
Abstract

Introduction and purpose: The body mass index (BMI) is a rough, but the 
most commonly used indicator for determining children’s nutrition. It is 
an indicator of body composition, which can also affect motor abilities, 
which are to some extent innate but are also highly dependent on the 
environment in which the child lives. The study aimed to determine 
the relationship between body mass index and explosive leg power, 
balance, and coordination of children in the preschool period. Methods: 
The sample included seventy-five 5-6-year-old preschool children, for 
whom we measured some motor skills (long jump from the city, one-
legged jumps on the left leg, one-legged jumps on the right leg, walking 
through hoops back, walking backwards on the shaft, rotating around 
its axis, standing on one leg with open eyes) with the help of motor tests 
and calculated BMI (body mass index). This represents the ratio between 
the value of body height and body weight. By the doctrine of the World 
Health Organization (BMI-for-age 5–19 years), BMI was classified into 
three categories: normal body weight (N = 54), overweight (N = 5), and 
obesity (N = 16). To analyze the relationship between BMI and the results 
of motor tests of explosive power, and between the motor balance tests 
and the results of motor coordination tests, we calculated the Pearson 
correlation coefficient. Results: In the category of normal body weight, 
in the calculations of motor tests, a negative insignificant correlation 
was detected between the variables BMI and the results of motor tests of 
explosive leg power (r = -0.059). Thus, as the value of one variable (BMI 
value) increases, the value of the other (the result of motor tests of the 
explosive leg power) decreases. A negative insignificant correlation (r 
= -0.013) is also observed in this category between BMI variables and 
the result of motor balance tests. A weak correlation (r = 0.264) can be 
observed between BMI variables and the result of motor coordination 
tests in the overweight category. There is also a slight correlation in this 
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category between the variables BMI and the result of motor tests of 
explosive leg power (r = 0.012) and between BMI and the result of motor 
tests of balance (r = 0.045). In the obesity category, there is a negative 
weak correlation between BMI variables and the result of motor balance 
tests (r = -0.21). Thus, as the value of one variable (BMI) increases, the 
value of the other variable (the result of motor balance tests) decreases. A 
negative negligible correlation was detected between the BMI variables 
and the result of motor coordination tests in this category (r = -0.129). 
Discussion and conclusions: We found that the higher the BMI, the 
greater the standard deviation in the results of motor tests of both 
explosive leg power, balance, and coordination. Children with lower 
BMIs thus achieved better results in motor tests. Among the mentioned 
variables, the results are not statistically significant (p> 0.05). From the 
obtained correlations indicated that there could be some influence of 
BMI and motor abilities.

Keywords: BMI, motor abilities, preschool children

Introduction
Obesity has become a common and worrisome problem that can hinder the 
development of children‘s motor abilities. The body mass index (BMI) repre-
sents the ratio between the value of body height and body weight. Otherwise, 
it is rough, but the most common indicator for determine body composition. 
Among other things, it can also affect motor abilities, which are to a certain ex-
tent innate, but are also very dependent on the environment in which the child 
lives.

Previous studies (Marshall et al., 2004; Must and Tybor, 2005; McMur-
ra et al., 2008; Volmut et al., 2010) indicate that children and adolescents who 
are overweight or obese compared to children with normal body weight are 
less active and spend less time in moderate and high-intensity physical activity, 
as a result, they do not have enough motor experience and have poorly devel-
oped motor abilities.Matarma et al. (2018) states that children in the category of 
overweight have significantly lower results in all measured motor abilities com-
pared to children in the category of normal body weight. Logan et al. (2021) 
found that preschool children classified as overweight and obese have poor-
er motor abilities than their peers with normal body weight and underweight.
Gentier et al. (2013) found that children in the categories of overweight and 
obesity have less developed hand skills, gross and fine motor skills than chil-
dren in the category of normal body weight. Award (2022) found that the mo-
tor skills of 6-8-year-old children are negatively related to BMI, and that chil-
dren with a normal body weight have better motor abilities than overweight 
children. Webster et al. (2021) state that BMI does not take into account the es-
sential characteristics of an individual‘s body composition, so in their research 
they studied the relationship between the development of motor abilities, body 
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composition and BMI. They found that in 6-8-year-old children, different com-
ponents of body composition have different effects on the development of mo-
tor abilities. Thus, excess body fat may be a major morphological limitation 
in skillfully moving the body through space. In contrast, body composition 
did not significantly predict an individual‘s object manipulation performance. 
The researchers conclude that BMI has limited capabilities in assessing mo-
tor abilities.The purpose of our research was to determine the relationship be-
tween BMI and explosive power (leg), balance and coordination in preschool 
children. Rapid movement units are responsible for the expression of explosive 
power, but it is related to transverse dimensions of the body and muscle mass. 
Concentric muscle contractions occur in the manifestation of explosive pow-
er. Rarely, explosive power manifests itself in eccentric forms of muscle tension. 
Pistotnik (2011) states that explosive power appears as the maximum initial ac-
celeration, which is achieved when moving the body in space or when acting on 
objects in the environment. So it is the ability to activate the maximum num-
ber of motor units in the shortest possible time. Innate explosive power is rela-
tively high (h2 = 0.80), so it can only be trained to a lesser extent. Videmšek & 
Pišot (2007) add that explosive power is the ability for a maximum initial ac-
celeration of the body in space, such as starting, jumping and throwing. Pis-
totnik, Pinter & Dolenc (2002) believe that it is characterized by the rapid mo-
bilization of a large amount of muscle power in a very short time. It manifests 
itself mainly in acyclic movement types of jumping, in throws and kicks, and 
in short sprints.

The development of coordination begins already in the fetal period, as the 
fetus gains its first movement experience in the mother‘s body. Pistotnik (2011) 
defines coordination as the ability to perform complex movement tasks and 
their effective design. Cemič (1997) describes coordination as the deliberate co-
ordination of body movements in relation to space and time. The coefficient of 
innateness in coordination is relatively high (h2 = 0.80), and its expressiveness 
depends on the good functioning of the central nervous system (Videmšek et 
al., 2003). Also Pistotnik et al. (2003) state the important role of sensory in 
the formation of movement programs and in their execution. Without ade-
quate acceptance and discrimination of the spatial and temporal parameters 
of movements and without a good kinesthetic feeling, it is not possible to per-
form the coordination of the required movements. Videmšek & Pišot (2007) 
state that movement coordination is the ability responsible for the effective de-
sign and execution of complex movement tasks, and that this ability is the most 
characteristic of humans in the motor skills of all living beings.

Balance is the ability to quickly form compensatory or replacement move-
ments, which are necessary to return the body to a balanced position when it 
is disturbed (Pistotnik, 2003), and at the same time, balance is the ability to 
maintain a stable position (Videmšek et al., 2003). In order to maintain bal-
ance, it is necessary to constantly and quickly create an appropriate movement 
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program that contains corrective movements. However, in order to design ap-
propriate programs, it is necessary to combine information from the environ-
ment, the senses of sight and hearing, and the balance organ in the middle ear 
(Videmšek et al., 2003). The ability to balance is also important in everyday 
life. As a person ages, the ability to balance decreases, but with suitable exercis-
es, it can be maintained even into old age (Videmšek &Pišot, 2007). Škof et al. 
(2016) call the ability to perceive the position of posture and movement of indi-
vidual body parts in space and time proprioception - a continuous flow of in-
formation from peripheral receptors to the central nervous system. Skin, mus-
cle, tendon and joint receptors, the organ of vision and the organ of balance are 
also involved. Based on these, movement responses are formed to maintain or 
establish balance. Pistotnik (2011) defines two emergent forms of balance: The 
ability to establish a balance position (as quickly as possible to position in a bal-
anced position after previous disorders of the receptors of the vestibular appa-
ratus) and the ability to maintain a balance position (quick formation of com-
pensatory movements that are proportional to deviations of the body from a 
stable position in balance position). Pistotnik et al. (2002) believe that the abil-
ity to maintain balance comes to the fore when we move on a reduced surface 
(skating, alpine skiing, walking in the mountains, etc.). Then, during the move-
ment, there are rapid and large changes in the position of the body (change in 
the direction of movement or stopping or after the completion of rotational 
movements).

Methods
The sample consists of five to six-year-old children (N = 75). We calculated BMI 
based on their height and weight, and with the help of motor tests (Rančnik, 
2021) we evaluated their motor abilities: explosive power, balance and coordi-
nation.

For the explosive power, we used the results of motor tests that suppo-
sedly explain the explosive power of the legs (Long jump from a standing po-
sition, One-legged jumps on the left leg and One-leg jumps on the right leg). 
For the balance, we used the results of motor tests that supposedly explain ba-
lance (Walking backward on a beam, Spinning around one‘s axis, Standing on 
one leg with eyes open, One-legged hops on the left leg and One-legged hops on 
the right leg). For the coordination, we used the results of motor tests that su-
pposedly explain coordination (Walking on all fours through rings backward 
One-legged hops on the left leg and One-legged hops on the right leg).

In accordance with the doctrine of the World Health Organization 
(WHO: BMI for age 5–19 years), the BMI value was classified into three catego-
ries (BMI rank): normal body weight (N = 54), overweight (N = 5) and obesi-
ty (N = 16). To analyze the association between BMI and motor test results, we 
calculated the Pearson correlation coefficient.
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Results
The results of the association between variables BMI and motor test results are 
shown in Table 1.

Table 1: Correlation of BMI with the results dor motor tests

BMI rang Statistic Explosive Power Balance Coordination

Normalweight (N=54)
r 0,06 -0,01 0,01

p 0,67 0,92 0,92

Overweight (N=5)
r 0,01 0,05 0,26

p 0,99 0,94 0,67

Obesity (N=16)
r 0,19 -0,21 -0,13

p 0,48 0,43 0,63

r- Pearson Correlation; p- Significance (0.05)

In the category of normal body weight, an insignificant negative corre-
lation (r = -.06) was detected between variables BMI and the result of motor 
tests of explosive power. So, as the BMI value increases, the value of the explo-
sive power test result decreases. In this BMI category, an insignificant negative 
correlation (r = -.01) was detected also between variables BMI and the result of 
motor tests of balance. In the BMI category overweight, a weak positive correla-
tion (r = .26) was detected between variables BMI and the result of motor tests 
of coordination. In the BMI category overweight, an insignificant positive cor-
relation was detected between variables BMI and the result of motor tests of ex-
plosive power (r = .01) and between variables BMI and the result of motor tests 
of balance (r = .04). In the obesity category, a weak negative correlation was de-
tected between variables BMI and the result of motor tests of balance (r = -.21). 
So, as the value of one variable (BMI value) increases, the value of another var-
iable (the result of motor tests of balance) decreases. In the obesity category, a 
slight negative correlation was detected between variables BMI and the result 
of motor tests of coordination (r = -.13). The association between the mentioned 
variables is not statistically significant (p > .05) in any BMI category.

We found that the higher the BMI, the greater the dispersion of motor 
test results as shown in Figure 1. 

In the BMI category of normal body weight, the dispersion of motor test 
results is the smallest (Figure 1). Most of the results are located around the 
arithmetic mean of this category.
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Figure 1: Dispersion of motor test results according to BMI 
(BMI rang Normal weight)

Figure 2: Dispersion of motor test results according to BMI 
(BMI rang Overweight)

Figure 3: Dispersion of motor test results according to BMI 
(BMI rang Obesity)

There is a greater dispersion of motor test results in the BMI category 
overweight, as show in Figure 2. Most of the results are below the arithmetic 
mean of this category. Children with a lower BMI achieved worse results in 
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motor tests of coordination. This finding is relative, as there were only 5 chil-
dren in these categpry.

As shown in Figure 3 the greatest dispersion of motor test results is in the 
BMI category obesity. Most of the results are located around the arithmetic me-
an of this category. Children with a lower BMI achieved worse results in mo-
tor tests of explosive power and better results in motor tests of balance and mo-
tor tests of coordination.

Discussion
When studying BMI values, we were positively surprised by the number of 
children in the BMI category normal weight - as much as 72.0% of the entire 
sample. However, we were concerned by the fact that as many as 21.3% of chil-
dren are in the BMI category obesity. We did not look for the reasons for these 
two data, but it is a clue for future research. Brettschneider & Bnemann (2005; 
based on Šimunič, Volmut & Pišot, 2010) state that we must find out the caus-
es of obesity, look for ways to reduce the phenomenon in the part of the popu-
lation where the phenomenon is already present, and prevent the possibility of 
new cases.

We found that the higher the BMI, the greater the standard deviation in 
the results of all motor tests: explosive power, balance and coordination. Chil-
dren with a lower BMI thus achieved better results in motor tests than children 
with a higher BMI.

Matarma et al. (2018) came to the conclusion in his research that atten-
ding an educational institution (kindergarten) has positive effects on the deve-
lopment of coordination, strength and flexiblity. A smaller part of the fat mass 
could be detected by girls, which is associated with greater strength and agili-
ty. The associations between moderate to high physical activity and time spent 
in sedentary activities showed no influence on the development of motor abi-
lities. The researchers conclude that attending kindergarten is very beneficial 
for the early prevention of obesity and overweight in children. The positive lin-
ks between attending kindergarten, motor skills and physical activity show the 
importance of early learning, as a place to raise awareness and encourage phy-
sical activity and motor development of children.

Conclusions
According to the findings of our research, as BMI increases, motor abilities de-
teriorate. We conclude that for the development of motor abilities in the pre-
school period, in addition to varied and sufficient physical activity, regardless 
of the child‘s environment, it is also important to prevent overweight and obe-
sity.
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