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KEYWORDS Abstract
Postural balance; Postural balance is a sensory-motor function resulting from a learning process.
Underachievement; Objective: To evaluate the postural control of underachieving students through static posturogra-

phy together with virtual reality stimulation.

Methods: This was a controlled cross-sectional study of a group of 51 underachieving students and
a control group of 60 students with good school performance, with no history of vestibular dis-
orders or neurotological complaints, volunteers from the community, age- and gender-matched.
The students were submitted to Balance Rehabilitation Unit (BRU™) posturography.

Results: A total of 111 students aged 7 to 12 years old were evaluated. At posturography evalua-
tion, there was no significant difference between the limit of stability area (cm?) of the control
group and the experimental group. The comparison between groups demonstrated a statistically
significant difference (p < 0.05) in the values of sway velocity (cm/s) and center of pressure area
(cm?) in the ten sensory conditions evaluated.

Conclusion: Posturography with virtual reality stimulation, allows for the identification of inca-
pacity to maintain postural control, with or without visual deprivation, and the assessment of
visual, somatosensory, and vestibular-visual interaction conflict in underachieving students.

© 2014 Associacéo Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial. Published by Elsevier
Editora Ltda. All rights reserved.
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PALAVRAS-CHAVE Controle postural de escolares com baixo rendimento escolar

Equilibrio postural;
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escolar; 0 equilibrio corporal € uma funcao sensorio-motora, resultado de um processo de aprendizado.

Testes de funcio ijetiyq: a\{aliar o} cor]trole .postura?l de alunos com baixo rendimento escolar por meio de posturogra-

e lEr ﬁalestat1ca integrada a realidade virtual. _
Método: estudo transversal controlado em um grupo de 51 alunos com baixo rendimento escolar; e,
um grupo controle, constituido por 60 alunos com bom rendimento escolar e sem histdrico de afeccoes
vestibulares ou queixas otoneuroldgicas, voluntarios da comunidade, pareados por idade e género. Os
alunos foram submetidos a posturografia do Balance Rehabilitation Unit (BRU™).
Resultados: foram avaliados 111 alunos de 7 a 12 anos de idade. A avaliacdo posturografica, ndo hou-
ve diferenca significante entre os valores da area do limite de estabilidade (cm?) do grupo controle
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e os valores do grupo experimental. A comparacao entre os grupos mostrou diferenca significante
(p < 0,05) nos valores da velocidade de oscilacdo (cm/s) e nos valores da area de deslocamento do
centro de pressao (cm?) nas dez condicdes sensoriais avaliadas.

Conclusdo: A posturografia integrada a realidade virtual possibilita a identificacao de achados de ina-
bilidade para manter o controle postural, com e sem privacao da visao, sob conflito visual, somatos-
sensorial e de interacéo vestibulo-visual, em alunos com baixo rendimento escolar.

© 2014 Associacao Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial. Publicado por Elsevier
Editora Ltda. Todos os direitos reservados.

Introduction

Postural balance is a sensory-motor function that depends
on information from the vestibular, visual, and somatosen-
sory systems. The central nervous system integrates these
signals, generating eye movements coordinated with head
movements to maintain a clear image; performs adjust-
ments on the position and movements of the head and body
in relation to gravity, to the support surface and to the en-
vironment in order to maintain upright posture; and helps
in static and dynamic spatial orientation, improving motor
performance and locomotion.’

In children, at approximately the age of 7 years, the
postural control system ceases to be strictly dependent on
vision and becomes part of the information originating from
the vestibular and somatosensory system, assuming a simi-
lar strategy to that of adults.2

Motor activity is very important for the overall develop-
ment of the child, since self-awareness and the perception
of body, space, and time result from exploring the surroun-
ding world, which represent the basic components for lear-
ning and development of school-related activities.3

Dizziness, identified in 15.0% of school-age children,*
and other types of dizziness, imbalance, falls, neurovegeta-
tive manifestations, visual distortion, headache, excessive
tiredness, restlessness, sleep disturbance, sleep disorders,
motion sickness, sometimes associated with hearing loss,
tinnitus, and feeling of pressure in the ear can affect chil-
dren and adolescents®® and interfere with psychological
behavior and school performance.’-?

Vestibular disorders may impair motor development in
school-age children, preventing appropriate contact with
the environment and the acquisition and development of
language, affecting learning and communication skills, and
hindering the ability to speak, read, write, spell, and per-
form mathematical calculations.?-12

Children with vestibular dysfunction may have difficulty
performing physical exercises, have distorted perceptions of
body size and surrounding objects, fail to realize the extent
of their limbs, and may be inattentive. The learning disor-
der can occur due to the incapacity to perform coordinated
movements and inaccurate conception of spatial position.'3

The maintenance of postural stability in children with
vestibular disorders may be more difficult while reading, a
complex task that requires several processes, such as per-
ception, eye movement, and linguistic and semantic skills. '

The diagnosis of vestibular disorders in childhood is a
challenging task, as children cannot describe their symp-
toms accurately.10,15-17

With suspicion of a vestibular impairment, the child
should be submitted to an otoneurological assessment to
confirm alterations and to determine the impaired side and
the intensity of the problem; these data can help in thera-
peutic decision-making. '8

Electronystagmography (ENG), vectoelectronystagmo-
graphy (VENG), or videonystagmography (VNG) analyze
the vestibular system and the neural structures involved in
maintaining body balance through different vestibular and
oculomotor tests.'8-19 Relevant vestibular alterations have
been observed in children with learning difficulty com-
plaints.6:20-22

Computerized posturography complements the otoneu-
rological diagnostic assessment, allowing for the identifi-
cation of abnormal signals in patients with complaints of
balance disorders. It can be performed on static (stabilo-
metry or statiokinesiometry) and dynamic force platforms
(dynamic posturography); its value in the study of vestibu-
lar-spinal reflex (VSR) is similar to the use of electronystag-
mography to study the vestibular-ocular reflex (VOR).23:24

Computerized posturography includes vestibular, visual,
and somatosensory information in order to: detect changes
in postural balance in individuals of all ages;!” improve the
diagnostic rate of patients with complex balance disorders,
identify systems involved earlier with greater sensitivity
and specificity, and document and monitor the treatment of
balance disorders.2>

Posturography can add important quantitative data on
the position of the center of pressure relative to the base
of support in different sensory conditions for the vestibular
assessment of children and adolescents with dizziness.17:26

Posturography with virtual reality is a new method; it
provides visual stimuli that trigger oculomotor pursuit, sac-
cadic, optokinetic, and vestibular-visual interaction res-
ponses.27-31 Virtual reality allows for an immersion into an
illusory world, where the perception of the environment
is modified by an artificial sensory stimulus that can cause
ocular-vestibular conflict and modify the VOR gain.32 Postu-
rography integrated with virtual reality may be useful in dif-
ferential diagnosis and therapeutic interventions in patients
complaining of dizziness.3? The posturography module of
the Balance Rehabilitation Unit (BRU™) projects stimuli in
virtual reality goggles and provides information on the posi-
tion of the patient’s center of pressure in ten sensory condi-
tions, through quantitative indicators, the limit of stability
area, the center of pressure area, and body sway velocity.34

The interest in assessing the parameters of static postu-
rography with virtual reality stimuli in underachieving stu-
dents arose from the fact that a literature search retrieved
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no pertinent articles on this subject, and the possibility that
any abnormal findings might have diagnostic and therapeu-
tic implications.

This study aimed to evaluate the postural control of un-
derachieving students through static posturography integra-
ted with virtual reality.

Method

This contemporary cross-sectional cohort study was per-
formed after approval by the institution’s research ethics
committee, under protocol number 1635/09. All students
and guardians received information about the content of
the research through an explanatory letter and signed an
informed consent before the investigation was started.

The experimental group consisted of male and female
underachieving students from public and private elemen-
tary schools, aged between 7 and 12 years, attended to at
the Outpatient Clinic of Language of the Department of Hu-
man Communication Disorders; the control group consisted
of volunteer students from the community, from public and
private elementary schools, with good school performance
and no history of vestibular disorders or neurotological com-
plaints, who were age- and gender-matched.

The criterion for inclusion of students in the experimen-
tal group was underachievement without abnormalities on
tonal and vocal audiometry. Underachievement was consi-
dered when the student had insufficient grades in different
subjects of the school curriculum, lower than the expec-
ted for age, schooling, and cognitive skills, according to
parents’, teachers’, or school coordinators’ reports. The
criterion for inclusion of students in the control group was
good academic performance, absence of symptoms related
to body balance and/or hearing, and no abnormalities on to-
nal and vocal audiometry. Good academic performance was
considered when the student earned good grades in school
subjects, presenting the expected school performance for
age, cognitive skills, and schooling, according to parents’,
teachers’, or school coordinators’ reports.

In both groups, the exclusion criteria were students
unable to understand and answer simple verbal commands;
those unable to stand independently in the upright posi-
tion; those with severe visual impairment or not corrected
by the use of lenses; orthopedic disorders that resulted in
limited movement or prostheses in the lower limbs; those
with psychiatric disorders, using drugs acting on the cen-
tral nervous system or the vestibular system; those under-
going rehabilitation of postural balance in the last six mon-
ths; and those with headache complaints.

Students underwent a neurotological assessment consis-
ting of anamnesis, which investigated the occurrence of diz-
ziness and other neurotological symptoms; visual inspection
of the external auditory meatus; tonal and vocal audiome-
try (Maico audiometer, Model MA41); functional assessment
of the vestibular system; and BRU™ posturography.

To undergo the vestibular system functional test, all
students were instructed to abstain from coffee, tea, and
chocolate; to avoid using any non-essential medication that
could interfere with results for 72 hours before the exa-
mination; and to abstain from eating or drinking for three
hours before the test. The equipment used was a VECWIN

for VENG and a Neurograff Eletromedicina Ind. e Com. - EPT
- Brazil air otocalorimeter (24° and 50°C). The VENG inclu-
ded eye movement calibration; spontaneous and semi-spon-
taneous, positional and positioning nystagmus test; sacca-
dic movements; pendular tracking; optokinetic nystagmus;
pendular rotary chair; and caloric test.18:19,35,36

BRU™ posturography included a computer with assess-
ment program, a metallic safety structure, a protective pad
with handles and seatbelt, a force platform, virtual reali-
ty goggles with light protection, an accelerometer, and a
foam pad. The balance platform converted the pressure
applied on the surface into electrical signals to determine
the position of the center of pressure through quantitative
indicators: the area of the limits of stability and center of
pressure area, and sway velocity in ten sensory conditions.
The center of pressure area 95% confidence interval was
defined as the area of distribution of 95% of the samples
from the center of pressure. The mean sway velocity was
determined by the total distance divided by the 60 seconds
of test duration.

To determine the limit of stability, students were instruc-
ted to perform maximum body displacements in the ante-
roposterior and latero-lateral directions through the ankle
strategy, without moving the feet and without using trunk
and/or hip strategies. Instructions were given to the students
to move slowly, as much as possible without losing balance, in
the following sequence: a) forward; b) return to starting po-
sition; c) to the right; d) return to starting position; e) to the
left; f) return to starting position; g) backward; and h) return
to starting position. The students were asked to perform this
sequence of movements twice, without necessarily using the
60 seconds reserved for this procedure. The procedure was
repeated when the foot was moved or when trunk and/or hip
movements were used.27-31,34

To determine the center of pressure area and body sway
velocity, students were instructed to remain in standing po-
sition without moving the upper limbs, ankles, and/or feet,
with arms extended along the body for 60 seconds in each
of the ten sensory conditions: 1) on solid surface, with eyes
open; 2) on solid surface, with eyes closed; 3) on foam sur-
face, with eyes closed; 4) on solid surface, with saccadic
stimulation; 5) on solid surface, with optokinetic stimula-
tion, in the horizontal direction (left to right); 6) on solid
surface, with optokinetic stimulation, in the horizontal di-
rection (right to left); 7) on solid surface, with optokinetic
stimulation, in the vertical direction (top to bottom); 8) on
solid surface, with optokinetic stimulation, in the vertical
direction (bottom-up); 9) on solid surface, with optokine-
tic stimulation, in the horizontal direction, associated with
slow and uniform head rotation movements; 10) on solid sur-
face, with optokinetic stimulation, in the vertical direction
associated with slow and uniform flexion-extension head
movements.2? Resting intervals were provided according to
students’ necessity; safety was ensured by the presence of
the examiner next to the student throughout the evaluation
in order to avoid risks, such as possible fall.

A descriptive statistical analysis was performed for
sample characterization. The chi-squared test was used to
analyze the homogeneity of gender proportions between the
control and experimental groups. Levene’s test was used to
analyze the equality of variances regarding age. Student’s
t-test was used to compare the experimental and control
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groups regarding age. The Mann-Whitney test was used to
compare the control and experimental groups on the limits
of stability, sway velocity, and the center of pressure area
in the ten conditions of static posturography of the BRU™,
as the assumption of normal distribution was rejected the
Shapiro-Wilk’s test. Data were shown as mean + standard
deviations, medians, and minimum and maximum values.
The level of significance was set at p < 0.05. The Predictive
Analytics Software (PASW, release 18.0) was used for calcu-
lations.

Results

A total of 111 students were assessed. The control group
consisted of 36 male and 24 female students, mean age of
9.6 + 1.6 years. The experimental group consisted of 36
male and 15 female students, mean age of 9.3 + 1.5. There

was no significant difference between groups regarding gen-
der (p = 0.335) and age (p = 0.056).

Dizziness or other neurotological symptoms were not re-
ported by the students in either group.

The posturography assessment showed no significant di-
fference (p = 0.894) between the values of the limits of
stability (cm?) in the control group (mean + SD = 195.7
66.9; median = 182.5; minimum-maximum value = 72.0 to
399.0) and the values in the experimental group (mean =
SD = 194.5 + 75.2; median = 196.0; minimum-maximum
value = 65.0 to 389.0).

Table 1 presents the mean, standard deviation, and
p-value of the sway velocity (cm/s) and the center of pres-
sure area (cm?) in the ten conditions of static BRU™ postu-
rography according to the group. The mean values of sway
velocity and the center of pressure area in the experimen-
tal group were significantly higher than those in the control
group in the ten sensory conditions evaluated.

Table 1 Mean, standard deviation, and p-values of sway velocity (cm/s) and center of pressure area (cm?) in the experimental group
of underachieving students and control group (students with good academic performance) in the ten conditions of static Balance

Rehabilitation Unit (BRU™).

Sensory conditions in BRU™ Groups

Sway velocity (cm/s)

Center of pressure area (cm?)

Mean SD p-value  Mean SD p-value

Experimental 1.8 0.6 <0.0012 9.9 7.2 < 0.0014
1. SS/OE/ no stimulus

Control 1.3 0.4 4.2 2.2

Experimental 2.0 0.5 <0.0012 11.0 7.9 < 0.0012
2. SS/CE

Control 1.6 0.5 5.1 4.0

Experimental 4.0 1.3 <0.0012 23.6 11.0 < 0.0012
3. Foam/CE

Control 3.2 1.1 15.6 8.0

Experimental 2.0 0.5 0.0242 6.1 4.5 0.0012
4. SS/Saccadic

Control 1.8 0.6 3.6 2.0

Experimental 2.1 0.6 <0.0012 7.9 6.5 < 0.0012
5. SS/Bars/Optokinetic to the right

Control 1.6 0.6 4.4 2.7

Experimental 2.3 0.7 <0.0012 10.4 6.7 < 0.0012
6. SF/Bars/Optokinetic to the left

Control 1.8 0.6 4.9 2.9

Experimental 2.5 0.9 <0.0012 12.0 11.7 < 0.0012
7. SS/Bars/Optokinetic downward

Control 1.9 0.6 5.2 2.9

Experimental 2.7 0.9 <0.0012 14.2 10.6 < 0.0012
8. SS /Bars/Optokinetic upward

Control 1.9 0.6 6.9 5.1
9. SF/visual-vestibular/horizontal Experimental 3.1 0.8 <0.0018 16.7 12.5 < 0.0012
interaction Control 2.3 0.7 8.5 4.6
10. SS/visual-vestibular/vertical Experimental 3.8 1.3 <0.0012 17.9 11.9 < 0.0012
interaction Control 2.8 1.0 10.0 5.2

BRU, Balance Rehabilitation Unit; SS, solid surface; OE, open eyes; CE, closed eyes.

Mann-Whitney test: p < 0.05.
3 significant values.
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Discussion

Static posturography, combined with BRU™ virtual reality,
was used in this study to evaluate the postural control of a
group of underachieving students compared with a group of
students with good academic performance and no otoneu-
rological complaints. The groups were homogeneous regar-
ding gender and age. Students from both groups reported
no dizziness or other neurotological symptoms. All students
underwent the procedure properly and without difficulty.

In the present series, static posturography demonstra-
ted that the values of the limits of stability in the expe-
rimental group area were similar to those in the control
group. Therefore, the group of underachieving students had
the capacity to adequately control the maximum center of
pressure sway on the platform. We could not find any refe-
rences in the literature that discussed the limits of stability
for underachieving students on static posturography combi-
ned with BRU™.

The increased values of the center of pressure area and
sway velocity in asymptomatic underachieving students sug-
gest incapacity to maintain postural control with or without
deprivation of sight and in visual, somatosensory, and vi-
sual-vestibular interaction conflict. Signs of vestibular dys-
function without neurotological symptoms also have been
observed in some children with language disorders or'5:37
underachievement. !

Underachievement suggests involvement of the vestibu-
lar system, which must necessarily be excluded. Many chil-
dren with vestibular dysfunction do not have any symptoms
related to body balance, which could be explained by con-
comitant autocompensation in slowly progressive lesions,
and would justify the absence of vestibular symptoms, fre-
quently observed in chronic vestibular disorders or difficul-
ty to understand a description, express what they feel, or
remember what they felt in the past.6-7:15,37

The values of the center of pressure area and sway ve-
locity for the static BRU™ posturography in the group with
underachievement were higher than those of the control
group in all ten assessed sensory situations. Therefore, the
static BRU™ posturography was able to capture the incapa-
city to maintain postural control in students without symp-
toms of change in body balance. We were unable to find any
literature references on changes in values of the center of
pressure area and sway velocity for underachieving students
in static BRU™ posturography.

The present findings for underachieving students in sta-
tic BRU™ posturography do not allow for adequate quanti-
tative comparisons with the results of other types of postu-
rography, since the methods and evaluated parameters are
different.

The literature search demonstrated that there is little
information on the use of posturography in children, and no
studies on underachieving students were retrieved.

However, some authors have studied the postural balan-
ce of normal children using other types of posturography
with the addition of dual-task conditions,3839 vibration of
the ankle tendons as additional somatosensory stimula-
tion,* or an oscillator attached to a platform on the grou-
nd.4!

In studies of dyslexic children compared with non-dys-
lexic, static posturography with the Techno Concept® de-

monstrated greater postural instability and increased cen-
ter of pressure area, with or without visual, cognitive, or
proprioceptive activities. 1442-43

The present findings demonstrate that posturography in-
tegrated to virtual reality provides relevant data on postu-
ral control in underachieving students. The characterization
of body balance disorder in these students has diagnostic,
therapeutic, and even preventive implications.

Further studies should be conducted in this area in order
to better understand the association between postural con-
trol and underachievement.

Conclusion

Posturography, together with virtual reality, allows for the
identification of signs of incapacity to maintain postural
control, with or without visual deprivation, in visual, soma-
tosensory, and vestibular-visual interaction conflict in unde-
rachieving students.
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