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Abstract: 

Aim. Analysis of the distribution of foot force on the ground in children before and after kinaesthetic stimulation.
Materials and methods. Research was conducted from April 11 to May 22, 2019, in two groups of children aged 7-12. The 

experimental group (E) consisted of children attending dance classes, while the control group (C) comprised their peers undergo-
ing mandatory physical educations classes. To obtain answers to the posed research questions, the tests were carried out using 
a sub-pararographic mat. The results were analysed using the Statistica program. The authors are aware that some of the results 
obtained are nonparametric data, therefore, the non-parametric Mann-Whitney U test and the Kolmogorov-Smirnov test were used. 
Considering further results analysed via the Student’s t-test, non-parametric data were analysed for this test.

Results. There were statistically significant differences between the average results of the subjects at the level of p<0.05 oc-
curring before the introduction of kinaesthetic stimulation. Distribution of forces on the metatarsal bones of the left foot (p0.04), 
the tarsus bones of the left foot (p0.0078), the toes of the right foot (p0.0039) and the metatarsal bones of the right foot 
(p0.03). However, after stimulation, a statistically significant difference at the level of p0.0076 occurred in the distribution of 
forces on the bones of the toes of the right foot. Analysing the average results, statistically significant differences were observed 
for COP distance (p0.0001) and the area of   the body’s barycentre ellipse (p0.01999).

Conclusions. Dance practiced in childhood significantly affects the postural stability of the body and the distribution of forces 
on the ground. It was also noticed that when performing fast movements, there were noticeable differences in the body posture 
of dancing and non-dancing children.

Introduction

A concept relating to the entirety of human motor 
operations is motor ability. By this term, we can define 
a moving person in space, as a result of changes in the 
structure of the body or parts of the body relative to 
each other. Motor ability can also be understood as all 
the conditions and manifestations, as well as the needs 

and motor behaviours of a human [1]. It forms with his/
her biological movement and the laws of ontogenesis. 
The traits inherited from parents, natural and social en-
vironment, lifestyle and exercise have additional impact 
on human development [2]. Too little or complete cessa-
tion of physical activity causes regression of the level of 
motor skills. Therefore, through regular physical activity, 
a person is able to train his/her motor skills [3].

This article is licensed under the Creative Commons Attribution-ShareAlike 4.0 International License CC BY-SA 
(http://creativecommons.org/licenses/by-sa/4.0/)
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The pre-school period is particularly favourable for 
the dynamic development of motor skills. During on-
togenesis, a child’s dimensions, weight and proportions, 
which shape the muscles and movement pattern, under-
go changes. It is assumed that a child already at the age 
of seven has mature and shaped gait [4]. In the process 
of phylogenesis, humans freed their upper limbs from 
the requirement of postural support and has become 
two-legged, constantly struggling to maintain “safe” 
body posture in static and dynamic conditions [5].

The foot is a key element that allows to balance the po-
sition of the body in static spatial conditions. The foot also 
plays the role of a driving mechanism that gives the body 
propulsion during locomotion. The correct function of the 
feet is conditioned by their morphological structure and, in 
particular, by the correct formation of the transverse and 
longitudinal arch, which results in the correct shape of the 
foot. Forming elastic and strongly sprung arches perform 
a protective and shock-absorbing function against other 
body systems, while supporting the whole body [6,7].

A non-deformed foot rests on the ground at three 
points, the first metatarsal bone, the fifth metatarsal 
bone and the calcaneal tumour [8].

An active and stable foot is one that adapts and re-
acts in unpredictable and new situations in a short time, 
and along with postural control in a one-legged position, 
these are basic skills that allow proper management dur-
ing loss of balance. Formation of the longitudinal arch in 
the foot is the result of evolution and adaptation to a two-
legged position [9].

The body is the essence of content transfer in dance 
while performing difficult and complex movements. The 
ability to combine movements is the ability to coordinate 
individual movements and the phases occurring between 
them. The ability to maintain balance is an important ele-
ment for the efficiency of dance activities. This is possible 
due to static and dynamic balance. The first - static - allows 
to maintain a balanced position of the body, the second - 
dynamic - permits maintaining and regaining balance dur-
ing motor activities and after their completion [1 0].

Considering the fact that motor skills should be 
shaped as early as at a pre-school age, and dance is 
a discipline requiring exceptional coordination from the 

dancer particular emphasis should be placed on this as-
pect of human motor development. The authors present 
the results of experimental research, thanks to which the 
influence of dance on the sense of balance in children 
was analysed.

The aim of the study was to analyse the distribution 
of foot strength on the ground in children before and 
after kinaesthetic stimulation. In addition, the following 
research questions were formulated:
1.  Which indicators of the distribution of foot forces on 

the ground in children, before and after kinaesthetic 
stimulation, differentiate the studied groups?

2.  Are there differences in the sense of balance among 
training and non-training children?
Analysing the content of the literature, the authors 

hypothesized that kinaesthetic stimulation affects the 
distribution of foot forces on the ground of children prac-
ticing and not practicing dance in a diverse way.

Materials and methods

The research was conducted from April 11 to May 22, 
2019, at two Olsztyn dance clubs: Powerdance and Erano-
va and at Jan Liszewski’s Primary School No. 29 in Olsztyn. 
The study involved n=24 dancers aged 7-12 and n=33 
primary school students from grades 2 and 3 who did not 
attend a dance course, constituting the control group.

The research was conducted from April 11 to May 
22, 2019, at two Olsztyn dance clubs: Powerdance and 
Eranova and at Jan Liszewski’s Primary School No. 29 

in Olsztyn. The study involved n=24 dancers aged 7-12 
and n=33 primary school students from grades 2 and 
3 who did not attend a dance course, constituting the 
control group.

As it can be seen in Table 1 presented above, the av-
erage age and average body mass in both study groups 
were similar, within the range of 9 years and 31 kilo-
grams, respectively. However, in the case of body height, 
the control group was characterised by a higher average 
value (close to 4 centimetres) compared to the experi-
mental group.

Prior to the study, the consent of the parents, school 
headmaster and instructors was obtained for the study.

*E – experimental group; **C – control group

Source: authors’ research

Age Body mass Body height

E* C** E C E C

MD 8.73 9.15 31.27 31.29 133.42 137.33

SD 1.39 0.36 9.72 4.46 10.342 5.25

Table 1. Numerical characteristics of the studied groups
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In order to verify the hypothesis, tests were carried 
out using a subarithographic mat. The mat is a com-
puter diagnostic device enabling the assessment of 
foot defects, testing the distribution of pressure forces 
on the plantar side of the foot as well as neurological, 
orthopaedic and diabetological parameters. The test 
is non-invasive and does not require prior preparation 
from the patient. The mat has 2,304 sensors that collect 
measurements for 20 seconds and then transfer them to 
a computer using the Biomech Studio program. 

During the tests, the following measurement order 
was adopted:
1.  Explanation of the purpose and essence of research.
2.  Measurements of the child’s body height and mass.
3.  Measurements of the distribution of forces on the 

ground using a subararographic mat, consisting in 
maintaining stable posture with arms placed along 
the trunk for 20 seconds. The subject stood barefoot 
on the mat.

4.  Kinaesthetic stimulation by having the child perform 
6 turns around their axis, 3 behind the right shoulder 
and 3 behind the left.

5.  Re-measuring the distribution of forces on the ground.

The study groups were characterised in terms of 
age, body mass andheight, distribution of foot force on 
the ground and stabilometric parameters.

The results were analysed using Statistica 13.1, Ex-
cel and the Biomech Studio programs. Parametric and 
nonparametric tests were used to assess statistically 
significant differences between the groups. The authors 
are aware that some of the results obtained are non-
parametric data, therefore, the Mann-Whitney U test and 
the Kolmogorov-Smirnov test were used.

Considering further results analysed via the Stu-
dent’s t-test, non-parametric data were analysed for this 
test.. Values of p<0.05 were considered statistically 
significant.

Results

The tested parameters were the average force distri-
bution on the ground before and after kinaesthetic stimu-
lation. When analysing the results of the tests presented 
in Table 2, it can be seen that even prior to kinaesthetic 
stimulation, the majority of parameters have statistically 
significant differences. The Kolmogorov-Smirnov test 

Level of statistical significance p0.05

Level of statistical significance p  0.05

  Experimental group Control group Kołmogorov-
Smirnov test

Mann-Whitney 
U test

Student’s 
t-test

Variable MD SD MD SD p p p

toes of left foot 0.434 0.107 0.407 0.158 p > .100 0.929 0.469

metatarsus of left foot 0.136 0.099 0.9 0.119 p < .050 0.04 0.127

tarsal bone of left foot 0.43 0.142 0.503 0.154 p < .025 0.008 0.073

toes of right foot 0.476 0.091 0.547 0.082 p < .005 0.004 0.003

metatarsus of right foot 0.141 0.105 0.8 0.099 p < .025 0.03 0.03

tarsal bone of right foot 0.383 0.077 0.374 0.081 p > .100 0.765 0.648

Table 2. Average force distribution regarding particular segments of the foot before kinaesthic stimulation 

Experimental group Control group Kołmogorov-
Smirnov test

 Mann-Whitney 
U test

Student’s 
t-test

Variable MD SD MD SD p p p

toes of left foot 0.469 0.0609 0.482 0.0979 p > .100 0.272 0.557

metatarsus of left foot 0.137 0.1087 0.87 0.0954 p > .100 0.104 0.071

tarsal bone of left foot 0.395 0.0762 0.4 31 0.1096 p > .100 0.196 0.168

toes of right foot 0.489 0.0933 0.564 0.0969 p < .100 0.008 0.005

metatarsus of right foot 0.126 0.1037 0.93 0.0938 p > .100 0.344 0.221

tarsal bone of right foot 0.385 0.0696 0.343 0.1096 p < .100 0.101 0.108

Table 3. Average force distribution regarding particular segments of the foot after kinaesthic stimulation
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and the Mann-Whitney U test demonstrated differences 
in the case of pressure on the metatarsal bone and the 
tarsus of the left foot as well as on the toes and metatar-
sus of the right foot. The Student’s t-test at 55 degrees 
of freedom, further confirmed the statistically significant 

differences in pressure on the toe bones (p0.0034) and 
the metatarsus (p0.0297) of the right foot.

After applying kinaesthetic stimulation (Tab. 3, Fig. 1), 
a statistically significant difference was only found in 
the distribution of forces on the right toes at p0.0076 

Figure 1. Force distribution on toe bones of right foot after kinaesthetic stimulation

Source: authors’ research

Figure 2. Average range between extreme deviations in the body’s centre of gravity

Source: authors’ research
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(Mann-Whitney U test) and p0.00534 (Student’s t-test). 
The Kolmogorov-Smirnov test showed statistically non-
significant differences.

Figures 2 and 3 demonstrate the results of the aver-
age distance COP (distance of the centre of foot pres-

sure on the ground) and the average speed of displace-
ment of the centre of gravity of the subjects. The above 
parameters were selected due to the large discrepancy 
between the groups and statistical significance at the 
level of p0.000.

Figure 3. Average speed between extreme deviations of the body’s centre of mass

Source: authors’ research

Table 4. Stabilometric evaluation after applying kinaesthetic stimulation, conducted using the Student’s t-test

 Experimental group Control group
t p

Variable MD SD MD SD

cop-distance (mm) 234.7 85.74 389.27 170.82 -4.07 0.000

cop-bars (mm2) 547.07 493.01 1255.46 1382.9 -2.40 0.020

p-bars (mm2) 195.05 223.28 346.85 385.3 -1.73 0.090

l-bars (mm2) 123.34 141.63 346.76 556.91 -1.92 0.061

cop-lsf 1.05 1.2 0.55 0.35 2.27 0.027

cop-speed (mm/sec) 11.75 4.29 19.46 8.54 -4.06 0.000

cop-x (mm) 0.46 1.11 0.08 1.35 1.12 0.266

cop-y (mm) -1.78 1.71 -1.23 2.17 -1.02 0.311

SD X 4.43 3.08 6.6 3.53 -2.42 0.019

SD Y 6.77 4.22 10.13 5.84 -2.40 0.020

x-max-c 10.61 5.48 19.23 19.11 -2.14 0.037

x-min-c -11.12 8.65 -20.56 13.14 3.06 0.003

y-max-c 15.46 8.51 31.78 18.18 -4.08 0.000
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Stabilometric evaluation following kinaesthetic 
stimulation showed that the average values of all vari-
ables, regardless of the level of statistically significant 
differences, were significantly higher in the control group 
than in the experimental group. In Table 4, all analysed 
parameters are presented. The average surface regard-
ing deflections in the research group for the right foot 
was 195.05 mm2and for the left 123.34 mm2. The aver-
age surface area of the dancers’ centre of gravity was 
547.07 mm2. In the control group, the values were: for 
the right foot: 346.85 mm2; for the left foot: 346.76 
mm2, and for the centre of gravity, 1255.46 mm2. At 55 
degrees of freedom, statistically significant differences 
at the highest degree (p0.003) occurred for: the dis-
tance between extreme deflections of the body’s centre 
of gravity, average deflection speed of body’s centre of 
gravity, and the maximal deflection of body’s centre of 
gravity in the sagittal plane forwards and in the frontal 
plane, to the left. A smaller level of significance of differ-
ences (p0.027) was demonstrated by comparing the 
parameters determining the surface of the body’s centre 
of gravity, the ratio of the distance between the extreme 
deflection to and deflection surface, and also, the av-
erage deviation of COP in both the frontal and sagittal 
planes. The lowest level of differences (p0.037) was 
found between the values of maximal deflection of the 
body’s centre of gravity in the frontal plane to the left 

and comparing the values of maximal deflection of the 
body’s centre of gravity of the left foot in the sagittal 
plane to the right.

Discussion

In its original form, balance reactions, the task of 
which is to maintain or restore balance in a given posi-
tion, appear around 6-8 months of age. Between the age 
of 18 and 24 months, balance reactions are fully devel-
oped and remain active throughout human life.

Many health and environmental factors influence 
the process of shaping human balance during growth. 
Correct balance control is possible thanks to the precise 
neuromuscular coordination of all body segments [11].

Swaying posture requires constant activity of the 
musculoskeletal system, variability in postural muscle 
tension. The lower leg muscles, which enable ankle 
movements and foot pressure on the ground, have a spe-
cial role in this task. Maintaining stable, upright posture, 
requires the integration of stimuli from three systems: 
visual, vestibular and proprioceptor [12,13].

For people who practice qualified sport, their health 
may depend on many factors, such as the knowledge, 
skills and sensitivity of the coach leading the sports train-
ing. The possibility of applying corrective methods and 
training measures is possible thanks to body posture di-

y-min-c -15.34 12.11 -20.54 11.91 1.62 0.112

x-max-p 3.18 4.32 10.34 24.92 -1.39 0.170

x-min-p -9.26 23.75 -12.68 38.59 0.38 0.702

y-max-p 28.66 63.17 46.52 50.38 -1.19 0.240

y-min-p -14.8 13.42 -21.61 13.58 1.89 0.066

x-max-l 5.75 8.48 7.35 7.35 -0.76 0.449

x-min-l -6.57 14.83 -8.75 13.4 0.58 0.564

y-max-l 20.13 15.42 32.76 25.83 -2.13 0.037

y-min-l -18.86 16.33 -22.87 15.85 0.93 0.356

Level of statistical significance p  0.05

cop-dist – distance between extreme deflections of the body’s centre of gravity,
cop-bars – surface of deflections of the body’s centre of gravity,
l-bars – left foot deflection area,
p-bars – right foot deflection area,
cop-x – deflection coordinate in the frontal plane (“+” to the right, “-” to the left),
cop-y – deflection coordinate in the sagittal plane (“+” forwards, “-” backwards),
cop-speed – deflections speed of body’s centre of gravity,
cop-lsf – ratio of the distance between extreme deflections to the deflection surface,
x max – maximal deflection of the centre of gravity in the frontal plane (“b” - body, “r” - right foot, “l” - left foot),
x-min – minimal deflection of the centre of gravity in the frontal plane (“b” - body, “r” - right foot, “l” - left foot),
y-max – maximal deflection of the centre of gravity in the sagittal plane (“b” - body, “r” - right foot, “l” - left foot),
y-min – minimal deflection of the centre of gravity in the sagittal plane (“b” - body, “r” - right foot, “l” - left foot).
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agnostics. It is an important criterion for assessing loads 
in asymmetrical sports. In such areas, it is recommended 
to introduce comprehensive training units and improve the 
functional balance of individual muscle groups. [14]

Dancers undergo motor training at a high skill level, 
thanks to which their body is able to compensate for ves-
tibular disorders [15]. They present less ankle-hip coordi-
nation variation that can contribute to increased stability, 
neuromuscular control and their ability to perform com-
plex tasks that require balance [16]. Dance training im-
proves the sensorimotor control functions underlying stat-
ic and dynamic balance. Dancers are said to have lower 
body oscillation power, which is less dependent on vision 
to control posture [17]. Full body rotation is a particularly 
complex movement because it involves stabilising and 
mobilising balance components. Dancers should maintain 
upright stance and balance until the end of the turn. Proper 
balance during each phase of rotation can be maintained 
by developing coordination of the shoulder girdle with the 
hip girdle. It is also associated with lower limb stability 
[18]. It should be borne in mind that dance training im-
proves balance, movement awareness and body orienta-
tion in relation to the surrounding ground [19].

Ibuki A. et al. [20] undertook examination of the 
characteristics of the centre of pressure and fluctuations 
in the centre of body mass in ballet dancers and a con-
trol group not attending dance classes. To perform the 
test, both groups had three standing positions: standing 
on both legs, one-legged posture and standing on toes. 
Statistically significant differences were noted when 
standing on one leg. For two-legged and toe posture, 
no statistically significant differences were noted. In the 
case of the position standing on two legs, which was 
analysed by the authors of this study, statistically sig-
nificant differences occurred at the level of p0.019993.

In the research by Michalska J. et al. [21], the au-
thors analysed the balance and stability of 13 ballet 
dancers and 13 students not attending dance classes. 
The inclusion criteria were no injuries in the last 2 years 
and no neurological problems. An additional criterion for 
dancers was 5 years of experience in classical ballet. 
The experimental procedure consisted of 2 trials. The 
first was to maintain stable body posture on the platform 
with the arms placed along the body. During the study, 
participants focused on a designated point 3 meters 
away from the patient. 

The next test consisted of 3 phases: I - upright posi-
tion, II – maximal forward body tilt, III – standing and 
maintain maximal forward leaning position. The tests 
were repeated 3 times and lasted for 30 seconds. In the 
analysis of the results, the authors rejected the results of 
the second phase of the test because of its short dura-
tion. As a result of the performed tests, the dancers were 
characterised by much higher values of all variables 

compared to the control group. The authors of this work 
obtained the same results after applying kinaesthetic 
stimulation. The mean values of all variables, regardless 
of the level of statistically significant differences, were 
much higher than in the control group.

Piątek E. et al. took up similar research issues [22]. 
The authors examined the morphological structure of the 
feet of young disco dancers and subjects of a control 
group, which were girls who did not practice any sport. 
The examination consisted of free standing without 
shoes or socks, resting the entire surface of the foot on 
the podoscope. The morphological structure, toe posi-
tion and longitudinal and transverse arches were anal-
ysed. Both Piątek E. et al. as well as the authors of this 
work in their research did not find statistically significant 
differences in foot typology among dancing and non-
dancing groups.

Zabrocka and Sawczyn, in the results of research 
among dancers, noticed a greater increase in the exam-
ined feature between the I and the II stage of research than 
between the II and III. This allows to conclude that at the 
initial stage of training, greatest development of motor co-
ordination occurs in dancers. The research results showed 
great diversity in the manifestation of motor coordination 
between training and non-training children. Children prac-
ticing dance sports were characterised by a higher level 
of coordination abilities. Therefore, it can be assumed that 
the measures of the training process in sport dance had 
impact on the formation of coordination abilities. [23]

Bruyneel came to a similar conclusion. This author 
examined 2 groups of dancers, the younger (age 8 and 
16 years old) and the adult group (age 17 and 30 a). In 
both groups, the ground reaction forces to the antero-
posterior and medial parts of the feet were assessed. 
Comparable studies were performed by Frączek and 
Wojciechowska, both studies indicating that, compared 
to adults, young dancers were characterised by instabil-
ity combined with an increase in the number of oscilla-
tions and a decrease in variability separating swinging 
was also noted. Moreover, the younger group was less 
effective in controlling balance. The results indicate that 
this may be related to the number of hours performing 
dance, which were different in both groups [24,25].

The results obtained by the authors mentioned above 
as well as the authors of this study provide the basis for 
further analysis regarding this problem in terms of age, 
training experience and the number of training sessions 
per week.

Conclusions

Based on the conducted research, the obtained re-
sults, the hypothesis that kinaesthetic stimulation af-
fects the distribution of foot force on the ground among 
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children practicing and not practicing dance in a differ-
ent way, it has been confirmed that there are numerous 
statistically significant differences between the results 
obtained for children dancing and not attending dance 
classes. Accordingly, the following conclusions may be 
drawn:
• The obtained results indicate that in the studied 

groups, prior to kinaesthetic stimulation, there were 
statistically significant differences in the average dis-
tribution of forces on the metatarsal bones and left 
foot tarsus, as well as the toes and metatarsus of the 

right foot. However, after kinaesthetic stimulation, the 
difference only occurred in the average distribution 
of forces on the toe bones of the right foot.

• As a result of the conducted research, it can be stat-
ed that attending dance classes improves balance in 
the occurrence of kinaesthetic stimulation.

• In order to expand and compare the obtained results, 
further analysis and repetition of tests are needed for 
other age groups with different training experience, 
as well as groups with different numbers of training 
units during the week.
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