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Relationship between static and dynamic 2
balance in 4-to-5-year-old preschoolers:
a cross-sectional study

Rugiang Liu"%, Juan Yang?, Feifei Xi' and Zichun Xu'

Abstract

Background Balance is crucial for physical development in preschool children. Exploring the relationship between
different types of balance can help understand early physical development in children. Currently, research is mostly
focused on the relationship between different types of balance in the adult population and lacks exploration of
the preschool population. The aim of this study explored the relationship between static and dynamic balance in
preschool children aged 4 to 5 years.

Methods A total of 128 preschool children between the ages of 4 to 5 years were selected. The following tests
were conducted as they wore inertial sensors detecting their centers of mass (COM): T1, standing with eyes open;
T2, standing with eyes closed; T3, standing with eyes open on foam; T4, standing with eyes closed on foam; and
T5, walking on the balance beam. Static balance was measured by the angular velocity modulus (w_p—w_y,) of the
shaking COM, as well as the pitch angle (6_1,—-6_1,) and roll angle (¢_;—¢_r,) indicators in T1-T4 testing. Dynamic
balance was measured by the time (t) and angular velocity modulus (w_qs), as well as the pitch angle (6_c) and

roll angle (p_ys) indicators in the T5 test. The Pearson product-moment correlation coefficient was used to test the
correlation between static and dynamic balance indicators.

Results There is no correlation between w_,—-w_y, and t (P>0.05), while w_p;—w_r, and w_y5 (r=0.19-0.27, P<0.05)
and w_py—w_y, and 6_5, ¢_y5 (r=0.18-0.33, P < 0.05) were weakly correlated. There is no correlation between 6_,-6_1,,
O_1—¢_1sand t (P>0.05), while 6_11-0_14, ¢_11=¢_14, and O_ys, ¢_15 were weakly correlated (r=0.01-0.28, P<0.05).

Conclusions The relationship between static and dynamic balance in preschool children aged 4-5 years is weak.
Static and dynamic balance in children needs to be intervened separately for the development of children.
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Background

Balance is an important aspect of the health of preschool
children and a fundamental condition in their motor
development [1]. Based on different standards, balance
capacity can be divided into two (static and dynamic
balance) [2], three (static, dynamic, and symmetric bal-
ance) [3], or four types (static, dynamic, active, and
reactive balance) [4]. In recent years, the relationships
between different types of balance have garnered atten-
tion. Researchers have explored the relationship between
static and dynamic balance among people of different
ages, such as children over 7 years old, teenagers, mid-
dle-aged, and older adults [5], and of different occupa-
tional groups, such as professional sports, dancers, and
other professionals [6, 7]. At the same time, the correla-
tion between the four types of balance in people over six
years old has also been explored: static, dynamic, reac-
tion, and active balance [8]. The results obtained were
similar; that is, there is little to no correlation between
the different types of balance abilities. However, there is
still a lack of correlation research on the different types
of balance in children under six years of age. Before the
age of 6, balance develops rapidly, especially at 45 years
of age when balance control shifts from visual dominance
to the same proprioceptive dominance mode as in adults.
At this time, balance has notable characteristics, the fast-
est development speed, and greatest variability of all the
stages in life [9]. Therefore, it is difficult to generalize the
research results of people over 6 years old to the pre-
school children group. Given that the targeted samples
of previous studies were mostly children over 7 years,
adults, and older adults, it is important to investigate the
relationship between static balance and dynamic balance
in preschool children under 6 years old. A better under-
standing of their association helps to give an insight into
the development mechanisms of various balance abili-
ties in the early years. Meanwhile, such an understanding
might also assist physical activity and health profession-
als, teachers, and coaches in implementing precise bal-
ance intervention programs for preschool children.

In recent years, with the development of Micro-Elec-
tro-Mechanical Systems (MEMS), wearable sensors
have gradually been applied for the detection of human
balance [10]. Wearable sensors can accurately measure
the static and dynamic balance of preschool children
under different sensory conditions or sports states and
can make up for the many defects in the “gold standard”

Table 1 Basic information about the participants

Group Number Age Height (cm) Weight BMI
(month) (kg) (kg/m?)

Male 64 59.89+345 112.89+432 2041+272 1597+1.38
Female 64 59.81+386 11224£518 1995+3.12 1578+1.66
Total 128 59.85+3.65 11256+4.76 20.18+292 1587+153
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plantar pressure test of balance [11]. The plantar pres-
sure test evaluates human posture by collecting center
of pressure (COP) data. COP is different from center of
mass (COM), and COM is more suitable as an indicator
of changes in body posture [12]. This study used wear-
able sensors in combination with a modified clinical test
of sensor interaction and balance (mCTSIB), and a bal-
ance beam walking test was employed to explore the cor-
relation between static and dynamic balance in preschool
children aged 4-5 years.

The wearable sensor combined with the mCTSIB can
measure the shaking speed and amplitude of the COM
under normal conditions, as well as shielding vision,
interfering with proprioception, and sensor conflict.
Combined with the balance beam test, it can measure the
speed of walking on the balance beam, and the shaking
speed and amplitude of the COM when walking on the
balance beam. This study will, therefore, show the corre-
lation between static and dynamic balance in preschool
children from multiple perspectives through indica-
tors such as shaking speed and amplitude of the COM
under various sensory conditions and different move-
ment states. This research aimed to further understand
the early physical development of children and provide a
reference for promoting balance and motor development
in children.

Methods

Sample

A total of 216 children from all six middle classes of a
public kindergarten in Suzhou, China, as the sampling
frame. The participants were stratified according to sex,
and a random number generator [13] was used to select
64 males and 64 females, leaving a total of 128 partici-
pants. Cohen’s DI was 0.8, the effect size was moderate
(0.30), a was 0.05, and the required sample size for the
product distance correlation test was 85 [14]. The sam-
ple size in this study met the research requirements, and
basic information about the sample is shown in Table 1.
The inclusion criteria were physical integrity, absence of
mental illness, normal vision, and guardian consent to
participate in the study. The exclusion criteria were cog-
nitive dysfunction, visual impairment, autism, and medi-
cal history within one week.

Instruments

(1) Wearable sensor: This study used an MPU-9250
wearable sensor (Motion TrackingTM series
product, TDK InvenSense, Sunnyvale, California,
USA) for the measurements. It can measure the
angular velocity and acceleration of object motion in
real-time and has been widely used in fields, such as
attitude detection and health-intelligent equipment
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[15]. During the testing process, the sensor
transmitted real-time data to the upper computer
using Bluetooth, and the upper computer quickly
solved the real-time motion posture of the sensor
using calibration algorithms. During the test, the
parameters were set as follows: gyroscope range of
2000 dps, acceleration sensor range of 16 g, magnetic
range of 8 Gauss, and data transmission rate of

200 Hz.

(2) Foam pad: This study used the pad (Xiyuan Co., Ltd.,
Zhengzhou, China) was of the specifications 50 cm x
50 cm x 8 cm, with a density of 40 kg/m?>. This foam
pad was smooth and uniforma.

(3) Balance beam: This study used the balance beam
(Mofang Co., Ltd., Qingdao, China) recommended
in the Handbook of Chinese National Physical
Fitness Measurement Standards (Children’s Part). To
eliminate the fear of the participants, the height of
the balance beam was adjusted from 30 cm to 5 cm,
leaving the final specifications of 300 cm x 10 cm x
5 cm, as per previous studies [16].

Measurement method

The sensor was placed on the T12 position (Thoracic Ver-
tebra 12) of the participant for testing as it can reflect the
shaking of COM in the body of preschool children (Fig. 1)
[17]. The static balance test project was the mCTSIB,
which included (T1) standing with both feet open in
place: standing with both feet close to the ground, with
both eyes facing forward, trying to maintain body stabil-
ity; (T2) standing with eyes closed and feet in place: both
eyes closed based on the conditions of T1; (T3) standing
with both feet open on the foam pad: standing with both
feet close to the foam pad, with both eyes facing straight

Yaw(¥) le < i Roll(g)

Fig. 1 Balance test scenario diagram
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ahead, and striving to maintain body stability; and (T4)
standing with eyes closed and feet on the foam pad: eyes
were closed after following the conditions of T3. Dur-
ing the test, the participants were required to focus on a
picture book placed in front of them (except when their
eyes were closed), with their arms hanging down natu-
rally on both sides of the body, their shoes off, and their
front soles and heels placed together. If the participant
speaks, coughs, turns their head, or scratches their head
during the test, the item was retested. Each project was
tested for 35 s, and, according to previous research rec-
ommendations [18], the first 5 s of data were excluded
and data from the 5th to 35th s were included in the sta-
tistical analysis. The dynamic balance test (T5) involved
walking on the balance beam; the participant first stood
at one end of the balance beam, started after hearing the
command, and stopped when any foot reached the end.
It was necessary to remove shoes and walk alternately
on the balance beam. During data extraction, data from
the 2nd s to the end of walking on the balance beam were
included in the statistical analysis. The participants com-
pleted the tests in the order of T1 to T5, with a break of
approximately 30 s between each test item.

The testing dates were March 22-31, 2021, between 8
am and 11 am. During the testing period, the room tem-
perature was 13-17 ‘C, and the relative humidity was
around 85%.

Analysis indicators

(1) Angular velocity: Angular velocity is a commonly
used indicator for analyzing human posture [10]
and reflects the speed of body shaking. This study
extracts the angular velocity modulus (w) of the
COM, which reflects the rate of body shaking.
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is calculated using the angular velocity data of the
three axes of the human body through Eq. (1) [19]
which represents the overall shaking velocity of the
human body in the three axes. When analyzing static
balance, @_r1, @_ry, ®@_t3, and w_p, were calculated
as the analysis indicator by obtaining angular velocity
data under different sensory conditions of T1-T4,

as per existing research [11]. During the analysis of
dynamic balance, the time taken to walk the balance
beam was extracted, with o as an analytical indicator.
When extracting indicators, in order to avoid the
impact of the speed of walking on the balance beam
on the angular speed, as per previous studies [20],
the w value was divided by the speed of walking on
the balance beam (w_r;); this is taken as the index of
dynamic balance analysis.

W= w2+ wl+w? (1)

Among these values, w is the angular velocity modulus,
while @, ®,, and o, represents the angular velocity data
of the x-axis, y-axis, and z-axis, respectively.

(2) Attitude angle: The attitude angle displays the
amplitude of body shaking. The commonly used for
human posture angle is pitch (8), roll (¢), and yaw
(). Among these, the change in 6 represents the
amplitude of the body’s longitudinal movement, the
change in ¢ indicates the amplitude of the body’s
transverse direction, and the change in ¢ represents
the extent to which the body rotates to the left and
right. Since the y error is relatively large and difficult
to calculate [21], this study only analyzes changes in
0 and ¢.

(3) Time taken to walk on the balance beam: As per
the Handbook of Chinese National Physical Fitness
Measurement Standards (children’s part), the time (£)
of walking on the balance beam was selected as one
of the indicators to investigate the dynamic balance
of the participants. The shorter the time, the better
the dynamic balance.

Statistical analysis

SPSS software (version 25.0) was used for the statisti-
cal analysis. First, the Shapiro—Wilk test was performed
on the data from each group. Lgl0 conversion was per-
formed when data did not conform to a normal distri-
bution. The data was presented in the form of . *s. The
Pearson product distance partial correlation coefficient
was used to evaluate the correlation between static and
dynamic balance after controlling for age. The correlation
coefficient r<| 0.10 | indicates no correlation, | 0.10 | <
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r<| 0.30 | indicates weak correlation, | 0.30 | < r<| 0.50 |
indicates moderate correlation, and r < | 0.50 | indicates
strong correlation [13]. The significance level was set at
a=0.05.

Results

A scatter diagram of the correlation between static and
dynamic balance is shown in Fig. 2, and the test results
are presented in Table 2. The results show that there is
no correlation between the ¢ and static balance, w_r;—
®_1y (r=-0.02-0.05, P=0.566 —0.999), and there is also
no correlation between ¢ and attitude angle (r=-0.08—
0.10, P=0.270-0.882). The correlation between w_r s and
static balance w_r;—w_g, (r=0.19-0.27, P=0.004—0.030)
and that between w_-5 and attitude angle (r=0.02-0.23,
P=0.011-0.793) were both weak. When walking on the
balance beam, the change in the body posture angle was
weakly correlated with both the angular velocity modulus
of the static balance (r=0.18-0.33, P=0.001-0.041) and
the change in posture angle in static balance (r=-0.05—
0.28, P=0.001-0.886).

The results show that the relationship between static
and dynamic balance is weak when body shaking speed
and amplitude are used to reflect static and dynamic bal-
ance. When dynamic balance is reflected by walking on
a balance beam, static balance is not related to dynamic
balance. In general, the correlation between static and
dynamic balance in children of this age group was weak.

Discussion

By measuring the speed and amplitude of the COM while
standing upright and walking on the balance beam, this
study found that there was little relationship between
static and dynamic balance in preschool children aged
4-5 years.

The weak relationship between the static and dynamic
balance in children aged 4-5 years is consistent with the
results of studies on people aged 6 years and over [5,
22, 23]. The reasons for the relatively small relationship
between the two may be as follows. First, the neurophysi-
ological structures involved in the superior central sys-
tem are different. The EEG activity of the human body,
when the participant is standing, is different from when
the participant is walking. The cerebral cortex is more
active while standing and the connection of the sensory-
motor cortex is significantly weakened while walking,
with the spinal cord neural network playing an important
role [24]. Second, the neuromuscular mechanisms under-
lying task execution differs between the two situations.
While standing, the human body relies more on reflex
activity, requiring only a small amount of neuromuscu-
lar activity, whereas postural control during movement
requires greater neuromuscular activity [25]. Third, the
difficulty level of the two tasks also differs between the
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Fig.2 Scatter diagram of the correlation between dynamic and static balance in preschool children aged 4-5. Note: w_ys is the angular velocity modulus
when walking on the balance beam, in deg/s; 6_1s and ¢_5 are the pitch and roll angles when walking on the balance beam, in deg. w_p;—w_y,4 represents
the angular velocity modulus values of T1, standing with eyes open; T2, standing with eyes closed; T3, standing with eyes open on a foam pad; and T4,

standing with eyes closed on a foam pad, in deg/s

Table 2 Correlation analysis of static and dynamic balance in preschool children aged 4-5

Static balance

Dynamic balance

t W_tg 0_;s P1s

r P r P r P r P
wW_p 0.05 0.566 0.27 0.002 0.31 <0.001 0.32 <0.001
W_1y 0.01 0.999 0.25 0.004 033 <0.001 0.29 0.001
W_13 -0.02 0.819 0.19 0.030 0.26 0.003 0.18 0.041
W_14 0.02 0817 0.20 0.025 0.22 0.015 0.19 0.036
6_1, 0.10 0.270 0.20 0.021 0.19 0.037 0.12 0.174
01, 0.08 0.391 0.19 0.028 0.28 0.001 0.09 0.340
0 13 0.03 0.779 0.08 0.379 0.13 0.138 0.05 0.578
014 0.03 0.748 0.23 0.011 0.26 0.004 0.19 0.032
O_m 0.03 0.778 0.18 0.046 0.24 0.007 0.24 0.006
01y -0.08 0.373 0.07 0452 0.15 0.086 0.14 0.113
O_13 -0.01 0.882 0.02 0.793 0.1 0.219 0.01 0.886
O_14 0.05 0.585 0.16 0.068 0.16 0.065 0.19 0.035

w_g1 — W_g4 represents the angular velocity modulus values of T1, standing with eyes open; T2, standing with eyes closed; T3, standing with eyes open on a foam

pad; and T4, standing with eyes closed on a foam pad, in deg/s. 6_; -6_y; and ¢_,

- ¢ _y4 represents the pitch and roll angles of T1 to T4, in deg. t is the time taken to

walk on the balance beam, in seconds. w_rs is the angular velocity modulus when walking on the balance beam, in deg/s; 6_;; and ¢_r5 are the pitch and roll angles
when walking on the balance beam, in deg
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two situations. While standing statically, the body sup-
port points were stable, and only the COM moved within
a small range. When walking on the balance beam, both
the COM and support point move, and the COM remains
stable when the support point moves. The tasks of pre-
school children aged 4-5 is complex and challenging [5].
Fourth, attention allocation differed while completing
the two tasks. As compared to standing, walking requires
higher attention [26], which may be more obvious when
preschool children aged 4—5 complete the relatively dif-
ficult task of walking on a balance beam. The relationship
between static and dynamic balance is more obvious than
that in fiction; it reflects two specific tasks rather than a
general ability [8]. This finding indicates that in the initial
stage of balanced development, the two cannot replace
and predict each other, suggesting that they need to be
treated separately while recognizing, evaluating, and
developing the balance of preschool children.

An additional finding of this study is that the relation-
ship between the time taken to walk on the balance beam
and the shaking amplitude of the COM when walking on
the balance beam is small (the time indicator weakly cor-
relates with the amplitude in the longitudinal direction,
but does not correlate with the amplitude of the trans-
verse direction shaking). That is, the correlation coef-
ficient of the two indicators reflecting the same variable
is small, which may be because the time indicator and
the body shaking indicator show different abilities. This
finding suggests that, under the condition of imperfect
dynamic balance test indicators, it may be necessary to
show the development level through multiple indicators.
Nevertheless, there were some limitations in the pres-
ent study. We recognize that due to the young age of the
sample, participant attention may affect the performance
of children. In addition, we did not conduct tests by ran-
domly selecting items, but in the order of T1 to T5, which
may impact the accuracy of the test results; however, we
did not observe the influence of heteroscedasticity on
the results. Moreover, the balance types were not suffi-
ciently comprehensive. In addition to static and dynamic
balance, balance can also be classified into three or four
types. Given the particularity of preschool children and
the fact that the test methods for other types of balance
are not perfect, this study only discussed the relationship
between static and dynamic balance and can continue to
explore the correlation between the two, as well as active
and reaction balance, in the future.

Conclusions

The study results showed that the relationship between
static and dynamic balance is relatively weak. Theoreti-
cally, it is helpful to further understand the relationship
between the physical development, movement develop-
ment, balance, and other abilities of preschool children,
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and aims to prevent children from falling and promoting
rehabilitation. The use of different intervention contents
and exercise methods to develop static and dynamic bal-
ance, respectively, are suggested. The use of only one test
method when evaluating balance in children should be
avoided and should at least include static and dynamic
balance. Comprehensive calculations of static and
dynamic balance were avoided when obtaining the total
balance score.

Abbreviations

COM centers of mass

mCTSIB modified clinical test of sensor interaction and balance
w angular velocity modulus

0 pitch

[0) roll

Y yaw

t time of walking on the balance beam

Acknowledgements
We thank all the participants in this study.

Author contributions

RL, XF, and XZ conceptualized and designed this study, as well as analyzed and
interpreted the data. RL drafted the manuscript. YL contributed intellectually
to improving the manuscript. FX and XZ assisted with revising the manuscript.
All the authors have read and approved the final version of the manuscript.

Funding

This study was supported by the General Project of Philosophy and Social
Science Research in Universities of Jiangsu Province in 2023 (2023SJYB1606)
and Key Topics of Jiangsu Province's Education Science 14th Five Years Plan
(B/2023/04/09).

Data availability

The database used to carry out this work is in the possession of the authors
and will be provided to whoever requests it. Please contact Rugiang Liu to
obtain the data.

Declarations

Ethics approval and consent to participate

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the Commission of Ethics of the
Shanghai University of Sports (China; approval number: 102772019RT034) and
with the 1964 Helsinki declaration and its later amendments or comparable
ethical standards. All participants submitted the written informed parental
consent prior to the start of the procedure. Informed consent was obtained
from parents / legal guardians of the minor participants involved in the study.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no competing financial interests or
personal relationships that may have influenced the work reported in this
study.

Received: 8 November 2023 / Accepted: 8 April 2024
Published online: 09 May 2024

References
1. Payne G, Geng P, Liang G. Introduction to Human Motor Development.

Beijing: People’s Education; 2008. pp. 384-5.



Liu et al. BMC Pediatrics

(2024) 24:295

DeOreo KD, Wade MG. Dynamic and static balancing ability of preschool
children. J Mot Behav. 1971;3:326-35. https://doi.org/10.1080/00222895.1971
.10734913.

Wang R, Su Q. Exercise Physiology. Beijing: People’s Physical Education; 2000.
pp. 345-7.

Muehlbauer T, Gollhofer A, Granacher U. Associations between measures of
balance and lower-extremity muscle strength/power in healthy individu-
als across the lifespan: a systematic review and meta-analysis. Sports Med.
2015;4:1671-92. https://doi.org/10.1007/540279-015-0390-z.

Schedler S, Abeck E, Muehlbauer T. Relationships between types of balance
performance in healthy individuals: role of age. Gait Posture, 2021;84:352-6.
https://doi.org/10.1016/j.gaitpost.2021.01.008.

Steinberg N, Adams R, Waddington G, Karin J, Tirosh O. Is there a correla-
tion between static and dynamic postural balance among young male and
female dancers? J Mot Behav. 2017;49:163-71. https://doi.org/10.1080/00222
895.2016.1161595.

Pau M, Arippa F, Leban B, Corona F, Ibba G, Todde F, et al. Relationship
between static and dynamic balance abilities in Italian professional and
youth league soccer players. Phys Ther Sport. 2015;16:236-41. https://doi.
0rg/10.1016/j.ptsp.2014.12.003.

Kiss R, Schedler S, Muehlbauer T. Associations between types of balance
performance in healthy individuals across the lifespan: a systematic review
and meta-analysis. Front Physiol. 2018,9:1-11. https://doi.org/10.3389/
fphys.2018.01366.

Shumway-Cook A, Woollacott M. The growth of stability: postural control
from a development perspective. J Mot Behav. 1985;17:131-47. https://doi.
0rg/10.1080/00222895.1985.10735341.

Diaz S, Stephenson JB, Labrador MA. Use of wearable sensor technology in
gait, balance, and range of motion analysis. Appl Sci. 2019;10:1-39. https://
doi.org/10.3390/app10010234.

LiuR, Zhang R, QuY, Jin W, Dong B, Liu Y, et al. Reliability analysis of inertial
sensors for testing static balance of 4-to-5-year-old preschoolers. Gait Pos-
ture. 2022;9:176-80. https://doi.org/10.1016/j.gaitpost.2021.11.029.

DA Winter. Human balance and posture control during stand-

ing and walking. Gait Posture. 1995;3(4):193-214. https://doi.
0rg/10.1016/0966-6362(96)82849-9.

Urbaniak GC. Research Randomizer. https.//www.randomizer.org. Accessed
2021-03-10.

Cohen J. A power primer. Psych. Bull. 1992;112:155-9. https://doi.
0rg/10.1037//0033-2909.112.1.155.

Liu C, Xu J, Cheng H. Attitude detection and data fusion based on sensor of
MPU9250. J Henan Univ Sci Technology: Nat Sci. 2015,36:14-7. https://doi.
0rg/10.15926/j.cnkiissn1672-6871.2015.04.021.

20.

21.

22.

23.

24.

25.

26.

Page 7 of 7

Giacalone WR, Rarick GL. Dynamic balance of preschool children as reflected
by performance on beam-walking tasks. J Genet Psychol. 1985;146:307-18.
https://doi.org/10.1080/00221325.1985.9914460.

Shumway-Cook A, Woollacott MH, Motor Control. Translating research into
clinical practice. fifth ed. Philadelphia: Wolters Kluwer; 2017. pp. 600-1.
Verbecque E, Vereeck L, Hallemans A. Postural sway in children: a lit-

erature review. Gait Posture. 2016;49:402-10. https://doi.org/10.1016/].
gaitpost.2016.08.003.

Zheng W, Dai S, Wang X, Zheng B. Study on Installation Position of Sensors in
Inertial Pedestrian Navigation System. Chin J Sens Actuators. 2020,33:815-24.
https://doi.org/10.3969/j.issn.1004-1699.2020.06.006.

Eguchi R, Takada S. Usefulness of the tri-axial accelerometer for assessing bal-
ance function in children. Pediatr Int. 2015;56:753-8. https://doi.org/10.1111/
ped.12370.

Groves PD. Principles of GNSS, Inertial, and Multisensor Integrated Navigation
Systems (Second Edition), National Defense Industry Press, Beijing, 2015, pp.
180-93.

Gonalves C, Bezerra P Clemente F, Vila-Cha C, Ledo C, Brandao A, et al. The
relationship between static and dynamic balance in active young adults.
Termedia. 2022;23:65-75. https://doi.org/10.5114/hm.2021.106165.

Conner BC, Petersen DA, Pigman J, Tracy TB, Johnson CL, Manal K, et al. The
cross-sectional relationships between age, standing static balance, and
standing dynamic balance reactions in typically developing children. Gait
Posture. 2019;73:20-5. https://doi.org/10.1016/j.gaitpost.2019.07.128.

Lau TM, Gwin JT, Ferris DP. Walking reduces sensorimotor network connectiv-
ity compared to standing. J NeuroEng Rehabilitation. 2014;11:1-10. https://
doi.org/10.1186/1743-0003-11-14.

Muehlbauer T, Gollhofer A, Granacher U. Association of balance, strength

and power measures in young adults. J Strength Cond Res. 2013,27:582-9.
https://doi.org/10.1519/jsc.0b013e31825c2bab.

Lajoie Y, Teasdale N, Bard C, Fleury M. Attentional demands for static and
dynamic equilibrium, exp. Brain Res. 1993;97:139-44. https://doi.org/10.1007/
bf00228824.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1080/00222895.1971.10734913
https://doi.org/10.1080/00222895.1971.10734913
https://doi.org/10.1007/s40279-015-0390-z
https://doi.org/10.1016/j.gaitpost.2021.01.008
https://doi.org/10.1080/00222895.2016.1161595
https://doi.org/10.1080/00222895.2016.1161595
https://doi.org/10.1016/j.ptsp.2014.12.003
https://doi.org/10.1016/j.ptsp.2014.12.003
https://doi.org/10.3389/fphys.2018.01366
https://doi.org/10.3389/fphys.2018.01366
https://doi.org/10.1080/00222895.1985.10735341
https://doi.org/10.1080/00222895.1985.10735341
https://doi.org/10.3390/app10010234
https://doi.org/10.3390/app10010234
https://doi.org/10.1016/j.gaitpost.2021.11.029
https://doi.org/10.1016/0966-6362(96)82849-9
https://doi.org/10.1016/0966-6362(96)82849-9
https://www.randomizer.org
https://doi.org/10.1037//0033-2909.112.1.155
https://doi.org/10.1037//0033-2909.112.1.155
https://doi.org/10.15926/j.cnki.issn1672-6871.2015.04.021
https://doi.org/10.15926/j.cnki.issn1672-6871.2015.04.021
https://doi.org/10.1080/00221325.1985.9914460
https://doi.org/10.1016/j.gaitpost.2016.08.003
https://doi.org/10.1016/j.gaitpost.2016.08.003
https://doi.org/10.3969/j.issn.1004-1699.2020.06.006
https://doi.org/10.1111/ped.12370
https://doi.org/10.1111/ped.12370
https://doi.org/10.5114/hm.2021.106165
https://doi.org/10.1016/j.gaitpost.2019.07.128
https://doi.org/10.1186/1743-0003-11-14
https://doi.org/10.1186/1743-0003-11-14
https://doi.org/10.1519/jsc.0b013e31825c2bab
https://doi.org/10.1007/bf00228824
https://doi.org/10.1007/bf00228824

	﻿Relationship between static and dynamic balance in 4-to-5-year-old preschoolers: a cross-sectional study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Sample
	﻿Instruments
	﻿Measurement method
	﻿Analysis indicators
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


