 42 with grade 

I obesity, 29 with grade II obesity, and 30 with 

grade III. To estimate the length of the inverted 

pendulum the subjects' leg lengths were 

measured as a distance between the anterior 

superior iliac spine and the support surface. 

Table 1 provides the baseline characteristics of 

the experimental groups. 

Table1: Descriptive statistics (means ± standard deviations) and the results of ANOVA for intergroup 

comparisons of somatic characteristics in the examined subgroups: Normal weight, Overweight, Obesity class I, 

Obesity class II, Obesity class III. **-significant  effect of group P≤.01 

Group N AGE (yrs) WEIGHT** HEIGHT (m) BMI** 

Normal 33 36 ± 10 60.1 ± 6.5 1.66 ± 0.07 21.7 ± 1.6 

Overweight 11 34 ± 12 77.7 ± 5.9 1.64 ± 0.05 28.6 ± 1.4 

Ob. Class I  42 35 ± 13 87.6 ± 6.9 1.64 ± 0.06 32.6 ± 1.5 

Ob. Class II 29 37 ± 12 99.7 ± 8.3 1.63 ± 0.06 37.3 ± 1.3 

Ob. Class III 30 40 ± 11 114.5 ± 9.5 1.62 ± 0.07 42.4 ± 1.7 

Postural sway trajectories of the participants 

were recorded by a force plate (Kistler 9281C) 

via the 16 bit analog to digital interface with a 

sampling frequency of 40 Hz. Subjects were 

asked to stand on the force platform in a 

comfortable stance. Their COP trajectories were 

acquired in two 60-second trials: first, with eyes 

open (EO) and next with eyes closed (EC). The 

trials were separated by a short rest break to 

avoid fatigue or boredom. The center of foot-

pressure  AP and ML trajectories were filtered 

off-line at 6 Hz with the Chebyshev II nine order 

low-pass filters (Matlab v. 6.0, The MathWorks, 

Inc, USA). 

The sway directional indices (DIAP and DIML) 

were computed off-line as the ratios of the 

anteroposterior (SAP) or the mediolateral (SML) 

path lengths divided by the total COP path 

length (STOT), respectively [11]: 

 and   
         (1)

 

The COP trajectories were also used to compute 

polar coordinates of the Sway Vector [5]:  

 ( , )m aSV SV SV


           (2) 

Where the magnitude of the sway vector (SVm) 

was equal to the mean COP velocity during the 

trial, while its azimuth (SVa) was computed 

according to the following formula: 

          (3) 

Where: SAP, SML are the anteroposterior and the 

mediolateral COP path length, respectively. 

Statistical analyses were performed using 

Statistica 12.0 software (StatSoft Inc., Tulsa, 

OK, U.S.A.). The intergroup differences for 

somatic characteristics were tested using a one-

way analysis of variance (ANOVA). The effect 

of BMI group on sway characteristics was 

assessed by repeated measures 4 x 2 ANOVA 

(BMI group × vision) followed by the LSD 

posthoc test. Relationships between somatic 

characteristics and directional sway measures 

were tested by Pearson‟s (r) correlation. 

Statistical significance was defined as P ≤ .05. 

3. RESULTS 

Preliminary statistical analysis confirmed 

significant differences between groups in their 

body mass, BMI and lower extremity length. In 

subsequent analyses, the effects of group and 

visual conditions on the postural sway 

directional indexes were tested. The results are 

summarized in Table 2. 

Table2: Postural sway (COP) characteristics (means, standard deviations) in the examined groups tested while 

standing quietly with eyes open (EO) and eyes closed (EC), and the effect of vision and BMI group. ***-

significant vision effect P≤.001 

Group Normal Overweight Class I Class II Class III F4,141 

AP path length (mm) *** 

EO 442.0 ± 72.5 351.3 ± 118.6 329.9 ± 89.3 306.3 ± 64.7 292.6 ± 46.5 21.63 

EC 483.5 ± 82.9 371.9 ± 44.1 394.0 ± 116.0 399.1 ± 90.2 390.5 ± 71.2 (P≤.001) 

%Change 10.4 11.1 21.7 33.1 34.9  

ML path length (mm) *** 

EO 678.43±144.0 464.3 ± 101.2 425.3 ± 90.9 394.5 ± 91.2 345.0 ± 55.2 110.12 

EC 698.69±148.4 462.2 ± 48.7 437.2 ± 98.4 415.5 ± 76.0 355.6 ± 45.0 (P≤.001) 

%Change  3.9 2.0 3.0 8.1 4.2  

Total path length (mm) *** 
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EO 894.96±169.0 649.5 ± 169.8 600.8 ± 131.4 555.8 ± 117.6 504.0 ± 68.8 75.84 

EC 940.93±176.9 664.2 ± 59.6 659.4 ± 152.5 644.5 ± 112.6 589.3 ± 71.7 (P≤.001) 

%Change 6.0 5.7 10.7 18.9 18.0  

DIAP *** 

EO 0.76±.03 0.72±.03 0.71±.05 0.71±.03 0.68±.05 38.26 

EC 0.74±.03 0.70±.04 0.67±.06 0.65±.06 0.61±.06 (P≤.001) 

Change% 2.1 3.3 5.7 8.8 11.3  

DIML *** 

EO 0.50±.03 0.53±.03 0.55±.05 0.55±.04 0.58±.05 46.98 

EC 0.52±.03 0.56±.04 0.59±.06 0.62±.06 0.66±.06 (P≤.001) 

%Change 4.1 4.8 8.7 11.8 13.9  

SV amplitude = COP Velocity (mm/s) *** 

EO 14.9 ± 2.8 10.8 ± 2.8 10.0 ± 2.2 9.3 ± 2.0 8.4 ± 1.1 75.84 

EC 15.7 ± 2.9 11.1 ± 1.0 11.0 ± 2.5 10.7 ± 1.9 9.8 ± 1.2 (P≤.001) 

%Change 6.0 5.7 10.7 18.9 18.0  

SV azimuth *** 

EO 0.99±.04 0.93±.05 0.92±.07 0.91±.06 0.87±.08 42.78 

EC 0.96±.05 0.89±.06 0.84±.10 0.81±.09 0.74±.10 (P≤.001) 

%Change 2.8 4.1 7.3 11.2 14.1  

The ANOVA for the AP directional index 

(DIAP) confirmed a significant effect of both 

factors: group (F(4, 140)= 25.5; P≤ .001) and 

vision (F(1, 140)=100.9; P≤ .001). The interaction 

of both factors was also significant (F(4, 140) = 

8.18; P≤ .001). The posthoc tests documented 

significantly lower DIAP values in all groups of 

excessive body weight compared with the 

control, normal-weight group. 

Eye closure resulted in a further decrease in the 

DIAP value in the obese grade I group (a 

decrease of about -6%, from 0.71 to 0.67), obese 

grade II (about -9%) and obese class III (about -

11%). In the latter case, the DIAP decreased from 

0.68 ± 0.05 to 0.61± 0.06 while measured with 

EO and EC, respectively (for details see Table 2 

and Figure 1).  

 

Fig1: Anteroposterior Directional Sway Indices DIAP EO and DIAP EC in obese women while standing still with 

eyes opened (the upper panel), and with eyes closed (the lower panel) and their dependence on BMI. Solid line 

represents the regression line (with 5% confidence) defined by the equations shown above each panel. 

For the DIML, a main effect of the BMI group 

(F(4, 140) = 30.6; P≤ .001), vision (F(1, 140) = 123.2; 

P≤ .001) and their interaction (F(4, 140) = 8.3; P≤ 

.001) was documented (Table 2). Whereas in the 

control group, while standing with EO, the DIML 

stayed at the level 0.50±.03; in the obese grade 

III group, it ranged to 0.58±.05. Significantly 

higher DIML values were observed in all 

experimental groups while standing with EC 

compared with EO. The effect of vision was, 
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however, more pronounced in women with the 

highest BMI (Table 2). The observed increase 

was about 9% in obese grade I group, and 12%, 

14 % in obese grade II, and grade III group, 

respectively. 

Significant effects of the BMI group (F(4, 140) = 

45.2; P≤ .001) and vision (F(1, 140) = 26.4; P≤ 

.001) was documented for the  Sway Vector 

magnitude (SVm). This measure is equal to the 

mean COP velocity. The mean SVm differed 

significantly between groups with excessive 

body weight, decreasing from 10.8 ± 2.8 mm/s 

in the „overweight group‟ down to 8.4 ± 1.1 

mm/s in the obese grade III group (Figure 3). 

The elimination of the visual input (EC test) 

always resulted in an increase of the SVm value 

within each group. The effect was the most 

pronounced in the obese groups (e.g., in the 

grade III group while measured with EO, the 

SVm increased from 8.4 ± 1.1 mm/s to 9.8 ± 1.2 

mm/s in the EC trial). The interaction of both 

factors (group x vision) did not reach, however, 

the 0.05 level of significance.  

The BMI effect was also significant for the 

sway vector azimuth (SVa); the main effect of 

the BMI group (F(4, 140) = 28.2; P≤ .001), vision 

(F(1,140) = 112.5; P≤ .0001) and their interaction 

(F(4,140) = 8.26; P≤ .001). A decrease of the SVa 

was observed in response to excess body weight 

and the elimination of visual control (p<.001). 

For instance, in the control group, the SVa 

stayed at the level of 0.99 ± 0.04 while 

measured with full visual control (EO trial) and 

slightly decreased to 0.96 ± 0.05 while 

measured with EC. In the obese group, the SV 

azimuth negatively correlated with BMI and the 

effect was significantly dependent on visual 

control. For instance, eye closure resulted in the 

decline of SVa that ranged: -7% in obese grade I 

group, -11% in women with obesity grade II, 

and even -17% obese group grade III. For 

details see Table 2 and Figure 4. 

Pearson‟s r test revealed a significant 

correlation between directional sway indices and 

both body mass and BMI. The total COP path 

length as well as it's AP and ML components 

correlated negatively with body mass and BMI 

(P≤ .001). The DIAP negatively correlated with 

the BMI (Figure 1), while the BMI positively 

correlated with DIML (Figure 2). Additionally, 

the DIML showed significant positive 

correlations with subjects‟ age (P≤ .05) (for 

details see Table 3). Interestingly, all the 

directional sway measures correlated with the 

lower limb length but not with the body height. 

In particular, the leg length positively correlated 

with DIAP (0.21 and 0.30 for EO and EC, 

respectively) and negatively with DIML  (-0.21 

and -0.31 in EO and EC test, respectively). The 

values of the DIAP and the DIML were 

significantly dependent on the subject‟s age. 

Whereas DIAP values declined with age  (r = -

0.18 and -0.23 while measured with EO and EC, 

respectively), the DIML increased with age (r = 

0.19 and 0.23 for EO and EC, respectively). On 

the other hand, both attributes of the Sway 

Vector negatively correlated with BMI (for 

details see Figures 3 and 4). 
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Fig2: Mediolateral Directional Sway Indices DIML EO and DIML EC in obese women while standing still with 

eyes opened (the upper panel), and then with eyes closed (the lower panel) and dependence of both measures on 

the BMI. Solid line represents the regression line defined by the equations shown above each panel. 

Table3: Pearson’s correlation coefficients (P≤0.05, N=145) between participants’ anthropometric measures 

and the directional sway indices (DIML and DIAP) and Sway Vector (SV) recorded with eyes open (EO) and 

eyes closed (EC). NS – not significant 

 AGE HEIGHT WEIGHT BMI 

DIML(EO) 0.19 NS 0.61 0.60 

DIAP(EO) -0.18 NS -0.56 -0.55 

DIML(EC) 0.23 -0.16 0.70 0.71 

DIAP(EC) -0.23 0.16 -0.66 -0.68 

SVm(EO) NS NS -0.71 -0.71 

SVa(EO) -0.19 NS -0.51 -0.58 

SVm(EC) NS NS -0.63 -0.65 

SVa(EC) -0.23 NS -0.68 -0.69 
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Fig3: Polar coordinates of the COP Stability Vector: its magnitude-SVm (the upper panel) and azimuth SVa 

(the lower panel) in obese women while standing still with their eyes opened (EO). 

 

 

Fig4: Polar coordinates of the COP Stability Vector: its magnitude-SVm (the upper panel) and azimuth SVa 

(the lower panel) in obese women while standing still with their eyes closed (EC). 
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4. DISCUSSION 

Our objective was to determine how the excess 

of body weight impacts postural sway 

characteristics assessed by novel directional 

measures of sway trajectories. Particularly we 

aimed to verify whether the directional sway 

measures and the vector of stability would allow 

us to make any inferences on postural stability 

in adult physically active women with excessive 

body weight. The present results confirmed that 

the directional sway measures assessed in obese 

women differed significantly compared with 

normal-weight counterparts. The differences 

indicate only a slight decline in static balance 

and postural stability. 

Two modes may be distinguished in the control 

of human posture: static equilibrium and 

postural stability. The equilibrium is the ability 

of the neuromuscular control to counterbalance 

gravity-derived forces and their moments during 

quiet stance.  The postural stability, in contrast, 

is understood as the ability of the postural 

system to withstand the perturbations and 

efficiently recover balance. Thus it depends on 

both the quality of the neuromuscular control 

and body anthropometry, its height, and weight 

[13, 28, 29]. Simplifying the control of human 

posture to a single-link inverted pendulum 

model, its stability is also dependent on body 

mass distribution [2], which in obese individuals 

may lower the COM position and additionally, 

the size of the support surface [26,30]. 

Postural stability understood as the probability 

of successful balance recovery depends firstly 

on perturbation characteristics. The human body 

is permanently exposed to all kinds of external 

and internal perturbations, and the latter ones 

include chaotic, gravity-induced postural sway. 

Relatively greater postural sway should be 

treated as noise within the postural system 

which may increase uncertainty in the control. 

This, in turn, reduces the time for balance 

recovery action [5] thus increases the 

probability of instability and the propensity for 

accidental falls [26, 31]. 

During the upright stance, both major 

anatomical body planes (AP and ML) 

correspond to the direction of the least stability 

[32]. In subject standing on a force platform, the 

swaying movement of its center-of-mass (COM) 

is projected to the support surface allowing to 

assess its spatiotemporal characteristics based 

upon the center-of-pressure (COP) trajectory. 

The COP trajectory consists of the two 

components that oscillate in the middle of the 

support surface in two major planes, the 

anteroposterior (AP) and mediolateral (ML). In 

young healthy subjects, the ranges of these 

chaotic movements are relatively small to 

compare with stability limits [5], therefore they 

do not allow for direct assessment of postural 

stability. Only some indirect inferences may be 

drawn from sway characteristics by comparison 

of its characteristics while manipulating with 

sensory inputs (e.g. vision) or by displacement 

of the COP attractor from its central position 

within the base-of-support, towards a border of 

stability. Decrease of stability alway differently 

affects the postural sway and for this reason, we 

applied in our analysis our novel, normalized 

measures of postural sway. Interestingly, the 

increase of the ML sway is indisputably the 

main symptom of functional balance impairment 

[5, 11, 33]. In the present study, however, we 

observed in all obese subgroups a significant 

decrease in the overall postural sway, including 

its directional components. Despite the reduced 

body sway (which could be predicted as due to 

increased body inertia), we found rather, 

symptomatic changes in the directional sway 

characteristics that may suggest some balance 

deficit. 

In particular, we observed a relative increase in 

the DIML level in women with excessive body 

weight. Such an increase of lateral sway index 

has been found to be characteristic for balance 

deficit in older adults [34] and Parkinsonians 

[33], both populations known from the 

progressive decline of postural stability and 

propensity to accidental falls. In our obese 

subjects the increase of DIML, besides a strong 

correlation with BMI, also positively correlated 

with the subject‟s age. Additionally, while 

tested with eyes closed (EC trials) a combined 

effect of decreased DIAP with simultaneous 

increased DIML was observed. This result may 

support the notion that in obese individuals, 

similarly like in older adults, the decline in 

balance control is partially compensated by 

visual feedback [35-37]. 

Relevant to this discussion are changes in the 

natural proportion between the AP and ML COP 

oscillations. The stability of human upright 

posture is (in the inverted pendulum model) 

controlled in the sagittal plane by the ankle joint 

stabilizers [3, 4] while in the frontal plane, the 

control mainly relies on a hip (load/unload) 

mechanism [3]. Therefore, the directional sway 
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measures (DIAP and DIML) or their ratio, 

represented here by the azimuth of stability 

vector (SVa), may furnish additional inferences 

about the status of postural control [5, 11].  The 

mean COP velocity itself, represented here by 

the magnitude of the sway vector (SVm), does 

not allow the unambiguous assessment of 

stability. For instance, our present results 

showed the decline of the SVm in all obese 

subgroups to compare with the control.  The 

effect was strongly dependent on BMI and 

would suggest an increase in postural stability 

due to increased body inertia [26]. Indeed, 

postural destabilization of an individual with a 

high body mass such as for instance a sumo 

fighter requires much higher efforts, however, if 

we succeed the balance recovery may be for him 

a great challenge. Generally, greater muscular 

efforts are required to recover equilibrium when 

the posture of participants with excessive body 

weight is perturbed. In erect posture, a strong 

correlation between the AP sway and EMG 

amplitude in the ankle joint stabilizers has been 

well documented [8, 38].  Excessive body 

weight (or greater BMI) can be alternatively 

viewed as a relative reduction in the power of 

the leg muscles [12, 39].  As a consequence, it 

has been claimed in the literature that morbidly 

obese individuals exhibit a reduced capability of 

balance recovery due to the relative weakness of 

their postural muscles [2, 26, 39]. Indeed, obese 

women who were prone to falls had lower 

values of hip flexors and abductors' strength 

compared with age-matched non-fallers [7]. 

Recent studies showed also that obese 

individuals with balance problems had larger 

ankle joint stiffness and damping compared with 

the lean control group [12, 37]. 

To date studies documented that the postural 

balance was only slightly influenced by the 

anthropometric variables, both in EO and EC 

trials. In particular, they demonstrated that in 

female subjects, height explained 12% of the 

mediolateral COP displacements, 10% of the 

COP velocity, and 11% of the sway area [40]. In 

the present study, all experimental groups were 

characterized by very similar body height, all 

observed changes in sway characteristics can be 

accounted solely for the body mass and its 

distribution The main finding which emerged 

from this study was a significant increase in the 

DIML index in all women with an excess of 

body weight. In fact, the DIML exhibit very 

strong correlation with bodyweight that was 

sensitive to visual feedback (r=0.6 (EO) and r= 

0.7 (EC)). We should also keep in mind that 

DIML values might be attenuated by 

compensatory modification of the base of 

support in women with the highest BMI [41,42].  

In particular, female type obesity (gynoid type) 

has distinct characteristics; the increased body 

weight is combined with a relatively larger 

accumulation of fat tissue in the lower limbs, 

especially in the hips and thighs [43]. The 

heavier and larger legs force an increased stance 

width and this, in turn, may effectively reduce 

the lateral sway. We observed, however, the 

opposite effect i.e., an increase of the DIML that 

correlated with body mass and the BMI. The 

relative increase of the lateral sway was also 

confirmed by the decline of the stability vector 

azimuth. Both observed changes (increased 

DIML and lower SVa) despite the decrease of 

the SVm in obese women may suggest that they 

develop problems with balance control [2, 18, 

44]. Additionally, women with abdominal 

obesity type are exposed to a greater risk of 

postural instability as compared to women with 

gynoid fat distribution [42]. 

In conclusion, the data presented here show, that 

directional measures of postural sway are 

superior to conventional COP parameters such 

as the COP path length, its velocity, or the sway 

area. Directional measures were differentially 

affected by body weight and BMI. In young and 

physically active women with excess body 

weight, the reduction of postural sway (seen in 

reduced COP velocity - SVm) was observed. 

The reduction, at least theoretically, may justify 

the improvement of their postural balance due to 

increased body inertia.  

The relative increase in the mediolateral sway 

that was evidenced by increased DIML level 

and decreased SV azimuth, may imply, 

however, an emerging deficit in postural 

stability and balance control due to excess body 

mass and its distribution. 
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