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Abstract 

Numerical estimates of individual physical develop-
ment are currently carried out both on the basis of 
anthropometric measurements (height, weight, body 
mass index, waist circumference, hip circumference) 
taking into account gender and age, and using the 
registration of the parameters of the body’s own phys-
ical fields of the biological object. Anthropometric 
measurements do not represent particular difficulties, 
while the registration of body parameters is carried out 
on rather expensive equipment: computed tomogra-
phy, neutron activation analysis, X-ray densitometry, 
etc. Correlation between different methods of assess-
ing physical development in the available literature is 
not shown, which stimulated studies on the compari-
son of the indices of physical development (Quetelet, 
Broca, Yarho-Kaupe and Rohrer) with the data of rela-
tive fat mass by bioimpedance analysis. 

Anthropometrical and bioimpedance measurements 
for female persons of the youthful age period are pre-
sented in this study. In total 96 students participated 
in the research, average age was 19 ± 1.5 years. The in-
dexes of physical development, connecting the weight 
and geometry of objects are defined on the basis of 
anthropometrical data for participating in an exper-
iment. The distribution of relative fatty body weight 
is determined by the received electric characteristics 
(fatty weight, rated to all body weight) with use of 
the Medass analyzer Statistical calculations of the ob-
tained experimental data of indexes of physical devel-
opment and relative fatty weight are carried out. A pair 
exponential regression was chosen at a stage of the 
specification. Its parameters were estimated by meth-
od of the smallest squares. The statistical importance 
of the equation was checked by means of coefficient of 
determination and Fischer’s criterion. The correlation 
coefficients between indexes of physical development 
and relative fatty weight are calculated.

As a result of statistical processing of the obtained ex-
perimental data correlation coefficients between three 
main, indexes of physical development and data of 
fatty body weight of objects are calculated. The max-
imum coefficient of correlation (b = 0.042) is noted be-
tween relative the fatty mass of objects and Quetelet’s 
index. Thus, comparison of indexes of physical devel-
opment of the studied persons of the youthful age pe-
riod (the girl of 19 years) measured anthropometrical 
and bioimpedance by methods testifies to invariable 
advantage of a research of the body composition in 
Vivo by means of an indirect method. 

The method of the bioimpedance analysis has proved 
as the reliable, safe and relatively accurate field method 
of assessment of the body composition. The main diffi-
culty of development of this method is the problem of 
physiological interpretation of the results of bioimped-
ance measurements and the use of formulas and the 
coefficients for assessment of the body composition 
depending on properties of population. In this work it 
is shown that percent of fatty weight is the main indi-
cator of physical development of a biological object, 
but not the body mass index (the Quetelet index).

Key words: Index of physical development, Bioimped-
ance method, Correlation coefficient. 

1. Introduction

The condition of individual physical development is 
currently one of the priority directions of researches in 
a number of the countries. The study of the composi-
tion of the body is rather new field of medicine, which 
allocated in the separate direction of researches in the 
second half of the last century. In this case, the com-
position of the body means the division of the entire 
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mass of man into several complementary components, 
[1]. The most widespread is division of whole mass into 
two components: fat and lean (lean mass, namely body 
weight, excluding fat). Such division is used as diag-
nostics of: overweight, obesity, malnutrition and pro-
tein-energy deficiency [2]. A various methods includ-
ing anthropometrical characteristics and researches of 
parameters of own physical fields of an organism are 
used for assessment of a condition of physical develop-
ment [3]. The aim of this research was to compare the 
indexes of human physical development measured by 
the classical anthropometric method and the modern 
method of assessing body composition, namely the 
bio-impedance method. The bio-impedance method 
is one of the most common, accessible and least ex-
pensive methods of investigation in contradistinction 
to the registration of body parameters using comput-
ed tomography of x-ray densitometry and neural acti-
vation analysis.

2. Materials and Methods

Object of a research were of the girls from the circle 
of student’s youth Yanka Kupala State University of 
Grodno, Belarus, who voluntarily participated in the re-
search. Anthropometrical and bioimpedance measure-
ments for female persons of the youthful age period 
were studied. In total 96 students participated in the 
research, and the average age was 19 ± 1.5 years. 

The anthropometric parameters (the body’s mass and 
human growth) are used for assessment of a condition 
of individual physical development. The greatest dis-
tribution has Quetelet’s index (body mass index BMI) 
which is calculated as the ratio of the body weight of a 
person to the square of its growth:

   (1)

Where: m - body mass (in kilograms), L - human height (in meters). 

In medical practice, the deviations of the Quetelet k
1
 

index from normal values   (depending on the sex-age 
category of the person and determined numerically) 
are related to the probability of the disease. More-
over, the probability of the disease increases with an 
increase and a decrease in the index k

1
. At normal val-

ues   of an index the probability of disease is minimal. 
At high values of k

1
 mortality from cardiovascular and 

oncological diseases increases. For low values of k1 
increases the mortality due to chronic diseases of the 
respiratory organs. 

In Table 1 is presented the values   of the Quetelet index 
(1) in the norm as functions of the human age [2].

Table 1 - Normal BMI according to age according to WHO 
(World Health Organization)

Age, years Normal values of the index

19 - 24
25 - 34
35 - 44
45 - 54
55 - 64

> 65

< 20
20 - 25
21 - 26
22 - 27
23 - 28
24 - 29

The Quetelet’s index is recommended to consider the 
fifth key indicator of activity of an organism for patients 
with obesity, according to WHO recommendations. The 
determination of the numerical values of the Quetelet 
index for individual biological objects allows to deter-
mine the risks of both morbidity and mortality [4]. 

In addition to the Quetelet index, defined as (1), the 
Yarkho-Kaupe index (2) is used to estimate the physical 
state of a person in the form of the ratio: 

                (2)

Where: m - body mass (in grams), L - human height (in centimeters). 

For women at the age of 18 - 20 years at normal physical 
development in the SI system the Yarkho-Kaupe  index 

changes in the following limits: .

The third index (3) connecting anthropometrical char-
acteristics is the Rorera index:

               (3)

Normal for the above-stated gender and age category 
the Rorera index is considered equal to: 

Another widespread and well-known index of physical 
development is the Broca index (4), which has been 
offered in 1868 by the doctor Paul Broc. He has sug-
gested to calculate the weight as a difference between 
growth size in centimeters and a constant = 100. In 
other words “the ideal weight” = growth (in cm) minus 
100. This index could not cover the whole range of pos-
sible deviations, and therefore was modified by other 
researchers. There was an urgent need to introduce 
individual amendments to this index for different age 
groups of people. Such options have been developed 
and added; with a growth up to 165 cm: “the ideal 
weight” = growth (in cm) minus 100, at the same time 
with a height from 166 to 175 cm, the ideal weight” = 
growth (in cm) minus 105. And, at last, with a height 
over 176 cm: the ideal weight” = growth (in cm) minus 
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110. Such specified index was called the. Sometimes it 
is also called the Broca-Brugsha index. 

           Broca index = growth - 100 (4)

The Broca index shows the numbers of the ideal (rela-
tive to the average person) weight for a given growth.

One of the most common methods of studying the 
body composition of an object is bioimpedance anal-
ysis (Martirosov, [3], Nikolaev, [5], Bakker, [6]), based 
on measurement of components of resistance of an 
object at transmission of current of variable frequency 
through it. The total current passing through the water 
fraction of an organism is determined by the sum of 
the current passing through the intercellular space and 
the current flowing in the intracellular space. 

When a direct current passes through the cell, surface 
polarization occurs due to redistribution of charges to 
opposite electrodes, as well as structural polarization 
due to charge redistribution throughout the cell volume. 
Both types of polarization in cells make it difficult to de-
termine the components of the total resistance of the or-
ganism. Also, when a direct current passes through the 
body, the probability of damage to its cells increases. 

These disadvantages are significantly reduced when 
passing through the tissues of currents of variable fre-
quency. In addition, for a sufficiently small value of the 
current passing through the cells, their resistance is in-
dependent of its magnitude and is constant at a fixed 
frequency of the acting voltage. The active component 
of the resistance is determined by the ion currents of 
the intra- and intercellular liquid, the reactive compo-
nent by the cell membranes. Researches are conduct-
ed are usually conducted on two and more than fre-
quencies (Zuev [7], Zuev [8], Grimnes [9]). The general 
resistance of the object at a frequency of 5 kHz allows 
one to determine the active resistance of the intercel-
lular fraction of the body, the resistance at 50 kHz (and 
above) includes both the active resistance of the whole 
organism and the capacitive resistance of the aggre-
gate of all cells.

The regression equation (5), which includes the active 
component of the body resistance R

50
 at the frequency 

of the probing signal f = 50 kHz, the growth of L, the 
mass m, the age and gender of the person, is used to 
determine the fatty body mass (m

fbm
), Kyle, [10, 11]: 

      (5)

Earlier in our works we pointed to value of the bioimped-
ance analysis as somatometric method for assessing 
human nutritional status Bashun, [12], and Bashun, [13]. 
This paper presents a comparison of the body fat mass by 

means of a bioimpedance method to: Quetelet, Brock’s 
indexes, Yarkho-Kaupa, and Rorera defined only accord-
ing to anthropometrical measurements is presented.

3. Results and Discussion 

In the beginning an experiment anthropometrical 
measurements were taken: growth, weight, body mass 
index, waist circumference, hip circumference. Then 
with the same structure for a research the Medass AVS-
01 analyzer, connected to the personal computer with 
the software “Sport” was used. The analyzer allows to 
measure electric characteristics: active resistance of an 
object at a frequency of 5 kHz and also active and re-
active resistance at a frequency of 50 kHz. The analyzer 
allows measuring electrical characteristics: active resis-
tance of the object at a frequency of 5 kHz, as well as 
active and resistance at a frequency of 50 kHz. Based 
on the data of anthropometric indicators and electri-
cal characteristics measured by the Medass analyzer, 
a protocol is generated for a person’s dynamic state, 
which determines the basic parameters of a person, 
from which the fat mass (LM) of the subject is most in-
teresting for the present study.

In the Figure 1 is shown the Quetelet index, calculat-
ed by formula (1) for students (women) of the 18-19 
age group (N is the number of students). For this age, 

the value is considered the norm - , as 
shown in the Table 1.

For the same group of students (Figure 2) the graphic 
dependence of fatty body mass calculated according 
to a formula (3) is presented. To compare this param-
eter, m

fbm
 was normalized to the whole body mass, i.e. 

 characterizes the number of fatty mass per unit 

mass of the whole body. The norm for this age catego-

ry is considered , if the ratio is carried 

out , then weight is considered super-

fluous, at  obesity is noted, at 

 

is 

exhaustion.

As it is shown from experimental data, the distribution 
curves are close to normal, however, if for a case in Fig-
ure 2 the maximum falls on the norm for a given age 
category, in case in Figure 1 the maximum is displaced 
concerning norm.

A statistical calculation of the experimental data was 
carried out. A pair exponential regression was selected 
at the specification stage. Its parameters were estimat-
ed by the method of smallest squares. The statistical 
importance of the equation was verified using the 
 determination coefficient and the Fisher criterion. The 
correlation coefficient was calculated by a formula (6): 
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Figure 1. Experimental dependences 
of the Ketle index k1

Figure 3. Experimental dependences 
of the Yarkho-Kaupe index k2

Figure 5. Experimental dependences 
of the Rohrer index k3

Figure 2. Experimental dependences 
of the relative fat body mass

Figure 4. Experimental dependences 
of the relative fat body mass

Figure 6. Experimental dependences 
of the relative fat body mass

       (6)

Where: yxyx   ,  ,  - selective averages, S(x) – selective dispersion. 

The correlation coefficient b is 0.042 for the data pre-
sented in Figure 1 and 2. 

In the Figure 3 and 4 is shown the experimental data 
of the Yarkho-Kaupe index and the relative fatty body 
mass for the studied age group of female students.

The correlation coefficient for the data, calculated by 
formula (6) is b = 0.031.

In the Figure 5 and 6 the experimental data of the 
Rohrer index (Figure 5) in comparison with the relative 
fat body mass (Figure 6). 

The correlation coefficient for the data of figure 3, cal-
culated by formula (5) is b = - 0.001.

As a result of statistical processing of the obtained ex-
perimental data correlation coefficients between three 
main, indexes of physical development and data of fat-
ty body weight of objects are calculated. The maximum 
coefficient of correlation (b = 0.042) is noted between 
relative the fatty mass of objects and Quetelet’s index. 
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Thus, comparison of indexes of physical development 
of the studied persons of the youthful age period (the 
girl of 19 years) measured anthropometrical and bio-
impedance by methods testifies to invariable advan-
tage of a research of the body composition in Vivo 
by means of an indirect method. The method of the 
bioimpedance analysis has proved as the reliable, safe 
and relatively accurate field method of assessment of 
the body composition. The main difficulty of develop-
ment of this method is the problem of physiological 
interpretation of the results of bioimpedance mea-
surements and the use of formulas and the coefficients 
for assessment of the body composition depending on 
properties of population. In this work it is shown that 
percent of fatty weight is the main indicator of physical 
development of a biological object, but not the body 
mass index (the Quetelet index).

4. Conclusions

- Comparison of indexes of physical development of 
the studied persons of the youthful age period (the 
girl of 19 years) measured anthropometrical and bio-
impedance by methods testifies to invariable advan-
tage of a research of the body composition in vivo by 
means of an indirect method. 

- The method of the bioimpedance analysis has proved 
as the reliable, safe and relatively accurate field meth-
od of assessment of the body composition. Main diffi-
culty of development of this method is the problem of 
physiological interpretation of the results of bioimped-
ance measurements and the use of formulas and the 
coefficients for assessment of the body composition 
depending on properties of population. 

- In this work it is shown that percent of fatty weight is 
the main indicator of physical development of a bio-
logical object, but not the body mass index (the Que-
telet index).
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