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ABSTRACT

We lack a stabilometric parameter that gives us information about the reaction speed of the upright postural control system. This article
provides a way to extract this information from the diffusion analysis where it is present. No clinical application of this new parameter
can be provided. It is only observed that it is redundant with no conventional parameter.
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INTRODUCTION

We lack a stabilometric parameter that gives us information
on the reaction time of the upright postural control system,
and yet this information is contained in an analysis of this
signal, known and used since 1993, the ‘diffusion analysis’ of
the time series of the positions of the center of pressure.®
The question is simply to find the best way to extract this
information from this analysis.

The information contained in the diffusion analysis

The diffusion analysis shows that the stabilometric signal
comprises two parts (figure 1), which include first the system
states separated by time intervals of less than one second,
the observed phenomena there are random® whereas the
phenomena observed in the other part, beyond a second,
are controlled. The interpretation of this analysis by Collins
and Coll. is confirmed by the statistical analysis of the
amplitude spectrum of the signal® which already has showed
a break, around 1 hertz, between stability and stabilization.®
Moreover diffusion analyses made on the time series of the
positions of the center of gravity contain only one part (Gagey,
unpublished).

One can notice that all the experimental points of the
diffusion analysis represent a covered distance based on a
time, so the equation with dimensions is that of a speed, LT %,
a stabilization speed for the points of the first part.

Collins et al.™, then Lacour et al.® found that the
experimental curve of the diffusion analysis varied fairly
systematically with the age of the subjects (Figure 2).

In Figure 2, it is observed that the same speeds (pointed
on the diagram by a small arrow) on the curve of the older
subject and on the curve of the younger subject are reached
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more quickly by the older subject. So what differentiates these
subjects is the acceleration of the stabilization phenomena.

Extracting this information

Extracting this information from the experimental curve of
Collins would undoubtedly have been complicated if Ouaknine
had not helped us, noticing that Collins’ curve is topologically
equivalent to the autocorrelation function (figure 3) and that
the equations of both curves are very similar.®

On the autocorrelation curve of the acceleration of the
center of gravity, it is then possible to look for this difference
highlighted by Collins et al., between younger and older
subjects. To measure this difference, Collins used the slope
of the least square line of the first part of the diffusion curve.
With the autocorrelation curve, it is usual and much simpler
to use the time shift corresponding to a given value of the
correlation coefficient.

This discriminating value of the correlation coefficient
was experimentally determined from a cohort of 35 elderly
subjects (85 + 8 years)"” and from a cohort of 116 younger
ones (26 + 7 years).® After checking by a principal components
analysis that the acceleration of the center of gravity made a
clear distinction between both cohorts (figure 4), a comparison
of the autocorrelation curves of the acceleration of the center
of gravity of these cohorts showed an area where they were
fairly well distinct (figure 5) at the intersection of these curves
with the 0.5 value of the correlation coefficient.

We therefore propose to define a marker of the
reaction time of the subject (figure 6) by the time delay, At,
corresponding to the 0.5 crossing of the autocorrelation curve
of the acceleration of the subject’s center of gravity.
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Figure 1. Diffusion analysis of the pressure center vector of a normal subject.
The first part of the signal corresponding to time differences, At, less than
one second, shows stochastic events, according to Collins and De Luca®”,
confirmed by Gagey et al.?!
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Figure 2. Comparison of the diffusion analysis of an old subject and of a young
subject (according to Collins et al.,"”) The small arrow on the distance scale,
points a similar position on both curves but reached more quickly by the
older subject. This same distance is reached in both cases for a time interval
of less than one second.
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Figure 3. Diffusion curve and autocorrelation. The diffusion curve and that
of the autocorrelation are topologically equivalent and their equations are
almost identical®, (this scheme was redone from the post 2009®).
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Figure 4. Principal components analysis of the age factor in two modalities:
young (y) and old (o). The names of the eight independent variables are written
to the extension of their axis. Both cohorts are clearly distinguished along the
axis 1, highly correlated to the acceleration of the center of gravity (0.965).
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Figure 5. Comparison of the autocorrelation curves of the acceleration of
the center of gravity of young subjects and elderly ones. The comparison is
limited to 1.25 seconds of time shift.
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Figure 6. Definition of the parameter. The parameter value is that of the
abscissa, T, of 0.5 crossing of the autocorrelation curve of acceleration of the
subject’s center of gravity.
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DISCUSSION

The proposed marker of the postural reaction time
is expressed through a time function of the acceleration
of the center of gravity, which encourages us to consider
how this acceleration varies with time (figure 7). We see a
succession of acceleration flashes separated by periods of
rest. This phenomenon was described by P. Morasso® under
mere inspection of the temporal evolution of the position of
the center of gravity: some time it stagnates in a very limited
area of the support basis, sometimes it is projected to another
more or less remote area where it stagnates again for some
time. And if we examine the evolution of the acceleration
versus time in different subjects, younger, older, elite athletes
(figure 7), a clear difference in the duration of the intervals
between the bursts of acceleration, according to the subjects,
is found; which we propose to name “ballistic intervals.”
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Figure 7. Curves of the acceleration of the center of gravity over time of three
different subjects: a top athlete, a young subject and an old one.
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CONCLUSION

A new stabilometric parameter is proposed, the “ballistic
interval”, represented by the time shift, T, corresponding to the
0.5 crossing of the autocorrelation function of the acceleration
of the center of gravity. This parameter expresses the postural
stability of the subject in time; it clearly separates the younger
and the older subjects. It is not redundant with another
conventional stabilometric parameter.
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