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Abstract
The comparative analysis of the physical development and somatotype of girls and females involved in
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dancing and gymnastic sports (acrobatic rock and roll, sports aerobics).
The study involved 45 girls and females. Group 1 – acrobatic rock and roll (n = 25, age – 13.00 ± 0.41 years);
Group 2 – sports aerobics (n = 20, age – 19.70 ± 0.59 years). It was determined the length and body weight.
It was evaluated the level and harmony of physical development. The bioimpedance method was applied to
determine the composition of muscle and fat tissue, the level of visceral fat. It was evaluated the body mass
index, water composition in the body. The results are evaluated by applying parametric and non-parametric
statistical indicators.
The average level of physical development dominates in athletes. Its specific gravity is: group 1 - (64.00 ±
9.60)%; group 2 - (50 ± 11.18)%. Rather high prevalence of the level below the average: group 1 - (20.00
± 8.00)%; group 2 - (25.00 ± 9.68)%. The proportion of athletes with harmonious development was: group
1 - (64.00 ± 9.60)%; group 2 - (50.00 ± 11.18)%. The disharmony of physical development due to overweight:
group 1 - (20.00 ± 8.00)%; group 2 - (30.00 ± 10.25)%. The disharmony of development due to underweight:
group 1 - (16.00 ± 7.33)%; group 2 - (20.00 ± 8.94)%. The average values of fat tissue reflect its normal
composition in both groups. In group 1, was determined the normal for the age fat composition in (52.00
± 9.99)%; low level of fat had (48.00 ± 9.99)%. In group 2, the normal fat composition was found in (75.00 ±
9.68)%. The increased fat composition was (15.00 ± 7.98)% of female athletes. The reduced fat composition
was (10.00 ± 7.61)% of female athletes. The level of visceral fat in athletes of group 2 was within the age
norm. Female athletes of group 1 were characterized by virtually no visceral fat. The specific gravity of muscle
tissue in all athletes was above the average for this age group. Group water composition in both groups was
average.
Most athletes have an average harmonious physical development. Deviations of physical development are
most often associated with underweight. It is determined the increase in the composition of muscle mass
above the average age standards for all female athletes. The composition of fat tissue in 52% of female athletes
of the younger group corresponded to the average value. The rest of the athletes had a fat composition below
normal. In the older group: 75% of athletes had an average fat composition; 15% of athletes had a reduced
fat composition; 10% of athletes had a high fat composition. It was determined the significant differences
between groups. The female athletes of group 1 had smaller values of body length, body weight, the specific
gravity of fat tissue and visceral fat, body water composition, and body mass index. Females of group 1
had a big specific gravity of muscle tissue. The application of the bioimpedance method has significantly
expanded the data obtained in the analysis of anthropometric indicators and indices. This method can be
recommended for monitoring the functional condition of athletes dancing and gymnastic sports.
physical development, somatotype, bioimpedance method, acrobatic rock and roll, aerobics.

Introduction1
Physical fitness of athletes is one of the main
indicators of sporting success. It is determined by the
morphofunctional condition - a complex criterion for the
interrelation of the structure and function of the organism.
The reflection of the structure is the features of physical
development. The functional condition is assessed by the
level of physical and mental performance. Thus, the study
of these components provides information for the analysis

and prediction of the athletes’ condition.
The necessity to monitor the functional condition
of athletes determines the relevance of the selection of
informative and valid tests for control. Thus, Volodchenko
et al [1] proved the application of biochemical studies of
saliva in the kickboxing athletes’ condition monitoring.
Korobeynikov et al [2] determined the high informational
significance of the studies of the psycho-emotional
condition of athletes. The results of Podrigalo et al [3]
confirmed the high information composition of the
physical development indices in predicting the success of
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the martial arts athletes.
The integral criterion of physical development is
recognized as the condition of the somatotype. It is
estimated by the specific gravity of the main components
of the body (the composition of muscle and fat tissue).
Currently, the various methods are used to assess the
somatotype. The bioimpedance method is one of the most
informative and valid ways to assess somatotype.
Dopsaj et al [4] studied the body composition of elite
martial arts athletes. It is emphasized that this is one of
the main factors of sporting success. The application of
discriminant analysis allowed us to create a body structure
model reflecting the specifics of martial arts.
The literature review devoted to the analysis of the
bioelectrical impedance vector (BIVA) was conducted by
Castizo-Olier et al [5]. It was analyzed sources included
in the database PubMed, SPORTDiscus and Scopus.
BIVA is a new technique which has potential in sports
and physical exercise. Kalnina et al [6] confirmed the
suitability of the bioimpedance method for population
studies. Every fifth child in the sport has a reduced level
of body fat. It is proposed to apply this indicator for the
prevention of health disorders.
Santos et al [7] conducted a comparative analysis of
the elite athletes’ body applying bioimpedance and other
methods. The bioimpedance method has great informative
significance and reliability.
The promising direction of the application of this
method is the study of the correlations between the lifestyle
characteristics and the athletes’ condition. Carvalho et al
[8] evaluated the correlations between sports, sleep quality
and adolescent eating habits. It was also evaluated the
impact of sports activities on weight and body structure. It
is proposed to apply the bioimpedance method in complex
studies devoted to the study of lifestyle.
The results of Nykanen et al [9] indicate the promise
of applying the bioimpedance method in a comprehensive
analysis of the nutrition characteristics and motor activity
of military personnel. Ramos-Jimenez et al [10] applied
the bioimpedance method to analyze the body composition
of young people. It was confirmed the proximity of the
obtained results by the bioimpedance and densitometry
methods. Studies by Koury et al [11] confirmed the
effectiveness of the bioimpedance method in assessing
the body composition of young athletes. It was confirmed
the correlations between biological maturity and body
composition.
Ramon Alvero-Cruz et al [12] applied the
bioimpedance method for a comparative analysis of
changes in the body composition of athletes and nonathletes. Intensive training for 6 weeks led to an increase
in fat-free mass in football players.
The comparative analysis of the body composition
of men and women football players was performed
by Mascherini et al [13]. The application of the
bioimpedance method has confirmed that increasing the
level of sportsmanship reduces gender differences in body
composition.
The results of Meleleo et al [14] confirm the
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effectiveness of the bioimpedance method in monitoring
the athletes’ condition. The control during the year
confirmed the greater objectivity and reliability of these
indicators in comparison with the indices of physical
development. Mala et al [15] used the bioimpedance
method to evaluate the effectiveness of intensive weight
reduction of judo athletes in preparing for competitions.
Dance and gymnastic sports are characterized
by intense aerobic loads, combined with high power
loads. Chernozub et al [16] confirmed the presence
of the expressed effect of loads in these sports on the
morphometric characteristics of the athletes’ body. This
necessitates the analysis of the specific gravity of muscle
and fat tissue. These morphological indicators illustrate
the condition of power, power endurance, and other
important physical qualities.
The purpose of this work was a comparative analysis
of the physical development and somatotype of girls and
females involved in dance and gymnastic sports (acrobatic
rock and roll, sports aerobics).
Materials and methods
Participants.
The study involved 45 girls and females, divided into
two groups depending on the sport. Group 1 - 25 women of
acrobatic rock and roll, age (13.00 ± 0.41) years. Group 2
- 20 girls who were engaged in sports aerobics, age (19.70
± 0.59) years. Differences in age are significant (p <0.01).
The level of sportsmanship in group 1: 76% are Candidate
Master of Sports, 24% - 1 athletic title. The level of
sportsmanship in group 2: 5% - International Master of
Sport, 55% - Candidate Master of Sports, 40% - athletes
1-2 athletic titles. All athletes gave informed consent to
participate in the research and the use of personal data.
Design of the study.
The design of the study presupposed the definition of
anthropometric indices, components of the somatotype,
the calculation of morphometric indices and indices
applying special formulas.
The determination of mass and length of the body was
carried out in accordance with international standards
[17]. The evaluation of the level and harmony of physical
development was carried out applying official standards
for school-age children [18] and young people [19].
The bioimpedance method was applied to assess the
characteristics of the somatotype. It was applied the body
composition monitor OMRON BF-511 (Japan). It was
determined the specific gravity of muscle and fat tissue,
the percentage of visceral fat, the basal metabolic rate
value.
The calculation of body mass index is carried out by
the formula:
BMI = BM ̸ BL2 (1),
where BMI – body mass index, kg ̸ m2, BM - body
mass (kg), BL - body length (m).
In people older than 18 years, 19-24 values are
considered as the norm, and in schoolchildren – according
to standardized normative values [20].
The water composition in the body was calculated by
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the formula:
WCB = 10.313 + 0.252 * BM + 0.154 * BL (2),
where WCB – the water composition in the body, l,
BM – the body weight, kg, BL – the body length (m).
The analysis of the results of the water composition
was performed according to standardized standard values
[21].
Statistical analysis
Statistical analysis of the obtained data was carried
out applying licensed MS Excel. It was determined the
descriptive statistics of the following indicators: arithmetic
average, standard deviation, and error of the mean. The
relative indicators determined the prevalence of the trait
and its error. The significance of differences in the groups
was evaluated applying the parametric Student’s t-test (t)
and the non-parametric Wilcoxon-Mann-Whitney test (U)

development due to excess body weight is set in (20.00
± 8.00)% 1 group and (30.00 ± 10.25)% 2 group. The
disharmony of development due to the lack of body
weight was found in (16.00 ± 7.33)% 1 group and (20.00
± 8.94)% 2 groups.
Average body mass index values illustrate the normal
level of this indicator. The individual analysis of body
mass index demonstrated that most of the female athletes
had normal physical development. Their specific weight
was (56.00 ± 9.93)% 1 group and (85.00 ± 7.98)% 2
group. In group 1, there was a deviation of body mass
index to a deficit (32.00 ± 9.33)% and inanition of the
body (12.00 ± 6.50)%. In group 2, underweight was found
in (10.00 ± 6.71)% and overweight in (5.00 ± 4.87)%.
The average values of fat tissue reflect its normal
composition in both groups. The individual analysis
confirmed the similarity of the results to body mass index.
In group 1, the normal for the age fat composition was set
at (52.00 ± 9.99)%, (48.00 ± 9.99)% had a low-fat level.
In group 2, the normal composition was found in (75.00
± 9.68)%. (15.00 ± 7.98)% of female athletes had a high
fat composition. (10.00 ± 7.61)% of female athletes had a
reduced fat composition.
The visceral fat level in athletes of group 2 was
within the age norm. Female athletes of group 1 were
characterized by no visceral fat.
The specific gravity of muscle tissue in all athletes
was above the average for this age group.
Group water composition in both groups was average.
The individual analysis showed that in group 1 (80.00
± 8.00)% of female athletes had an average water
composition, (12.00 ± 6.50)% of female athletes were
deficient in water composition, (8.00 ± 5.43)% of female
athletes had excessive water composition. In group 2,
these weights were, respectively, (70.00 ± 10.25)%, (5.00
± 4.87)% and (25.00 ± 9.68)%. The basal metabolic rate
did not have significant differences between the groups.
It was determined the significant differences between
the groups for most of the studied parameters. This is
confirmed by parametric and non-parametric criteria. The

Results.
The results of anthropometric indicators and
components of the somatotype are presented in table 1.
Group analysis of the main anthropometric parameters
demonstrated that the body length of the athletes refers
to the average level, the body weight of the athletes
corresponds to the length of the body. The individual
analysis revealed that the average level of physical
development prevails in athletes. Its specific gravity
is (64.00 ± 9.60)% in group 1 and (50.00 ± 11.18)% in
group 2. The quite high prevalence is below average,
respectively (20.00 ± 8.00)% and (25.00 ± 9.68)%. The
level above the average is set for (8.00 ± 5.43)% of female
athletes of group 1 and (15.00 ± 7.98)% of female athletes
of group 2. The low level of physical development is set,
respectively, at (8.00 ± 5.43)% and (5.00 ± 4.87)%. There
were no athletes with a high level in group 1. In group 2,
the specific gravity of athletes with a high level was (5.00
± 4.87)%.
Similar results were obtained in the analysis of
harmony. The specific gravity of athletes with harmonious
development was (64.00 ± 9.60)% 1 group and (50.00
± 11.18)% 2 groups. The disharmony of physical

Table 1. The results of anthropometric indicators and components of the athletes’ somatotype.
Indicator

1 group (n=25)

2 group (n=20)

Body length, cm

154.30±2.141

165.00±1.36

Body mass, kg

44.45±2.141

57.20±1.72

Specific gravity of fat tissue,%

17.11±8.42

27.34±8.91

Specific gravity of muscle tissue,%

35.40±10.69

30.45±9.20

Basal metabolic rate value, kcal

1284.32±20.64

1223.87±65.87

Body water composition, l

21.75±0.541

24.98±0.43

The specific gravity of visceral fat,%

0.00

2.95±3.38

Body mass index, kg/m2

16.87±0.171

21.24±0.41

Note. 1 – the differences between groups are significant (p <0.01).
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female athletes of group 1 had smaller body lengths (t =
4.21, p <0.01; U = 96, p <0.01), body mass (t = 4.64, p
<0.01; U = 86 , p <0.01), specific gravity of fat tissue (U
= 60, p <0.01) and visceral fat (t = 11.08, p <0.01; U = 3,
p <0.01), body water composition (t = 5.50, p <0.01; U =
0, p <0.01), body mass index (t = 4.81, p <0.01; U = 8, p
< 0.01). The significant increase of the muscle tissue was
confirmed according to the specific gravity in athletes of
the group 1 (U = 56, p <0.01).
Discussion
Comparison of the athletes’ condition of related
sports is widely applied in sports science. This allows to
determine the specific effect of the sport on the athletes’
body, to select the most informative tests and functional
tests. Podrigalo et al [22] conducted a comparison of
the psychophysiological characteristics of athletes of
different types of martial arts. The analysis allowed to
identify the most informative tests suitable for monitoring
the functional condition of athletes.
The results of Romanenko et al [23] confirmed the
suitability of determining the choice reaction time for
screening selection in martial arts.
Rovnaya et al [24] considered the specifics of
synchronized swimming. The authors tested a system
of tests to assess the functional condition of the athletes’
respiratory system. It was confirmed significant
differences depending on the level of skill.
In our study, we evaluated the physical development
of female athletes of acrobatic rock and roll and sports
aerobics. They belong to the group of dance and gymnastic
sports but have significant differences in the level of
physical activity. There are differences in the degree of
development of physical qualities which are important for
success (power, endurance, speed). The condition of the
somatotype can be assessed as a complex characteristic,
reflecting the interrelation of these qualities. This
significantly increases the information composition of
this assessment.
A similar study was conducted by Durkalec-Michalski
et al [25]. The authors studied the correlations between
body composition indicators and physical performance.
Analysis of the main anthropometric parameters
allows to conclude that the average level of athletes’
physical development is dominant. Contrast deviations are
quite rare. This is due to the peculiarities of sports, their
command character. The absence of contrast differences
in the physical development of athletes improves the
aesthetic perception of the team.
Similar results were obtained by Reguli et al [26]. The
authors analyzed the body composition of aikido athletes.
It was determined the proximity of the basic parameters to
the standards typical for non-athletes.
Among female athletes dominated persons with
harmonious physical development. In our opinion,
this reflects the aesthetic orientation of studied sports.
Harmonious physical development implies the optimal
proportions of the human body. At the same time,
disharmony is established due to underweight and due
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to overweight. Perhaps this is due to the peculiarities of
lifestyle, the maintenance of reduced diets, the level of
physical activity during training.
This assumption is supported by the results of
determining body mass index. The majority of athletes
were characterized by a normal level of this indicator.
However, in group 1 there was a significant deviation to
deficiency, there were athletes with inanition of the body.
Group 2 had the same tendency, although it was less
expressed. In our opinion, this may be due to the age of
the participants. The females of the group 2 consciously
chose a nutrition strategy. In addition, the specifics of
acrobatic rock and roll could necessitate a tight control
of body weight. Less weight increases the performance of
acrobatic elements.
The use of bioimpedance method allowed us to
significantly expand the data obtained in the analysis
of body mass index. In this, our results coincide with
the data of Girsh et al [27]. The authors emphasize the
promising application of the bioimpedance method in
sports medicine, its advantages over the definition of body
mass index.
The composition of muscle and fat tissue should be
assessed as the primary prognostic indicator. The results
obtained coincide with the analysis of body mass index,
confirm earlier assumptions. Athletes have a tendency to
reduce the level of fat in the body. This tendency is more
pronounced in group 1. The results are closely correlated
with results of Kalnina et al [6]. In our opinion, this
illustrates the effect of intense physical loads on the body.
Similar data are given by Gutierrez et al [28]. The
authors evaluated the effect of regular physical exercises
on adolescent body composition. Non-athletes had a
higher body fat composition.
At the same time (considering the age of female
athletes in group 1), these data can be assessed as a
risk factor for impaired sexual maturation. The almost
complete absence of visceral fat in athletes of group 1
should also be assessed as a risk factor for health.
The muscle composition above average is the result
of intense training. It reflects a fairly high level of
sportsmanship athletes.
Similar results were obtained in da Silva Morais et
al [29]. The authors studied the component composition
of the body to assess the performance of judo athletes.
It is concluded that the features of the somatotype
are fundamentally important for increasing physical
performance.
Similar results are obtained by Delaney et al [30]. The
purpose of the authors was to determine the most effective
method for quantifying changes in muscle mass in rugby
athletes. It was confirmed the high informational content
of bioelectrical impedance analysis, determination of
muscle mass index and prediction equations based on the
skinfold thickness.
Determining the level of water composition in the body
of athletes allows to conclude about the normal hydration
of the body. In addition, this once again confirms the
assumptions made about the proximity of the condition
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of the somatotype to the average. Individual deviations
caused by deficit or excess of water, perhaps stipulated by
the peculiarities of maintaining the drinking regime.
Similar data were obtained by Carrasco-Marginet et
al [31]. They used the bioimpedance method to assess
the condition of synchronized swimming athletes. It is
confirmed the pronounced effect of physical loads on the
condition of homeostatic hydration.
The basal metabolic rate reflects the energy cost of
maintaining the homeostasis of the body. The proximity
of these values in groups should be evaluated as evidence
of the stability of the condition, the absence of serious
violations. The absence of differences between groups
can be considered as evidence of the normal course of
growth and development in more young athletes.
The results of the comparison of the studied parameters
indicate a higher level among experienced female athletes.
This can be explained by a number of factors. First of all,
it is age, the experience of training, the condition of the
processes of growth and development, especially lifestyle.
At the same time, the comparison suggests the
importance of applying the bioimpedance method. This
correlates with the available literary data. The results
obtained by Nascimento-Carvalho et al [32] confirmed
the perspective of applying the bioimpedance method for
assessing the athletes’ preparedness in martial arts.
The bioimpedance method confirms the assumptions
made in the analysis of physical development. For
younger athletes, intensive training leads to a reduction
in fat tissue. This is particularly evident when assessing
the level of visceral fat. Fat tissue is one of the main
water depots in the body. This leads to a decrease in its
composition in young athletes. This condition of athletes
(considering their age) should be assessed as a risk factor
for health.
Similar results were obtained by Salazar Martinez
et al. [33]. The authors conducted an analysis of the
functional condition of young football players. The design

of the study included the determination of the specific
gravity of body fat applying an OMRON analyzer. It was
determined that young athletes had an average level of fat,
characteristic for this age group (6-14%).
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