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AbSTrAcT
Purpose. It is posited that functional laterality is influenced by the generation and conduction of neural signals and therefore 
associated with sensorimotor control. The question arises if symmetry or asymmetry in sensorimotor processing affects the 
development of symmetric or asymmetric motor programs in the lower extremities. The purpose of the study was to examine 
the mechanisms of the human mobility moto-control – the process of maintaining body balance in a standing position through an 
appropriate course of distribution of ground reaction forces in a time frame, in a situation requiring lower extremity movement 
symmetry. Methods. The autocorrelation function was calculated for ground reaction forces (in the three orthogonal axes) registered 
during 45 s of bipedal upright stance in two conditions (eyes open and closed). Results. Minor albeit significant deficiencies in 
postural muscle control were revealed as a function of time, as evidenced in the decay of the autocorrelation function to zero (T0) 
between the right and left foot for the mediolateral ground reaction force signal. However, the results attest to symmetrical sen-
sorimotor control between both feet. Conclusions. Motor actions (postural corrections) performed in long-duration tasks may 
have less of an effect on sensorimotor control than those applied in shorter duration projections. ANOVA and correlation analysis 
(across all variables) of the right and left foot T0 indicate considerable symmetry in the control of force magnitude and direction 
during upright standing.
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Introduction

While the external human body presents nearly iden-
tical reflection symmetry, even casual observation shows 
that there is a preference to use one side more than the 
other in even simple motor tasks [1]. contemporary inves-
tigation on this neurophysiological phenomenon termed 
functional laterality has focused primarily on the rela-
tionships between functional and structural laterality 
and various aspects of motor performance [2–4]. How-
ever, while the literature is extensive, the multitude of 
available studies – with the overwhelming majority con-
centrating on the upper extremities – results partly from 
disparate findings across a wide range of protocols and 
methods assessing the magnitude [5, 6] and direction 
of lateralization. There is a paucity of research on lower 
limb laterality, particularly during movement activity in 
the context of measurements of ground reaction force 
(GrF) asymmetry.

carlsson [7], Greengard et al. [8], and Kandel [9] have 
postulated that functional laterality is influenced in part 
by the generation and conduction of signals in the cen-
tral nervous system and therefore constitutes a function 
of sensorimotor control. Nonetheless, little has been done 
to address this aspect and it is unknown if such symmetry 
or asymmetry in sensorimotor processing translates into 

the development of symmetric or asymmetric motor pro-
grams for both lower extremities.

One of the core motor processes involves the preser-
vation of upright balance. This is because an erect vertical 
posture is inherently unstable and requires continual 
corrective action to negate falling [10]. As with all motor 
tasks, this process involves accumulating information 
from both the external environment and internal sensori-
motor systems, processing it, and storing in various cen-
tres of the central nervous system [11]. This information 
is developed to form movement programs that overlap 
with intrinsic (proprioception and kinesthesia) and ex-
trinsic (visual and auditory input) feedback and are then 
used to activate appropriate distal and proximal postural 
muscles. In the upright position, the interaction of these 
muscular corrections can be quantified by changes in 
the forces exerted by both feet on the ground [12, 13]. 
Measurable by GrFs, it can be assumed the magnitude 
of the relationship between the neurally-activated postural 
muscles and their respective body segments across time 
[14]. The resultant foot-ground reaction forces can be refer-
enced in the three orthogonal axes in the cartesian 
plane. While the vertical component of a GrF reflects 
upward thrust, the horizontal force components in the 
anteroposterior and mediolateral directions can be treated 
as the forces resulting from corrective actions. In record-
ing the force development as a function of time (non-linear 
in nature), probability theory can be applied to determine 
the descriptive characteristics of the time series.
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One mathematical tool that is particularly valuable 
in time series analysis is the autocorrelation function, 
which can aid in trend estimation with the use of sta-
tionary or non-stationary time series data. If the time 
series data exhibit a trend, the autocorrelation func-
tion plot shows a slow decay pattern to the value of 0, 
whereas lack of predictable structure (randomness) in 
the time series will show a rapid decay in the autocor-
relation function to 0. Therefore, the slower the decrease 
in the autocorrelation function, the less random the 
changes of the process as a function of time. In GrFs cal-
culation, this would allow to deduce that the observed 
changes are primarily the result of internal control and 
not a random process.

It is posited that functional laterality is influenced by 
the generation and conduction of neural signals and there-
fore associated with sensorimotor control. The question 
arises if symmetry or asymmetry in sensorimotor process-
ing affects the development of symmetric or asymmetric 
motor programs in the lower extremities. Therefore, there 
is a practical question contained in the description of the 
research purpose. The aim of the work was to examine 
the mechanisms of the human mobility moto-control 
– the process of maintaining body balance in a standing 
position through an appropriate course of distribution 
of GrFs in a time frame, in a situation requiring lower 
extremity movement symmetry. An additional objective 
was to analyse and describe changes in the process of main-
taining body balance in conditions with and without 
visual feedback.

Therefore, to facilitate the understanding of the re-
search problem complexity, a few support questions need 
to be asked:

1. What are the differences in motor behaviour based 
on T0 when analysed as a time series of consecutive in-
tervals (15-s)?

2. What are the associations of the mechanisms re-
sponsible for maintaining upright balance as evaluated 
by autocorrelation analysis within the entire duration 
of the standing task (45 s) and when analysed across 
consecutive time intervals (15-s)?

These questions lead to formulating the research 
problem: Is the mechanism of human behaviour – the 
moto-control of maintaining body balance in an upright 
position, with a symmetrical involvement of the lower 
extremities, evaluated by a proper distribution of GrFs 
for each of them – determined by a specified time interval 
throughout the course of the trial?

We postulated that the interpretation of such inter-
mediate parameters can contribute to identifying the 
control mechanisms of postural response, particularly 
in regard to the occurrence of functional laterality.

Material and methods

Participants

An age-homogeneous sample of 102 university stu-
dents (54 females and 48 males) was recruited. The mean 
age was 21.1 ± 1.1 years, height: 173 cm ± 0.10 cm, and 
body mass: 68.1 ± 13.1 kg. All individuals provided their 
written informed consent to participate in the study, and 
ethical approval was obtained. All procedures were per-
formed at the biomechanics Laboratory of the Opole 
University of Technology.

Measures

The study protocol involved measuring the GrF 
during two trials of bipedal upright stance over a period 
of 45 s. GrF data were synchronously collected on 
two 600 × 400 mm piezoelectric force platforms (type 
9286b; Kistler Instruments AG, Winterthur, Switzer-
land) placed under each foot (Figure 1). Four tri-axial 
force sensors located in the corners of each platform 
quantified the GrF signal components in the mediolat-
eral (Fx), anteroposterior (Fy), and vertical (Fz) directions 
at the sampling frequency of 480 Hz (measurement 
range, 10–20 kN). The force platforms were calibrated 
before usage and integrated with the bTS Smart opto-
electric system (bTS bioengineering, USA) to register 
the force-time characteristics.

Procedures

The first trial was performed in undisturbed condi-
tions (eyes open), the second one with eyes closed. The 
net forces were normalized to the participants’ body 
mass and expressed for the right and left foot. The auto-
correlations from the ground force data were calculated 
with an algorithm [15] where x(t) at time t and after 
time t +  across the total observation period T is:

Rx( ) = lim 1/T 0x(t)x(t+ )dt 

                                   
T  

Figure 1. Exemplary plot of vertical ground reaction  
force (Fz) synchronized between the right and left foot 
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The f(t) signal was defined as the continuous cross-
correlation with itself but shifted by 1/48 s to represent 
the time delay of the signal. The parameter adopted to 
represent balance maintenance was the time elapsed 
from the moment of the initial observation, where the 
autocorrelation function was equal to 1, to the time when 
the value of 0 was reached (this time distance was herein 
adopted as T0). T0 was calculated for each 45-s trial du-
ration (Figure 2) and also across three 15-s intervals: 0–15 s, 
16–30 s, and 31–45 s (Figure 3).

Statistical analysis

basic descriptive statistics were calculated (means ± 
standard deviations) for all measures. The distribution 
of the data set was screened for normality with the 
Shapiro-Wilk test. repeated measures analysis of vari-
ance (ANOVA) was used to compare T0 across the com-
ponents of GrF in the total trial period and 15-s time 
intervals with regard to sex, visual condition, and right 
and left foot. Post-hoc analysis was performed with the 
least significant difference (LSD) test. Pearson’s correla-
tion coefficients were also determined to analyse the 
relationships among the variables. The significance level 
for all statistical procedures was set at  = 0.05. Data 
processing was performed with the Statistica 9.0 soft-
ware package.

Results

Testing the assumption of normality revealed the 
data to show a normal distribution. The ANOVA did not 
indicate any significant between-sex differences in T0 
for the right or left foot GrF. Hence, the data were ana-
lysed for the entire sample (n = 102) without consider-
ing sex as a factor. 

T0 in the total trial period (45 s) was approximately 
3–4 times greater than that in any of the 15-s intervals. 
The difference was observed regardless of the GrF com-
ponent (Fx, Fy, Fz) in both conditions (eyes open or 
closed) and feet (right or left) (Table 1).

The ANOVA revealed a significant difference in T0 
between the extracted time intervals in the anteropos-
terior and mediolateral components of GrF, as well as 
between the right and left foot in the mediolateral GrF. 
There were no significant interaction effects (Table 2).

Post-hoc comparisons of T0 values among the 15-s 
intervals in the eyes closed condition revealed a decreas-
ing trend across time in all the three GrF components 
for both right and left foot. Here, significant differences 
were observed primarily between the second (16–30 s) 
and third (31–45 s) time intervals (Table 3). An identical 
direction of change in T0 was noted in the eyes open 
condition for the mediolateral component of GrF. Also 
in this condition, T0 in the vertical GrF initially decreased 
only to attain a slightly higher value in the third time 
interval albeit lower than that in the first time interval. 
This trend was statistically significant in both the right 

0 10 20 30 40 50

time [s]  

-0,4

-0,2

0,0

0,2

0,4

0,6

0,8

1,0

au
to

co
rre

la
tio

n 
co

ef
fic

ie
nt

 F
z  left

 right

Figure 2. Exemplary plot of the autocorrelation function 
for right and left foot vertical ground reaction force (Fz) 

during the 45-s quiet standing task

Figure 3. Exemplary plots of the autocorrelation  
function across the consecutive 15-s intervals:  

0–15 s (A), 16–30 s (b), and 31–45 s (c)
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Table 1. Descriptive statistics of T0 across the components of ground reaction force in the 45-s quiet standing task  
and three extracted 15-s intervals, in eyes open and closed conditions, for the right and left foot

Force direction Foot

Time intervals

0–45 s 0–15 s 16–30 s 31–45 s

SD SD SD SD

Eyes open

Vertical
right 8.53 5.12 2.42 1.67 2.01 1.53 2.12 1.68
Left 8.70 5.08 2.41 1.67 1.99 1.51 2.12 1.69

Mediolateral
right 9.39 5.00 2.78 1.70 2.63 1.64 2.32 1.54
Left 9.92 4.99 2.99 1.62 2.86 1.52 2.45 1.50

Anteroposterior
right 9.80 4.77 2.40 1.70 2.46 1.61 2.23 1.42
Left 9.55 4.91 2.57 1.71 2.34 1.53 2.18 1.43

Eyes closed

Vertical
right 8.90 5.40 2.20 1.72 2.21 1.66 1.78 1.44
Left 8.83 5.39 2.23 1.73 2.22 1.65 1.77 1.43

Mediolateral
right 9.49 4.89 2.71 1.61 2.71 1.59 2.23 1.24
Left 9.66 4.85 3.10 1.50 2.97 1.53 2.45 1.32

Anteroposterior
right 8.95 4.76 2.42 1.63 2.27 1.54 2.15 1.55
Left 8.87 4.67 2.38 1.58 2.24 1.62 2.02 1.46

Table 2. Main effects and interactions of the trial duration (45 s), condition (eyes open or closed), foot (right or left),  
and ground reaction force for T0

Ground reaction 
force

Main effect Interaction

condition Duration Foot condition × 
duration

condition × 
foot

Duration × 
foot

condition × 
duration × foot

F p F p F p F p F p F p F p

Vertical 0.75 0.3875 3.26 0.0403 0.03 0.8719 1.60 0.2042 0.66 0.4195 0.48 0.6209 0.40 0.6728
Mediolateral 0.04 0.8403 9.91 0.0001 17.70 0.0001 0.13 0.8771 1.31 0.2559 1.01 0.3666 0.46 0.6294
Anteroposterior 0.83 0.3647 2.08 0.1279 0.27 0.6071 0.02 0.9779 0.66 0.4198 1.52 0.2214 1.19 0.3070

Significant differences (p  0.05) are denoted in bold.

Table 3. The significance of post-hoc LSD comparisons of T0 across the components of ground reaction force  
between the three 15-s intervals of 0–15 s (I), 16–30 s (II), and 31–45 s (III)

Eyes open Eyes closed

Left foot right foot Left foot right foot

I–II I–III II–III I–II I–III II–III I–II I–III II–III I–II I–III II–III

Vertical 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.6853 0.0000 0.0000 0.6485 0.0000 0.0000
Mediolateral 0.1206 0.0000 0.0000 0.0742 0.0000 0.0002 0.1125 0.0000 0.0000 0.9310 0.0000 0.0000
Anteroposterior 0.0206 0.0001 0.1222 0.5389 0.0872 0.0206 0.1714 0.0004 0.0280 0.1374 0.0078 0.2336

Significant differences (p  0.05) are denoted in bold.

and left foot. In terms of T0 in the anteroposterior GrF, 
the left foot value decreased over the intervals but the 
right foot T0 increased in the second time interval and 
then decreased. The difference between the second and 
third time intervals was statistically significant (Table 3; 
Figure 4).

Post-hoc comparisons of T0 in the three GrF com-
ponents for the eyes closed and open conditions re-

vealed significant differences between the right foot 
and left foot across all time intervals in the mediolat-
eral GrF in the eyes closed condition. In the eyes open 
condition, significant differences were attained only 
between the first and second time interval (Table 4).

Significant correlations were revealed between the 
right and left foot T0 in all the three force directions 
for each time period (total trial and each 15-s interval) 
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Figure 4. Means and confidence intervals 
(95% CI) of T0 across the components  
of ground reaction force in eyes open  

and closed conditions

Table 4. The significance of post-hoc LSD comparisons of T0 across the components of ground reaction force  
between the three 15-s time intervals in eyes open and closed conditions

Eyes open Eyes closed

0–15 s 16–30 s 31–45 s 0–15 s 16–30 s 31–45 s

Vertical 0.9415 0.3850 0.8811 0.1678 0.6024 0.7896
Mediolateral 0.0130 0.0067 0.1209 0.0000 0.0027 0.0090
Anteroposterior 0.0901 0.2144 0.6440 0.7001 0.7900 0.2001

Significant differences (p  0.05) are denoted in bold.

Table 5. correlations of T0 across combined right and left foot ground reaction force components between the total trial 
period (45 s) and the three 15-s time intervals, in eyes open and closed conditions

Ground reaction force
Eyes open Eyes closed

45 s 0–15 s 16–30 s 31–45 s 45 s 0–15 s 16–30 s 31–45 s

Vertical 0.948 0.988 0.967 0.999 0.992 0.995 0.997 0.982
Mediolateral 0.961 0.745 0.769 0.871 0.806 0.799 0.767 0.728
Anteroposterior 0.887 0.735 0.715 0.806 0.924 0.838 0.657 0.779

Significant differences (p  0.05) are denoted in bold.
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in both the eyes open and closed conditions. The strongest 
correlation coefficients were found in the mediolateral 
GrF (Table 5).

The analysis of the correlative associations between 
T0 in the total trial duration and the three 15-s inter-
vals indicated a significant relationship only with the 
second interval (16–30 s) in both conditions (Table 6).

Discussion

The aim of the study was to examine the mechanisms 
of the human mobility moto-control – the process of 
maintaining body balance in a standing position through 
an appropriate course of distribution of GrFs in a time 
frame, in a situation requiring lower extremity move-
ment symmetry.

In line with previous research [16, 17], the present 
study assumed that the maintenance of upright balance 
was guided by sensorimotor control mechanisms. Gen-
erally, these mechanisms are activated in the execution 
of a motor task by preprogrammed motor patterns [18]. 
It was hypothesized that the postural mechanics of up-
right stance might be statistically assessed by applying 
the autocorrelation function to determine the repeat-
ability of balance maintenance measures as a function 
of time with regard to the motor primitive and motor 
control components. Such an approach could aid in 
clarifying the mechanisms underlying human motor 
control. At its core, the autocorrelation function can 
ascertain the dependencies of certain events (in this case, 
the magnitude of postural muscle correction forces) at 
a given moment in time from preceding and succeeding 
events. In this way, one can monitor the quality of pos-
tural control and therefore identify deficiencies that may 
affect daily living activities.

For the purposes of the study, the process of balance 
maintenance was considered within the time from the 
start of the trial, when the autocorrelation function was 
equal to 1, to the time when the value of 0 was reached 
(delineated as T0). In this way, T0 can serve as an indi-
rect method of evaluating the sensorimotor control 

system via the forces exerted by the postural muscles 
to ensure a balanced stance. The autocorrelation func-
tion slowly decreasing to 0 would indicate that balance 
is well-coordinated (free of disturbance), whereas a rapid 
decay of T0 would suggest uncoordinated balance, in 
which the right and left foot GrF would show large 
variation due to some unknown and/or random inter-
ference. To test this hypothesis, we included the delib-
erate application of a disturbed condition (eyes closed).

comparisons of the autocorrelation function decrease 
to 0 across the various time intervals revealed very large 
differences between the total trial period (45 s) and the 
three extracted 15-s intervals. The T0 in the 45-s trial 
was more than three times greater than the values re-
ported in the literature for 10–15-s intervals of quiet 
standing [19] or the T0 recorded in any of the 15-s in-
tervals (Table 1). This may be explained by the fact that 
measures of force as a function of time predominantly 
show low-frequency trends of 0.1–0.2 Hz. These frequen-
cies are not revealed in the 15-s intervals as they are 
omitted owing to the short measurement projection. 
However, this explanation does not translate into the 
sensorimotor control aspect of balance preservation.

The adopted 15-s interval, as understood in contem-
porary biomechanics via bernstein’s theory of movement 
behaviour [20], delineates that muscle movement in this 
time frame occurs in a closed-loop system of motor 
control by which the process of maintaining upright 
balance (understood as a motor program) is subject to 
adjustment in response to unpredictable and disrup-
tive stimuli. It can be posited that relatively ‘slow’ T0 
reflects the effects of such disturbances on the activation 
and control of the mechanisms responsible for balance 
maintenance. In turn, rapidly changing autocorrelations 
imply that the balance process is dynamic and exceeds the 
confines of the sensorimotor control system; in the light 
of the accepted motor control theory, they indicate that 
balance maintenance has switched over to open-loop 
motor control. When we apply this finding with signal 
theory [21], it is possible that reduced T0 values in the 
shorter time intervals are due to an influx of noise. Such 

Table 6. correlations of T0 across the components of the right and left foot ground reaction force between the total trial 
period (45 s) and the three 15-s time intervals

Ground reaction force Foot

Eyes open Eyes closed

45 s /
0–15 s

45 s /
16–30 s

45 s /
31–45 s

45 s /
0–15 s

45 s /
16–30 s

45 s /
31–45 s

Vertical
right 0.188 0.400 0.132 0.117 0.457 0.151
Left 0.140 0.403 0.091 0.116 0.473 0.061

Mediolateral
right 0.135 0.229 0.214 0.125 0.364 0.221
Left 0.078 0.281 0.168 0.145 0.279 0.144

Anteroposterior
right 0.189 0.409 0.005 0.024 0.330 0.106
Left 0.177 0.459 0.068 0.023 0.402 0.113

Significant differences (p  0.05) are denoted in bold.
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noise is therefore not revealed in the longer time intervals 
of upright stance as the low-frequency trend displaces 
the produced noise. concomitantly, the noise present in 
the 15-s intervals prevents the identification of a trend. 
This noise may be extrapolated as the instability present 
in movements guided by open-loop motor control. In 
this case, it is likely that it represents the movements pro-
duced by various body segments interfering with the 
maintenance of stable upright stance. We are in agree-
ment with the findings of Schmitt et al. [22] in that the 
open-loop control scheme of maintaining upright bal-
ance is primarily fulfilled by appropriately contracting 
the postural muscles. Kuczyński and Ostrowska [23] 
used the viscoelastic model to explain balance preserva-
tion in upright stance due to the properties of the mus-
culoskeletal system. In this view, the body acts as a ‘stiff 
beam’ and is governed by Newton’s first law of motion 
in regard to maintaining equilibrium [24].

In the present study, differences in T0 between the 
right and left foot were adopted to assess motor laterality 
by controlling the plantar distribution of force. Gener-
ally, symmetry was observed in the plantar force dis-
tribution. The lack of significant between-foot differences 
in T0 in the vertical and anteroposterior directions of 
force (Tables 1, 2, 4) attests to similar levels of right- and 
left-foot balance and sensorimotor control. While T0 in 
the mediolateral GrF was significantly different, suggest-
ing that this could be a sign of some inherent asymmetry 
in controlling upright stance between the right and left 
foot, this was undoubtedly a result of shifting body 
weight from one foot to the other as a matter of personal 
preference and comfort.

The significant differences observed in T0 among the 
consecutive 15-s intervals exhibit an overall decreasing 
trend (Tables 1–3; Figure 4). This indicates that incidental 
muscle activity introduced indiscriminate changes in 
the magnitude of right and left foot GrF. In other words, 
the occurrence of incidental tension in the postural mus-
cles acts as a form of interference that increases over time 
during upright stance.

bearing in mind that the act of maintaining balance 
could be viewed as a stochastic process, we assume that 
the signal processing of related data (GrF as a function 
of time) must take into account associated noise charac-
teristics. In line with Todorov [25], this noise can help 
explain (as much as any observed trends) the framework 
behind the optimal control theory of motor function. 
In situations where an individual (controller) directs the 
body, it is important to predict simultaneous and con-
secutive events (on the basis of immediate or past ex-
perience) in their motor behaviour. Following the sig-
nificant findings of Singh et al. [26], in which balance is 
believed to be largely controlled by a closed-loop scheme, 
we attempted to register the time series of GrF in a rela-
tively long-duration trial (45 s), although in the majority 
of studies, periods of 20–30 s had been adopted [27, 28]. 
This time interval was considered sufficient to reveal any 

underlying trends, proving that the slow decay of T0 in 
the 45-s total trial period affirmed a low-frequency trend 
in balance maintenance. This trend in the present sample 
demonstrates that sensorimotor control is effective enough 
to preserve balance by generating and directing appro-
priate force by the feet onto the ground. In effect, these 
forces stabilized movement to such a degree that the 
entire body maintained a constant position and orien-
tation. This was observed in both the eyes open and 
closed conditions.

Our analysis of the correlative associations among 
the variables revealed a significant correlation between 
T0 values in the total trial period (45 s) and the second 
15-s interval (16–30 s). We hypothesized that this de-
pendency could be explained by the fact that individ-
uals performing a long-duration task (in this case, quiet 
standing) treated the beginning of the trial as a ‘warm-
up’. Attention is focused on performance in the middle 
of the trial, whereas at its end it is possible that the onset 
of fatigue (and anticipation of the near trial ending) 
leads to the emergence of interference. This is apparent 
by way of the aforementioned significant declines in T0, 
particularly between the second (16–30 s) and third 
(31–45 s) time intervals (Table 3; Figure 4). This find-
ing suggests that clinical assessment of balance should 
be limited to a period of no longer than 20–30 s if the 
effects of fatigue and anticipation are to be negated.

It is hoped that the present approach of applying the 
autocorrelation function to characterize the time course 
of right and left foot GrF can lead to a greater under-
standing of the postural mechanisms responsible for 
maintaining upright stance and balance. Insight in 
movement symmetry and asymmetry as regulated by 
sensorimotor control strategies can aid in the develop-
ment of effective methodologies in physical education 
and sports training, as well as the assessment of motor 
potential among individuals; it can also help diagnose 
injury and evaluate rehabilitation efficacy.

Conclusions

Significant differences were revealed in the autocor-
relation function decrease to 0 (T0) between the total 
trial period (45 s) and the extracted 15-s intervals. Motor 
actions (postural corrections) performed in long-dura-
tion tasks may have less of an effect on sensorimotor 
control than those considered in shorter duration projec-
tions. The analysis of T0 – with reference to the right and 
left foot, including considerable symmetry in force mag-
nitude and direction – indicated a decreasing trend 
across the consecutive 15-s intervals, primarily in the 
anteroposterior and mediolateral components of GrF for 
both conditions and in the vertical GrF for the eyes 
closed condition. This result suggests that the process of 
maintaining upright quiet stance, via optimal and uni-
form activation of control centres and the precise ap-
plication of the desired net muscle force, is evidently 
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fatiguing, even in the sample of young and healthy adults. 
Finally, the experiment proved that the participants’ 
‘motivation’ for preserving upright stationary stance 
was strongest within this time interval and the assess-
ments of balance should be limited to the period of no 
longer than 20–30 seconds.

References
1. Gotts S.J., Jo H.J., Wallace G.L., Saad Z.S., cox r.W., Mar-

tin A., Two distinct forms of functional lateralization in 
the human brain. Proc Natl Acad Sci U S A, 2013, 110 (36), 
E3435–E3444, doi: 10.1073/pnas.1302581110.

2. Łukaszewicz T., Kania D., Kidoń Z., Pethe-Kania K., Po-
sturographic methods for body posture symmetry asses-
sment. Bull Pol Acad Sci, Tech Sci, 2015, 63 (4), 907–917, 
doi: 10.1515/bpasts-2015-0103.

3. chaudhry H., bukiet b., Ji Z., Findley T., Measurement of 
balance in computer posturography. comparison of meth-
ods – a brief review. J Bodyw Mov Ther, 2011, 5 (1), 82–91, 
doi: 10.1016/j.jbmt.2008.03.003.

4. Duarte M., Freitas S.M., revision of posturography 
based on force plate for balance evaluation. Rev Bras 
Fisioter, 2010, 14 (3), 183–192, doi: 10.1590/S1413-
35552010000300003.

5. Łukaszewicz T., Kania D., Kidoń Z., Pethe-Kania K., Pos-
tural symmetry assessment based on the analysis of tra-
jectories measured during the follow-up posturography 
examination [in Polish]. Elektronika – Konstrukcje, Tech-
nologie, Zastosowania, 2014, 55 (1), 51–54.

6. Łukaszewicz T., Kidoń Z., Kania D., Pethe-Kania K., 
Postural symmetry evaluation using bilateral and rota-
tional symmetry degrees calculated for stabilographic 
trajectory [in Polish]. Przegląd Elektrotechniczny, 2013, 
7, 197–201.

7. carlsson A., birth of neuropsychopharmacology – impact 
on brain research. Brain Res Bull, 1999, 50 (5–6), 363.

8. Greengard P., Valtorta F., czernik A.J., benfenati F., Syn-
aptic vesicle phosphoproteins and regulation of synaptic 
function. Science, 1993, 259 (5096), 780–785.

9. Kandel E.R., Psychotherapy and the single synapse: A new 
intellectual framework for psychiatry. Am J Psych, 1999, 
156, 665–666.

10. Ijkema-Paassen J., Gramsbergen A., Development of pos-
tural muscles and their innervation. Neural Plast, 2005, 
12 (2–3), 141–151, doi: 10.1155/NP.2005.141.

11. Deliagina T.G., Orlovsky G.N., Zelenin P.V., belooze-
rova I.N., Neural bases of postural control. Physiology 
(Bethesda), 2006, 21: 216–225, doi: 10.1152/physi-
ol.00001.2006.

12. Kelly J.P., The neural basis of perception and movement. 
In: Kandel E.r., Schwartz J.H., Jessel T.M. (eds.), Prin-
ciples of neural science, 3rd ed. Elsevier, New York 1991, 
283–295.

13. Martin J., coding and processing of sensory informa-
tion. In: Kandel E.r., Schwartz J.H., Jessel T.M. (eds.), 
Principles of neural science, 3rd ed. Elsevier, New York 
1991, 329–340.

14. Ghez c., Motor systems of the brain. In: Kandel E.r., 
Schwartz J.H., Jessel T.M. (eds.), Principles of neural sci-
ence, 3rd ed. Elsevier, New York 1991, 596–607.

15. Greene W.H., Econometric analysis, 7th ed. Pearson, 2012.
16. Maurer c., Peterka r.J., A new interpretation of sponta-

neous sway measures based on a simple model of human 

postural control. J Neurophysiol, 2005, 93 (1), 189–200, 
doi: 10.1152/jn.00221.2004.

17. Peterka r.J., Postural control model interpretation of sta-
bilogram diffusion analysis. Biol Cybern, 2000, 82 (4), 
335–343, doi: 10.1007/s004220050587.

18. Elias L.A., Watanabe r.N., Kohn A.F., Spinal mechanisms 
may provide a combination of intermittent and continu-
ous control of human posture: predictions from a biologi-
cally based neuromusculoskeletal model. PLoS Comput 
Biol, 2014, 10 (11), e1003944, doi: 10.1371/journal.pcbi. 
1003944.

19. Alonso A.c., Greve J.M., camanho G.L., Evaluating 
the center of gravity of dislocations in soccer players with 
and without reconstruction of the anterior cruciate liga-
ment using a balance platform. Clinics (São Paulo), 2009, 
64 (3), 163–170, doi: 10.1590/S1807-59322009000300003.

20. Petryński W., contemporary motor control models in 
humans in the light of bernstein’s theory [in Polish]. 
Antropomotoryka, 2005, 29, 55–67.

21. Szabatin J., Fundamentals of signal theory [in Polish]. Wy-
dawnictwa Komunikacji i Łączności, Warszawa 2002.

22. Schmitt K.U., Niederer P.F., Muser M.H., Walz F., Trauma 
biomechanics: accidental injury in traffic and sports. 
Springer-Verlag, berlin Heidelberg 2009.

23. Kuczyński M., Ostrowska b., Understanding falls in os-
teoporosis: the viscoelastic modeling perspective. Gait 
Posture, 2006, 23 (1), 51–58, doi: 10.1016/j.gaitpost.2004. 
11.018.

24. Van Emmerik r.E.A., Jones S.L., busa M.A., baird, J.L., 
A systems perspective on postural and gait stability: Im-
plications for physical activity in aging and disease. Ki-
nesiol Rev, 2013, 2, 17–28.

25. Todorov E., Optimality principles in sensorimotor con-
trol. Nat Neurosci, 2004, 7 (9), 907– 915, doi: 10.1038/
nn1309.

26. Singh D., Park W., Levy M.S., Jung E.S., The effects of 
obesity and standing time on postural sway during pro-
longed quiet standing. Ergonomics, 2009, 52 (8), 977–986, 
doi: 10.1080/00140130902777636.

27. Monteiro Ferronato P.A., barela J.A., Age-related changes 
in postural control: rambling and trembling trajectories. 
Motor Control, 2011, 15 (4), 481–493.

28. Sobera M., Siedlecka b., Syczewska M., Posture control 
development in children aged 2–7 years old, based on the 
changes of repeatability of the stability indices. Neurosci 
Lett, 2011, 491 (1), 13–17, doi: 10.1016/j.neulet.2010.12.061.

Paper received by the Editor: October 4, 2016
Paper accepted for publication: December 1, 2016

Correspondence address
Jacek Stodółka
University School of Physical Education
Department of Track and Field Sports
al. I.J. Paderewskiego 35
51-612 Wrocław, Poland
e-mail: jacek.stodolka@awf.wroc.pl


