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ABSTRACT

One of the most important tasks of the human postural control system is to keep the body
balanced on the base of support provided by the feet. As a gravity sensor, the vestibular system is
one of the most important tools of the nervous system in the control of the posture. When there is
malfunction in this system, the individual starts to present a group of symptoms in which vertigo is
generally preponderant. The present study had as objective to correlate the results of the postural
control evaluation in young people obtained through the Foam-Laser Dynamic Posturography (FLP)
and force platform. For the accomplishment of the study, 31 volunteers were invited (19 men and
11 women) who were submitted to the evaluation of the postural control through the Dynamic
Foam-Laser Posturography and force platform simultaneously. The results reveled that there was
strong correlation among the values obtained in the sensory organization tests (SOT) and pressure
center (PC) displacement area on force platform in all TOS. In TOS 1ll, V and VI respectively, strong
correlation was observed in the results of the examinations in FPL and force platform, with r =
-0.79,r=0.70 and r = - 0.80. This study concludes that the FLP is a very useful method for balance
evaluation, and its results show strong correlation with the pressure center displacement area.
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INTRODUCTION

The postural control is played by the extremely accurate
convergence of the vestibular, visual and proprioceptive sys-
tems. Constantly active, the postural control is responsible for
allowing simple actions of the human routine. However, one
of the most important tasks of the human postural system
control is the body’s balance on a small base of support pro-
vided by the feet™.

The evaluation of the postural control represents a challenging
task; however, it presents very useful implications for professionals
if many fields, such as otoneurology, phonoaudiology, physio-
therapy, sports medicine and others. The body oscillations of
a person can be assessed with the use of many methods, but
the Foam-Laser Dynamic Posturography, devised by Castagno®?,
termed FLP assesses the vestibular, proprioceptive and visual
functions through Dynamic Posturography.

Castagno® reports that FLP is a method analog to the Equit-
est of Neurocom Int Inc, Clackams, Oregon, USA, with the aim to
test the Sensory Organization (SO) in six different stance condi-
tions, with scores which range from a minimum value of zero
and maximum of 100%, depending on the body oscillations.

Loth et al.®) used this method and its association with the
force platform in a trial to assess the influence of the vestibular
system in the balance of young adults and observed strong cor-
relation between methods.

Therefore, the aim of the present study was to evaluate and
correlate the postural control of young adults through Foam-laser
dynamic posturography and the force platform.
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MATERIAL AND METHOD

This study was developed in the Laboratory of Biomechan-
ics of the Physical Education Course of the Federal University of
Santa Maria (UFSM), after having being approved by the ethics
committee of the State University of Western Parana (UNIOESTE),
according to registration number 19366/2006 and resolution
226/2006, during the period from March 18 to 26, 2006. The 30
participants of the study (19 men and 11 women), students of
the Physical Education course of UFSM, were randomly selected
and had mean age of 21.17 + 145 years.

The following criteria were followed for subjects’ inclusion
in the study: any student of the Physical Education course of
UFSM/RS, aged between 18 and 30 years and who agreed on
signing the Free and Clarified Consent Form. Those who pre-
sented amputation of any limb, known neurologic disease, acute
orthopedic trauma and severe visual disabled were excluded.

Subsequently, the volunteers were submitted to the evalu-
ation of postural control with the force platform (OR6-6, Ad-
vanced Mechanical Technology Incorporation, USA) and FLP,
simultaneously. Therefore, each participant was placed in
a Tm” and 2m high cabin, placed on a force platform, cov-
ered with a fabric with 10cm orange and beige stripes and
a foam cushion of mean density and 10cmthick (figure 1).

The volunteer had a nylon belt attached to his posterior region,
adjustable to the patient’s waist, and containing a laser-beam pen
pointed to a scale in centimeters attached above the cabin, on
the horizontal plane (figures 2 and 3). This laser beam enabled
the assessment of the anteroposterior dislocation during the SOT.
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Figure 1. Foam-Laser Dynamic Posturography cabin proposed by Castagno (1994).
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Figure 2. Belt made with nylon and foam fabric, with attachment on the ends
adjustable to the participant’s waist level, with attached laser beam pen.

Figure 3. Scale in centimeters attached above the cabin in order to note the
greatest dislocation in centimeters for performance of the calculation.

The results were obtained during each SOT through the mea-
surement of the distance in between the light source (laser pen)
set on the volunteer and the obstacle placed above the fabric
cabin (centimeter paper); this distance represents the measure
between letters C and L and the maximal anteroposterior dis-
location of the volunteer, through the light beam on the cen-
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timeter paper, during the performance of all SOT. This distance
represented the mean between letters C and A of the formula
contained in figure 4.

A |. The calculation of the anterior balance angle is performed by the

formula's application to the 90° angle.
sena=CA
AL
AL =CA+CL
AL =/ (CA+CL)

sena=__CA

JcA+CL

a=sena*180/1

cx=( CA )'180/1‘[
JcA+cL

I. The same value is used to calculate the 8 angle corresponding to the
posterior balance.

1. Both angles (a — ) are added to represent the total of oscillations of
the gravity center.

1. The formula is used to indicate the oscillations which agree with the
counting format of the SOT balance (100% = no balance — 0% = balance
decrease or maximal swerve 12.5%).
Balance (%) = 100 - {100*(a+R) /12.5}
* = multiplication (x)

Figure 4. Mathematical formula for the calculation of the body oscillation angle
proposed by the Foam-Laser Dynamic Posturography technigue (Castagno, 1994).

SOT |, Iland Il were performed with the participant at ortho-
static position, feet united and arms along the body. SOT IV, V
and VI were performed with the volunteer at the same previous
position, but he would be placed on a 10-cm thick foam cushion
of medium density, with the aim to attenuate his proprioception.
Positions Il and V were performed with eyes closed. During SOT
lll'and VI the cabin is slightly tilted, approximately 20° forward,
during 10s and returns to the initial position also in 10s.

Analysis of the data recorded on the force platform used the
MATLAB® 7.4 program which calculated the dislocation area of
the pressure center in cm?. The FLP results were obtained by a
mathematic formula for oscillation angles calculation presented
in figure 4. The level of association between results was evalu-
ated with the Spearman correlation index and significance level
adopted was of 5% with p > 0.05 through the software GraphPad
Prism®, version 3.0.

RESULTS

The results obtained through FLP indicate that the sample
scores mean decreased from 88.27 points to 80.27 and 76.51
points, respectively, until SOT lll. On the fourth position of this
exam though, increase in the results'mean to 81.04 points, and
it decreased again on he two last positions, with mean of 68.83
and 64.86 points, according to what is presented in table 1.

Table 2 shows the results obtained through the force platform
and indicate that the scores mean increased from the first to
the second position. However, in SOT lll and IV mean reduction
of the dislocation area of the PC is observed. In the remaining
SOT, it was verified that the score means returned to follow the
increasing order.
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Table 1. Presentation of results through central tendencies measurements and
percentage dispersion measurements (%), obtained in the best response of the
Foam-laser dynamic posturography test.

SOT SoT SOT SOoT SOT SOT
| 1l L} IV v Vi
M 88.27 80.27 76.51 81.04 68.83 64.86
MD 4.60 835 6.74 850 10.86 1591
Max 95.51 90.65 86.52 90.45 86.91 91.35
Min 73.85 55.71 6345 4791 4196 3393
VR 90 83 82 79 60 54

Table 2. Presentation of the results through central tendencies measurements
and dispersion measurements of the dislocation areas of PC in cm2 recorded
by the force platform.

SOT | sor | sor | sor | sor soT
I I m v v vi
Mean 088 210 186 156 356 656
Standard | ) 166 097 097 155 431
deviation
Maximum | 198 572 395 429 810 | 1478
Minimum | 017 032 047 0.19 089 073

Moderate correlation between SOT |, Il and IV, respectively
with r=-0.60, r = -0.64 and r = -0.63, was observed after cor-
relation analysis to evaluate the association level of the results
obtained by the experimental group between the FLP condi-
tions with the dislocation area of the PC recorded by the force
platform.

In SOT I, V and VI, respectively, strong correlation between
the results of the FLP exams and the force platform with r=-0.78,
r=--0.70 and r = -0.80 was observed (Table 3).

Table 3. Presentation of the correlation indices (Cl) of the results obtained
through performance of Foam-laser dynamic posturography (FLP) and mean
of dislocation area of the pressure center (PC) in cm2 obtained, simultaneously,
with the force platform of the experimental group.

SoT SoT SoT SoT SOT SOT
| Il LI} \' Vv Vi
PD 88.27 80.27 76.51 81.04 68.83 64.86
PC 0.88 2.10 1.86 1.56 3.56 6.56
a -0.60 -0.64 -0.78 -063 -0.70 -0.80
p 0.004* | 0.0001* 0.0001* 0.0002* 0.0001* 0.0001%

The minus sign (-) and the asterisk (*) indicate, respectively that the correlation is inversely proportional and
the p value.

DISCUSSION

In this study, it was observed that the analyses of the FLP
means and the dislocation area obtained on the force platform
were inversely proportional, justifying hence why the FLP means
decrease while the force platform ones increase. However, inver-
sion of these results occurred during SOT IV, in which increase
in the scores means was observed, while in the force platform
recordings there was inversion in the scores means in SOT lll and
IV. Similar data were described by Mendonca et al.¥ who also
observed inversion in the mean values in SOT IV.

Based on the scientific principles of postural control, two
explanations are suggested to the results mentioned above. The
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first is that once the participants of this study had intact postural
control and were already familiarized with the test after having
gone through the first SOT, they would be able to present goof
performance, even when facing a greater imbalance situation,
such as the one imposed by SOT IV, in which the subjects re-
mained standing, on a 10 cm foam surface. The second explana-
tion has to do with the fact that the participants could have used
different postural control strategies to maintain body balance,
in the several FLP conditions, increasing their body balance. In
order to support the obtained results, Horak et al.® report in their
studies that the hip strategy is useful to respond to disturbances
of great amplitudes, in which it is difficult to produce torque
at the ankle level, as for example, when the individual is on a
deformable surface.

Similarly, other authors such as Diener et al.®, Runge et al.”
and Nashner®, mention that the hip strategy is used to restore
balance in responses when facing greater and quicker distur-
bances of the postural control, or when the support surface is
smaller than the feet or deformable.

After performance of analysis of correlation of the obtained
results through the evaluation procedures of postural control
in the sample, it was possible to observe that there was strong
negative correlation index (inversely proportional) between FLP
and the dislocation area of PC obtained on the force platform
during the SOT performance - note: the bigger the dislocation
area of PC recorded by the force platform, the bigger the oscil-
lation detected in FLP as well. The FLP scores are considered
values in percentage, and in total absence of body oscillation the
score obtained is 100%, decreasing according to the increase in
oscillations. Thus, the bigger the dislocation area of the PC on
the force platform, the smaller the score obtained in FLP will be,
which determines a negative correlation index between analyses.

Nevertheless, no study which has used the force platform
in investigations involving FLP was found in the consulted lit-
erature, which makes the comparison of the obtained results
in this study with the ones found by other authors impossible.
However, strong correlation index of FLP results with the force
platform was observed in all SOT.

Based on results in this study, it was observed that FLP rep-
resents a useful method for analysis of postural control which
assesses the influence of the systems involved in this complex
mechanism, and its application in rehabilitation clinics of patients
with balance disorders should be used.

FLP used in this study also served as a diagnostic instru-
ment for Yassue et al.®), who found alterations in the balance of
older subjects with diabetes mellitus through FLP. The author
suggested that this technique constitutes a very sensitive instru-
ment for balance evaluation in diabetic subjects.

Further studies, such as the ones by Savoldi et al.'%, used
FLP with the aim to find a method for assessing propriocep-
tion of patients submitted to reconstruction surgery of the knee
anterior cruciate ligament. The authors concluded that FLP is a
useful method for proprioception evaluation in these patients. In
order to evaluate the effect of low visual acuity on the balance of
patients with senile cataract, Rubin®” used FLP as a complement
in the evaluation by computer vectoelectronistagmography.
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Castagno® reports that the Foam-laser dynamic posturogra-
phy technique cannot completely substitute the computer dy-
namic posturography. Considering cost, few dollars are needed
to purchase a fabric cabin, a laser pen and a piece of foam of
medium density. On the other hand, the computer dynamic
posturography costs approximately 80,000 dollars. To the same
authors Voorhess('? reports that FLP cannot detect the latencies
which are useful in the neurological diagnosis, neither analyse
whether the hip or ankle strategies are being used nor mark the
dislocation of the gravity center. However, it is a simple, cheap
and useful technique which produces analysis of the sensory
organization test very comparable to the ones obtained with
the EquiTest®.

Zammit et al."¥ report that the conventional methods, such
as caloric test, rotatory tests and electrovectonistagmography,
may define many ways of vertigo through evaluation of the ves-
tibular component; however, the computer dynamic posturog-
raphy provides information about the visual and proprioceptive
systems as well.

In the present study, it is worth mentioning that the mediolat-
eral dislocation during the SOT in FLP has not been measured, a
fact which could generate further information and hence provide
greater sensitivity to the test, supporting also its greater useful-
ness for the assessment of postural control in many areas.

Regarding other limiting factors of this investigation which
deserve attention and which will be able to contribute to further
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and clinical fields.

CONCLUSION

It is concluded that the results obtained by Foam-laser dy-
namic posturography represented strong correlation with the
dislocation area of the pressure center recorded by the force
platform in the six SOT.

This study’s performance was extremely important since it
ventures to consolidate a new quanti-qualitative method to as-
sess postural control, and mainly to collect information on its
restrictions and advantages, serving as a source in the literature
for future studies which will be certainly needed.
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