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A B S T R A C T   

Background: dynamic balance (DB) is a complex ability at an early age and balance deficits are related to 
numerous disorders. There are several balance measures but wide variation in their use has restricted the ca
pacity to synthesise references values. The main purpose of this study was to analyse the performance of the 
Balance beam test (BBT) in preschool children, according to age and sex providing BBT reference values, and also 
to analyse its reliability and validity. 
Research question: could the BBT be a reliable test for measuring dynamic balance in preschool children? 
Methods: 593 preschool children (3–6 years) participated in this study. The BBT was used to evaluate DB by 
measuring distance reached, time spent, and number of steps. Differences between sex and age groups were 
analysed using the Mann–Whitney U and Kruskal–Wallis tests. Test-retest reliability analysis was performed 
using intraclass correlation coefficients and the Bland–Altman graphic. Convergent validity was investigated 
with the Stork Balance stand test (SBST). 
Results: no significant differences were found for sex in any components of the BBT. Age had positive effects on 
BBT performance in distance (χ2 

= 63.474, p < 0.001), time (χ2 
= 46.441, p < 0.001), and step numbers 

(χ2 = 40.967, p < 0.001). Younger children performed more poorly than older children. No significant in
teractions between age groups and sex were found. The BBT showed adequate validity and reliability. 
Significance: the reference values established for Spanish preschool children in the current study could be used to 
monitor DB development. It is necessary to take into account distance reached, time spent, and the steps taken to 
obtain a more precise measure of DB in this population.   

1. Introduction 

The early years of life are a very rapid stage of development, marked 
by considerable growth and change in a child’s motor repertoire [1]. 
Motor competence during infancy and childhood is influenced by the 
child’s individual growth and morphological, physiological, and 
neuromuscular characteristics [2]. The mastery of fundamental motor 
skills (FMS) contributes to children’s physical, cognitive, and social 
development and is essential for an active lifestyle and athletic 

participation in childhood and adolescence [3]. FMS are divided into 
three constructs: locomotive, object control, and stability skills [4]. In 
particular, balance control is an integral component of functioning, 
which is composed of the posture control (e.g. maintaining a posture) 
and the control of equilibrium (e.g. the control of destabilising forces 
acting on the body); the combination of both ensures the stability of the 
body during the use of several motor skills [5].Balance ability includes 
both static balance (SB) and dynamic balance (DB). The control of SB is 
defined as the ability to maintain the centre of gravity within the limits 
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of the base of support [6], while DB can be defined as the ability to 
maintain stability while anticipating and reacting to changes as the body 
moves through space [7]. DB is essential in the development of loco
motion [8], and in this regard, the initiation of gait involves a transient 
phase while moving from an initial standing posture into gait [9]. 
However, maintaining balance during locomotion is a complex ability 
that combines forward propulsion of the body, lateral stability, and 
holding the body on one leg during the swing phase of the gait [10]. In 
this regard, balance deficits have been well-demonstrated in children 
with several disorders, including autism [11], Down’s syndrome [12], 
and developmental coordination disorders [13]. 

Balance control can be analysed by the Systems framework that 
describes six components required for the maintenance of posture: (1) 
constraints on the biomechanical system, (2) movement strategies, (3) 
sensory strategies, (4) orientation in space, (5) dynamic control, and (6) 
cognitive processing. Each element and type of control can indepen
dently lead to a balance deficiency [14].This framework highlights the 
need for individual assessment of each component [14]. 

The conceptual framework for testing DB in children includes several 
procedure and field-based tests, such as: unilateral DB tests (Y balance 
test) [7], beam walking tasks [15] and the timed up and go [16].These 
types of tests are particularly important for assessing children in more 
traditional and accessible community venues such as schools. Therefore, 
we might assume that the balance beam test (BBT) it is more challenging 
than e.g. the timed up and go, and thus perhaps more sensitive for very 
mild balance problems, or on the other hand sensitive to select children 
with better than average balance performance 

However, despite the fact that there are several balance measures, 
wide variation in their use has restricted the capacity to synthesise data 
on the effects of balance training programmes [14]. In addition, because 
of a lack of good methodological studies, strong evidence for the use of 
one or more functional balance measures in children cannot be provided 
[5]. Therefore, it is necessary that a standard criterion to measure bal
ance is established and that structural validity and responsiveness of the 
existing tests are further evaluated [5]. 

Few studies have examined DB in healthy preschool children using 
field-based assessments [17–19], showing that the DB is influenced by 
age but not by sex or anthropometric variables such as body mass index 
(BMI). To the best of the authors’ knowledge, no information is available 
to date regarding reference values for the BBT in preschool children, and 
the reliability of the performance variables in this test such as the dis
tance travelled, time spent, or the steps taken has not been established. 
Therefore, the main purpose of this study was to analyse the BBT per
formance according to age, sex, and anthropometric characteristics in 
Spanish preschool children, as well as to provide BBT reference values 
for this group. A second objective was to analyse the reliability and 
validity of the BBT. We hypothesised that there are no significant dif
ferences in BBT performance between children of different sexes, how
ever, age may have an influence on BBT performance. 

2. Methods 

2.1. Participants 

A total of 593 children, selected from 12 schools in southern Spain, 
participated in this study (age = 4.31 ± 0.99 years; age range = three to 
six years, BMI = 15.65 ± 2.62 kg/m2; 303 girls and 290 boys). The 
sample was selected from a large region of Andalusia (Spain) containing 
both urban and rural populations. Inclusion criteria for participant se
lection were early childhood school enrolment and the absence of any 
neurodevelopmental or neuromotor disability, such as autism, Down’s 
syndrome, and/or the presence of any pathological disorder associated 
with the visual or vestibular systems. Inclusion and exclusion criteria 
were evaluated based upon a parental questionnaire, and in addition, 
parents voluntarily signed an informed consent form permitting their 
children to participate in this study. The study was completed per the 

norms of the Declaration of Helsinki (2013 version). The study was 
approved by the Ethics Committee at the University of Jaen (Spain). 

2.2. Materials and testing 

Body height (cm) was measured with a stadiometer (Seca 222, 
Hamburg, Germany) and weight (kg) with a standard weight scale (Seca 
899, Hamburg, Germany). 

DB was determined using the BBT. The BBT is a simple test of DB in 
which the subject walks on a 4 cm wide by 12 cm tall 2.5 m-long wooden 
balance beam (Picture 1) [15,16]. The balance beam is held by two 
40 × 30 cm platforms. Because there is a relationship between SB and 
DB in preschool children [20], convergent validity was investigated with 
the stork balance stand test(SBST) [21], both right and left foot data 
were collected, and the average was used for analysis. 

2.3. Procedure 

The following standardised testing procedure was used for the BBT: 
the participant stood without shoes on the starting platform and, when 
signalled, walked forward on the balance beam using a heel-to-toe 
pattern; the subject could keep their eyes open and move their arms 
freely. The trial ended when the participant arrived at the opposite 
platform. If a child fell midway on the beam they were asked to stand 
back on the beam and continue from where they fell. The test was timed 
(s) using a stopwatch. As an additional outcome measure, the number of 
consecutive steps successfully taken on the beam until the child’s foot 
touched the floor or they reached the opposite platform were counted 
and the distance achieved was registered. Two attempts were made, and 
the best result was used for analyses. The test score included the run
time, steps performed, and distance achieved; a longer time indicated 
poorer performance, while a greater number of steps or distance indi
cated better performance. The research team conducted a demonstration 

Picture 1. Balance beam test.  
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for the participant prior to testing and the children also performed some 
familiarisation trials with the BBT, making between two and three at
tempts. The children were encouraged to achieve the best score possible 
(by walking as fast as possible from one platform to the other without 
falling). The measurement was repeated if a child repeatedly fell off the 
beam and was unable to climb back onto it; a subject was judged un
measurable if this scenario occurred three times in succession. One week 
after initial testing, 72 children (included in the previous data collec
tion) performed the same test (re-test). 

The following standardised testing procedure for the SBST was used: 
participants stood without shoes on one foot and placed their hands on 
their hips with their opposite foot placed against the inside of the sup
porting knee. On a signal, the subject raised the heel of their foot from 
the floor and attempted to maintain their balance for as long as possible, 
up to one minute. The trial ended if the subject either moved their hands 
from their hips, the supporting foot moved from its original position, or 
the non-supporting foot lost contact with the knee. The test was timed 
(s) using a stopwatch that was started when the heel was raised from the 
floor and recorded for up to one minute. Two attempts were made per 
leg; right and left foot data were both collected, and the best result (s) 
was scored for each, after which the average was used. The test score 
was the runtime, with a longer time indicating a better performance. 

2.4. Statistical analysis 

Data were analysed using SPSS, v.19.0 for Windows (SPSS Inc, Chi
cago, USA), statistical software package R (R Core Team, 2016) with the 
GAMLSS package and MedCalc Software (Mariakerke, Belgium). The 
significance level was set at α < 0.05. The data are shown in descriptive 
statistics for means, standard deviations, and percentiles. Tests of 
normal distribution and homogeneity (Kolmogorov–Smirnov and Lev
ene’s test, respectively) were conducted on all data before analysis. 
Differences between sex and age groups were analysed using Man
n–Whitney U and Kruskal–Wallis tests respectively with Bonferroni 
correction. A partial correlation analysis was performed between the 
BBT and various sex and age-adjusted anthropometric variables. Test- 
retest reliability analysis was performed using intraclass correlation 
coefficients (ICC, absolute-agreement, 2-way mixed-effects model) and 
the Bland–Altman graphic, a method to quantify agreement between 
two quantitative measurements by constructing limits of agreement. 
These statistical limits are calculated by using the mean and the standard 
deviation of the differences between two measurements. Coefficient of 
variation (CV, %) and standard error of measurement (SEM) were 
calculated as a measure of absolute reliability. Convergent validity was 
investigated with a Spearman correlation between BBT and SBST. For 
the distance travelled, time spent, or the steps taken in the BBT, the 
percentile curves were calculated as a function of age-stratified by sex 
using several methods for developing age-related curves have been 
developed. The Lambda, Mu and Sigma method (LMS) offer an approach 
to model data with consideration of μ as location parameter (median) as 
well as σ as scale parameter (coefficient of variation) and the skewness 
parameter λ as shape parameter. This method was implemented in the 
GAMLSS package in R software. For the analysis of heteroscedasticity, 

mean differences in relation to the individual values were computed and 
we calculated the correlation coefficient [22]. 

3. Results 

3.1. Age and sex differences 

Table 1 shows performance on the BBT with regard to sex and age. 
No significant differences were found for sex in terms of distance, time, 
or number of steps reached on the BBT. In contrast, we found that age 
had positive effects on BBT performance in terms of distance 
(χ2 = 63.474, p < 0.001), time (χ2 = 46.441, p < 0.001), and number of 
consecutive steps (χ2 = 40.967, p < 0.001) in the sample total, and in 
boys: distance (χ2 = 34.908, p < 0.001), time (χ2 = 23.003, p < 0.001), 
and number of consecutive steps (χ2 = 19.369, p < 0.001), and in girls: 
distance (χ2 = 28.563, p < 0.001), time (χ2 = 24.218, p < 0.001), and 
number of consecutive steps (χ2 = 21.598, p < 0.001). Overall, post-hoc 
analysis revealed that the younger children achieved a shorter distance, 
fewer numbers of steps, and spent more time, compared with the older 
children. Interactions between age-groups and sex with performance on 
the BBT are shown in Fig. 1. No significant differences were found in any 
variable. 

With regard to anthropometric parameters, body height and body 
mass both showed significant correlations with BBT performance, spe
cifically: body height with distance (r = − 0.273, p < 0.001), and num
ber of steps (r = − 0.243, p < 0.001); and body weight with time (r =
− 0.116, p = 0.008). However, no correlation was found between per
formance on the BBT and a child’s BMI. Normative values for BBT 
performance in Spanish preschool children according to sex and age are 
shown in Fig. 2 and are expressed in percentiles. 

3.2. Reliability and convergent validity 

Table 2 shows the descriptive statistics in test and retest and vari
ables of reliability. It is noteworthy that SEM is higher in the distance 
reached than in the number of step or in the time spent. 

For distance reached, the Bland–Altman graphic showed limits of 
agreement (2 SD) of 121.9 cm and − 133.8 cm and a mean of the dif
ferences equal to − 6.0 cm. Concerning time registered, the limits of 
agreement were 13.0 s and − 15.80 s while the mean of the differences 
was − 1.4 s. For steps performed, the limits of agreement were 4.41 steps 
and − 4.58 steps, and the mean of the differences was equal to − 0.1 
steps. 

Regarding convergent validity between the BBT and SBST, Spearman 
correlation coefficients of r = 0.346, p = 0.001, r = − 0.256, p = 0.015, 
and r = 0.339, p = 0.001 were obtained for distance, time, and number 
of steps, respectively. Additionally, Spearman correlation analysis 
showed significant correlations between distance, time, and number of 
steps with age, corresponding to r = 0.322, p < 0.001, r = − 0.280, 
p < 0.001, and r = 0.240, p < 0.001, respectively. Finally, significant 
correlations between distance with time (r = − 0.427, p < 0.001), dis
tance with steps (r = 0.816, p < 0.001), and time with steps (r = − 0.355, 
p < 0.001) were found Fig. 3. 

Table 1 
Balance beam performance according to sex and age. The data are shown as a mean (SD).   

All 
(n = 593) 

Boys 
(n = 290) 

Girls 
(n = 303) 

p- 
value 

3 years 
n = 152 

4 years 
n = 175 

5 years 
n = 191 

6 years 
n = 75 

χ2 p-value Post-hoc analysis 

Distance 
reached 
(cm) 

67.92 
(62.70) 

67.57 
(64.47) 

68.28 
(60.94) 

0.625 41.50 
(35.30) 

62.93 
(58.18) 

73.48 
(62.67) 

108.00 
(82.67) 

32.063 <0.001 3 < 4*, 3 < 5,6 ***, 
4 < 6***, 5 < 6** 

Number of 
steps 

4.00 
(2.91) 

3.95 
(2.87) 

4.05 
(2.95) 

0.667 2.80 
(1.84) 

4.03 
(2.97) 

4.18 
(2.94) 

5.47 
(3.39) 

30.341 <0.001 3 < 4, **, 3 < 5,6***, 
4 < 6**, 5 < 6** 

Time used (s) 16.96 
(7.90) 

16.76 
(7.83) 

17.17 
(7.98) 

0.648 19.51 
(8.39) 

18.19 
(8.34) 

15.78 
(7.41) 

13.30 
(5.03) 

23.917 <0.001 3>, 5,6***, 
4 > 5*,4 > 6***,5 > 6* 

*p < 0.05, ** p < 0.01, ***p < 0.001. 
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Fig. 1. Age-group and sex differences in balance beam test performance. The data are shown as a mean (SD).  

Fig. 2. Percentile curves for balance beam test (Distance reached, in cm, time used, in second and number of steps) for the total sample, boys and girls, from 
percentile 2 to percentile 98. 
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4. Discussion 

The main purpose of this study was to analyse BBT performance 
according to age, sex, and anthropometric characteristics in Spanish 
preschool children, as well as to provide BBT reference values for this 
group. As hypothesised, there were no significant differences in average 
overall BBT scores according to sex. There were also no significant in
teractions between the sex and age of the children. These results are 
hardly comparable with other studies due to the different methodologies 
used for the assessment of DB. However, our findings do align with 
previous studies that have demonstrated no significant sex differences in 
regards to balance beam walking in preschoolers [15,23]. However, 
other studies have found that girls perform better than boys on balance 
tests [24]. Therefore, our research adds to the ongoing discussion 
regarding differences in balance among preschool children associated 
with their sex. 

Regarding age, the results of the current study provide further sup
port for the hypothesis that balance control improves as a result of 
maturation [25]. In the current study, younger preschool children dis
played worse performance in all parameters of the BBT compared to 
older children. Several possible explanations exist for these results. Since 
younger children do not demonstrate integrative postural adjustments, 
which keep the pelvis from dropping to the side of the swing leg during 
foot lift-off [26], it seems plausible that younger children demonstrate 
less control over DB associated movements. Another possible explana
tion for these findings is that a transition occurs at six years of age from 
overall global postural control to the selective control of independent 
body segments [10]. It has been suggested that overall, natural biolog
ical maturation affects FMS development and these changes, which 
appear through growth, can be quantitative, namely new skills, or 
qualitative, such as improvements in already developed abilities [3], 
although learning and experience have a very important role to play. 
However, it is also worth noting that the development of DB with age 
may differ according to the type of test performed [27]. 

The influence of anthropometric characteristics, such as BMI, on DB 
in preschool children is less well understood. Previous studies have 
found conflicting results regarding this matter [28,29]. The present 
study found that DB skills in healthy preschool children, aged three to 
six years old, were not correlated with BMI, similar to previous research 
[30]. However, the balance parameters analysed were correlated with 
physical growth indicators, such as body height and body weight. 

A second objective of this study was to analyse the reliability and 
validity of the BBT in preschool children. Our results indicate adequate 
reliability and validity for the BBT in this population. There was high 

temporal reliability (initial test/retest) and modest convergent validity 
between the BBT and SBST. Although the time spent offers the lowest 
SEM, we consider it important to take into account the variables of 
distance reached, time spent, and the steps taken to obtain a more 
precise measure of DB in this population. Moreover, this test is safe, easy 
to perform, and highly acceptable for preschool children. The BBT 
provides a simple and inexpensive tool to measure DB at an early age, 
and it would be valuable to perform comparative studies. Additionally, 
the BBT is in line with ecological approaches regarding the use of DB 
testing in similar conditions to real life, thus improving ecological val
idity. A previous study has indicated that balance beam walking displays 
good reliability in preschool children with regards to the parameter of 
time (ICC = 0.64) [27], a value which was below the result of the current 
study. Finally, this study provides reference values for BBT, adjusted for 
age and sex, recorded from a large sample of Spanish preschool children. 
However, the data must be interpreted with caution as typical age pe
riods of development simply indicate a time range during which certain 
behaviours may be observed in the average individual. Thus, an over
reliance on these time periods would contradict the concepts of conti
nuity, specificity, and individuality in the development process [4]. 

The main limitation of this study is the use of a cross-sectional versus 
longitudinal design for measuring DB in growing children. However, the 
strength of this study includes its large sample size, and to our knowl
edge, it is the first study to provide reference values of DB testing in 
preschool children. Practically, reference percentile values from this 
study provide needed comparative data for teachers, coaches, and 
physicians who wish to use the simple, low cost BBT to monitor DB 
development in preschool children. Moreover, the extreme percentiles 
can be used as a ‘warning sign’ indicating it may be necessary to conduct 
additional tests to identify possible motor delays or for screening chil
dren with extremely good dynamic balance performance. 

In conclusion, no differences in BBT performance were found ac
cording to sex; however, age was found to influence BBT performance. 
The reference values established for Spanish preschool children in the 
current study could be used to monitor DB development. Finally, the 
BBT showed good reliability and validity in preschool children aged 
three to six. 
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for this study. 

Table 2 
Descriptive statistics in pretest and retest and variables of reliability.   

Pre-test 
Mean (SD) 

Re-test 
Mean (SD) 

p- 
value 

R R2 ICC 95 % confidence 
interval 

SEM SEM (%) CV (%) Heteroscedasticity 

Distance reached (cm) 80.16 (70.49) 74.19 (75.55) 0.061 0.588*** 0.364 0.751*** 0.602− 0.844 0.35 45 59.59 0.087 
Number of steps 4.06 (2.68) 3.97 (2.69) 0.377 0.664*** 0.409 0.780*** 0.649− 0.863 1.25 31 40.58 0.003 
Time spent (s) 16.45 (8.88) 15.05 (7.51) 0.108 0.663*** 0.374 0.753*** 0.605− 0.845 4.01 25 33.5# − 0,208  

*** p < 0.001. Intraclass correlation coefficients (ICC). Standard error of measurements (SEM). Coefficient of variation (CV). #Logarithmic method. 

Fig. 3. Bland-Altman graphs of Balance beam test; the x-axis shows mean values of balance beam test and the y-axis the difference values of post-test-re-test of 
balance beam test for distance, time and step performed. 
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[13] M. Spanò, E. Mercuri, T. Randò, T. Pantò, A. Gagliano, S. Henderson, et al., Motor 
and perceptual-motor competence in children with down syndrome: variation in 
performance with age, Eur. J. Paediatr. Neurol. 3 (1) (1999) 7–13, https://doi.org/ 
10.1053/ejpn.1999.0173. 

[14] T.T.T. Yam, S.S.M. Fong, Lower limb muscle kinetics during Y-balance test between 
children with and without developmental coordination disorder, Ann. Phys. 
Rehabil. Med. 61 (2018) e296, https://doi.org/10.1016/j.rehab.2018.05.693. 

[15] W.R. Giacalone, G.L. Rarick, Dynamic balance of preschool children as reflected by 
performance on beam-walking tasks, J. Genet. Psychol. 146 (3) (1985) 307–308, 
https://doi.org/10.1080/00221325.1985.9914460. 

[16] R.D.A. Nicolini-Panisson, M.V.F. Donadio, Normative values for the timed “Up and 
Go” test in children and adolescents and validation for individuals with down 
syndrome, Dev. Med. Child Neurol. 55 (5) (2014) 590–597, https://doi.org/ 
10.1111/dmcn.12290. 

[17] T.H. Kakebeeke, S. Lanzi, A.E. Zysset, A. Arhab, N. Messerli-Bürgy, K. Stuelb, et al., 
Association between body composition and motor performance in preschool 
children, Obes. Facts. 10 (5) (2017) 420–431, https://doi.org/10.1159/ 
000477406. 

[18] F. Bürgi, U. Meyer, U. Granacher, C. Schindler, P. Marques-Vidal, S. Kriemler, et 
al., Relationship of physical activity with motor skills, aerobic fitness and body fat 
in preschool children: a cross-sectional and longitudinal study (ballabeina), Int. J. 
Obes. 35 (7) (2011) 937–944, https://doi.org/10.1038/ijo.2011.54. 

[19] I. Niederer, S. Kriemler, J. Gut, T. Hartmann, C. Schindler, J. Barral, J.J. Puder, 
Relationship of aerobic fitness and motor skills with memory and attention in 
preschoolers (ballabeina): a cross-sectional and longitudinal study, BMC Pediatr. 
11 (11) (2011) 34, https://doi.org/10.1186/1471-2431-11-34. 

[20] S. Demura, Development and sexual differences of static and dynamic balances in 
preschool children, Jpn. J. Phys. Educ. Heal. Sport Sci. 40 (1995) 67–79, https:// 
doi.org/10.5432/jjpehss.kj00003391373. 

[21] B.L. Johnson, J.K. Nelson, Practical Measurements for Evaluation in Physical 
Education, Burgess Publishing Company, 1968 (accessed December 28, 2015), 
http://eric.ed.gov/?id=ED048380. 

[22] G. Atkinson, A.M. Nevill, Statistical methods for assessing measurement error 
(reliability) in variables relevant to sports medicine, Sport. Med. 26 (4) (1998) 
217–238, https://doi.org/10.2165/00007256-199826040-00002. 

[23] H. Aoki, S. Demura, K. Kasuga, N. Xu, Sex and age-level differences in preschool 
children in walking times on a Course and on a balance beam with obstacles, World 
J. Educ. 5 (3) (2015) 115–120, https://doi.org/10.5430/wje.v5n3p115. 

[24] D. Livesey, R. Coleman, J. Piek, Performance on the movement assessment Battery 
for children by Australian 3- to 5-year-old children, Child. Care. Health Dev. 33 (6) 
(2007) 113–119, https://doi.org/10.1111/j.1365-2214.2007.00733.x. 

[25] V.L. Cumberworth, N.N. Patel, W. Rogers, G.S. Kenyon, The maturation of balance 
in children, J. Laryngol. Otol. 121 (5) (2007) 449–454, https://doi.org/10.1016/ 
S1041-892X(08)79259-X. 

[26] H. Austad, A.L.H. Van Der Meer, Prospective dynamic balance control in healthy 
children and adults, Exp. Brain Res. 181 (2) (2007) 289–295, https://doi.org/ 
10.1007/s00221-007-0932-1. 

[27] K. Kasuga, S. Demura, H. Aoki, T. Sato, S. Shin, H. Kawabata, The effects of 
obstacles and age on walking time within a Course and on a balance beam in 
preschool boys, Adv. Phys. Educ. 2 (2) (2012) 49–53, https://doi.org/10.4236/ 
ape.2012.22009. 

[28] B.I. Deforche, A.P. Hills, C.J. Worringham, P.S.W. Davies, A.J. Murphy, J. 
J. Bouckaert, I.M. De Bourdeaudhuij, Balance and postural skills in normal-weight 
and overweight prepubertal boys, Int. J. Pediatr. Obes. 4 (3) (2009) 175–182, 
https://doi.org/10.1080/17477160802468470. 

[29] K. Castetbon, T. Andreyeva, Obesity and motor skills among 4 to 6-year-old 
children in the united states: nationally-representative surveys, BMC Pediatr. 12 
(2012) 28, https://doi.org/10.1186/1471-2431-12-28. 

[30] G.P. Jiang, X.B. Jiao, S.K. Wu, Z.Q. Ji, W.T. Liu, X. Chen, et al., Balance, 
proprioception, and gross motor development of Chinese children aged 3 to 6 
years, J. Mot. Behav. 50 (3) (2018) 243–252, https://doi.org/10.1080/ 
00222895.2017.1363694. 

P.A. Latorre-Román et al.                                                                                                                                                                                                                     

https://doi.org/10.1007/s11065-012-9211-4
https://doi.org/10.1007/s11065-012-9211-4
https://doi.org/10.1007/s10643-009-0350-z
https://doi.org/10.1007/s10643-009-0350-z
https://doi.org/10.2165/11536850-000000000-00000
https://doi.org/10.1542/peds.2006-0742
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed%26id=24175135%26retmode=ref%26cmd=prlinks%5Cnpapers2://publication/uuid/2A1CBC51-F050-4D22-AF74-D33482E9D276
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed%26id=24175135%26retmode=ref%26cmd=prlinks%5Cnpapers2://publication/uuid/2A1CBC51-F050-4D22-AF74-D33482E9D276
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed%26id=24175135%26retmode=ref%26cmd=prlinks%5Cnpapers2://publication/uuid/2A1CBC51-F050-4D22-AF74-D33482E9D276
https://doi.org/10.3928/19425864-20150707-06
https://doi.org/10.3928/19425864-20150707-06
https://doi.org/10.1111/dmcn.12657
https://doi.org/10.1016/j.apmr.2014.06.021
https://doi.org/10.5432/ijshs.2.50
https://doi.org/10.1080/00222895.1989.10735464
https://doi.org/10.1155/NP.2005.109
https://doi.org/10.1016/j.gaitpost.2010.02.007
https://doi.org/10.1016/j.gaitpost.2010.02.007
https://doi.org/10.1053/ejpn.1999.0173
https://doi.org/10.1053/ejpn.1999.0173
https://doi.org/10.1016/j.rehab.2018.05.693
https://doi.org/10.1080/00221325.1985.9914460
https://doi.org/10.1111/dmcn.12290
https://doi.org/10.1111/dmcn.12290
https://doi.org/10.1159/000477406
https://doi.org/10.1159/000477406
https://doi.org/10.1038/ijo.2011.54
https://doi.org/10.1186/1471-2431-11-34
https://doi.org/10.5432/jjpehss.kj00003391373
https://doi.org/10.5432/jjpehss.kj00003391373
http://eric.ed.gov/?id=ED048380
https://doi.org/10.2165/00007256-199826040-00002
https://doi.org/10.5430/wje.v5n3p115
https://doi.org/10.1111/j.1365-2214.2007.00733.x
https://doi.org/10.1016/S1041-892X(08)79259-X
https://doi.org/10.1016/S1041-892X(08)79259-X
https://doi.org/10.1007/s00221-007-0932-1
https://doi.org/10.1007/s00221-007-0932-1
https://doi.org/10.4236/ape.2012.22009
https://doi.org/10.4236/ape.2012.22009
https://doi.org/10.1080/17477160802468470
https://doi.org/10.1186/1471-2431-12-28
https://doi.org/10.1080/00222895.2017.1363694
https://doi.org/10.1080/00222895.2017.1363694

	Analysis of dynamic balance in preschool children through the balance beam test: A cross-sectional study providing referenc ...
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Materials and testing
	2.3 Procedure
	2.4 Statistical analysis

	3 Results
	3.1 Age and sex differences
	3.2 Reliability and convergent validity

	4 Discussion
	Declaration of Competing Interest
	References


