
Український журнал медицини, біології та спорту – 2021 – Том 6, № 5 (33)

Медичні науки

DOI: 10.26693/jmbs06.05.016
UDC 611.9:572.512:796
Karatieieva S. Yu.1, Slobodian O. M.1, Moseychuk Yu. Yu.2, Hauriak O. D.2, Goy R. S. 1

Study of Anthropomentric and Morphometric Parameters  
in the Training of Athletes

1Department of anatomy, clinical anatomy and operative surgery  
of Bukovinian State Medical University

2Department of physical culture and fundamentals of health 
of Yuriy Fedkovych Chernivtsi National University

The purpose of the work was to study the pat-
terns of development and formation of the structure 
of the skeletal, muscular, circulatory system under the 
influence of various physical activities in the dynam-
ics, followed by the definition of correlations of the val-
ue of anthropometric and morphometric parameters 
in the training of athletes.

Studying of the literature data, we can conclude 
that modern professional sports requires loads close 
to maximum, and sometimes even exceeding them, 
the establishment of these maximum permissible 
loads and the study of the patterns of their develop-
ment is a very urgent task.

 The main problem in training athletes is adequate 
selection and sports affiliation. Solving the problems 
of selection involves the creation of a model of the ath-
lete of this specialization, that is a certain set of char-
acteristics that determine athletic performance. This 
requires anthropometric assessment, morphometric 
and biometric data to track physical and physiological 
parameters, information to assess performance and 
recovery in sports, modification of training regimes to 
prevent injuries, provide guidance on regulating the 
use of technologies used in professional sports, as 
well as to research and make recommendations for 
the proper collection, storage and exchange of health 
information.

One of important problems of modern morpholo-
gy is the study of changes that occur in the body un-
der the influence of various factors. This problem has 
become especially important in connection with the 
development of sports. High sports performance, as-
sociated with a significant load on the athlete’s body, 
encourages scientists, doctors, coaches to search 
for physiological reserves of the body and search for 
optimal training regimes. From this point of view, the 
study of changes that occur in individual organs, sys-
tems and in the body as a whole, under the influence 
of physical activity of varying intensity and nature is 
relevant and of great practical importance.

Conclusion. Modern professional sports require 
loads that are close to the maximum, and sometimes 
are such or exceed them. It is the establishment of 
these maximum allowable loads and study the pat-
terns of their development which is a very promising 

area. This will allow timely selection of athletes for a 
particular sport, to carry out preventive and curative 
measures to improve their structural and functional 
condition.

Keywords: athletes, anthropometry, morphome-
try.

Introduction. Movement, in the broadest sense 
of this word, is a prerequisite for the existence of any 
living matter. Physiologist I. M. Sechenov wrote: «All 
the infinite variety of external manifestations of brain 
activity is finally reduced to a single phenomenon – 
«muscle activity». The meaning of this expression is 
that all human thoughts are realized through move-
ments. The muscles of the upper and lower extremi-
ties play a primary role in these movements [1].

Physical culture and sports are one of important 
means of diverse and harmonious development. Tis-
sues, organs and systems are closely interconnected 
and form a single automatic and functional whole, de-
termining the work of the whole organism. From this 
point of view, the constitutional approach in medicine, 
the foundations of which were laid by Hippocrates [2], 
is important.

The purpose of the work was to study the pat-
terns of development and formation of the structure of 
the skeletal, muscular, circulatory system under the 
influence of various physical activities in the dynam-
ics, followed by the definition of correlations of the val-
ue of anthropometric and morphometric parameters 
in the training of athletes.

Main part. At the present stage of development 
of sports and sports science, an example of the in-
tegration of modern sciences, which is based on the 
similarity of the structure of the internal functioning 
of objects, is the general theory of training athletes. 
Today, the theory of training athletes, based on the 
methodology of integrative approaches and the pos-
sibility of related disciplines, allows to provide such a 
systematization of knowledge, which is functional and 
has no contradictions, also allows to obtain knowledge 
accumulated in the theory of sports training, physiol-
ogy, biochemistry, morphology, psychology, etc. [3]. 
The direction of management and control of training 
of athletes, their selection and orientation, modeling 
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and forecasting unite the field of knowledge that has 
been intensively developed in the last two decades 
[4, 5]. This is due to the manifestation of the general 
trend and objectification of the training system of ath-
letes, the introduction of scientific and technological 
progress, using the capabilities of general disciplines 
such as cybernetics, morphometry, system approach, 
operation research, finding reserves to improve the 
training system of athletes [6-8]. In this regard, the 
formation of a holistic system of knowledge requires 
consideration of management and control, selection 
and orientation, modeling and forecasting, as one of 
the key areas in the study of the theory of training 
athletes [9-11].

According to Lezhneva O. V., who has studied the 
body structure and central hemodynamics in athletes 
of different sports of the adolescence and establishing 
relationships between hemodynamic and somatomet-
ric parameters, it was found that among athletes of dif-
ferent specializations and football players most of the 
parameters of central hemodynamics in wrestlers were 
the lowest. The peculiarities of the connections of the 
parameters of central hemodynamics with anthropo-
metric and somatotypological indicators in young men 
who are engaged and not engaged in sports, as well 
as separately in volleyball players, athletes, wrestlers, 
football players of high skill level are also proved. The 
author establishes the features of the percentage dis-
tribution of anthropo-somatological parameters in the 
models of appropriate parameters of central hemody-
namics in volleyball players, wrestlers, athletes and 
football players and proves that football players’ he-
modynamic parameters were determined by circum-
ferential, longitudinal and craniometric dimensions of 
the body – sagittal arch of the head, width of the lower 
jaw, hip and thigh girth, athletes’ – girth size, thickness 
of skin and fat folds, width of the distal epiphysis of the 
shoulder, football players’ – body diameter, girth and 
craniometric dimensions.

But in order to achieve some success in sports, in 
addition to the study of biometric, anthropometric indi-
cators and the stagnation of biomechanical technolo-
gies, morphometry is important for planning promising 
sports achievements. The task of distinguishing the 
variability (in a broad sense) of the shape and size of 
morphological objects is one of the fundamental for 
many biological studies [12-17]. Until recently, in stud-
ies of this kind, «parallel» existed and two different 
areas were developed – quantitative analytical and 
figurative stagnation (in a sense, «qualitative») geo-
metric. In the first case, the task is to use a set of lin-
ear dimensions to describe the object, using various 
quantitative methods to obtain a dimensional compo-
nent from the total variety and, consequently, to ob-
tain a component of the form. In the simplest case, 
the so-called indices are calculated for this purpose, 

as well as the angles between the vectors passing 
through certain points. Similarities in form also use 
the Burnaby method based on regression analysis 
(Thorpe, 1976), principal components methods (Atch-
ley et al., 1981) and common principal components 
(Flury, 1988).

So, in the field of sports, information on muscle 
morphology is very valuable in diagnosis or further re-
search, after treatment or training. Ultrasound is a tool 
commonly used to visualize soft tissue structures in 
muscle diseases and the effects of physical training. 
The visualization allows to quantify muscle size, beam 
length, and pennant angle. These morphological vari-
ables are important determinants of muscle strength 
and tension range. Currently, image measurements 
are mostly performed in two-dimensional images, 
with the expert choosing, apparently, the appropriate 
orientation and location of the ultrasonic probe. Such 
two-dimensional methods limit morphological mea-
surements to one plane of the image, while the pa-
rameter of interest may not be in this plane. Morpho-
logical analysis requires a 3D approach that provides 
off-plane measurements using a 3D scorecard. It is 
known that such a three-dimensional morphological 
image of soft tissues is provided by magnetic reso-
nance tomography (MRT). However, MRT is expen-
sive and not always available. Special MRT sequenc-
es, such as tensor image diffusion, are also required 
to visualize muscle fibers. An economical alternative 
to MRT is 3D ultrasound (3DUS). The 3DUS approach 
provides several advantages over MRT methods, for 
example, it imposes less restrictions on the position-
ing of the subject during the examination [17].

Guido Weide developed a method for perform-
ing 3D morphological ultrasound analysis of muscles. 
3DUS was built from calibrated free two-dimensional 
ultrasonic visualization in two-dimensional mode B, 
which are placed in a voxel array. Ultrasound (US) 
quantified muscle size, beam length, and angle of 
excision. These morphological variables are import-
ant determinants of muscle strength and the range of 
stress strength. The author describes the approach 
to determine the volume and length of beams m. vas-
tus lateralis and m. gastrocnemius medialis. 3DUS 
promotes using 3D anatomical references. This pro-
vides a rapid and cost-effective approach to quantify 
3D skeletal muscle morphology, as in sports, muscle 
morphometry information is very valuable in diagno-
sis and long-term planning after treatment or exercise 
[18-22].

Currently, a new approach to the comparison of 
forms, which combines the method of transformation 
lattices with specific quantitative methods – «geo-
metric morphometry» (Bookstein, 2002; Rohlf, 2002, 
Marcus, 2000; Pavlinov, 2000). It is a set of algebra-
ic methods of multidimensional eigen-analysis of the 
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coordinates of labels, together describing the config-
uration of morphological objects. The basic ideas of 
geometric morphometry were formulated only in the 
early 80s of the 20th century (Kendall, 1984; Book-
stein, 2002). Nowadays, a very active methodology, 
the mathematical apparatus of which is considered to 
be sufficiently developed to solve many applied prob-
lems (Bookstein, 2000, 2002), published a number of 
monographs, collections and review articles that give 
a complete picture of the theory, methods and results 
of geometric morphometry of applied research (Rohlf, 
2002; Bookstein, 2002; Bookstein, 2000; Marcus, 
2000; Dryden, Mardia, 1998; Monteiro, Reis, 1999; 
Costa, Cesar, 2000; Pavlinov, 2002).

Pavlinov I. Y., Mikeshina N. G., 2002, had con-
sidered the basic concepts and methods of geomet-
ric morphometry, which involved a multidimensional 
analysis of the coordinates of the landmark, located 
in accordance with certain rules on the surface of the 
morphological object. The purpose of this was to iden-
tify differences between morphological objects in their 
form. Differences between forms were measured as 
the distance between the corresponding points. For 
linear methods of multidimensional statistics, to be 
used to compare figures, the corresponding points 
were projected on the tangent plane. The Procrustean 
distances can be used in multidimensional analysis 
as well as Euclidean distances. In the second case, 
the figures are adapted to the standards by stretching, 
compressing and shifting to the complete identity of 
the landmark configurations. The eigenvectors of the 
resulting bending energy matrix are defined as a new 
form of variables, the main skews that give a different 
space to the figure with the beginning defined by the 
reference. The projections from the forms compared 
on the basic bases gave partial bases, and their cova-
riance matrix of decomposition into eigenvectors gave 
relative bases similar to the main components (in par-
ticular, they are mutually orthogonal). Both partial and 
relative bases can be used in many multidimension-
al statistical analyzes as quantitative variables. The 
results of thin-plate spline analysis were presented 
graphically using a transformation grid that reflects the 

type, number and location of differences in the figure. 
The basic rules of sampling and positioning of land-
marks used in metrology are considered. They make 
it possible to estimate the correlation between differ-
ent figures, as well as between the figure and some 
non-figure variables (linear measurements, etc.); as-
sess the differences between organisms in the form of 
morphological structure; to identify the landmarks that 
best match both the correlations and the differences 
between the forms [23, 24].

Shalaev V. A., Didenko M. N., Shalaeva T. A., 
compared the objectivity and efficiency of morpho-
metric data obtained by computer morphometry, as 
well as measurement data performed with a screw 
eyepiece – micrometer MOV 1-15. As a result, there 
was a decrease in labor intensity, increased produc-
tivity and objectivity in morphological studies. In ad-
dition, the method significantly improves the number 
of studies, the speed of statistical processing and ob-
taining visual material, which allows you to use this 
method [25,26].

So, analyzing the literature of scientists, it be-
comes clear that highly productive athletes are ex-
traordinary people who experience high physical and 
psychological stress during their professional lives. 
However, to date, the prognostic value and domi-
nance of indicators of total and partial body size, mor-
phometric and somatotypological characteristics in 
predicting the prospects for achieving high results in 
sports have not been established [27-29].

Conclusion and perspective for further re-
search. Сonsidering the data of the literature, we 
can conclude that modern professional sports require 
loads that are close to the maximum, and sometimes 
are such or exceed them. It is the establishment of 
these maximum allowable loads and study the pat-
terns of their development is a very promising area. 
This will allow timely selection of athletes for a partic-
ular sport to carry out preventive and curative mea-
sures to improve their structural and functional con-
dition. Also, it is planned to further study the morpho-
metric and other characteristics of athletes in order to 
select for certain sports.
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ВИВЧЕННЯ АНТРОПОМЕТРИЧНИХ ТА МОРФОМЕТРИЧНИХ ПАРАМЕТРІВ 
В ПІДГОТОВЦІ СПОРТСМЕНІВ
Каратєєва С. Ю., Слободян О. М., Мосейчук Ю. Ю., Гауряк О. Д., Гой Р. С.
Резюме. Вивчаючи дані літератури, можна зробити висновок, що сучасний професійний спорт ви-

магає навантажень, близьких до максимальних, а іноді і таких, що перевищують їх, встановлення цих 
гранічно допустимих навантажень і вивчення закономірностей їх розвитку є вельми актуальним завдан-
ням. Основна проблема в підготовці спортсменів - правильний підбір і спортивна приналежність. Рі-
шення задач відбору передбачає створення моделі спортсмена даної спеціалізації, тобто певного на-
бору характеристик, що визначають спортивні результати. Для цього потрібні антропометрична оцінка, 
морфометричні і біометричні дані для відстеження фізичних і фізіологічних параметрів, інформація для 
оцінки працездатності та відновлення в спорті, зміна режимів тренувань для запобігання травм, надання 
рекомендацій з регулювання використання технологій, що використовуються в професійному спорті, а 
також дослідження і рекомендації по правильному збору, зберіганню та обміну медичною інформацією.

Однією з важливих проблем сучасної морфології є вивчення змін, що відбуваються в організмі, під 
дією різних факторів. Ця проблема набула особливого значення в зв’язку з розвитком спорту. Високі 
спортивні показники, пов’язані зі значними навантаженнями на організм спортсмена, спонукають уче-
них, лікарів, тренерів до пошуку фізіологічних резервів організму, і пошуку оптимальних режимів при 
тренуванні. З цієї точки зору вивчення змін, що відбуваються в окремих органах, системах і в організмі 
в цілому, під дією фізичних завантажень різної інтенсивності і характеру є актуальним, і має важливе 
практичне значення. Перспективний напрямок дозволить своєчасно проводити відбір спортсменів для 
занять конкретним видом спорту, проводити профілактичні та лікувальні заходи щодо поліпшення їх 
структурно-функціонального стану

Ключові слова: спортсмени, антропометрія, морфометрія.
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ИЗУЧЕНИЕ АНТРОПОМЕТРИЧЕСКИХ И МОРФОМЕТРИЧЕСКИХ ПАРАМЕТРОВ В ПОДГО-

ТОВКЕ СПОРТСМЕНОВ
Каратеева С. Ю., Слободян О. Н., Мосейчук Ю. Ю., Гауряк О. Д., Гой Р. С.
Резюме. Изучая данные литературы, можно сделать вывод, что современный профессиональный 

спорт требует нагрузок, близких к максимальным, а иногда и превышающих их, установление этих пре-
дельно допустимых нагрузок и изучение закономерностей их развития является весьма актуальной 
задачей. Основная проблема в подготовке спортсменов - правильный подбор и спортивная принадлеж-
ность. Решение задач отбора предполагает создание модели спортсмена данной специализации, то 
есть определенного набора характеристик, определяющих спортивные результаты. Для этого требуют-
ся антропометрическая оценка, морфометрические и биометрические данные для отслеживания физи-
ческих и физиологических параметров, информация для оценки работоспособности и восстановления 
в спорте, изменение режимов тренировок для предотвращения травм, предоставление рекомендаций 
по регулированию использования технологий, используемых в профессиональном спорте, а также ис-
следования и рекомендации по правильному сбору, хранению и обмену медицинской информацией.

Одной из важных проблем современной морфологии является изучение изменений, происходящих 
в организме, под действием различных факторов. Эта проблема приобрела особое значение в свя-
зи с развитием спорта. Высокие спортивные показатели, связанные со значительными нагрузками на 
организм спортсмена, побуждают ученых, врачей, тренеров к поиску физиологических резервов орга-
низма и поиска оптимальных режимов при тренировке. С этой точки зрения, изучение изменений, про-
исходящих в отдельных органах, системах и в организме в целом, под действием физических загрузок 
различной интенсивности и характера является актуальным и имеет важное практическое значение. 
Перспективное направление позволит своевременно проводить отбор спортсменов для занятий кон-
кретным видом спорта, проводить профилактические и лечебные мероприятия по улучшению их струк-
турно-функционального состояния

Ключевые слова: спортсмены, антропометрия, морфометрия.
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