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A review of development is introduced, and a brief general description of the modern methods of study of 
a human body composition is given. The method of bioimpedance analysis is best covered as being the most 
informative and perspective in recent times. The paper presents description of a research technique for a human 
body composition using bioimpedance analyzers based on measurements of the active and reactive elements of 
human bioimpedance. Principal components of body composition are presented with the use of the anthropometric 
along with electric characteristics obtained by means of the bioimpedance. The components of biological objects 
influencing a physiological condition are defined and potentials of numerical determination of physiological age by 
some of these parameters are analysed. The obtained findings can be applied in preventive and sports medicine at 
investigations of a human body components composition.

Представлен обзор разработок и краткое описание современных методов изучения состава тела челове-
ка. Как наиболее информативный и перспективный в настоящее время рассматривается метод биоимпеданс-
ного анализа состава тела человека, методики с использованием биоимпедансных анализаторов, основанных 
на измерениях активных и реактивных элементов биоимпеданса человека. Основные компоненты состава тела 
представлены с использованием антропометрических и электрических характеристик, полученных с помощью 
биоимпеданса. Определены компоненты биологических объектов, влияющих на физиологическое состояние, 
и проанализированы потенциалы численного определения физиологического возраста по некоторым из этих 
параметров. Полученные результаты могут быть использованы в профилактической и спортивной медицине.
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All contemporary methods of body composition assessment are classified as reference, laboratory and field [1]. 
Reference methods comprise multicomponent models, computed tomography (CT), magnetic resonance imaging (MRI). 
Laboratory methods comprise dual energy X-ray absorptiometry, densimetry, hydrometry, ultrasonic investigation (US), 
three-dimensional scanning. Field methods comprise anthropometry, bioimpedansometry, body mass index detection. 
CT is the method of radiodiagnosis based on estimation of coefficient of attenuation of the X-ray radiation intensity 
when passing through tissues, stated in Hounsfield units. Computed tomography enables separate monitoring of amount 
of subcutaneous and internal fat, as well as skeletal muscles and internal organs weight. Thus, CT is a reference method 
of determination of a body composition at the tissue level. The method is insufficient due to high cost of investigation, 
use of radiation source and necessity to carry out the investigation at stationary conditions. MRI is used for creation of 
three-dimensional anatomic images of a body and the analysis of physical and chemical properties of biological tissues. 
In the whole MRI performs findings of investigation similar to CT findings, however its advantage is the lack of need to 
expose a patient to the ionizing radiation [1].

Anthropometric methods are the simplest and available methods on the basis of alteration of morphometric parame-
ters of a body, such as a waist circumference, hips circumference, weight, height, etc. These parameters are the ground for 
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the body mass index (BMI) calculation technique or Quetelet index used for assessment of over- or underweight . BMI is 
calculated as a quotient from division of body weight of a patient by his body squared height:

BMI = 2L
mÂÌ² = ,

where m – stands for body mass (kg), L – height (m2).
Normal values of BMI for adults correspond to 18,5–24,99. According to this classification, obesity is verified at 

BMI of 30 and more . However the value of BMI is only the actual sign of overweight or underweight presence, giving 
that qualitative assessment of body components is not provided.

In view of this, the great favor was gained by the biophysical research technique of body composition founded in 
the 1880. The technique was suggested by V.Thompson who investigated the biological tissues resistance. He assumed 
that besides the total body resistance, it is also possible to determine resistance of specific component parts. Electrical 
resistance of biological tissues was named bioelectric impedance, and the technique was named bioimpedance analysis. 
Total impedance value includes two components: the active impedance (or tissue internal impedance) and the reactive 
impedance which is defined by current phase-voltage shift due to capacitive properties of cellular membranes. Active 
impedance value is used to estimate the total body water content, high specific conductance of this water is caused by 
electrolytes available in it. Reactive impedance value is used to estimate the values of basal metabolism and active cellular 
mass – the mass of muscles and internal organs. Electric resistance of fat tissue is about 20 times higher, than resistance 
of a basic tissue mass forming the fat-free body mass (FBM). Advantages of the technique include its low cost and avail-
ability, absence of radiation exposure, possibility to carrying out real-time investigations, as well as non-invasiveness and 
possibility of performing in the field [2].

Body composition is regarded as various representations of body mass as the sum of one or several components 
which have physiological or pathophysiological significance. Depending on quantity of targeted body compositional 
components one can consider two‐, three‐, four‐ and the multicomponent models which pertain to one or several organi-
zational levels of the system: elementary, molecular, cellular, cutaneous or total body level.

Basic two-component model of body composition at a molecular level is presentation of the body mass (BM) as 
the sum of the body fatty mass (BFM) and mass of the rest – fat-free body mass, or lean body mass (FBM): BM = BFM 
+ FBM. Normal fatty tissue concentration in an organism is 12–30 %, and optimal – 19–22 %. The essential fat being 
a part of a proteolipid complex of the majority of body cells (phospholipids of cellular membranes, etc.) as the pool of 
body structural components and non-essential fat (triglycerides) making a body power reserve are distinguished in the 
composition of body fat mass.

Fat mass contains information on the functioning of neuroendocrine system, on the motion state. Total fat mass tends 
to increase during puberty. This characteristic value increases more slowly in boys, than in girls owing to fast increase of 
quantity of fat-free body mass. At this particular period sexual distinctive features of topography of a subcutaneous fat 
deposition and figures are formed. Usually subcutaneous fat in men is predominantly deposited in an upper trunk (android 
type of fat deposition), and in women — in hips and buttocks (gynoid type). FBM makes about 75–85 % of body mass. 
Everything of non-fatty nature concerns to it: muscular tissue, all organs, the brain and nerves, osseous tissue and all body 
liquids. FBM increases during growth of a body, it is rather constant at mature age, and can decrease during aging. As 
compared to body fat mass, individual age changes of fat-free mass are more persistent and are under tighter genetic mon-
itoring. The musculoskeletal bulk (MSB) is the considerable part of FBM. MSB-total body mass ratio in adults is naturally 
40–45 % in men and 30–35 % in women, it tends to decrease with aging. As has been mentioned, musculoskeletal bulk 
actively grows in males during puberty.

Special attention is paid to the percentage of the active cellular mass (ACM) which is formed by the cells actively 
participating in anabolism processes as is evidenced by energy and oxygen consumption by cells of this fraction, and the 
catabolism which is associated with carbon dioxide emission. Energy is necessary for initiation of a number of multistep 
metabolic reactions. Oxygen is used by cells as electron acceptor in end response of electron-transport chain leading to 
ATP synthesis. The carbon dioxide is by-product of reactions of tricarboxylic acids cycle. For this reason the ACM index 
is the characteristic of intensity of metabolic processes in an organism. ACM contains about 98–99 % of the total body 
content of potassium and unites a body compositional components which are subjected to the greatest changes under 
the influence of nutrition, diseases and physical load. ACM value distinguished sufficiency of a protein component of 
nutrition, as well as estimates motion activity of an organism. However patients with an abdominal form present such 
phenomenon as "lazy muscular bulk" which is expressed in an increase of ACM and MSB in response to the longtime 
bearing of excessive fat mass [3].

Besides above-mentioned components, an important factor in assessment of body composition is the total body flu-
ids. The total body fluids represent a component of body composition of the greatest mass at a molecular level. Normally, 
total body fluids make about 55 % of body mass in women and 60 % in men. The percentage of poorly hydrated fatty 
tissue is the main reason for age changes in the level of hydration. Alteration of "dry weight" and composition of a body 
can happen not only due to change of water balance, but also due to change of muscular or fatty tissue that is characteristic 
of dialysis patient population having abnormal nutritional status.

The total body fluids include such variables as intracellular fluid and extracellular fluid. The cell of a mammal con-
tains on average about 70 % of water; 14,65 % of proteins; 5 % of phospholipids; 1 % of inorganic ions (К+, Na+, Mg2+, 
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Сl− , etc.); 1,35 % of DNA and RNA; 2 % of polysaccharides; 3 % of minor metabolites. At the same time the value of cel-
lular hydration of various organs and tissues can vary. Extracellular fluid consists of a blood plasma, interstitial fluid and 
third space liquids (gastric juice, urine, fluid fractions of intestinal medium). The indices considered in table are reflected 
in the schematic protocol of bioimpedance research.

Table 1 – Estimated parameters of a body composition with their specifications

Parameter Specification
Body mass index, BMI (kg/m2) Estimates a degree of body mass compliance with body height, allows to estimate normal 

weight, underweight or overweight.
Fat body mass, FM (kg) Estimates excess or insufficiency of body fat mass
Portion of fat mass in a body, FM 
(%)

Estimates the degree of obesity and related exposure to diseases

Lean (fat-free) body mass, FFM 
(kg)

Difference between total and fat body mass. Describes the constitutional type and enables 
estimation of nutritional status.

Fasting metabolism per gramm, 
FMG (kcal/m2/day)

Describes a value of fasting metabolism per 1 m2 of body surface area or 1 kg of lean mass

Fasting metabolism, FM (kcal /
day)

Index of general cellular metabolism, it distinguishes quantity of energy spent in a body 
per a day for maintenance of its vital functions: maintain a body temperature, respiration, 
circulation conditioned by fasting metabolism

Active cellular mass, АCМ (kg) Estimation of cellular body mass in metabolically active status
Percentage of active cellular mass, 
% АCМ (%)

Correlate of motor activity. Alongside with a value of circuit angle indicates the presence of 
chronic catabolic diseases.

Waist and hips circumference ratio 
(waist/hips)

Describes the type of fat deposition and therefore enables definition of obesity causes

Musculoskeletal bulk of a body, 
MSB (kg)

Describes a degree of personal physical development

Portion of musculoskeletal bulk in 
a lean mass, % MSB (%)

Evaluates physical vigor and endurance

Total fluid, TF (kg) Evaluates total intracellular and extracellular fluid content in a body
Intracellular fluid, IF (kg) Includes intracellular fluid and blood plasma
Circuit angle, CA (degree) Antitangent of the active-reactive impedance ratio, measured at a frequency of 50 kHz. In 

medicine it is used as an index of velocity of metabolic processes.

Bioimpedance analysis of body composition. The bioimpedance analysis (BIA) is a contact method of measure-
ment of electrical conductance of biological tissues giving the chance to evaluate a wide range of body morphological and 
physiological characteristics. As the specific resistance of biological tissues established for the given frequency of current 
can significantly alter being affected by external and internal physiological and pathophysiological factors, it allows to 
apply bioimpedansometry for assessment of a condition of body organs and systems at various diseases and physiological 
conditions. The bioimpedance analysis bases upon differences in electrical conductivity of the constituent tissues in view of 
various liquid and electrolytes concentration in tissues, and also on a stable relation of body fluids and fat-free body mass.

There are several types of bioimpedance analysis classified according to the following three signs: 1) by frequency 
of the probing current – single-frequency, double-frequency, multi-frequency; 2) by object of measurement – integral 
(measurement object is the considerable proportion of a body), local (particular parts or regions of a body are measured), 
multisegmentary (measurements of the whole body are set on the basis of processed measuring data of the constituent 
regions); 3) by approach of measurements – one-time, incidental, monitor [4].

The first evidence of a research of electrical conductance of biological objects is connected with V.Thompson’s 
works published in 1880. Later the concept of “bioimpedance” as an index of electrical resistance of a body was intro-
duced. BIA of body composition lies, foremost, in evaluation of fluid amount in a bio-object, as it is fluid medium that 
creates the active component of conductance. Complete electrical resistance of tissues is referred to as an impedance. This 
value comprises two components: active and reactive impedance. Active impedance reflects the tissue property of thermal 
dispersion of electric current. Rective impedance is characterized by current phase-voltage shift due to reactive properties 
of cellular membranes which are capable to accumulate electric charge on the surface.

At the moment analyzers of three producers are especially popular in the world:
1. Tanita (country of origin – Japan). Electronic balance with the analyzer of body composition Tanita MC-980 MA;
2. Inbody (country of origin – South Korea). InBody230, InBodyS10 - the analyzer of body composition and body 

fluids, InBody370, InBody770 with function of 56 parameters of body composition in 60 seconds, InBody570 with func-
tion of 40 parameters of body composition in 50 seconds;

3. Medass (country of origin – Russia). The analyzer of assessment of fluid sectors balance in a body “AVS-01 of 
Medass” with the basic program of body composition assessment of AVS01-03612.

Graphic scales contain limits of individually calculated ranges of normal values of body composition indexes. The 
main reasons for administering the BIA: correction of body weight; monitoring of muscle gain (for athletes); desire to 
find out more detailed information on a body condition to define a range of examinations and treatment; periodic correc-
tion of nutrition by means of diets; holding of medical and fasting activities; endocrine diseases (pathologies of a thyroid 
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gland, diabetes mellitus, etc.); diseases of kidneys (for selection and correction of diuretic therapy); diseases of cardio-
vascular system: anemia; liver diseases; locomotor diseases; osteoporosis; varicose disease; injuries, diseases of joints; 
dermatology (patients with a hair loss, the exfoliating nails, allergic dermatitis); oral cavity diseases (the crumbling teeth, 
periodontosis); perimenopause; planning for pregnancy; allergology, immunology (especially at immunosupression, virus 
loading); neurology (osteochondrosis, brain diseases); nervous anorexia. Bioimpedansometry is widely used in sports 
medicine, treatment of some diseases, dietology for weight correction, in academic researches. Currently the original 
direction is in progress - study of component body composition in the gravity-free conditions, as in the antigravity condi-
tions the biological fluids which form a body part follow absolutely other laws. The portable onboard double-frequency 
tetrapolar bioimpedance analyzer SPRUT has been developed for studying of dynamics of total body fluids in astronauts’ 
and test engineers’ organisms, its prototype is the AVS-01 Medass device.

It should be noted four-electrode analyzer study determines the resistance of only a body part, while eight- and 
twelve-electrode analyzers measure the resistance almost of the whole body. Impedance value obtained at the four-elec-
trode circuit of the AVS-01 Medass analyzer compared with the eight-electrode circuit of the Biospace Technology an-
alyzer, which measures an impedance of almost all body, for the same tested population differs up to 10 %. In addition, 
if human anthropometric data can be defined with any amount high accuracy degree, then measuremental accuracy of 
electrical resistance fluctuates around 10 %.

Conclusion. Development of equipment and software tools of BIA in recent years significantly increased its po-
tential and broadened fields of science and its practical application: medical sports clinics, transplantology, cardiology, 
stomatology, resuscitation, etc. The most important prospect of further development of the method is its widespread im-
plementation in preventive medicine and fitness centers for deciding the issues of health protection aimed at preservation 
and promotion of population health.
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Представлена концепция Особенной части модельного уголовного кодекса романо-германской право-
вой семьи. Обозначены первопричины выбора именно этого нормативно-правового акта и методологии его 
концепции. Учитывая объективный процесс глобализации, в том числе и на уровне нормативных актов, 
предложено унифицировать систему Особенной части модельного уголовного кодекса стран, относящихся 
к романо-германской правовой семье. Акцентируется внимание на социальной обусловленности (появле-
нию «опасного знания») криминализации и декриминализации некоторых деяний, жесткости наказания, на-
значаемого за них. Обосновывается необходимость изменения всеобщего мировоззрения с антропоцентри-
ческого на экоцентрическое. 

Below are the concept of the Special part of the model criminal code of the Romano-Germanic legal family. 
Identified root causes of this regulatory act and the methods of its conception. Given an objective process of glo-




