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Abstract— Certain aspects of balance control can be
affected by some entries as vision, proprioception,
direction, age, Gender, height and weight. The
knowledge of the effects of these factors on postural
equilibrium allows differentiating pathological and
physiological postural aspects. The aim of this study is
to define the effects of these entries on postural control
by analyzing the parameters: mean velocity of CoP
(center of pressure), RMS (root mean square) CoP of
displacement, Range of COP, CEA (confidence ellipse
area). We examined healthy subjects between 19-42
years of age during the quiet stance under static
conditions: keeping foot outspread and opened eyes
(PE_YO), tighten foot and opened eyes (PS_YO),
outspread foot and closed eyes (PE_YF), tightened foot
and closed eyes (PS_YF).
Experimental results through all studied parameters
permit to conclude that the lack of vision and the
situation with tighten foot cause a degradation of
balance maintaining. They indicate also that it is easier
to maintain equilibrium on the anteroposterior direction
than mediolateral direction. Results show also a less
well-controlled posture for male related to female.
Results display also that the postural parameters studied
failed to find significant effect of the height, weight and
age on the postural stability.

Index Terms— Mean CoP displacement, Stabilogram,
Stability behavior, Spatial and temporal parameters

I. INTRODUCTION

Falling is a consequence of a failure in the postural
control system due to aging or pathology [1, 2]. So for
many elderly subjects, the aging is accompanied with an
impairment of the ability to maintain equilibrium
especially after the age of 60years [3, 4]. The ability to

maintain equilibrium seems to be optimal at the age of
50 years [5].

There is other several information that can have
effects on the postural stability like sensory systems
(somatosensory, visual and vestibular) [6]. The
degradation of these systems can cause impairment in
the ability to maintain equilibrium in stance [7, 8, 9].
Proprioceptive entry has also effects on the postural
stability aspect [10, 11].

Previous studies analyses also the effect of gender on
the postural aspect. Some of these studies conclude that
there is no relationship between gender and stabilities
[12, 13]. However other studies confirmed that gender
have effects on the stability especially with elderly [14,
15].

To evaluate the postural sway, it is possible to enforce
a static test. This test performs postural equilibrium in a
static position (quiet stance) and use a platform based on
magnetic field [16, 17].

Using this platform allows the extraction of the center
of pressure (COP)’s displacement of a subject, which
can be used to quantify the postural stability. From this
measure we deduce the stabilogram which is the
representation of the COP time series in anteroposterior
(AP) and mediolateral (ML) direction [11].

The stabilogram is known to be nonlinear and non-
stationary signal [18]. So to analyze it, studies used
several decomposition methods as wavelet approach
[19], Empirical Mode Decomposition (EMD) [20, 21,
11], CPA decomposition [22].

Other studies didn’t decompose the stabilogram signal
but extract specific parameters as RMS, mean velocity
of body sway, mean CoP amplitude to study the effect of
aging on the stability [3, 23, 24].
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The aim of this study is to find the effect of vision,
proprioception, direction, age, gender, height and weight
to postural behavior, using three parameters: mean CoP
velocity, RMS of the CoP displacement, range of the
CoP displacement, CEA of the CoP displacement.

This paper is organized as follows: in Section 2, we
describe the experimental protocol, the subjects and the
spatial and temporal parameters used in this study.
Finally, our results and discussions are provided in
Section 3.

II. METHODS, MATERIALS AND MEASURES

The electromagnetic device is based on the use of
pulsed magnetic fields. It consists on an antenna with
three coils stuck on the earth and a receiver with also
three coils that measures simultaneously the three
components of electromagnetic signal sprung from the
antenna. The device content also an electromagnetic
sensor that must be placed on the mass center of subject
and indicate the three-dimensional position and
orientation of COP.

The coordination between the transmission and the
reception part is ensured by the acquisition board linked
to the PC [16]. (Fig.1) The interface of the acquisition
board manipulation and the calculations are performed
using Matlab (The Math Works Inc).

Figure.1: electromagnetic platform [22].

Due to the use of the electromagnetic field to
measures positions, the sensors used are oversensitive to
the electromagnetic perturbation especially if metallic
object or computers screens with cathodic tube intercept
this field. So, the measures obtained present errors due
to sensors response nature and the electromagnetic field
distortion caused by the environment nature. Because of
this distortion we have designed a special equipment
calibration in order to correct the field deformation [17].

The calibration phase is fundamental to estimate and
correct the error of measures caused by electromagnetic
field distortion. This step, allow to collect stabilogram
signal measures with a known minimal allowed error.

After calibration and correction phases, one can
measure the postural stability in the horizontal plane

with a known error. Therefore, the obtained
stabilograms represent COP time series in mediolateral
(ML) and anterioposterior (AP) directions [11] (Fig.2).
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Figure.2: Displacement of the center of pressure in (a)the horizontal
plane(b) mediolatéral (ML) direction and (c)Anteroposterior (AP)

displacement.

The balance control was assessed by several
parameters.

mean COP velocity

The first parameter is mean velocity of CoP in AP and
ML directions (VAP, VML) [4], where:

RMS of COP displacement

The second parameter is the RMS of the CoP
displacement calculated for AP and ML directions
(RMSAP, RMSML), where:

Range of COP displacement

The third parameter is Range of COP displacement. It
is a quantity defined as the difference between the
maximum value (maximum global) and the minimum
value (minimum global) of the signal calculated for AP
and ML directions (RAP, RML), where:
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Confidence ellipse of COP displacement

The fourth parameter is the 95% confidence ellipse
area (CEA). It is a method to estimate the confidence
area of the COP path that encloses approximately 95%
of the points on the COP path, where:

Each of these parameters is calculated for the four
situations (PE_YF, PE_YO, PS_YF, PS_YO).

A high value for each of these parameters displays
degradation in balance maintaining.

A. Subjects

Twenty five healthy subjects (8 females and 17 males)
participated in the stabilogram acquisition. Information
about each subject is provided, namely: name, age,
height, weight. The subject’s ages vary between 19 years
and 42 years; weights are between 52 and 105 kg and
heights vary between 160cm and 192cm.

The subjects are divided, related to age, into:

• control group (12 subjects with age varying
between 19 and 24 years)

• adult group (13 subjects with age varying between
27 and 42 years)

Related to gender, the subjects are divided into:

• female group (8 subjects with age varying between
19 and 30 years)

• male group (17 subjects with age varying between
20 and 42 years)

Related to weight, the subjects are divided into:

• fat group (13 subjects with weight varying between
72 and 105 kg) thin group (12 subjects with weight
varying between 52 and 66 kg)

Related to height, the subjects are divided into:
• tall group (14 subjects with height varying between
174 and 192 cm)

• small group (11 subjects with height varying
between 160 and 172cm)

B. Exprimental protocol

Experiences are achieved with subjects placed onto
the platform, standing upright with arms by their sides.

In order to display the influence of visual and
proprioceptive entries on the postural stability, four
types of measures are evaluated for every subject.

The first measure is tested by keeping foot
outspread and opened eyes fixing a point placed on
the wall in front of the subject (PE_YO),
The second measure is evaluated with tighten foot
and opened eyes (PS_YO),
The third measure is with outspread foot and closed
eyes (PE_YF),

The last is measured with tightened foot and closed
eyes (PS_YF).

Each group of these four types of measures is
gathered in a set and for each subject we extract multiple
sets of constitutes a database. During 30 seconds of the
recording process, subjects must respect the conditions
listed previously by preventing any abnormal moving.

Each recorded signal is sampled at 60Hz. In fact, the
frequency band corresponding to the human voluntary
movements of limbs is located between 3 and 5 Hz,
whereas, when considering involuntary trembling, the
frequency band is located between 8 and 10 Hz.

III. RESULTS AND DISCUSSION

A. Visual entry effects

Independently of age and gender, there is a difference
in all parameters values between all subjects for all
situations for AP and ML (Fig.3, Fig.4, Fig.5, Fig.6).
The values was greater for closed eyes (YF) than for
opened eyes (YO) and this is available for both
situations PE and PS and both directions ML and AP
These increases are indicative of degradation in the
balance due to the effect of visual entry on postural
stability: with closed eyes, we are less stable than with
opened eyes [11, 12, 25, 26].

B. Proprioceptive entry effects

For both directions ML and AP and both visual
conditions (YF or YO), the values of all parameters was
greater for tighten feet (PS) than for outspread feet (PE)
(Fig.3, Fig.4, Fig.5, Fig.6). This result display the effect
of proprioceptive entry in the control of postural stability
that is in accordance with human physiological nature:
The postural stability is better maintained with outspread
feet position than with tighten feet position [10, 11].

Generally, body sway increases with degradation of
visual, vestibular or somatosensory information [8, 9].

C. Directional specificity effects

The results show that all parameter values in ML
direction are greater than in AP direction (Fig.3, Fig.4,
Fig.5). So, in AP direction, subjects can better control
their stability as AP is the direction of their heads and
gazes (the visual stimulus is in front of subjects). This is
similar to the finding of previous studies [27, 28, 29].
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Figure.3: Mean velocity of displacement of the center of pressure for
all subjects in the mediolatéral (ML) direction and Anteroposterior

(AP) direction.
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Figure.4: Mean RMS of displacement of the center of pressure for all
subjects in the mediolatéral (ML) direction and Anteroposterior (AP)

direction.
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Figure.5: Mean range of displacement of the center of pressure for all
subjects in the mediolatéral (ML) direction and Anteroposterior (AP)

direction.
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Figure.6: Confidence ellipse area of the center of pressure
displacement for all subjects.

D. Age effects

For all parameters, there is no significant difference in
values between adult and control groups for all
situations and for AP and ML (Fig.7, Fig.8, Fig.9,
Fig.10).

The results of previous studies show that stability is in
degradation with age [12, 18, 30]. It is displayed
previously that the degradation of stability started after
the age of 50 years [5].

Since the population of this study has an age lower
than 50 years, there are no relationships between age and
stability.
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Figure.7: Mean velocity of displacement of the center of pressure for
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Figure.8: Mean RMS of displacement of the center of pressure for
control and adult in the (a) mediolatéral (ML) direction and

(b)Anteroposterior (AP) direction.
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Figure.9: Mean range of displacement of the center of pressure for
control and adult in the (a) mediolatéral (ML) direction and (b)

Anteroposterior (AP) direction

Figure.10: CEA of displacement of the center of pressure for control
and adult

E. Gender effects

In mean CoP velocity results there is no significant
stability relationship with gender (Fig.11). This is in

agreement with many studies that failed to find stability
relationship with gender especially with subject’s age
between 20 y and 49 y [12, 13]. However, some studies
confirmed that there are gender differences in quiet
stance especially in retirement age [14, 15].

For the RMS, range, CEA, it is noticed that males
values are highly greater than females ones for both AP
and ML directions (Fig.12, Fig.13, Fig.14). This
indicates that females maintain their postural stability
better than males and this is available for subjects aged
between 19 and 42 years. This is in agreement with
previous studies displaying that Women showed higher
standing balance as compared with men ( subjects aged
20-64 years) [31], other studies confirmed that
independently of age, men sway more than women [32,
33] .

(a)

(b)

Figure.11: Mean velocity of displacement of the center of pressure for
female and male in the (a) mediolatéral (ML) direction and

(b)Anteroposterior (AP) direction

(a)
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(b)

Figure.12: Mean RMS of displacement of the center of pressure for
female and male in the (a) mediolatéral (ML) direction and

(b)Anteroposterior (AP) direction

(a)

(b)

Figure.13: Mean range of displacement of the center of pressure for
female and male in the (a) mediolatéral (ML) direction and (b)

Anteroposterior (AP) direction

Figure.14: CEA of displacement of the center of pressure for female
and male

F. Weight effects

For all parameters, the results show that there are no
noticeable differences between fat and thin (Fig.15,
Fig.16, Fig.17, Fig.18). Although, previous studies
displayed that the increase of weight, so the obesity,
causes a decrease in stability [34, 35]. It depends on the
population characteristics like the existence of obese
person [36]. In our study there is no obese.

(a)

(b)

Figure.15: Mean velocity of displacement of the center of pressure for
fat and thin in the (a) mediolatéral (ML) direction and

(b)Anteroposterior (AP) direction.

(a)
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(b)

Figure.16: Mean RMS of displacement of the center of pressure for fat
and thin in the (a) mediolatéral (ML) direction and (b)Anteroposterior

(AP) direction

(a)

(b)

Figure.17: Mean range of displacement of the center of pressure for fat
and thin in the (a) mediolatéral (ML) direction and (b) Anteroposterior

(AP) direction

Figure.18: CEA of displacement of the center of pressure for fat and
thin

G. Height effects

The results show that there are no noticeable
differences between tall and small (Fig.19, Fig.20,
Fig.21, Fig.22). Although, previous study displaying that
more the CoP are away from the surface of platform less
the subject is stable, so naturally tall are less stable than
small [35].

But since the difference in height between the two
groups is not great, these results can be explicated by the
effect of the feet length on the stability. In fact, for the
tall, the length of feet is greater than for small. So the
support surface is greater and this causes a more stability
for the tall.

So the effect of the height on the postural stability
depends on other factors as feet length.

(a)

(b)

Figure.19: Mean velocity of displacement of the center of pressure for
tall and small in the (a) mediolatéral (ML) direction and

(b)Anteroposterior (AP) direction

(a)
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(b)

Figure.20: Mean RMS of displacement of the center of pressure for tall
and small in the (a) mediolatéral (ML) direction and

(b)Anteroposterior (AP) direction

(a)

(b)

Figure.21: Mean range of displacement of the center of pressure for
tall and small in the (a) mediolatéral (ML) direction and (b)

Anteroposterior (AP) direction.

Figure.21: CEA of displacement of the center of pressure for tall and
small

IV. CONCLUSION

In this study, we studied the effects of certain entries
on the human stability behavior. For this we used the
parameters: mean velocity of CoP (center of pressure),
RMS (root mean square) CoP of displacement, Range of
COP, CEA (confidence ellipse area).

The calculation of these parameters for all subjects for
AP and ML directions for all situations (PE_YF, PE_YO,
PS_YF and PS_YO) enable to characterize the postural
stability system. It showed the effects of directions,
visual and proprioceptive entries, the age, the gender,
the height and the weight on the stability equilibrium
and postural behavior, it was also able to identify the
difference in postural control between female and male
subjects.
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