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Comparative analysis of the physical development features and somatotype of girls and women involved
in fitness.

The experiment involved 95 girls and women, divided into 2 groups. Group 1 — 48 girls (36.04 = 0.19)
years, Group 2 - 47 women (43.26 + 0.22) years, (p <0.01). Participants practiced fitness 2-3 times a week.
The duration of the training was 60 minutes. It was determined the body mass and body length, wrist
circumference, waist and hips circumferences. The TANITA BC 587 analyzer was applied to determine
muscle and fat mass, the specific weight of fat tissue, water content, percentage of visceral fat, basal
metabolism value, bone mass mineralization. It was calculated the body mass index and the waist-to-
hip ratio. The results were evaluated applying the Student’s t-test (t) and Rosenbaum (Q) and Wilcoxon
- Mann - Whitney (U) criteria.

There were no significant differences in body length and body mass. The girls confirmed a less value
of hip circumference (t = 2.04, p <0.05) and a tendency to less waist circumference (t = 1.97, p <0.1) in
comparison with group 2. The participants of group 2 had a larger wrist circumference (U =891, p <0.05).
According to this parameter, persons with asthenic body type prevailed among participants. Their specific
weight was (56.25 + 7.16)% of group 1 and (53.19 + 7.28)% of group 2. It was confirmed less absolute
body fat content in group 1 (t = 2.09, p <0.05). All participants were characterized by larger muscle mass.
There were no differences in this parameter between groups. It was determined the high concentration
of specific weight of fat tissue in comparison with age standards. The content of visceral fat was within
the age norm. Its content was higher in group 2 (Q = 18, p <0.01). The basal metabolic value was larger in
group 2 (Q=17, p <0.01). The values of bone mass mineralization reflect the correspondence to the body
mass of the participants. This parameter did not have significant differences in the groups. The body
mass index value in group 1 was within the average interval. In group 2, this index was higher than the
standard one. The body mass index in group 1 was significantly lower (t = 2.18, p <0.05). The participants
with a body mass index above the norm were (35.42 + 6.90)% of group 1 and (59.57 + 7.16)% of group
2. The prevalence of waist-to-hip ratio above the norm was (54.17 £ 7.19)% 1 group and (59.57 £ 7.17)%
2 group, (p> 0.05).

it was determined the proximity of the main anthropometric parameters (mass and body length). The
girls have lower values of the hip circumference. Persons with asthenic body type prevailed among
the participants. Analysis of the indices confirmed the high prevalence of overweight and high risk of
developing metabolic syndrome. The application of bio-impedance method confirmed and clarified
the results of anthropometric research. The participants demonstrated the increased content of
subcutaneous and visceral fat, increasing with age. The water level in the body gradually decreases with
age. This is considered as a reflection of age-related physiological changes in metabolism and should be
considered in fitness training organizing. Studies have confirmed the informativeness and adequacy of

the bio-impedance method.
physical development, somatotype, bio-impedance method, fitness.

Introduction

implementation of this goal. The most informative and

The main goal of the recreational physical culture accessible assessment criterion in this context is the
classes is to optimize the students’ health condition by  dynamics of physical development indicators (level and
improving the physique appearance and body shape. harmony, biological age, human body composition).
Evaluation of training effectiveness determines the Components of the somatotype are widely applied

© Podrigalo L.V, Artemieva H.P, Rovnaya O.A., in science as criteria for human health. Tan et al. [1]
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estimated the type of lifestyle on the content of fat and
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Schubert et al. [2] emphasize that body composition
measurements are necessary for performance analysis
in health monitoring. These methods must be accurate,
practical and minimally invasive. It was confirmed the
information content and reliability of the bio-impedance
method.

Koury et al. [3] evaluated the effect of biological
maturity on body composition in Brazilian adolescents.
It was confirmed the information content of the bio-
impedance method. It is recommended to consider sexual
(female) or skeletal (male) maturity in evaluating body
composition.

Gavryushin et al. [4] used body composition as a
criterion for the effectiveness of summer recovery. Bio-
impedance method confirms the results of anthropometric
measurements, provides information about the diet for
children, the level of physical activity.

Ez-Loépez et al. [5] used the bio-impedance method as
a criterion for assessing the physical activity of children
and adolescents.

In a review of Castizo-Olier et al. [6] was studied
the usefulness and suitability of the bio-impedance
method for assessing body composition, hydration
status, and other physiological and clinical significant
characteristics. It emphasizes the need for research that
establishes standardized testing procedures and examines
the relationship between physiology and the bioelectric
signal in sport and exercise.

Mundi et al. [7] analyzed the most common
technologies for assessing body composition (bio-
impedance, computed tomography, and ultrasound). The
review highlights the advantages and disadvantages of
each method. Assessment of body composition applying
new methods provides a unique opportunity to develop
improved methods for assessing the risk of nutrition
based on objective data.

Nickerson et al. [8] evaluated the validity of field
and laboratory methods for assessing body composition
in healthy adults. The error values were the smallest in
the bio-impedance method. Authors recommend the
widespread application of this method.

Bastawrous et al. [9] applied the bio-impedance
method to assess the physical development of adults in
Kenya. The authors developed centile reference curves
for the mass without fat and the mass of fat, taking into
account height, age and sex.

Mascherini et al. [10] used the bioimpedance method
to establish differences in the adaptive capacity of the
heart in men and women. It is concluded that the ability
of the heart to adapt to physical stress depends on body
composition.

Ramos-Jimenez et al. [11] applied the bio-impedance
method to develop anthropometric equations for
calculating fat in the body of young people. It was
confirmed the coincidence of data obtained applying bio-
impedance and densitometry.

Bacciotti et al. [12] evaluated the physical
characteristics of the Brazilian gymnasts of various skill
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levels. It was determined the similarity of anthropometric
characteristics. Non-elite gymnasts had high fat levels.
Within the same age groups, the similarity of profiles was
confirmed regardless of the skill level.

The results of the bio-impedance method and the
reference methods are compared for assessing body
composition in a review of Chula de Castro et al. [13]. It
was confirmed the high reproducibility of determining the
percentage of fat, fat mass, and fat-free mass.

Thus, the available results testify to the high
information content and adequacy of the bio-impedance
method in monitoring the status of athletes and non-
athletes.

Based on the above mentioned, the purpose of the
study was a comparative analysis of the characteristics
of physical development and the somatotype of girls and
women involved in fitness.

Materials and methods

Participants.

The study involved 95 girls and women, divided into
groups according to age. Group 1 includes 48 girls, the
average age was (36.04 = 0.19) years. Group 2 includes
47 women, the average age was (43.26 = 0.22) years,
(p <0.01). Participants practiced fitness 2-3 times a
week. The duration of the training was 60 minutes. All
participants gave informed consent to participate in the
study.

Design of the study.

The design of the study involved the determination
of anthropometric indicators, the calculation of physical
development indices wusing special formulas, the
determination of the components of the somatotype by
the bio-impedance method.

The determination of the body mass and body length,
wrist, waist and hip circumference was carried out in
accordance with international standards [14].

The wrist circumference within 16-18 cm was
estimated as an indicator of the normostenic body
type. The indicator less than 16 cm testified about the
asthenic body type, more than 18 cm testified about the
hypersthenic body type.

The bio-impedance method was applied to evaluate
the somatotype. It was applied a body composition
monitor TANITA BC 587 (Japan). It was determined the
muscle and fat mass, specific weight of fat tissue, water
content, percentage of visceral fat, basal metabolic value,
bone mass mineralization.

The calculation of body mass index (BMI) is carried
out according to the formula:

BMI =BM/BL2 (1),

where BMI is the body mass index, kg/m?, BM is the
body mass (kg), BL is the body length (m).

The norm value is 19-24 kg/m?

The waist-to-hip ratio (WHR) was calculated as a
ratio of these circumferences. The index value more
than 0.85 was estimated as obesity according to the
recommendations of the World Health Organization.



Statistical analysis

Statistical analysis of the results was carried out with
licensed MS Excel. Indicators of descriptive statistics
were determined: arithmetic mean, standard deviation
and error of mean value. In relative indicators were
determined the prevalence of the indicator and its error.
The significance of differences in the groups was assessed
by Student’s t (t), Rosenbaum (Q), and Wilcoxon-Mann-
Whitney (U) criteria.

Results.

The results are shown in table 1.

It was determined the proximity of the main
anthropometric parameters of the participants. There were
no significant differences in length and body mass.

At the same time, certain differences in physical
development and the state of the somatotype were
revealed. The girls confirmed a smaller hip circumference
(t = 2.04, p <0.05) and a tendency to a smaller waist
circumference (t = 1.97, p <0.1) compared with group 2.

The participants in group 2 had a large wrist
circumference (U = 891, p <0.05). Persons with asthenic
body type prevailed among them according to this
parameter. Their specific weight was (56.25 + 7.16)%
of group 1 and (53.19 + 7.28)% of group 2, (p> 0.05).
There were no participants with a hypersthenic body type
in group 1, in group 2 — (2.13 + 2.10)%.

It was confirmed the lower level of absolute body fat
content in group 1, (t=2.09, p <0.05).

All participants were characterized by relatively large
values of muscle mass in comparison with age norms.
There were no differences in this parameter between
groups.

The specific weight of fat tissue reflects its increased
content compared to age standards. At the same time, the
visceral fat content was within the age norm. The amount
of visceral fat was higher in group 2 (Q = 18, p <0.01).

Comparison of the specific weight of water also
indirectly confirms the participants’ overweight. The
amount of water was higher in group 1 (Q =7, p <0.05).

Basal metabolism value was higher in group 2 (Q =
17, p <0.01).

The values of bone mass mineralization reflect the
correspondence to the body mass of the participants.
There weren’t significant differences in the groups.

The body mass index value in group 1 was within
the average interval. This index was higher than the
standard in group 2. The body mass index in group 1 was
significantly lower (t = 2.18, p <0.05). Interesting data
was obtained by analyzing the structure of the calculated
indices. The body mass index less than 19 had (4.17 =
2.88)% of participants in group 1 and (2.13 £ 2.10)% of
group 2, (p> 0.05). The number of participants with a
body mass index above the norm was significantly higher.
In group 1, their share was (35.42 + 6.90)%, in group 2 —
(59.57+7.16)%, (t=2.43, p <0.05).

The prevalence of WHR above normal was (54.17 +
7.19)% of group 1 and (59.57 £ 7.17)% of group 2, (p>
0.05).

Table 1. Indicators of physical development and somatotype of girls and women involved in fitness

Indicator 1 group 2 group
Body length, m 1.684+0.01 1.67+0.01
Body mass, kg 66.65+1.53 69.83+1.43
The specific weight of fat tissue, % 30.3816.64 33.94+6.91
The amount of fat, kg 20.89+1.141 24.19+1.10
The specific weight of visceral fat, c.u. 3.71+2.73 5.96+3.45
Muscle mass, kg 43.49+0.47 43.36+0.47
The specific weight of water, % 48.81+7.21 46.48+7.28
Bone mass mineralization, kg 2.3610.03 2.30+0.02

Basal metabolism value, kcal
Wrist circumference, cm
Waist circumference, cm
Hip circumference, cm

The waist-to-hip ratio, c.u.

Body mass index, kg/m?

1366.38+15.30

1379.82+27.83

15.65+0.14 15.95+0.14
85.13+1.162 88.50+1.25
99.1940.83* 101.48+0.76
0.86+0.01 0.87+0.01
23.44+0.531 24.99+0.47

Notes. 1 — the differences are significant (p <0.05), 2 —the tendency to significance (p <0.1).

191



dical-biological
PEDAGOGICS] ke o ohysical
PSYCHOLOGY training and sports

Discussion

The accomplishment of the set goal — the effectiveness
assessment of the recreational physical culture training
requires the use of informative tests and methods in the
monitoring of students’ status. The main criteria for their
choice are the specificity of the loads and training features.

Thus, in synchronized swimming, the most informative
methods evaluate the functional state of the respiratory
system [15]. The application of psychophysiological and
biochemical tests is effective in martial arts [16, 17, 18].

The assessment of the characteristics of physical
development and somatotype is the most adequate in
fitness. This determined the choice of battery methods for
research.

The division of participants by age allows: to assess
more accurately the impact of loads on the body; to
consider the physiological age-related changes in classes’
organizing; predict the dynamics of the main criteria.
Such design was applied in the work of de-Mateo-
Silleras et al. [nineteen]. The authors determined the
main anthropometric parameters and components of the
somatotype applying the bioimpedance method. It is
concluded that it is possible to predict metabolic risks
according to the obtained data. This basically coincides
with the set goal in this study.

The absence of significant differences in length and
body mass should be assessed as the proximity of the
physical development of the participants, confirming the
validity of the choice of these age groups for comparative
analysis.

The results of the comparison of waist and hip
circumferences reflect the physiological features of the
participants. In the older group there is a gradual change
in metabolism, slowing its intensity. This leads to an
increase in fat deposition in problem areas - at the waist
and hips. The obtained results require clarification using
body composition analysis.

The similar results are reported in Tinsley et al. study
[20]. The authors conducted a comparative analysis of
the effectiveness of athletes’ body composition assessing
methods. There were differences in fat mass in men and
women. These results may be important for optimal
methods for assessing body composition with atypical
body characteristics.

The average values of the wrist circumference
belonged to the interval of asthenic body type. The
predominance of this type of constitution is confirmed by
the analysis of the structure of the parameter. Perhaps the
larger average values in group 2 are due to age-related
changes in physical development.

The increase in muscle mass compared with age norms
is the result of regular fitness training. This confirms the
adequacy of the choice of body composition analysis to
assess the effectiveness of training.

Comparison of the content of subcutaneous and
visceral fat again confirms the assumption of overweight
participants. The increase in mass is due to the increase
in the specific weight of subcutaneous fat. This should be
evaluated as a risk factor for the development of chronic
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non-communicable diseases. The determined features of
the somatotype should be considered in fitness training
organizing.

The obtained results illustrate the significance
of the somatotype evaluating and the fat component
determining in condition monitoring the persons involved
in fitness. Branco et al. [21] emphasize that determining
the percentage of body fat in a person’s body makes it
possible to assess health at a population level or determine
the level of risk. The authors developed centile tables of
fat content depending on the level of physical activity.

The common results were obtained by van Rassel et
al. [22]. The authors conducted a comparative analysis of
the fat content in individuals with different body mass. It
was defined that the error of the bio-impedance method is
minimal in normal mass and increases with obesity.

The application of the index method in the analysis
of physical development is due to their simplicity,
accessibility, and information. The available information
allows to recommend physical development indexes as
screening tests in monitoring the athletes’ status.

Analysis of body mass index and the content of
subcutaneous and visceral fat confirms previously
made assumptions about a decrease in the intensity of
metabolism. The probability of overweight due to an
increase in a fat deposition is significantly higher in older
participants. This allows to conclude about the need for a
differentiated approach in the organization of recreational
activities.

At the same time, the results of the body mass index
have a rather high error. They need to be supplemented
with a somatotype analysis. De-Mateo-Silleras et al. [23]
determine that bioelectric impedance analysis (BIA)
is a more accurate body composition analysis method
than body mass index. The results of the bio-impedance
method allow to diagnose obesity more accurately than
the body mass index.

Filatova and Voronina [24] compared the sensitivity
of body mass index and the results of the bio-impedance
method for the diagnosis of obesity in adolescents and
young people. The low sensitivity of the indices was
confirmed in comparison with the bio-impedance method.

In the work of Araujo et al. [25] emphasizes the
necessity of population-based methods for determining
body fat. These methods must be accurate, reliable
and low cost. Body fat was measured by bioelectric
impedance analysis. The level above the average was
considered above 16% for men and above 24% for
women. The BMI value with the best balance between
sensitivity and specificity was 22 kg / m2 and 23 kg / m2
for women and men, respectively. The data presented by
the authors coincide with the obtained results and with
our conclusions.

Analysis of the obtained results allows to recommend a
set of used indicators and indices for condition monitoring
the persons involved in fitness. This confirms the available
literature data. The use of bio-impedance method allowed
to significantly expand the data obtained in the analysis of
body mass index. Thus, our results coincide with the data
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of Girsh and Gerasimchik [26]. The authors emphasize
the promising application of the bio-impedance method
in sports medicine, its advantages over the definition of
body mass index.

Interesting data were obtained in the comparison of
the water content in the body. In our opinion, its decrease
in group 2 illustrates age-related changes in moisture
saturation of the organism due to changes in metabolism.

Campa at al. [27] determined the volleyball player
profile by body composition parameters. It was determined
the dependence of the somatotype on the skill level. Elite
athletes had more fat-free mass (FFM) and total body
water (TBW), as well as less fat mass (FM).

Chatindiara et al. [28] studied the correlations between
nutritional risk, body composition, and the physical
activity of New Zealand residents. It was determined the
correlations between the fat-free mass (FFM) and the
percentage of body fat and indicators of physical activity.

Analysis of the body mass index structure once again
confirms the assumption about the overweight of the
majority of participants. If in 1 group of such girls there
was a little more than 30%, then in group 2 - almost 60%.
In our opinion, this once again illustrates the position of
age-related changes in metabolism and an increase in the
possibility of fat deposition.

A similar conclusion allows to make a comparative
analysis of WHR. More than 50% of the participants
had a value of this index above the norm. This should
be considered as a risk factor for the development of the
metabolic syndrome. And this condition is a prerequisite
for the development of many chronic non-communicable
diseases.

Similar results were reported by Fedewa et al. [29]. The
authors studied the relationship between anthropometric
indicators and indices, their predictive value. It was
determined the percentage of body fat. It was determined
that waist circumference and fat index are more closely
related to this parameter than body mass index.

Conclusions

The comparative analysis established the features of
physical development and the somatotype of girls and
women involved in fitness. It was determined the proximity
of the main anthropometric parameters (mass and body
length). At the same time, girls demonstrated the lower
values of hips circumference. Persons with asthenic body
type prevailed among the participants. The application
of bio-impedance method confirmed and clarified the
obtained results. The participants had increased content
of subcutaneous and visceral fat, increasing with age. The
water level in the body gradually decreases with age. This
is considered as a reflection of age-related physiological
changes in metabolism and should be considered in fitness
training organizing.

The carried out studies once again confirmed the
informativeness and adequacy of the bio-impedance
method. This method in the complex with the index
method should be applied in the condition monitoring of
girls and women involved in fitness.
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