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RESEARCH NOTE

Effect of arm movement and task difficulty 
level on balance performance in healthy 
children: are there sex differences?
Thomas Muehlbauer1*  , Mathew W. Hill2 and Simon Schedler1 

Abstract 

Objective: In children, studies have shown that balance performance is worse in boys compared to girls and further 
studies revealed inferior performance when arm movement was restricted during balance assessment. However, it 
remains unclear whether restriction of arm movement during balance testing differentially affects children’s balance 
performance (i.e., boys more than girls). Thus, we compared the influence of arm movement on balance performance 
in healthy boys versus girls (mean age: ~ 11.5 years) while performing balance tasks with various difficulty level.

Results: In nearly all tests, balance performance (i.e., timed one-legged stance, 3-m beam walking backward step 
number, Lower Quarter Y-Balance test reach distance) was significantly worse during restricted compared to free arm 
movement but without any differences between sexes or varying levels of task difficulty. These findings indicated that 
balance performance is negatively affected by restriction of arm movement, but this does not seem to be additionally 
influenced by children’s sex and the level of task difficulty.
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Introduction
In childhood, the development of balance is characterized 
by a steady improvement [1], which is more pronounced 
in girls than in boys as reported in several studies [2–4]. 
Specifically, girls compared to boys showed less postural 
sway [2] and faster walking speed [3]. In addition to per-
son-related factors such as sex, balance performance is 
also influenced by environmental and task-related factors 
[5]. One environmental factor is balance assessment pro-
cedure, as balance tasks can be performed with or with-
out the use of arm movement. In the first case, the goal is 
to standardize the testing procedure, while in the second 
case, the aim is to obtain the maximal performance level. 
In fact, Hill et al. [6] showed that healthy children (mean 

age: 10.6 ± 0.5 years) achieved better balance perfor-
mance (i.e., greater reach distances and shorter walking 
time) when the postural tasks were conducted with ver-
sus without the use of arm movement. In addition, it has 
been shown that task-related factors such as the level of 
difficulty also have an influence on balance performance. 
For example, Muehlbauer et  al. [7] investigated healthy 
children (mean age: 11.5 ± 0.6 years) who performed 
the unipedal stance with a varying difficulty level. They 
reported greater performance differences between free 
versus restricted arm movement instruction during the 
higher (i.e., standing on foam ground with eyes closed) 
compared to the lower (i.e., standing on firm ground with 
eyes opened) difficulty condition.

In summary, previous literature [2, 3, 6, 7] showed that 
balance performance in children is influenced by per-
son-, environment-, and task-related factors, with poorer 
performance detected for (i) boys versus girls [2, 3], (ii) 
restricted versus free arm movement [6, 7], and (iii) more 
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versus less difficult postural task conditions [7]. However, 
to date, there is a lack of studies considering all three 
influencing factors within one study. Therefore, the aim 
of the present study was to investigate whether the use 
of arm movement has a differential influence on balance 
performance in children depending on sex and task dif-
ficulty level. We hypothesized that restricted arm move-
ment will lead to poorer balance performance and this 
effect would be more pronounced in boys compared to 
girls and will increase with task difficulty level.

Main text
Methods
Participants
Forty children (18 boys, 22 girls) participated in this study 
(Table  1). There were no significant differences in the 
participants’ characteristics except for the maturity offset 
indicating that girls were more mature compared to boys. 
All subjects were healthy and free of any neurological or 
musculoskeletal impairments. None of the subjects had 
prior experience with the performed balance tests. Writ-
ten informed consent and subject’s assent were obtained 
from all participants before the start of the study. Addi-
tionally, parent’s approval was obtained for minors.

Assessment of balance
Balance was determined by means of the One-Legged 
Stance (OLS)  test. Participants stood without shoes on 
their dominant leg (i.e., kicking leg as determined per 
self-report). The participants were instructed to stand as 
long as possible but for a maximum of 60 s. The assess-
ment was performed using four different levels of task 
difficulty: (1) standing with eyes opened on firm ground 
(EO, FI); (2) standing with eyes closed on firm ground 
(EC, FI); (3) standing with eyes opened on foam (i.e., 
AIREX Balance-pad) ground (EO, FO); (4) standing with 
eyes closed on foam ground (EC, FO). A total of two tri-
als (one practice trial followed by one data-collection 
trial) were executed. The maximal stance time (sec) was 
used for further analysis. In children, the OLS test is a 

valid (concurrent and discriminative) and reliable (mod-
erate to excellent) test for the assessment of balance per-
formance [8, 9].

Balance was further assessed using the 3-m beam walk-
ing backward test [10]. The test consisted of wooden 
beams (length: 3 m; height: 5 cm) that differed in width 
(i.e., 6, 4.5, and 3  cm). The participants wore the same 
type of shoes (i.e., sports shoes) and were asked to walk 
backward at a self-selected speed from the beginning to 
the end of the beam but for a minimum of eight steps. 
A total of three trials (one practice trial followed by two 
data-collection trials) were performed. The number of 
steps for both data-collection trials per beam width was 
added up resulting in a maximum of 16 steps per beam 
and used for further analysis.

Lastly, balance was determined with the help of the 
Lower Quarter Y-Balance (YBT-LQ) test kit. The appara-
tus consisted of a central footplate to which three pipes 
were attached in the anterior (AT), posteromedial (PM), 
and posterolateral (PL) directions. Each pipe is marked 
in 1.0-cm increments for measurement purposes and was 
equipped with a moveable reach indicator block. Before 
testing, the respective length of the participants’ domi-
nant leg was determined (i.e., distance in cm from the 
anterior superior iliac spine to the most distal aspect of 
the medial malleolus) [11]. Thereafter, participants were 
asked to reach with the non-dominant leg as far as possi-
ble in the AT, PM, and PL directions while standing with 
their dominant leg on the central footplate. The absolute 
maximal reach distance (cm) per reach direction was 
used for further analysis. In total, six trials (three prac-
tice trials followed by three data-collection trials) were 
executed. The normalized maximal reach distance (% leg 
length [LL]) per reach direction was calculated by divid-
ing the absolute maximal reach distance (cm) by LL (cm) 
and then multiplying by 100. Further, the normalized 
(% LL) composite score (CS) was computed as the sum 
of the absolute maximal reach distance (cm) per reach 
direction divided by three times LL (cm) and then mul-
tiplied by 100.

Statistical analyses
Descriptive data are reported as group mean values and 
standard deviations. For all analyses, assumptions of nor-
mality (Shapiro–Wilk Test) and homogeneity of variance/
sphericity (Mauchly Test) were checked and met prior 
to the application of analysis of variance (ANOVA). An 
arm × sex × task difficulty repeated measures ANOVA 
was conducted for the OLS test and the 3-m beam walk-
ing backward test. For the YBT-LQ  test, an arm × sex 
repeated measures ANOVA was performed. In the case 
of significant differences, Bonferroni-adjusted post-
hoc tests (i.e., paired t-tests) were performed. Further, 

Table 1 Characteristics of the study participants by sex

Data are presented as mean value ± standard deviation

*Maturity offset was calculated as years from peak height velocity (PHV) by 
using the formulas provided by Moore et al. [21]

Characteristic Boys (n = 18) Girls (n = 22) p-value

Age (years) 11.5 ± 0.6 11.5 ± 0.6 0.815

Maturity offset* (years from 
PHV)

– 1.6 ± 0.6 – 0.3 ± 0.7 < 0.001

Body mass (kg) 45.6 ± 14.6 42.8 ± 9.2 0.468

Body height (cm) 153.2 ± 8.5 152.3 ± 6.8 0.698

Body mass index (kg/m2) 19.0 ± 4.2 18.4 ± 3.2 0.557

Leg length (cm) 81.2 ± 5.4 79.2 ± 7.3 0.349
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effect size (ηp
2) was calculated and reported as small 

(0.02 ≤ ηp
2 ≤ 0.12), medium  (0.13 ≤ ηp

2 ≤ 0.25), and large 
(ηp

2 ≥ 0.26)  [12]. All statistical analyses were performed 
using Statistical Package for Social Sciences version 
27.0 and the α-value was a priori set at p < 0.05 for all 
comparisons.

Results
Table 2 displays balance performance with free compared 
to restricted arm movement by sex and Table  3 shows 
the main and interaction effects of the repeated meas-
ures ANOVA per outcome measure. A main effect of arm 
was observed for the most difficult stance condition (i.e., 
EC, FO) of the OLS  test, for all three conditions of the 
3-m beam walking backward test, and for all three reach 
directions as well as the CS of the YBT-LQ  test. Post-
hoc analyses revealed that balance performance was sig-
nificantly better during free compared to restricted arm 
movement, irrespective of balance test considered. How-
ever, neither the main effect of sex nor the arm × sex or 
the arm × sex × task difficulty interactions reached the 
level of significance.

Discussion
In the present study, we compared the influence of arm 
movement on balance performance in healthy boys 
versus girls that performed postural tasks with vari-
ous difficulty level. In almost all test conditions, sig-
nificantly worse balance performance was observed 
under restricted compared to free arm movement test 

conditions (Tables  2 and 3). This finding is in accord-
ance to our assumption and corresponds with those from 
previous studies that also detected a negative effect of 
arm movement restriction on balance performance. For 
example, Objero et al. [13] reported more postural sway 
during standing with restricted arm movement. Further, 
Hill et al. [6] detected longer times to walk a limited dis-
tance of two meters while arm movement was restricted. 
Lastly, Hébert-Losier et  al. [14] found shorter YBT-LQ 
reach distances when arms were fixed on the hips. Only 
in the less difficult stance test conditions, no significant 
influence of arm movement was found, which can most 
likely be explained by a “ceiling effect”. In summary, it can 
be deduced that environmental factors like arm move-
ment should be allowed if the goal is to detect better 
balance performance values. In this regard, previous lit-
erature [6, 15, 16] showed that allowing free arm move-
ments has a positive effect on the mechanical aspects 
of the body by (i) increasing the moment of inertia, (ii) 
acting as a counterweight to shift the centre of mass 
away from the direction of instability, or (iii) generating 
a reactive torque to counteract the whole-body angular 
momentum.

Contrary to our expectation, the negative effect of 
restricted arm movement on balance performance was 
not additionally influenced by children’s sex (Table  3). 
In this regard, original studies [2, 3] and a systematic 
review article [4] reported poorer balance performance 
in boys compared to girls, so a greater negative effect was 
hypothesized for the former when arm movement was 

Table 2 Balance performance with free compared to restricted arm movement by sex

Data are presented as mean value ± standard deviation

AT , anterior; CS , composite score; EC, eyes closed; EO, eyes opened; FI , firm ground; FO, foam ground; LL , leg length; OLS, One-Legged-Stance test; PL, posterolateral; 
PM, posteromedial; YBT-LQ , Lower Quarter Y Balance test

Test/Outcome Boys (n = 18) Girls (n = 22)

Free Restricted Free Restricted

OLS test

 OLS time; EO, FI (s) 52.9 ± 14.0 54.8 ± 13.2 57.1 ± 15.7 51.4 ± 13.2

 OLS time; EC, FI (s) 40.5 ± 26.2 37.6 ± 25.8 31.5 ± 22.1 31.7 ± 23.6

 OLS time; EO, FO (s) 36.3 ± 23.6 34.3 ± 23.0 37.9 ± 22.6 32.0 ± 21.4

 OLS time; EC, FO (s) 9.9 ± 7.8 6.9 ± 4.8 8.0 ± 5.2 5.0 ± 4.7

3-m beam walking backward test

 6-cm beam walk (steps) 13.3 ± 4.2 12.9 ± 4.2 14.0 ± 3.7 12.2 ± 4.1

 4.5-cm beam walk (steps) 11.5 ± 5.2 10.4 ± 5.1 12.8 ± 3.7 10.2 ± 3.9

 3-cm beam walk (steps) 10.2 ± 5.2 5.9 ± 3.3 8.2 ± 3.5 5.4 ± 3.2

YBT-LQ test

 YBT-LQ: AT reach (% LL) 79.3 ± 7.6 77.3 ± 7.8 77.1 ± 9.1 73.0 ± 9.7

 YBT-LQ: PM reach (% LL) 113.1 ± 11.9 108.1 ± 12.1 109.0 ± 16.6 102.9 ± 13.6

 YBT-LQ: PL reach (% LL) 108.3 ± 13.5 103.7 ± 13.6 105.8 ± 15.4 101.0 ± 13.1

 YBT-LQ: CS (% LL) 100.2 ± 9.9 96.4 ± 10.3 97.3 ± 12.6 92.3 ± 11.1
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restricted. The reason given is that in childhood the pos-
tural control system of boys is less mature (e.g., central 
nervous structures) than that of same aged girls [17, 18]. 
In fact, in the present study, boys had the same chrono-
logical age but showed a significantly lower maturity off-
set compared to girls (Table  1). However, we could not 
find any arm by sex interaction, which suggests that no 
specific consideration of this person-related factor is nec-
essary during balance testing in children.

Further, the negative effect of arm movement restric-
tion on balance performance did not increase with 
increasing task difficulty (Table  3). This finding is con-
trary to our assumption as well and different from for-
mer studies [13, 19, 20] that found a greater effect of arm 
movement restriction in more compared to less difficult 
postural tasks. Most likely, the discrepancy between the 
applied difficulty levels was too small to have an addi-
tional negative effect on balance performance besides 
arm movement restriction. To validate this explanation, 
balance tasks with larger discrepancies in terms of the 
task-related factor difficulty level should be used in future 
studies.

Conclusion
The present study compared the effect of arm move-
ment on balance performance between healthy male and 
female children while performing postural tasks with var-
ious difficulty level. Restricted versus free arm movement 

yielded worse balance performance, irrespective of sex 
and task difficulty. In healthy children, these findings 
indicate that arm movements during balance assessment 
rather than sex and task difficulty level are an important 
environmental impact factor. Thus, descriptions on arm 
positioning during balance assessment are necessary to 
facilitate data replication.

Limitations

• Only healthy children were studied, which prevents 
the transfer of our findings to children with balance 
problems (e.g., due to injuries).

• Well-established field tests (i.e., OLS test, 3-m beam 
walking backward test, YBT-LQ test) but no instru-
mented biomechanical procedures (e.g., postural 
sway via force plate) were used.

• Performance data during standing, walking, and 
reaching were collected but no kinematic data (e.g., 
using a  motion capture  system) of arm movements 
were registered.

Abbreviations
ANOVA: Analysis of variance; AT: Anterior; CS: Composite score; EC: Eyes closed; 
EO: Eyes opened; FI: Firm ground; FO: Foam ground; LL: Leg length; OLS: 

Table 3 Main and interaction effects of the repeated measures ANOVA per outcome measure

Values are p-values and effect sizes (ηp
2) in brackets. 0.02 ≤ ηp

2 ≤ 0.12 indicates small, 0.13 ≤ ηp
2 ≤ 0.25 indicates medium, and ηp

2 ≥ 0.26 indicates large effects

AT, anterior; CS, composite score; EC, eyes closed; EO, eyes opened; FI, firm ground; FO, foam ground; LL, leg length; OLS, One-Legged-Stance test; PL, posterolateral; 
PM, posteromedial; YBT-LQ, Lower Quarter Y Balance test

*Indicates significant (p < .0.05) performance difference in favor of free arm movement

Test/Outcome Main effects Interaction effects

Arm Sex Arm × sex Arm × sex × 
task difficulty

OLS test

 OLS time; EO, FI (s) 0.328 (0.03) 0.904 (0.01) 0.063 (0.09) 0.749 (0.01)

 OLS time; EC, FI (s) 0.588 (0.01) 0.314 (0.03) 0.527 (0.01)

 OLS time; EO, FO (s) 0.209 (0.04) 0.954 (0.01) 0.542 (0.01)

 OLS time; EC, FO (s) 0.004 (0.20)* 0.216 (0.04) 0.977 (0.01)

3-m beam walking backward test

 6-cm beam walk (steps) 0.052 (0.10)* 0.998 (0.01) 0.236 (0.04) 0.893 (0.01)

 4.5-cm beam walk (steps) 0.006 (0.18)* 0.650 (0.01) 0.254 (0.03)

 3-cm beam walk (steps) < 0.001 (0.44)* 0.249 (0.04) 0.268 (0.03)

YBT-UQ test

 YBT-LQ: AT reach (% LL) < 0.001 (0.36)* 0.237 (0.04) 0.108 (0.07) –

 YBT-LQ: PM reach (% LL) < 0.001 (0.38)* 0.275 (0.03) 0.640 (0.01) –

 YBT-LQ: PL reach (% LL) 0.001 (0.26)* 0.544 (0.01) 0.947 (0.01) –

 YBT-LQ: CS (% LL) < 0.001 (0.53)* 0.319 (0.03) 0.399 (0.02) –



Page 5 of 5Muehlbauer et al. BMC Research Notes          (2022) 15:362  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

One-Legged Stance test; PL: Posterolateral; PM: Posteromedial; YBT-LQ: Lower 
Quarter Y Balance test.

Acknowledgements
Not applicable.

Author contributions
All authors designed the research question. SS conducted the testing and 
data collections. TM and SS analyzed the data. TM, MWH, and SS wrote the 
main parts of the manuscript. All the authors contributed to critical review of 
draft manuscripts. All authors read and approved the final manuscript.

Funding
The support by the Open Access Publication Fund of the University of 
Duisburg-Essen is acknowledged. The funding body is independent of the 
design of the study and collection, analysis, and interpretation of data and in 
writing the manuscript. Open access funding enabled and organized by the 
project DEAL.

Availability of data and materials
The data generated and analyzed during the present study are not publicly 
available due to ethical restrictions but are available from the corresponding 
author upon reasonable request.

Declarations

Ethics approval and consent to participate
Ethical permission was given by the Human Ethics Committee at the Univer-
sity of Duisburg-Essen, Faculty of Educational Sciences. Participants’ assent 
and parents’ written informed consent were obtained prior to the start of the 
study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Division of Movement and Training Sciences, Biomechanics of Sport, 
University of Duisburg-Essen, Gladbecker Str. 182, 45141 Essen, Germany. 
2 Center for Sport, Exercise and Life Sciences, School of Life Sciences, Coventry 
University, Warwickshire, UK. 

Received: 4 March 2022   Accepted: 7 September 2022

References
 1. Hirabayashi S, Iwasaki Y. Developmental perspective of sensory organiza-

tion on postural control. Brain Dev. 1995;17(2):111–3.
 2. Nolan L, Grigorenko A, Thorstensson A. Balance control: sex and age dif-

ferences in 9- to 16-year-olds. Dev Med Child Neurol. 2005;47(7):449–54.
 3. Thevenon A, Gabrielli F, Lepvrier J, Faupin A, Allart E, Tiffreau V, Wieczorek 

V. Collection of normative data for spatial and temporal gait parameters 
in a sample of French children aged between 6 and 12. Ann Phys Rehabil 
Med. 2015;58(3):139–44.

 4. Schedler S, Kiss R, Muehlbauer T. Age and sex differences in human 
balance performance from 6–18 years of age: a systematic review and 
meta-analysis. PLoS ONE. 2019;14(4):e0214434.

 5. Shumway-Cook A, Woollacott MH. Motor control: translating research 
into clinical practice. Philadelphia: Lippincott Williams & Wilkins; 2016.

 6. Hill MW, Wdowski MM, Pennell A, Stodden DF, Duncan MJ. Dynamic 
postural control in children: do the arms lend the legs a helping hand? 
Front Physiol. 2019;9:1932.

 7. Muehlbauer T, Hill MW, Heise J, Abel L, Schumann I, Brueckner D, Schedler 
S. Effect of arm movement and task difficulty on balance performance 
in children, adolescents, and young adults. Front Hum Neurosci. 
2022;16:854823.

 8. Barozzi S, Socci M, Soi D, Di Berardino F, Fabio G, Forti S, Gasbarre 
AM, Brambilla D, Cesarani A. Reliability of postural control meas-
ures in children and young adolescents. Eur Arch Otorhinolaryngol. 
2014;271(7):2069–77.

 9. Zumbrunn T, MacWilliams BA, Johnson BA. Evaluation of a single leg 
stance balance test in children. Gait Posture. 2011;34(2):174–7.

 10. Bös K. Deutscher Motorik-test 6–18. Hamburg: Czwalina; 2009.
 11. Plisky PJ, Gorman PP, Butler RJ, Kiesel KB, Underwood FB, Elkins B. The reli-

ability of an instrumented device for measuring components of the star 
excursion balance test. N Am J Sports Phys Ther. 2009;4(2):92–9.

 12. Cohen J. Statistical power for the behavioral sciences. Hillsdale: Erlbaum; 
1988.

 13. Objero CN, Wdowski MM, Hill MW. Can arm movements improve pos-
tural stability during challenging standing balance tasks? Gait Posture. 
2019;74:71–5.

 14. Hebert-Losier K. Clinical implications of hand position and lower limb 
length measurement method on Y-Balance test scores and interpreta-
tions. J Athl Train. 2017;52(10):910–7.

 15. Marigold DS, Bethune AJ, Patla AE. Role of the unperturbed limb and 
arms in the reactive recovery response to an unexpected slip during 
locomotion. J Neurophysiol. 2003;89(4):1727–37.

 16. Roos PE, McGuigan MP, Kerwin DG, Trewartha G. The role of arm move-
ment in early trip recovery in younger and older adults. Gait Posture. 
2008;27(2):352–6.

 17. Tiemeier H, Lenroot RK, Greenstein DK, Tran L, Pierson R, Giedd JN. Cer-
ebellum development during childhood and adolescence: a longitudinal 
morphometric MRI study. NeuroImage. 2010;49(1):63–70.

 18. Lenroot RK, Giedd JN. Brain development in children and adolescents: 
insights from anatomical magnetic resonance imaging. Neurosci Biobe-
hav Rev. 2006;30(6):718–29.

 19. Bostrom KJ, Dirksen T, Zentgraf K, Wagner H. The contribution of upper 
body movements to dynamic balance regulation during challenged 
locomotion. Front Hum Neurosci. 2018;12:8.

 20. Patel M, Buckwell D, Hawken M, Bronstein AM. Does outstretching the 
arms improve postural stability? Neurosci Lett. 2014;579:97–100.

 21. Moore SA, McKay HA, Macdonald H, Nettlefold L, Baxter-Jones AD, Cam-
eron N, Brasher PM. Enhancing a somatic maturity prediction model. Med 
Sci Sports Exerc. 2015;47(8):1755–64.

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


	Effect of arm movement and task difficulty level on balance performance in healthy children: are there sex differences?
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Methods
	Participants
	Assessment of balance
	Statistical analyses

	Results
	Discussion

	Conclusion
	Limitations
	Acknowledgements
	References




