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Abstract – The aim of the present study was to analyze the development of postural bal-
ance in 4- to 10-year-old Brazilian children, compared to a group of young adults under 
normal and deprived visual conditions. Body sway was assessed through average velocity 
and sway range at the center of pressure (CoP) in the anteroposterior and medio-lateral 
directions, obtained on a force platform (AMTI, Inc.). Sample was composed of 153 
children (of seven different age groups) and 47 adults. Inter-group comparisons were 
performed using one-way ANOVA and Tukey’s post-hoc test at 5% significance level. 
The results showed that starting at 9 and 10 years of age, CoP velocity and displacement 
values for children were similar to values for adults under restricted visual conditions; 
however, there were differences between children and adults. The findings suggest that 
visual stimulation plays a prominent role in the balance of individuals up to 10 years of 
age, with significant evidence that postural balance is not fully developed up to that age. 
Key words: Child; Development; Growth; Maturation; Postural balance.

Resumo – O objetivo do presente trabalho foi analisar o desenvolvimento do equilíbrio postural 
de crianças brasileiras de 4 a 10 anos de idade, comparar com um grupo de adultos-jovens, com o 
uso da visão normal e na ausência da visão. A oscilação corporal foi avaliada por meio da velo-
cidade media e amplitude de oscilação do centro de pressão (CoP) nas direções ântero-posterior e 
médio-lateral, obtidas por meio de uma plataforma de força (AMTI, Inc.). O grupo de estudo foi 
composto por 153 crianças (de sete diferentes grupos etários) e 47 adultos-jovens. As comparações 
inter-grupos foram feitas com o uso dos testes ANOVA one-way e o post-hoc de Tukey com um 
nível de significância  de 5%. Os resultados mostraram que por volta de 9 e 10 anos de idade 
os valores da velocidade e da amplitude de deslocamento do CoP passam a ser similares entre 
crianças e adultos-jovens; no entanto, com a restrição do uso da visão, houve diferenças entre 
crianças e adultos-jovens. Os achados sugerem que o estimulo visual tem um papel importante 
no equilíbrio postural de indivíduos até os seus 10 anos de idade, com significativas evidencias 
que o controle postural não está totalmente desenvolvido até essa faixa etária. 
Palavras-chave: Crescimento; Crianças; Desenvolvimento; Equilíbrio postural; Maturação. 
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INTRODUCTION

In order to maintain postural balance, human beings rely on three main 
sources of information, namely: visual, proprioceptive and vestibular1,2. 
Information is sent by afferent pathways to the central nervous system, 
where it is processed and generates the appropriate motor response to 
correct any possible disruption or imbalance3,4.

In children, the maturation process does not take place evenly in all 
body systems; some develop first than others. There is evidence that the 
development of the three sensory systems occurs sequentially, with matu-
ration of proprioceptive system occurring before the visual system. The 
last to develop is the vestibular system2,3,7. An aspect that has not been 
fully elucidated in literature is the age at which children achieve adult-like 
balance. Studies have found that decreased body sway of children may 
occur at different ages. Some studies have reported maturation of the 
proprioceptive system at around 3-4 years of age as a visual influence on 
standing stability is established at adult levels only by the age of 9 to 15 
years 5-8. Most of these studies used stabilometry as an assessment method 
to quantify postural balance2,7,9,10. However, there is still limited data on 
the organization of visual, proprioceptive and vestibular systems regarding 
posture control in children.

 In this context, the present study aimed to compare the development 
of postural balance in Brazilian children aged 4-10 years with a group of 
young adults under regular and deprived visual conditions. Investigations 
of posture mechanisms during childhood are necessary to identify postural 
control development disturbances. This study will try to clarify this issue 
using appropriate techniques to evaluate center of pressure displacement 
in a large number of subjects divided into groups. The hypothesis is that 
significant changes occur in the postural control with advancing chrono-
logical age, mainly due to the use of the visual system.

METHODOLOGICAL PROCEDURES

Study group
The study group included 153 4- to 10-year-old children and 47 adults, 
divided into groups totaling 200 individuals, as shown in Table 1.  

Children were students at a private school located in Brasília, Brazil. 
All participants received permission to participate in the study from their 
parents or guardians, who signed an Informed Consent Form, according to 
the terms of National Health Council Resolution 466/2012. The research 
study had been previously approved by the Ethics Committee on Human 
Research of the University of Brasília.

The inclusion criteria – for adults and children – were absence of mus-
culoskeletal disorders, diabetes, hypertension, complaints of dizziness or 
vertigo and any kind of mental deficit that could alter postural balance. 
These data were checked in interviews with participants, teachers and/or 
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parents or guardians. Exclusion criteria included lack of signature on the 
Informed Consent Form, overweight or obesity, intake of any drug that 
might influence postural balance, identification of any musculoskeletal 
injury, or reports by teachers or parents of any delay in the child’s develop-
ment of coordination.

Overweight and obesity in adults were measured through body mass 
index (BMI). The criterion adopted for children was BMI proposed by 
Cole et al.11.  

For children allowed to participate in the study, days and times were 
scheduled for data collection, which was performed at school during school 
hours. These students practiced physical activities, motricity classes and 
regular physical education classes in their school environment.

Adults who took part in the research were Physical Education students 
at the University of Brasília. Physical activities performed by the group of 
adults combined with their commutes and other sports they practiced met 
the traditional recommendation of at least 150 minutes weekly (30 minutes, 
five days a week) of light-to-moderate physical activity12.  

Techniques
An AccuSway Plus portable force platform from AMTI (Advanced Me-
chanical Technology, Inc., Watertown, MA, USA) was used to quantify 
center of pressure displacement. Data were collected from children at school 
and from adults at the UnB Laboratory of Biomechanics. Environmental 
conditions were similar, taking place in a quiet room without outside in-
terference (noise). The force platform was placed horizontally. Data were 
visualized through the frequency spectrum, showing a high-quality signal 
with little noise interference. 

Each individual was tested three times for each condition – three 
trials with eyes open and three trials with eyes covered with a blindfold, 
both in the bipedal stance. All tests occurred randomly among the tested 
conditions. All samples were obtained at 100 Hz frequency and 30 seconds 
of time acquisition. The interval between collections was one minute. In-
dividuals were asked to fix their gaze on a point two meters away, marked 
on a wall at eye level. Arms should remain along the body, motionless, as 
should the rest of the body.  

The distance between the right and left trochanters of each individual 
was measured using a caliper. That value was regarded as the support base 
(hip width), on which individuals should remain throughout data collec-
tion. The position was marked on the force platform with masking tape 
to avoid its displacement during all collection attempts. 

To eliminate possible interfering noises in the signal, a low-pass fourth-
order Butterworth filter with 10 Hz cutoff frequency was developed in the 
Matlab (MathWorks Inc., Cambridge, MA, USA) environment. 

After calculating the center of pressure at each time, the following 
variables were calculated: medio-lateral sway range (aCOPml), anteropos-
terior sway range (aCOPap) and mean displacement velocity of the center 
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of pressure (Vm). These variables are widely used in literature1,2,7,9,13 and 
were used in this study for comparison with other studies.

Data were first submitted to descriptive statistics. Normality was 
checked by the Shapiro-Wilk test, and the equality of variances was as-
sessed using Levene’s test. Group averages were compared by one-way 
ANOVA. Possible differences were verified by Tukey’s post-hoc test. A 5% 
significance level was adopted.

RESULTS

As expected, older students showed higher mass and height (Table 1). 
Postural balance control also increased according to chronological age, 
under both open- and closed-eyes conditions (Figures 1, 2 and 3). 

Table 1. Study group features. Mean (X) and standard deviation (S) values for age (years), 
individuals (number of individuals), mass (kilograms) and height (meters) of children and adults 
included in the study.

GROUPS Age (years) Individuals (n) Mass (kg) Height (m)
X S Male Female X S X S

4 years (n= 20) 4.37 0.27 14 6 18.68 3.39 1.09 0.06
5 years (n=29) 5.43 0.31 19 10 20.86 3.37 1.13 0.05
6 years (n=26) 6.32 0.29 13 13 22.85 3.07 1.18 0.05
7 years (n= 22) 7.47 0.24 11 11 24.31 4.34 1.24 0.05
8 years (n= 22) 8.42 0.29 12 10 29.63 6.85 1.31 0.05
9 years  (n= 20) 9.38 0.29 10 10 34.43 8.78 1.38 0.06
10 years (n=14) 10.38 0.25 6 8 35.99 6.28 1.44 0.06
Adults (n=47) 22.36 3.64 24 23 64.46 13.08 1.70 0.08

Figure 1 shows postural balance results for variable aCOPap in each age 
group, for both sexes, under open-eyes (EO) or closed-eyes (EC) conditions.   

Figure 1. Mean and standard deviation values for the aCOPap variable in 4- to 10-year-old children and adults, in open-eyes (EO) or 
closed-eyes (EC) condition. One-Way ANOVA showed significant differences between groups (p<0.001). The different abcde superscript 
letters (open-eyes condition) and ABC superscript letters (closed-eyes condition) are significantly different between groups, and identical 

In younger children (4 to 7 years), it is possible to observe that EO 
and EC showed no statistically significant difference in postural balance 
control for the anteroposterior direction (Figure 1). 

Figure 2 shows postural balance results for variable aCOPml in each age 
group, for both genders, under open-eyes (EO) or closed-eyes (EC) conditions. 
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Figure 2. Mean (X) and standard deviation (S) values for variable aCOPml in 4- to 10-year-old children and adults in open-eyes (EO) or 
closed-eyes (EC) condition. One-Way ANOVA showed significant differences between groups (p<0.001). The different abcde superscript 
letters (open-eyes condition) and ABC superscript letters (closed-eyes condition) are significantly different between groups, and identical 
letters showed no difference according to the Tukey’s test (p<0.05).

Unlike the anteroposterior direction, EO in the medio-lateral direction 
showed visible differences in postural balance for every two-year age 
difference. However, when visual information is removed (EC), there is 
no longer any statistical difference among younger children (Figure 2).  

Figure 3 presents postural balance results for variable Vm in each age 
group, for both genders, under open-eyes (EO) or closed-eyes (EC) conditions.

Figure 3. Mean (X) and standard deviation (S) values for variable Vm in 4- to 10-year-old children and adults in open-eyes (EO) or 
closed-eyes (EC) condition. One-Way ANOVA showed significant differences between groups (p<0.001). The different abcde superscript 
letters (open-eyes condition) and ABC superscript letters (closed-eyes condition) are significantly different between groups, and identical 
letters showed no difference according to the Tukey’s test (p<0.05).

Variable Vm also improves with postural control with increasing age. However, 
once again, there is increased difficulty in controlling balance in the closed-eyes 
condition (EC), with more similar results among younger groups (Figure 3).   

Analyzing the results for children in all three postural balance variables 
used in the present study (aCOPap, aCOPml and Vm), it could be concluded 
that children around 9 or 10 years of age show no statistically significant 
differences in the EO condition when compared to adults (Figures 1, 2 and 3).

For the EC condition, however, only variable Vm for children aged 
9 years showed no statistically significant difference compared to adults. 
The other variables (aCOPap and aCOPml) for all age groups showed 
statistically significant differences compared to adults (Figures 1, 2 and 3). 

DISCUSSION

With regard to the development of postural balance behavior with 
increasing chronological age, the results reported in the present study 
were corroborated by another study3. The authors performed a study with 
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195 children divided in four age groups (6-8, 8-10, 10-12 and 12-14), and 
as in the present study, children were compared to young adults. Under 
conditions similar to those used in the present study, it was observed that, 
in general, there are differences between children aged 6, 7 and 8 year and 
older children or young adults3. The differences expressed in that study, 
like those shown in the present study, are maximized in the absence of 
visual information. The authors attributed that phenomenon to immature 
postural balance control, resulting in loss of stability in situations of 
sensorial conflict, which is only fully developed around 12 years of age3. 

The findings of the present work regarding the age of children to 
achieve adult-like sway standards are dissimilar to those obtained by Hsu 
et al.2, who analyzed the postural balance control of 3- to 12-year-old chil-
dren and adolescents on a force platform using variables mean sway velocity 
and CoP sway area. Hsu et al.2 found that postural balance in 7-year-old 
children showed no statistically significant difference compared to values 
obtained for adults for mean velocity of CoP, either in the open-eyes or 
closed-eyes conditions. For sway area, however, children ceased differing 
from adults at an even younger age: 6.

The results of Hsu et al.2 are corroborated by Assaiante14, who reported 
that upright postural balance occurs up to 6 years of age, when the child 
reaches effective and integrated coordination of upper and lower limbs. Dur-
ing this period, there is also an increase in the muscular activity of the gas-
trocnemial muscle, which helps correct body sway14. Assaiante14 also reported 
that around the age of 7 years, children achieve the standards of balance 
control used by adults, and that the predominant use of the afferent visual 
pathway is not restricted to infants but continues up to the age of six years.   

In this context, a study was conducted with 148 children to investi-
gate postural control mechanisms, their variations and development in 
the absence of visual information in three groups of children (7, 9 and 
11 years)7. Groups were assessed using a force platform under two condi-
tions: open eyes and closed eyes with 60 seconds of acquisition for each 
experiment. The results of the present study confirmed the hypothesis of 
a discontinuous development of postural control during growth, with a 
clear transition around 9 to 11 years of age, when children begin to show 
efficient control standards, even in the closed-eyes condition. These results 
were not observed in the groups of children aged 7 and 9 years under CoP 
displacement analysis. Nevertheless, it was observed that at the age of 9 
years, there is a more mature afferent proprioceptive selection to help main-
tain postural balance, resulting in more high-frequency contributions for 
postural stability maintenance7. Data from that study suggest that children 
under 9 years of age need greater input of visual information to control 
posture compared to older children, which is manifested as greater CoP 
sway under closed-eyes conditions7. Evidence has shown that the critical 
point in the development of visual control balance is around 10 years of age. 

However, even if considering that the children assessed in the present 
study reached adult values at an older age compared to the study by Hsu 
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et al.2, if we compare the scores obtained for variable mean CoP velocity 
in both studies for the open-eyes condition, some interesting points can 
be observed. In the study by Hsu et al.2, children aged 4, 5 and 6 years 
reached 2.13 ± 0.09, 1.83 ± 0.08 and 1.82 ± 0.09 cm/s of mean CoP ve-
locity, respectively. These values are somewhat higher than the results of 
this study, which means that there was greater body sway velocity, but the 
difference in values between for studies with children aged 5 and 6 years 
are, respectively, 0.04 and 0.1 cm/s, which can be regarded as similar. 
Values for adults   in the study by Hsu et al.2 for variable Vm in the open-
eyes condition were 1.27 ± 0.08 cm/s, while values for adults in this study 
were 0.83 ± 0.25 cm/s. These differences may be related to the different 
ages of adults in both works; in the present study, they aged 22.36 ± 3.64 
years, while in Hsu et al.2 the average age was 32 ± 10 years – a difference 
of almost 10 years. The lower body sway values obtained from adults in 
this study compared to Hsu et al.2 are probably due to changes in lifestyle 
that may occur in a 10-year life span. Generally, younger adults have a 
more active life compared to older adults, and it is known that physical 
activity is a very positive factor in individual body balance15. Therefore, it 
was evident that differences in body balance persisted beyond the age of 
6 years compared to adults who participated in this study. With regard to 
older adults, no differences were found in literature 2.  

A study by Ionescu et al.16 reported that 12-year-old adolescents do 
not show the same level of stance balance control as young adults (20.1 
± 0.2 years old). The study was conducted with an instrument known as 
computerized dynamic posturography (Balance Quest), which measures 
body balance using CoP displacement variables under six different condi-
tions that can manipulate afferent sensorial information. The equipment 
also calculates the usage rate of every afferent pathway in maintaining 
balance (visual, vestibular and proprioceptive). The authors reported that 
12-year-old adolescents scored lower than young adults in stability, show-
ing higher dependency on visual aids, and concluded with the statement 
that the maturation process occurs throughout childhood until the age of 
12 years. Of the three sensorial pathways used by children, the vestibular 
system seems to be the least effective for postural control purposes16. 

These findings are consistent with the results of Cherng et al.17, who 
compared young adults aged 19-23 years with children aged 7-10 years 
using a balance assessment tool called Equitest. According to the authors, 
the functional efficiency of the vestibular system is still developing in 
10-year-old children17.

In the study by Tsai et al.,18 children with delayed coordination de-
velopment showed statistically significant body sways, greater than in 
children considered normal, for almost all conditions mentioned by the 
authors. One of the conclusions presented by the above authors was the 
importance of choosing the subjects for stabilometric studies in order to 
prevent the inclusion of children with such deficits18, a condition observed 
in the present study.
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In a study comparing balance kinetic data on 8- to 11-year-old children 
and adolescents, practicing physical activity or not, the authors found no 
difference according to physical activity practice, but the values compared 
to the children of the present research, under the same test conditions, 
were different19. For the values of variable aCOPap  , both physical activity 
practitioners and non-practitioners had greater values compared to adults 
and children in this study for the open-eyes condition. However, in the 
closed-eyes condition, sway values were the lowest in all groups of children 
who participated in the present study, and higher than values obtained 
for adults. The results obtained by Oliveira et al.19 for variable aCOPml in 
both physical activity practitioners and non-practitioners in the open-eyes 
condition showed higher results only compared to children aged 10 year 
and adults in the present study. In the closed-eyes condition, sways values 
were lower compared to all groups of children, and higher only when 
compared to adults in this study 19.

Thus, it could be concluded that visual dependency by older children 
in the present study is higher than in the study by Oliveira et al.19; and as 
previously mentioned, sways values were lower in the open-eyes condition 
and higher in the closed-eyes condition. These findings also show that 
when the children of the present study were able to use the three different 
afferent pathways to maintain balance (visual, vestibular and propriocep-
tive), they were quite successful in performing the required task, indicating 
an integration of the stimuli received and the choice for the best option 
when it came to guaranteeing stance balance. According to Horak and 
Macpherson20, integration of information brought by the three sensorial 
pathways is a fundamental step in the postural balance maintenance, as 
the system will connect and link available sensorial information and define 
the share that each part will dedicate to posture balance maintenance. The 
contribution given by a channel is selected according to its importance in 
the global solution employed for the maintenance of posture balance. The 
most useful sensorial channels predominate over the least useful ones3,8,21.

In addition to the choice of the most reliable afferent pathway to 
maintain posture balance, the strategy used to coordinate and control the 
upright stance balance is also quite important. Some authors highlight 
that the age group of 7-8 years is marked by a change in the strategy used 
for balance maintenance and coordination22,23. According to the authors, 
children in this age group start using the head-trunk stabilization strategy, 
like adults do, which may produce worse results than results shown by 
younger children when maintaining upright stance balance on the force, 
because the child is going through the learning process of acquiring new 
strategies22.

In a study by Rival et al.22, the authors analyzed postural balance in 
6-, 8- and 10-year-old children and in a group of adults (24-years-old), 
in the closed-eyes condition on a force platform, comparing variables Vm 
and CoP amplitude in both groups. In agreement with data in the present 
study, the mean CoP velocity showed a linear decrease inverse to age, but 



Rev Bras Cineantropom Desempenho Hum 2016, 18(4):419-428 427

CoP amplitude reached its top value at the age of 8 years, followed by 6 
and 10-year-old children and adults. With the results above, Rival et al.22, 
statistically concluded that up to the age of 10 in the closed-eyes condition, 
children are not able to produce the same results obtained in the group 
of adults. These findings confirm the results of the present study, as they 
were similar to those obtained by River et al.22, using the same variables 
and conditions (closed eyes).

The limitations of this investigation are related to the limited number 
of subjects in each group and/or absence of other groups of children in 
public schools. Another limitation that should be taken into consideration 
is that the data presented in this paper only address static postural control. 
Thus, the findings are limited to relate to dynamic postural control data.

CONCLUSION

It was concluded that postural balance in Brazilian children aged 9-10 
years showed no difference when compared to young adults in the open-
eyes condition. However, in closed-eyes condition, all children differed in 
postural balance from the group of adults, except for children aged 9 years, 
which showed some differences in the mean velocity of variable center of 
pressure. These results reveal that children up to 10 years of age are more 
dependent on visual aids to maintain postural balance than adults.

For younger Brazilian children (4 to ± 7 years old), the results show 
a slow improvement of postural control as result of chronological age ad-
vances, but also larger oscillations when compared to the rest of the groups.

The data reported in the present study may be used as reference for a 
comparison of balance control values for children and groups with different 
features, such as obese or visually impaired people.  
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