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Posturography with virtual reality stimuli in normal
young adults with no balance complaints

Posturografia com estimulos de realidade virtual em adultos
jovens sem alteragées do equilibrio corporal

ABSTRACT

Purpose: To analyze the findings of posturography with virtual reality stimuli carried out in young healthy
adults with no otoneurological complaints, based on the parameters center of pressure, limit of stability
and sway speed for different visual stimuli, and regarding differences between female and male genders.
Methods: Participants were 50 healthy individuals of both genders (50% female and 50% male) with ages
ranging from 18 to 25 years (mean age 21.30 years), with no complaints regarding body balance, and with
vestibular outcomes assessed through digital vectonistagmography within normal limits. Posturography was
composed of 11 visual stimuli and determined the limit of stability area (LOS), the ellipse area, and the sway
speed in ten sensorial conditions. Results were calculated for the studied age range and analyzed according to
the values for each stimulus, with the aim to obtain normality parameters. Results: The average values obtained
in posturography regarding limit of stability, ellipse area and sway speed for stimuli with viso-vestibular inte-
raction presented significant differences between genders, and, in all cases, women obtained lower values than
men. Conclusion: The findings of posturography with virtual reality stimuli in healthy young adults evidence
that the parameters center of pressure, limit of stability and sway speed present differences between genders
and, therefore, must be considered separately.

RESUMO

Objetivo: Analisar os achados a posturografia com estimulos de realidade virtual realizada em adultos jovens,
higidos e sem queixas otoneuroldgicas, de acordo com parametros de centro de pressdo, limite de estabilidade
e velocidade da oscilagdo para diferentes estimulos visuais e em relagdo aos géneros masculino e feminino.
Meétodos: Participaram 50 individuos higidos de ambos os géneros (50% género feminino e 50% masculino),
com idades entre 18 e 25 anos (média de idade 21,30 anos), sem queixas relacionadas ao equilibrio corporal
e avaliagdo vestibular com vectonistagmografia digital dentro dos padrdes de normalidade. A posturografia
foi composta por 11 estimulos visuais e determinou a drea do limite de estabilidade (LOS), drea de elipse,
e velocidade de oscilacdo em dez condigdes sensoriais. Os resultados foram calculados para a faixa etdria
estudada e analisados quanto aos valores para cada estimulo, visando & obtenc@o de limites de normalidade
dos parametros. Resultados: Os valores médios obtidos na posturografia, quanto ao limite de estabilidade,
a drea da elipse e a velocidade de oscilac@o para os estimulos com interaciio visuo-vestibular apresentaram
diferencas entre os géneros, sendo que em todos os casos as mulheres obtiveram valores inferiores aos dos
homens. Conclusao: Os achados & posturografia com estimulos de realidade virtual em adultos jovens higidos
evidenciam que os pardmetros centro de pressio, limite de estabilidade e velocidade da oscilagdo apresentam
diferencas entre os géneros, e portanto, devem ser considerados separadamente.

Study carried out at the Equilibriometry and Vestibular Rehabilitation Clinics of Otoneurology Discipline,
Otorhinolaryngology Department, Universidade Federal de Sdo Paulo - UNIFESP - Sao Paulo (SP), Brazil.
(1) Speech-Language Pathology and Audiology Undergraduate Program, Universidade Federal de Sao Paulo
— UNIFESP - Sao Paulo (SP), Brazil.
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INTRODUCTION

Body balance is a complex interaction between the senso-
rial and motor systems allowing the body either to stand still
stably or to move harmoniously and precisely. When there is an
alteration in any of its components (proprioceptive — perception
of both posture and body movement; vestibular — head posi-
tion and movement, and visual — spacial relations), alterations
appear characterizing the imbalance and possibly affecting the
individual’s quality of life.

Posturography allows us to evaluate and train patients with
balance disorders, dizziness or instability. It completes the
conventional tests of the otoneurologic evaluation, providing
information not only from the vestibular system but also from
the other systems that help to maintain balance®.

Posturography is defined as any study or technique that
assess the body sway or a variable associated with this
sway®. The posturographic measure generally used in the
postural control evaluation is the center of pressure (CoP),
which is the applying point of the resultant vertical force
acting on the support surface and represents the collective
outcome of the postural control system and the gravity.
The CoP is measured by a force platform that consists of a
plate on which force sensors are placed in a way that they
measure the force components and the force moment in the
anteroposterior, mediolateral and vertical directions, acting
on the platform®.

Many authors have used the computerized dynamic pos-
turography in the assessment of different diseases or vestibular
symptoms related to body balance and have also reinforced
its importance in the otoneurologic evaluation®>. However
researches about it are still scarce in Speech-Language Pathol-
ogy and Audiology?.

The posturography with virtual reality stimuli contributes
to identify the signs related to imbalance by means of sensorial
stimuli projected in goggles of virtual reality that simulate real
life situation. It can also contribute to vestibular rehabilitation,
inducing situations that cause dizziness or vertigo which would
lead to adaptation of vestibular systemP.

Virtual reality allows us to recreate to the maximum the
feeling of the individual’s interaction with the computer. It
makes the immersion in an illusory world possible, where the
perception of the environment is changed by some artificial
sensorial stimuli which can cause a vestibulocochlear conflict
and the change of this reflex gain'?.

The use of the posturography platform with virtual reality
stimuli is a new assessment method, the number of publica-
tions about it is scarce and there is no benchmark. Therefore
it is necessary to determine such benchmarks in different age
groups that will be the base to future researches and evaluations
with different groups of patients.

Thus, this study aims to evaluate the findings of posturog-
raphy with virtual reality stimuli performed in young, healthy
adults, with no otoneurologic complaints, according to the
center of pressure, limit of stability and sway speed to the dif-
ferent visual stimuli.
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METHODS

This research was carried out between the years of 2008
and 2009 in the Equilibriometry and Vestibular Rehabilitation
Clinics of the Otoneurology Discipline, Otorhinolaryngol-
ogy Department of the Universidade Federal de Sdo Paulo
(UNIFESP), Brazil. It is a clinical prospective study approved
by the Research Ethics Committee of UNIFESP (protocol
number 1398/07).

Participants were 50 individuals with ages between 18
and 25 years, 25 male and 25 female, without any complaints
related to body balance and to the ability of standing on biped
position with no help. Mean age of the female group was 22
years (SD=1.96), and 20.6 years in the male group (SD=1.98).
There was no significant difference between the groups regard-
ing age. All patients should present normal results in the Oto-
neurologic Evaluation (anamnesis, tonal and vocal audiometry,
imitanciometry and vestibular testing with the computerized
vectonistagmography).

Individuals that used any type of ortheses or showed any
recent signs or symptoms or previous disease related to ves-
tibular system disorders were not included.

All participants underwent computerized posturography
with virtual reality stimuli, based on 11 visual stimuli controlled
by the computer. Stimuli were showed on virtual reality goggle
lenses coupled to the individual’s head.

The posturography was done on a balance platform unit
(BRU™) that converts the pressure applied to a plain surface
into electric signals to determine the area of the center of pres-
sure (CoP) or center of mass, the patient’s limit of stability
(LOS) and the sway speed'?.

The pressure platform has an area of 1600 cm? (40 cm x
40 cm), including vertical and horizontal coordinates. Further-
more, it has a horizontal line of 8 cm (intermalleolar line) for
the individual’s foot placement and a vertical line of 12 cm to
intercept the middle point of the intermalleolar line.

To perform the posturography, the participant should be on
a force platform, barefoot, on bipodal support and with relaxed
arms extended along the body. When necessary corrective
lenses were used. During the procedure, everyone was advised
to maintain upright and stable position, standing still.

Initially, in order to establish the limit of stability, the pa-
tient was instructed to shift the body in an antero-posterior and
lateral directions using the ankle strategy, without moving the
feet or using trunk strategies. The movement should happen
slowly until the participant reached his body limit of stability,
respecting the following: forward and back to initial position;
to the right and back to initial position; to the left and back to
initial position; backward and back to initial position. The in-
dividuals were instructed to perform the complete sequence of
movements twice, with no need to complete it in the maximum
time of 60 seconds. In case of either foot or trunk movement,
the procedure was restarted.

The sensorial stimuli shown during the exam were visual
(opened eyes, closed eyes, specific visual stimuli — mobile
objects on the virtual reality goggles which recreated styled
versions of real life situations), vestibular (objects on the virtual
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reality goggles moved according to the head movement of the
patient) or somatosensory (use of a foam pillow) to change the
support surface.

The posturography assessment had 11 visual stimuli (which
happened during 60 s, with two-second delay between them,
in which the patient should stay in an orthostatic position. The
stimuli were: LOS (area of limit of stability) — open eyes; stand-
ing on firm floor — open eyes and after closed eyes; standing
on a foam pillow — closed eyes; saccadic (firm floor) — many
directions; optokinetic bars (firm floor) — horizontal directions
(from left to right and from right to left) and vertical (from top
to bottom and from bottom up); vestibulo-visual interaction
(firm floor) — circle train — horizontal directions (from left to
right) and vertical (from bottom up) (Chart 1).

During the assessment a foam pillow with medium density
was used. The virtual reality goggles were employed in the
evaluation with the foam pillow use.

Reports were created by the program holding information
about the limit of stability area, the 95% trust ellipse area and
the sway speed in the ten sensorial conditions. The 95% trust
ellipse area is defined with the area of distribution of 95% of
the pressure center samples. The medium sway speed is de-
termined by the total distance divided by the time of the test,
60 seconds'V.

Posturography results were collected from the CoP infor-
mation by means of the balance platform, for each stimulus,
aiming to establish normal limits of the posturography param-
eters (LOS area, ellipse area and sway speed of each stimulus).
Each parameter was analyzed singly and in group, in order to
observe the development of young healthy adults in this test.

All results underwent descriptive statistical analysis to
characterize the sample. The Mann-Whitney test was used to
compare the results between gender and the LOS area limit
variable, ellipse area and sway speed, under BRU™ condi-
tions. The level of significance used was 5% (p=0.05). All the
trust intervals built along the research were defined with 95%
statistics trust.

RESULTS

Regarding the values related to the limit of stability area
(LOS) and to the sway speed, we verified that the variations
between genders were low (coefficient of variation near 50%).
As to the value of ellipse area, these variations were consid-
ered high, characterizing the non-homogeneity of data. The
obtained values were higher in male with difference related
to female (Table 1).

The descriptive values and the comparative analysis of the
LOS values, the ellipse area (cm?) and the sway speed (cm/s)
in the group of male and female, were obtained (Table 2). There
was difference between the genders to the LOS, the female
showed lower results than male. We verified that there was also
difference between genders regarding the ellipse area, to the fol-
lowing BRU™ firm surface with visuo-vestiular interaction in
the horizontal and vertical directions. In all cases of difference,
female got lower values than male. To the sway speed, on firm
surface with visuo-vestibular interaction in the horizontal and
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Chart 1. Protocol to perform the posturography

1. LOS, open eyes:
Delay = 2
Length =180 s

2. Standing on firm floor, with open eyes:
Delay = 2
Length=60 s

3. Standing on firm floor, with closed eyes:
Delay =2
Length =60 s

4. Standing on foam pillow, with open eyes:
Delay = 2
Length=60s

5. Standing on firm floor , saccadic:
Delay = 2
Length=60s
Height=7
Frequency =1 Hz
Direction = random

6. Standing on firm floor, optokinetic bars — direction: horizontal
Delay = 2
Length=60s
Height =7
Speed = 60
Direction = from left to right

7. Standing on firm floor, optokinetic bars — direction: horizontal
Delay = 2
Length =60 s
Height =7
Speed = 60
Direction = from right to left

8. Standing on firm floor, optokinetic bars — direction: vertical
Delay = 2
Length=60s
Height =7
Speed = 60
Direction = from top to bottom

9. Standing on firm floor, optokinetic bars — direction: vertical
Delay = 2
Length=60s
Height =7
Speed = 60
Direction = from bottom up

10. Standing on firm floor, vestibular optokinetic — circle train —
direction: horizontal

Delay = 2

Length=60s

Height =7

Speed = 60

Direction = from left to right

11. Standing on firm floor, vestibular optokinetic — circle train —
direction: vertical

Delay = 2

Length=60s

Height =7

Speed = 60

Direction = from bottom to up

Source: BRU™, Medicaa®
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vertical directions, difference between genders was observed,
female values being lower than male values.

DISCUSSION

Posturography can be useful to detect vestibular disorders.
Studies show that the information about changes of sway speed
values and ellipse area in the posturography can be relevant
to the programming and the treatment follow-up of the body
balance!%!%-2),

In this study, the static posturography evaluation was used.
However, in the literature more numbers of studies using the
dynamic posturography are found. Such fact hindered the
comparison among the results.

A study® using static posturography quantified and
analyzed the postural sways of youths, adults and elderly,
which task was to stay still on bipodal support during 60
s, initially with open eyes and after with closed eyes. The
authors did not observe any differences regarding the sways
between groups. However, there was difference among the
visual sways, being the obtained values higher in the tasks
with closed eyes.
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This study tried to show reference values to the use of
posturography with virtual reality stimuli in young, healthy
adults related to female and male genders, facing the necessity
of creating standards in different age, to base future researches
with different groups of patients.

The posturography findings of this study are difficult to be
quantitative compared with the other types of posturography,
since different parameters and procedures of assessment are
used. To the studies done*?Y with BRU™ a control group was
used to be compared with the obtained results in the research
group in patients with Meniere®" disease and in patients with
multiple sclerosis®”, with average age of 45.55 (SD=12.36
years, varying between 33 and 57 years) and 34.91 (SD=13.97
years, varying between 20 and 48 years), respectively. On
the other hand, the recent study showed average age of 21.30
(SD=2.07 years, varying between 19 and 23 years, according
to inclusion criteria), showing difference between the studies
related to age®*?",

Comparing the values of the study mentioned previous-
1y©@%2D with the recent study, we verified that the mean values
of obtained LOS in the control group with the patients with
Meniere disease — MDCG were closed to the ones of control

Table 1. Descriptive values and comparative analyses of Limit of Stability area — LOS (cm?), ellipse area (cm?) and sway speed (cm/s) of balance

rehabilitation unit (BRU™) conditions of male and female individuals

Descriptive Mean  Median SD VC Q1 Q3 Min Max Cl
Stability area 236.2 233.0 62.4 26.4% 187.0 285.8 135.0 375.0 17.3
FSOE 2.18 1.87 1.30 59.7% 1.48 2.64 0.55 7.37 0.36
FSCE 2.30 1.89 1.83 79.7% 1.13 2.68 0.20 9.88 0.51
FPCE 8.83 7.40 5.52 62.6% 5.35 10.82 3.58 37.91 1.53
FSS 1.77 1.25 1.46 82.5% 0.82 2.30 0.25 7.48 0.41
Ellipse area (cm?) FSOR 2.09 1.60 1.83 87.5% 1.11 2.14 0.30 10.90 0.51
FSOL 1.68 1.04 1.51 90.2% 0.87 2.29 0.42 9.63 0.42
FSOB 1.78 1.55 1.28 72.2% 0.81 2.41 0.47 6.49 0.36
FSOU 1.96 1.59 1.45 74.0% 0.89 2.82 0.46 7.03 0.40
FSVVIHD 3.46 2.43 3.51 102% 1.86 3.97 0.47 19.48 0.97
FSVVIVD 3.93 2.71 3.28 83.3% 1.59 5.57 0.69 14.27 0.91
FSOE 0.75 0.66 0.43 57.8% 0.58 0.78 0.42 3.50 0.12
FSCE 0.92 0.87 0.30 32.6% 0.67 1.13 0.45 1.82 0.08
FPCE 2.41 2.26 0.56 23.4% 2.05 2.70 1.52 3.93 0.16
FSS 0.89 0.85 0.29 32.5% 0.72 1.02 0.46 1.89 0.08
FSOR 0.81 0.76 0.26 32.1% 0.64 0.92 0.44 1.65 0.07
Sway speed (cm/s)
FSOL 0.82 0.75 0.28 34.3% 0.61 0.94 0.42 1.73 0.08
FSOB 0.84 0.82 0.27 31.9% 0.63 0.98 0.45 1.64 0.07
FSOU 0.87 0.78 0.35 39.6% 0.65 0.95 0.43 1.92 0.10
FSVVIHD 1.24 1.11 0.53 42.6% 0.93 1.34 0.61 3.00 0.15
FSVVIVD 1.52 1.39 0.58 38.1% 1.13 1.83 0.61 3.15 0.16

* Mann-Whitney Test (p<0.05)

Note: SD = standard deviation; VC = variation coefficient; Q1 = distribution to 25% of the sample; Q3 = distribution to 75% of the sample; Min = minimum value of the
sample; Max = maximum value of the sample; Cl = confidence interval; FSOE = firm surface with open eyes; FSCE = firm surface with closed eyes; FPCE = foam pillow
with closed eyes; FSS = firm surface saccadic movement; FSOR = firm surface optokinetic bars in the horizontal direction from left to right; FSOL = firm surface opto-
kinetic bars in the horizontal direction from right to left; firm surface optokinetic bars; FSOB = firm surface optokinetic bars in the vertical direction from top to bottom;
FSOU = firm surface optokinetic bars in the vertical direction from bottom up; FSVVIHD = firm surface vestibulovisual interaction in the horizontal direction from left to
right; FSVVIVD= firm surface vestibulovisual interaction in the vertical direction from bottom up
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Table 2. Descriptive values and comparative analyses of Limit of Stability area — LOS (cm?), ellipse area (cm?) and sway speed (cm/s) of balance
rehabilitation unit (BRU™) conditions of male and female individuals

Descriptive Gender Mean Median SD p-value
F 207.1 200.0 44.4 0.001*

Limit of stability area (LOS)

M 265.2 272.0 64.9
FSOE F 1.93 1.79 0.78 0.554
M 2.43 2.05 1.65
FSCE F 1.94 1.66 1.43 0.168
M 2.65 2.08 2.13
FPCE F 8.83 7.60 6.72 0.554
M 8.82 6.96 4.14
FSS F 1.47 1.14 1.09 0.187
M 2.08 1.31 1.73
FSOR F 1.98 1.55 2.00 0.655
Ellipse area (cm?) M 220 162 167
FSOL F 1.42 0.98 1.04 0.236
M 1.94 1.29 1.86
FSOB F 1.51 1.09 1.17 0.086*
M 2.05 1.59 1.36
FSOU F 1.69 1.33 1.40 0.109
M 2.24 2.05 1.48
FSVVIHD F 2.25 2.05 1.23 0.007*
M 4.66 2.82 4.54
FSVVIVD F 2.37 1.81 1.69 <0.001*
M 5.49 4.51 3.74
FSOE F 0.72 0.74 0.16 0.171
M 0.77 0.62 0.60
FSCE F 0.88 0.87 0.26 0.362
M 0.97 0.88 0.34
FSOF F 2.49 2.32 0.67 0.587
M 2.32 2.25 0.43
FSS F 0.87 0.85 0.31 0.587
M 0.90 0.85 0.27
FSOR F 0.78 0.76 0.24 0.357
Sway speed (cm/s) M 085 075 028
FSOL F 0.78 0.75 0.26 0.420
M 0.86 0.75 0.30
FSOB F 0.81 0.82 0.22 0.662
M 0.87 0.82 0.31
FSOU F 0.81 0.73 0.30 0.286
M 0.93 0.87 0.38
FSVVIHD F 1.04 0.93 0.40 <0.001*
M 1.45 1.29 0.57
FSVVIVD F 1.21 1.15 0.46 <0.001*
M 1.83 1.73 0.53

* Significant values (p<0.05) —Mann-Whitney Test

# As p values are close to the acceptability limit, they tend to be significant

Note: F = female group; M = male group; FSOE = firm surface with open eyes; FSCE = firm surface with closed eyes; FPCE = foam pillow with closed eyes; FSS = firm
surface saccadic movement; FSOR = firm surface optokinetic bars in the horizontal direction from left to right; FSOL = firm surface optokinetic bars in the horizontal
direction from right to left; firm surface optokinetic bars; FSOB = firm surface optokinetic bars in the vertical direction from top to bottom; FSOU = firm surface optokinetic
bars in the vertical direction from bottom up; FSVVIHD = firm surface vestibulovisual interaction in the horizontal direction from left to right; FSVVIVD= firm surface
vestibulovisual interaction in the vertical direction from bottom up
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group of patients with multiple sclerosis — MSCG. However,
these values are distant from the ones obtained in this study.
It can be explained because the control group of the this study
presents the age group bellow the MDCG and the MSCG.

To the ellipse area, we observed that the same happened
to the following sensorial stimuli: firm surface with open
eyes, firm surface with closed eyes, with optokineticic bars
to the right, with visuovestibular interaction in the horizontal
and vertical directions. As to the stimuli of foam surface with
closed eyes the MSCG is near this study, getting further from
the mean value of MDCG. In the other stimuli (firm surface
saccadic movement, with optokineticic bars to the left, to the
bottom and up) the mean values in the three studies are close.

As for the sway speed the mean obtained values in this study
were not very distant form the MSCG®” and MDCG®" values.

In our casuistic, posturography of BRU™ showed that the
LOS area values (Table 2) of the female group were lower than
the male group. This difference can be explained by the patients’
stature of male gender which, in general, was higher than the
female group, once the higher the individual is the bigger is
the support base. References in the literature about LOS area
in young adult patients to the posturography of BRU™ equip-
ment were not found.

Study with dynamic posturography of “Foam-Laser”®
type showed difference in the test that measure the body sway
— Sensorial Organization Test (SOT), regarding the individual’s
gender and age group, women had better results in the different
age group. Such findings and the results of this study show that
there is the necessity of obtaining normal differentiated values
regarding the gender.

The sway difference between women and men can be
explained by the reduction of somatosensorial responses, as-
sociated with the lowering of the degree of muscular power.
This is more significant in women, since they have more loss
in the lean body mass and in the muscle strength than men at
the same age®”.

Furthermore, the relation between the sensorial information
and motor action is another fact that can influence on the less
stable behavior with advancing age®>3?,

The value of ellipse area, for the sensorial stimuli test on
firm surface with optokinetic bars to bottom, showed difference
related to genders. References in the literature about ellipse
area in young adult patients to the posturography of BRU™
were not found.

Our results indicated that the posturography with virtual
reality stimuli is a method that provides relevant information
about the body balance of young healthy adults. The findings
regarding the LOS area values, the ellipse area and the sway
speed in the posturography can be useful not only for diagnoses
to characterize the body balance disorder but also to follow the
disease progression under treatment.

CONCLUSION

The findings of posturography with virtual reality stimuli
in young, healthy adults show that the parameters center of
pressure , limit of stability and sway speed present differences
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between genders, therefore must be singly considered.

REFERENCES

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Gananga MM, Caovilla HH, Gananca FF, Dond F, Branco F, Paulino CA,

et al. Como diagnosticar e tratar vertigem. Rev Bras Med. 2008;65(1):6-
14.

. Sataloff RT, Hawkshaw MJ, Mandel H, Zwislewski AB, Armour J,

Mandel S. Abnormal computerized dynamic posturography findings
in dizzy patients with normal ENG results. Ear Nose Throat J.
2005;84(4):212-4.

. Terekhov Y. Stabilometry and some aspects of its applications--a review.

Biomed Eng. 1976;11(1):12-5.

. Evans MK, Krebs DE. Posturography does not test vestibulospinal

function. Otolaryngol Head Neck Surg. 1999;120(2):164-73.

. Longridge NS, Mallinson AL “Across the board” posturography

abnormalities in vestibular injury. Otol Neurotol. 2005;26(4):695-8.

. Soto A, Labella T, Santos S, Rio MD, Lirola A, Cabanas E, et al. The

usefulness of computerized dynamic posturography for the study of
equilibrium in patients with Meniere’s disease: correlation with clinical
and audiologic data. Hear Res. 2004;196(1-2):26-32.

. Teszler CB, Ben-David J, Podoshin L, Sabo E. Sonovestibular

symptoms evaluated by computed dynamic posturography. Int Tinnitus
J. 2000;6(2):140-53.

. Gianoli G, McWilliams S, Soileau J, Belafsky P. Posturographic

performance in patients with the potential for secondary gain.
Otolaryngol Head Neck Surg. 2000;122(1):11-8.

. Lipp M, Longridge NS. Computerised dynamic posturography: its place

in the evaluation of patients with dizziness and imbalance. J Otolaryngol.
1994:23(3):177-83.

Medeiros IR, Bittar RS, Pedalini ME, Lorenzi MC, Kiil MA, Formigoni
LG. Avaliacdo do tratamento dos distirbios vestibulares na crianca
através da posturografia dindmica computadorizada: resultados
preliminares. J Pediatr (Rio J). 2003;79(4): 337-42.

. BRU. Unidade de Reabilitacdo do Equilibrio. Manual do usudrio. Versao

1.0.7. Versio do Software: 1.3.5.0. Montevideo: Medicaa; 2006. 132p.
Di Girolamo S, Picciotti P, Sergi B, Di Nardo W, Paludetti G, Ottaviani F.
Vestibulo-ocular reflex modification after virtual environment exposure.
Acta Otolaryngol. 2001;121(2):211-5.

Rosa JL, Perracini MR, Gananca FF. Estabilometria em pacientes com
doenca de Méniere. Acta ORL. 2006;24(4):232-8.

Ojala M, Matikainen E, Juntunen J. Posturography and the dizzy patient:
a neurological study of 133 patients. Acta Neurol Scand. 1989;80(2):118-
22.

Novalo ES, Pedalini ME, Bittar RS, Lorenzi MC, Bottino MA.
Posturografia dinamica computadorizada: avaliacdo quantitativa de
pacientes com vestibulopatia tratados por meio de reabilitagdo vestibular.
Arq Int Otorrinolaringol. 2008;12(2): 253-7.

Ruwer SL. Estudo da posturografia dindmica “Foam-Laser” em
individuos normais com idades entre 14 e 60 anos [dissertacao]. Santa
Maria(RS): Universidade Federal de Santa Maria; 2006.

Girardi M, Konrad HR, Amin M, Hughes LF. Predicting fall risks
in an elderly population: computer dynamic posturography versus
electronystagmography test results. Laryngoscope. 2001;111(9):1528-32.
Fujita T, Nakamura S, Ohue M, Fujii Y, Miyauchi A, Takagi Y, et al.
Effect of age on body sway assessed by computerized posturography. J
Bone Miner Metab. 2005;23(2):152-6.

Bittar RS. Como a posturografia dindmica computadorizada pode nos
ajudar nos casos de tontura? Arq Int Otorrinolaringol. 2007;11(3):330-3.
Kessler N. Da posturografia na esclerose multipla [dissertagdo]. Sao
Paulo(SP): Universidade Federal de Sdao Paulo; 2008.

Cusin FS. Posturografia do Balance Rehabilitation Unit (BRU™) na
doenca de Meniere [dissertagdo]. Sao Paulo(SP): Universidade Federal
de Sao Paulo; 2009.

Freitas Junior PB. Caracteristicas comportamentais do controle postural
de jovens, adultos e idosos [dissertacdo]. Rio Claro(SP): Universidade
Estadual Paulista; 2003.

J Soc Bras Fonoaudiol. 2011;23(3):264-70



270

23. Montero EF, Zanchet DJ. Realidade virtual e a medicina. Acta Cir Bras.
2003;18(5):489-90.

24. Colombo G. Realidade virtual utilizada na reabilitagio do AVC. Rev
Sadde Med [Internet] Abr 2008; [citado 17 Nov 2008]. Disponivel em:
http://www.criativopunk.com.br/2008/04/05/realidade-virtual-utilizada-
na-reabilitacao-do-avc

25. Keshner EA. Virtual reality and physical rehabilitation: a new toy or a
new research and rehabilitation tool? J Neuroeng Rehabil. 2004;1(1):8.

26. Sudrez H, Sudrez A, Lavinsky L. Postural adaptation in elderly patients
with instability and risk of falling after balance training using a virtual-
reality system. Int Tinnitus J. 2006;12(1):41-4.

27. Gazzola JM, Dond F, Gananca MM, Suarez H, Gananga FF, Caovilla HH.
Realidade virtual na avaliagio e reabilitagdo dos distirbios vestibulares.
Acta ORL. 2009;27(1):22-7.

J Soc Bras Fonoaudiol. 2011;23(3):264-70

28.

29.

30.

Ghiringhelli R, Gananga CF

Norré ME, Forrez G. Posture testing (posturography) in the
diagnosis of peripheral vestibular pathology. Arch Otorhinolaryngol.
1986;243(3):186-9.

Tossavainen T, Toppila E, Pyykko I, Forsman PM, Juhola M, Starck
J. Virtual reality in posturography. IEEE Trans Inf Technol Biomed.
2006;10(2):282-92.

Almeida AP, Veras RP, Doimo LA. Avaliacdo do equilibrio estdtico e
dindmico de idosas praticantes de hidrogindstica e gindstica. Rev Bras
Cineantropom Desempenho Hum. 2010;12(1):55-61.



