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Abstract

Agility and dynamic balance are crucial skills in pre-

pubertal physical activity and sport participation, so 

the identification of efficient tests for their assessment 

is necessary. To evaluate the correlation between agi-

lity and dynamic balance in primary school children. 

Twenty-seven boys and twenty girls aged 10 years, vo-

lunteered to participate in the study. The modified Star 

excursion balance test and the 4x10 m shuttle run test 

were used in order to assess dynamic balance and agility 

respectively. Dynamic balance composite scores with the 

right stance showed a moderate significant correlation 

(r = -0.51, p < 0.05) with the agility test only among 

boys. However, significant correlation among girls (r = 

-0.45, p < 0.05) was showed during the posterolateral 

reaching distance of the Star excursion balance test. The 

performance of the complete test or the posteromedial 

and posterolateral reaching distances of the Star excur-

sion balance test is moderately associated with agility 

among boys, whereas the posterolateral distance is as-

sociated with agility among girls.

Key words: Dynamic balance, agility, primary school.

Resumen

La agilidad y el equilibrio dinámico son habilidades 

cruciales en la actividad física prepuberal y la 

participación deportiva, por lo tanto es necesaria 

la identificación de pruebas eficientes para su 

evaluación. Evaluar la correlación entre la agilidad y 

el equilibrio dinámico en niños escolares de primaria. 

Veintisiete niños y veinte niñas de 10 años participaron 

voluntariamente en el estudio. El Star Excursion 

Balance Test (SEBT) modificado y el 4x10 m Shuttle 

Run Test se utilizaron respectivamente para evaluar 

el equilibrio dinámico y agilidad. Las puntuaciones 

compuestas del equilibrio dinámico con apoyo 

diestro mostraron solo entre los niños una moderada 

correlación significativa (r = -0.51, p < 0.05) con la 

prueba de agilidad. Sin embargo, entre las niñas se 

mostró una correlación significativa (r = -0.45, p < 

0.05) durante la distancia de alcance posterolateral 

obtenida en el SEBT. La realización del test completo 

o de las distancias alcanzadas a nivel posteromedial y 

posterolateral del SEBT se asocia moderadamente con 

la agilidad entre los niños, mientras que la distancia 

posterolateral se asocia con la agilidad entre las niñas.

Palabras clave: Equilibrio dinámico, agilidad, escuela 

primaria.
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Introduction

Locomotor (e.g., agility) and stability (e.g., dynamic 

balance) are fundamental and required skills during 

physical activity and sport participation at all ages 

(Fong & Ng, 2012; Gallahue, Ozmun, & Goodway, 

2012; Jordan, Korgaokar, Farley, Coons, & Caputo, 

2014; Santiago, Granados, Quintela, & Yanci, 2015). 

A relationship between agility and balance has been 

assumed for some authors who stated that balance 

and coordination improvements might provide 

faster movements and faster direction changes while 

maintaining control (Miller, Herniman, Ricard, 

Cheatham, & Michael, 2006). Indeed, balance is 

considered an agility subcomponent (Ruiz et al., 

2009) and agility is de�ned as a body movement 

with velocity or direction changes in response to a 

stimulus (Sheppard & Young, 2006). Studies showed 

an agility/balance relationship through agility 

improvements after a balance training intervention 

(Little & Williams, 2005). Nevertheless, scienti�c 

literature that provides direct agility/balance 

relationship is scarce, especially in children. To 

the best of our knowledge, only two studies with 

college-aged and pubescent participants established 

a direct correlation between agility and static balance 

measures, reporting a signi�cant correlation between 

the aforementioned variables (Sekulic, Spasic, & 

Esco, 2014; Sekulic, Spasic, Mirkov, Cavar, & Sattler, 

2013). However, test providing dynamic conditions 

are required in to identify balance de�cits, fall risk 

and sport-related injury risk in prepubertal children 

(Granacher & Gollhofer, 2012). �e importance of 

maintaining balance while performing tasks has been 

highlighted due to the stabilization requirements 

before a motor movement can be e�ciently elicited 

decreasing centre of gravity perturbations (Anderson 

& Behm, 2005; Davlin, 2004; Fong & Ng, 2012). �us, 

it is reasonable to hypothesize that dynamic balance 

provides a greater transference to physical activity 

demands (likewise agility performances) than static 

balance (Gribble, Hertel, & Plisky, 2012).

Despite the lack of investigation between balance 

and agility has been attributed to the di�culty to 

perform a balance test (Sekulic et al., 2013), some 

cost-e�ective dynamic balance measures such as the 

Star excursion balance test (SEBT) have been widely 

used in several studies. 

�e SEBT is able to di�erentiate de�cits and 

improvements in dynamic postural-control related 

to lower extremity injury and induced fatigue, and 

it has the potential to predict injury to the lower 

extremity (Gribble, Hertel, & Plisky, 2012). It is 

well established that children are less stable than 

adults (Schärli, Keller, Lorenzetti, Murer, & van de 

Langenberg, 2013; Shumway-Cook & Woollacott, 

1985), due to a sensory system immaturity (i.e., visual, 

vestibular, somatosensory) (Cumberworth, Patel, 

Rogers, & Kenyon, 2007), undeveloped integration 

between sensory systems (Peterson, Christou, & 

Rosengren, 2006) or a lower degree of intersegmental 

coordination (Schärli et al., 2013). In fact, children 

injury rates related with falls and sport participation 

are higher compared with adolescents (Gallagher, 

Finison, Guyer, & Goodenough, 1984). 

Hence, a better understanding of the association 

between dynamic balance measured by SEBT and 

agility measured by the 4x10 shuttle run test in 

children is warranted. Our purpose was to evaluate the 

correlation between the SEBT and the 4x10 m shuttle 

run test in children aged 10 years. In addition, since 

previous research reported gender-speci�c in�uences 

in di�erent agility predictors (Sekulic et al., 2013) we 

also aimed to analyze between-gender di�erences. We 

hypothesized that the SEBT and the 4x10 m shuttle 

run test will show a signi�cant correlation in both 

genders.

Methods

Participants

Information about the study and the experimental 

risks and informed consent forms were distributed 

in one school. All the measurement procedures and 

potential risks were verbally explained. Participant 

consent forms were sent home with students and 

those who returned signed consent forms (from their 

parents/guardians) were permitted to participate in 

the study. A total of 47 participants (20 female and 

27 male; age 10 ± 0.7 years, height 145.07 ± 6.24 cm, 

weight 41.38 ± 6.97 kg) volunteered to take part in 

this study. 

All participants were physically active and involved 

in regular training at least 3 times/week in swimming, 

basketball or in football. Participants were required 

to be free from lower extremity injury for at least 6 

months prior to testing, have no history of hip, knee 

or ankle surgery (Munro & Herrington, 2010). �e 

study was approved by the institutions’ review boards 

and it was obtained an informed consent/assent 

from parents/child subjects. All procedures described 

in this section comply with the requirements listed 

in the 1975 Declaration of Helsinki and its 2008 

amendment.
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Protocol

Height (IP0955, Invicta Plastics Limited, Leicester, 

England) and body mass (Tanita model BF- 350) were 

obtained before starting with the familiarization. 

During the course of the testing, the participants 

were asked to maintain their normal diet and to stop 

exercising. A familiarization session was performed 

during the previous week to the data collection in order 

to standardize and harmonize the measurements. 

Data collection was performed during school hours, 

in a random order at the same time of the day (i.e., 

during the morning) by the same researchers. �e 

researchers had previous experience with the tests 

assessed. All measurements were carried out during 

May, under standardized conditions and were always 

conducted in the same indoor sportive facility (with 

temperature between 15 and 20ºC).

�e SEBT and the 4x10 m shuttle run test were 

used in order to assess dynamic balance and motor 

agility respectively and were performed the same day 

in a counterbalanced way. Participants performed 2 

min mobility drills without ballistic movements to 

warm up.

�e SEBT consists in maintaining a single leg stance 

on one leg while reaching as far as possible with the 

contralateral leg and was performed following the 

previous recommendations (Gribble, Hertel, & Plisky, 

2012) and was performed in three directions (anterior, 

posteromedial and posterolateral). �is modi�cation 

reduces the time necessary to perform the SEBT and 

thus is more practical in the school setting. Four 

practice trials were performed in each direction before 

recording three additional reaching distances in order 

to minimize practice e�ects. �e best value of the three 

measured trials was selected (Munro & Herrington, 

2010). Participants undertook the testing barefoot 

with the stance foot aligned at the most distal aspect of 

the toes for anterior direction and the most posterior 

aspect of the heel for the backward directions. During 

trials, hands were placed on hips and minimal stance 

foot movement was allowed (Gribble et al., 2012). Leg 

length was measured quantifying the distance (in cm) 

from the anterior superior iliac spine to the center of 

the ipsilateral medial malleolus while participants lying 

supine. �is measure was used to normalize excursion 

distances dividing the distance reached by leg length 

then multiplying by 100. A trial was discarded and 

repeated if participants used the reaching leg for a 

substantial amount of support at any time, removed 

the foot from the center of the grid, or were unable to 

maintain balance (Gribble & Hertel, 2003). �e SEBT 

have been reported moderate and good test-retest 

reliability scores among children (Calatayud, Borreani, 

Colado, Martín, & Flández, 2014).

�e 4x10 m shuttle run test was performed 

according to a previous description (Ortega, Ruiz, 

Castillo, & Sjöström, 2008). Two parallel lines were 

drawn on the �oor 10 m apart. �e participants ran as 

fast as possible from the starting line to the other line 

and returned to the starting line, crossing each line 

with both feet every time. Every time the participant 

crosses any of the lines, he/she should pick up (the 

�rst time) or exchange (second and third time) a 

sponge that has earlier been placed behind the lines. 

�e rater was situated at the starting line and stopped 

the stopwatch when the participants crossed the line 

with one foot. �e time taken to complete the test was 

recorded to the nearest tenth of a second. Participants 

wore sport shoes and performed the test with twice 

with one minute rest and the best time was selected. 

�e 4x10 m shuttle run test measured with the 

stopwatch is valid and reliable to assess motor �tness 

and has been recently included in health-related 

�tness test battery for children and adolescents (Ruiz 

et al., 2011).

Statistical analyses

Statistical analysis was carried out using SPSS 

version 22 (SPSS inc., Chicago, IL, USA). �e level of 

signi�cance was set at p < 0.05 for all statistical tests.

Means and standard deviations were calculated for 

the tests and the anthropometric measures. Di�erences 

between right/left reach distances during the SEBT 

were evaluated by paired t-tests in each direction. In 

addition, composite reach distance was calculated as 

the sum of the 3 normalized reach distances (anterior, 

posteromedial, and posterolateral), divided by three 

times limb length, multiplied by 100.

�e di�erences between men and women in all the 

applied tests were calculated using independent t-test. 

�e relations between agility and dynamic balance for 

total sample, and separately for boys and girls were 

evaluated by Pearson correlation.

Results

�ere were no gender di�erences for the anthropo-

metrics measurements (Table 1).

Boys had greater 4x10 m shuttle run test performance 

than girls as well as greater posterolateral reaching 

distance when the test was performed with the leg stance 

(Table 2). SEBT composite scores showed signi�cant 

correlation with the 4x10 m Shuttle Run Test when 
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the right stance was examined in the whole sample but 

only in boys when sample was separated. Regarding the 

speci�c reaching distances of the SEBT, boys presented 

signi�cant correlation during the posteromedial and 

posterolateral reaching distance with the right stance 

whereas girls only showed a signi�cant agility/dynamic 

balance correlation during the posterolateral reaching 

distance with the right stance. Complete correlation 

coe�cients between the 4x10 m Shuttle Run Test and 

the SEBT are showed in the Table 3.

Discussion

�e purpose of the study was to evaluate the 

relationship between the SEBT and the 4x10 m 

shuttle run test in primary school students. Partly in 

accordance with the hypothesis, our principal result 

showed a moderate correlation between the 4x10 

m shuttle run test and the composite SEBT only in 

boys when the right stance was examined. Other 

interesting �ndings in our study are: a) posteromedial 

and posterolateral reaching distances provided the 

greatest association; b) correlation was only showed 

during the SEBT with right stance. Each of these 

�ndings is discussed with further details in the 

following texts.

Supporting our principal result, two previous studies 

reported moderate (Sekulic et al., 2013) and low 

(Sekulic et al., 2014) signi�cant correlation between 

static balance and agility measures among college-

aged boys and girls and pubescent boys respectively. 

Despite the general correlation that we found (i.e., 

Table 1. Descriptive statistics of anthropometric measures

Total sample (n = 47)
Mean ± SD

Boys (n = 27)
Mean ± SD

Girls (n = 20)
Mean ± SD

Age 10 ± 0.7 10 ± 0.8 10 ± 0.6

Height (cm) 145.07 ± 6.24 144.98 ± 5.94 145.2 ± 6.78

Weight (kg) 41.38 ± 6.97 41.67 ± 6.49 40.95 ± 7.66

Right leg length 78.37 ± 4.54 77.96 ± 4.08 78.92 ± 5.15

Left leg length 78.74 ± 4.47 78.2 ± 4.04 78.82 ± 5.08

Table 2. 4x10 m Shuttle Run Test results and normalized dynamic balance SEBT scores

Total sample (n = 47)
Mean ± SD

Boys (n = 27)
Mean ± SD

Girls (n = 20)
Mean ± SD

4x10 m Shuttle Run Test (s) 13.5 ± 0.83 13.29 ± 0.85 13.78 ± 0.72*

SEBT

Right Stance

Anterior 74.42 ± 7.24 75.27 ± 7.59 73.28 ± 6.76

Posteromedial 92.42 ± 9.85 93.8 ± 9.49 90.57 ± 10.27

Posterolateral 83.19 ± 11.59 84.52 ± 11.33 81.39 ± 11.99

SEBT Left Stance

Anterior 75.39 ± 7.79 74.91 ± 9.14 76.04 ± 5.65

Posteromedial 92.23 ± 11.71 92.58 ± 11.54 91.77 ± 12.23

Posterolateral 84.38 ± 14.3 88.45 ± 12.8 78.9 ± 14.67*

SEBT Composite
Right Stance 83.34 ± 7.66 84.53 ± 7.5 81.74 ± 7.77

Left Stance 84 ± 9.1 85.31 ± 9.02 82.23 ± 9.13

SEBT total composite 83.67 ± 7.7 84.92 ± 7.23 81.98 ± 8.16

*Denotes significant differences between genders (p < 0.05).

Composite = sum of the 3 normalized reach distances, divided by 3 times limb length, multiplied by 100. SEBT results are presented as a % of the leg length 

distance.

Table 3. Correlation coefficients between 4x10 m Shuttle Run 
Test and the SEBT

Total 
sample

Boys Girls

Right 

Stance

Anterior -0.27 -0.02 -0.01

Posteromedial -0.35* -0.51* -0.14

Posterolateral -0.52* -0.56* -0.45*

Left Stance

Anterior -0.15 -0.25 0.03

Posteromedial 0.01 -0.02 0.06

Posterolateral -0.13 -0.07 -0.16

Composite
Right Stance -0.42* -0.51* -0.29

Left Stance -0.10 -0.13 -0.05

* Denotes significant Pearson’s correlation coefficients (p < 0.05).

Composite= sum of the 3 normalized reach distances, divided by 3 times 

limb length, multiplied by 100. 

SEBT results are presented as a % of the leg length distance.
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composite scores), the association was only showed 

among boys. However, it is worthy to mention that 

signi�cant correlation among girls was showed during 

posterolateral reaching distance. Neuromuscular 

improvements due to balance training such as re�ex 

adaptations or an increase in rate of force development 

may bene�t explosive muscular actions and thus, 

improve motor skill performance (Gruber & Gollhofer, 

2004). In fact, a systematic review concluded that 

balance training increase static and dynamic balance 

in athletes and non-athletes and may also have a 

positive e�ect on strength performance, jumping and 

agility (Zech et al., 2010).

Some authors have speculated about the relationship 

between dynamic balance and agility. For instance, 

balance training induced a positive transference to agility 

performance (Little & Williams, 2005). Additionally, 

sports requiring agility skills have demonstrated 

superior static unipedal and dynamic balance ability 

compared with control participants (Bressel, Yonker, 

Kras, & Heath, 2007). Since balance has special 

in�uence in the e�cacy of directional changes (Sekulic 

et al., 2013), our �ndings regarding the correlation 

of the di�erent reaching distances in the SEBT with 

the agility test seem logical. �e results of the present 

study corroborate recently reported �ndings where 

lateral and semilateral movements showed the highest 

correlation with balance (Sekulic et al., 2013). In our 

case, posteromedial and especially the posterolateral 

reaching distances showed higher correlation with the 

agility test than anterior direction, probably due to the 

lower balance disruptions during this position.

Regarding sex di�erences in test performance, we 

found that boys were faster than girls in the agility 

test, which is already reported in participants aged 20 

years (Sekulic et al., 2013). Similarly, previous studies 

reported that boys had a greater sprint performance 

(Karppanen, Ahonen, Tammelin, Vanhala, & 

Korpelainen, 2012; Nassif et al., 2012). Di�erent 

results were found regarding dynamic balance between 

boys and girls. Concretely, girls and boys obtained 

similar scores during the SEBT. Previous studies 

reported that women showed greater static balance 

results among adults and greater static balance among 

prepubescent participants (Karppanen et al., 2012; 

Marta, Marinho, Barbosa, Izquierdo, & Marques, 

2012) and participants aged 20 years (Sekulic et 

al., 2013). It is probable that the non-signi�cant 

di�erences in anthropometric measures (i.e. in 

our study boys and girls do not di�er signi�cantly 

in height and weight) de�ned the non-signi�cant 

di�erences in dynamic balance between genders. 

Despite greater �exibility in the ankle joint has been 

identi�ed as one of the key factors in maintaining 

balance (Sekulic et al., 2013), their in�uence remain 

limited to the anterior distance of the SEBT (Hoch, 

Staton, & McKeon, 2011). In addition, other variables 

such as knee �exion degree, hip �exion degree, height 

and leg length may in�uence the SEBT results (Gribble 

et al., 2012). It has been stated that a lower center of 

mass may allow greater stability (Allard, Nault, Hinse, 

LeBlanc, & Labelle, 2001). Nevertheless, prepubertal 

stage results in a reduction of the height di�erences 

between boys and girls, since girls have a faster grown 

during this stage, reaching the height peak earlier than 

boys (Malina, Bouchard, & Bar-Or, 2004). However, 

the gender di�erences in the correlation between 

dynamic balance and agility (i.e. correlations between 

these qualities are more evident among boys), are most 

probably related to the power and speed as has been 

observed in a previous study (Sekulic et al., 2013).

Interestingly, agility-balance correlation was only 

showed during the right stance of the SEBT. However, 

no signi�cant di�erence was found between reaching 

distances of both limbs. An anterior right/left reach 

distance di�erence greater than 4 cm has been related 

to a greater lower extremity injury risk (Plisky, 

Rauh, Kaminski, & Underwood, 2006). In addition, a 

decreased reach distance in 1 limb may be a potential 

risk factor for injury to either limb (Plisky et al., 2006). 

Considering the absence of signi�cant di�erences 

between right/left reach distances during the SEBT 

in our study, is possible that a right stance which 

was related with a greater number of participant´s 

limb dominance has a greater implication in direction 

changes during the agility test.

�e use of photoelectric cells could have provided 

greater accuracy in our results and may be a limitation. 

However, the use of a manual stopwatch has been 

validated and is a reliable measure to assess the 4x10 

m shuttle run test even when the raters are not trained 

for it (Vicente-Rodríguez et al., 2011). In addition, a 

stopwatch is much cheaper and feasible in the school 

setting.

Conclusions

Our results demonstrate that the composite score 

of the modi�ed SEBT and the posteromedial and 

posterolateral reaching distances with the right stance 

are moderately associated with the 4x10 m shuttle 

run test performance in male children aged 10 years. 

A relationship between these tests among girls may be 

showed only during the SEBT posterolateral reaching 

distance with right stance.
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Resumen

Los objetivos de este estudio fueron comprobar la 

relación entre el locus de control y el rendimiento de-

portivo, y conocer la relación entre el locus de control 

y las variables de ira. La muestra de la investigación se 

compuso de 58 jugadores federados de tenis de mesa de 

toda la geografía española. Los participantes completa-

ron un cuestionario sociodemográfico ad hoc, la Escala 

de Locus de Control (ELC) y el Inventario de Expresión 

de la Ira Estado-Rasgo (STAXI-2). Los resultados revela-

ron que no había diferencias de medias en los niveles 

de locus de control externo en función de la división de 

juego y del tipo de práctica deportiva (profesionales vs 

amateurs). Por otro lado, se confirmó la relación entre 

el locus de control externo y la expresión externa de la 

ira, encontrándose diferencias estadísticamente signifi-

cativas entre la expresión externa de la ira y los grupos 

de locus de control externo alto y bajo. Finalmente, se 

concluyó que el nivel de rendimiento deportivo no in-

terfería en los niveles de locus de control y, por otro 

lado, se confirma la relación del locus de control exter-

no en la expresión externa de la ira de los jugadores de 

tenis de mesa. Por lo tanto, el locus de control interno se 

muestra como una variable protectora importante para 

intervenir con jugadores y entrenadores.

Palabras clave: Deporte de raqueta, competición, 

creencia de control, ajuste psicológico.

Abstract

The aims of this study were to verify the relationship 

between locus of control and athletic performance, 

and understand the relationship between locus of 

control and anger variables. The research sample 

consisted of 58 federated table tennis players from 

all Spanish geographic areas. Participants completed 

a sociodemographic questionnaire ad hoc, the Locus 

of Control Scale (ELC) and the State-Trait Anger 

Expression Inventory (STAXI-2). The results revealed 

no differences in mean levels of external locus of 

control in terms of the division of play and type of 

sport (amateur versus professional). On the other 

hand, we found relationship between external locus of 

control and anger. We showed statistically significant 

differences in outward expression of anger and groups 

of high and low external locus of control. Finally, it was 

concluded that the level of athletic performance did 

not interfere with the levels of locus of control, on the 

other hand, the ratio of external locus of control and 

outward expression of anger of table tennis players 

was confirmed. Therefore, internal locus of control is 

shown as an important protective variable to intervene 

with for players and coaches.

Key words: Racket sport, competition, control belief, 

psychological adjustment.


