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Abstract: The study objective was to analyze the parameters of physical development (body length and weight) in children and youth 7-17
yo — students of Volgograd region educational institutions over 2012-2016 using the percentile method.

Material and methods — We examined 4,367 school students, of which 2,056 and 2,311 were boys and girl, correspondingly. The body
lengths and weights were assessed by conventional methods. The results were processed using the programs Statistica 6.0 and MATLAB 7.
Results — The values of the body length and weight centiles (3, 10, 25, 50, 75, 90 and 97%) in 7-17 yo girls and boys were computed. It was
established that the lowest body length indicators were currently typical for 7 yo boys. Starting at 13 yo, body length indicators in boys
were ahead of those for girls. In 15-16 yo girls, growth stabilization was observed, while boys continued growing until the age of 17 yo. All
percentile values of body weight in primary school age boys (except for 8 year-olds) were ahead or equivalent to those of girls. At the level
of 75-97% in all age groups, the body mass values in boys were ahead of those in girls. At the age of 16-17 yo, all percentile values of body
weight in boys were higher than in girls. Harmonious physical development was detected in 69.6% of boys and 61.7% of girls.

Conclusion — Percentile analysis of body lengths and weights in children and youth of the Volgograd region facilitated the identification of

gender-specific characteristics and assessment of harmonious physical development.
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Introduction

Physical development is among the most important and
mandatory health criteria of children and youth. Besides, it is well
known that physical development indicators are informative,
simple, and easy to determine in order to evaluate children and
youth health [1, 2]. Studying and analyzing morphological and
functional parameters in children and adolescents is a very
relevant research task, both in Russia and worldwide. To date,
substantial empirical data and theoretical material have been
collected in this field of study. Moreover, a significant fraction of
the authors is in need to develop regional standards necessitating
local monitoring of growth and development in children and
adolescents. Such standards require periodical updates at different
administrative territories of the Russian Federation. Percentile
method is one of conventionally used techniques among pediatric
practitioners for assessing physical development of children and
youth [3]. For Volgograd region, an analysis of the physical
development parameters in children and adolescents by percentile
method was not yet performed, hence the relevance of our study.

Material and Methods

Using percentile method, we evaluated major physical
development indicators (body length, cm, and body weight, kg) in
4,367 school students of the Volgograd region, Russian Federation
(2,056 boys and 2,311 girls living in the cities of Volgograd and
Volzhsky, as well as in Zhirnovsky, Staropoltavsky, Kotelnikovsky
and Leninsky districts). Our studies were carried out as passive
hygienic observations at medical offices of the educational
institutions. Prior to the study, all prospective participants, or their
parents, gave written informed consents. At the selection stage,
children with chronic illnesses, affecting growth and development,
were excluded from the database.

Anthropometric indicators were assessed by a standardized
method using standard tools: a wooden height meter and medical
lever scales.

Our results were processed using the programs Statistica 6.0,
MATLAB 7 and a package of original application software for
analyzing the parameters of the physical development in children
and youth using the percentile method.

An advantage of analyzing physical development data via this
particular method was that its application did not depend on the
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type of data array distribution function and did not require their
normality. The values of length and body weight indicators were
computed for the following centiles: 3, 10, 25, 50, 75, 90 and
97(%). To assess the harmony of the physical development in 7-17
yo children and adolescents of the Volgograd Region based on
preliminary assessment of percentile corridors and intervals of
analyzed age- and gender-specific anthropometric indicators, the
entire data array (4367 units) was distributed among
corresponding corridor (intervals) No. 1 through 8. Hence, the first
corridor corresponded to the following condition for the
parameter x under study (body weight or height): x<C3%, where
C3% is a 3% centile. Similarly, the second corridor corresponds to
the inequality: C3%<x<C10%. The other centile corridors were
assigned in a similar manner.

The method permitted us to calculate percentile corridors for
each age and gender. Then, using the corridor numbers, we could
analyze the harmony of the physical development in the studied
population of boys or girls simultaneously for the entire data array.
Despite the fact that the boundaries of centile corridors increased
with a child age, the number of each centile corridor was formed
by the same rules within each age. The data array consisting of
these numbers (from 1 to 8) was subjected to further analysis.
Using the Statistica 6.0 package, it was possible to estimate the
amount of elements falling into a given range of number values.
Actually, the concept of development harmony was formulated
within the framework of described procedure [3]. To assure
certainty, we introduced the following parameter values
describing the physical development harmony: harmonious
normal development (determined by the percentage of the body
growth and weight values in percentile corridors No. 4 and 5),
harmonious high development (identified by the percentage of the
body growth and weight values falling into the corridor No. 7) and
harmonious low development (determined by the percentage of
the body growth and weight values falling into the corridor No. 2).

The development is also considered harmonious, when the
difference in the corridor numbers among growth and weight does
not exceed 1.

Disharmonious physical development is determined by the
percentage of body growth and weight values falling into all
remaining corridors, as well as when the difference among the
corridor numbers is equal to, or greater than, 2.

It is quite obvious that the manual calculation of harmony,
according to the above scheme, for large data arrays (several
thousand) is a very challenging task. That is why we developed a
computer program for performing such data partitioning in
automatic mode. The results of calculating the harmony
parameter via this program are presented in the Results section.

Results

Here we present the computed values of somatometric
indicators (body length, cm, and body weight, kg) in 7-17 yo school
students, who were the residents of the Volgograd region (Russian
Federation), obtained using the percentile method. The standard
3, 10, 25, 50, 75, 90 and 97 (%) centiles were selected for this
purpose. The array of analyzed data covered the period of 2012-
2016. Statistical processing was conducted on a gender-related
basis. Tables 1-4 demonstrate the computed boundaries of
percentile corridors for somatometric indicators characterizing
physical development of boys (Tables 1 and 3) and girls (Tables 2
and 4) at the time of the study.

Table 1. Age-related centile distribution of body lengths (cm) for boys in
Volgograd region

Age, Body length centiles

years 3% 10% 25% 50% 75% 90% 97%
7 83.0 115.8 120.0 124.0 1285 1314 137.0
8 92.0 116.2 124.0 127.1 1319 136.0 139.6
9 109.6 1238 127.5 130.0 136.0 140.0 1485
10 124.8 128.0 132.0 137.0 1414 1465 152.0
11 124.1 133.2 138.0 142.0 147.2 151.0 158.6
12 117.7 138.6 144.0 1481 1540 159.0 166.2
13 141.3 146.0 152.0 157.8 162.8 168.6 175.3
14 143.6 151.0 159.0 164.0 169.2 175.0 181.2
15 148.7 158.0 163.0 167.0 1740 178.2 183.7
16 153.0 163.0 169.0 175.0 179.0 182.0 187.0
17 157.7 164.0 170.0 1746 180.0 186.0 191.0

Table 2. Age-related centile distribution of body lengths (cm) for girls in
Volgograd region

Age, Body length centiles

years 3% 10% 25% 50% 75% 90% 97%
7 89.6 113.0 117.0 121.5 125.5 130.0 134.7
8 94.7 117.2 122.1 127.0 132.0 136.0 139.0
9 94.3 123.0 127.0 130.0 135.0 139.0 144.2
10 124.0 127.6 131.0 135.0 140.0 145.0 152.0
11 106.6 128.2 136.0 140.6 146.8 1514 158.3
12 121.6 138.0 144.0 148.0 155.0 160.0 163.9
13 139.2 145.7 150.5 156.0 161.2 164.8 169.0
14 147.4 152.2 156.3 160.0 163.0 168.7 172.0
15 150.0 155.0 158.0 161.0 165.0 169.4 175.0
16 150.0 156.0 160.0 164.0 168.0 175.0 176.2
17 153.0 157.0 161.0 165.0 169.0 173.0 176.0

Table 3. Age-related centile distribution of body weights (kg) for boys and
male youth in Volgograd Region

Age, Body weight centiles

years 3% 10% 25% 50% 75% 90% 97%
7 18.9 20.1 22.0 24.0 27.0 30.0 35.0
8 19.4 21.3 23.2 25.0 29.0 344 43.0
9 20.0 24.0 25.0 28.0 33.0 37.9 44.5
10 23.4 25.5 28.1 32.0 38.0 440 48.0
11 24.2 27.3 31.0 36.0 410 46.2 57.8
12 25.0 340 380 410 480 56.2 73.1
13 34.0 36.3 41.0 49.0 54.0 64.3 70.7
14 34.9 41.0 480 53.0 59.0 67.0 75.2
15 37.5 434 497 570 62.0 70.2 80.0
16 43.7 52.0 580 623 69.2 77.2 84.9
17 47.4 519 59.0 64.1 71.0 78.1 85.9

Table 4. Age-related centile distribution of body weights (kg) for girls and
female youth in Volgograd Region

Age, Body weight centiles

years 3% 10% 25% 50% 75%  90% 97%
7 17.3 19.1 21.0 235 26.3  30.0 35.0
8 19.0 210 23.0 26.0 300 340 37.3
9 20.0 22.9 249 280 310 36.0 44.0
10 23.0 250 27.6 320 363 404 47.6
11 24.6 28.0 30.0 35.0 400 470 54.0
12 24.0 300 35.0 40.0 470 53.2 67.9
13 32.0 357 410 480 53.0 586 69.4
14 351 40.2 450 49.0 555 607 69.9
15 40.7 440 480 53.0 560 613 69.3
16 41.8 453 49.0 540 600 65.0 76.8
17 45.0 480 500 550 600 66.0 75.9
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Figure 1. Dependence of body length percentile values on age in
Volgograd Region boys and male youth.
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Figure 2. Dependence of body length percentile values on age in
Volgograd Region girls and female youth.
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Figure 3. Dependence of body weight percentile values on age in boys
and male youth of the Volgograd Region.

We discovered that, at the time of our study, the lowest values
of body length were characteristic for 7 yo boys (Tables 1 and 2).
In addition, in boys, body length indices for the percentile intervals
1 and 2 were lower than in girls for ages 8, 12, and 14-15 yo. At the
level of 50-90%, growth indicators were equivalent for boys and

girls for ages 8, 9 and 12 yo. Starting from 13 yo, values of body
length in boys exceed those in girls, and this dependence persists
all the way until the age of 17 yo. In boys, there is a sharper
growth rate of body length values, while leading dynamic
characteristics are specific for the age of 13 yo. In all age groups of
young men, from 14 to 17 yo, an increase in body length values
was detected, while in girls, already at the age of 15-16 yo,
stabilization of body length values was observed. Figures 1 and 2
offer the graphs depicting the dependence of percentile curves of
the analyzed data array for the body length (cm) of boys and girls,
respectively, while Figures 3 and 4 show percentile curves for body
weights (kg) in boys and girls. Percentile curves are presented in
the form of linear diagrams reflecting dynamic processes of value
changes in analyzed parameters, and distribution of examined
children and adolescents among age-and-gender groups.

The graph at the Figure 2 shows that in girls, the values of all
centiles for the body length parameter change gradually and
progressively until the age of 9 yo, while at the age of 10 yo, a very
noticeable maximum of the 3% centile curve is observed. From the
age of 11 yo, we observe the beginning of the body length growth
rate acceleration. By 12 yo, indicators show progressive growth. At
the age of 15 yo, girls have stabilized growth rates. Body length
values, corresponding to the 3% centile in girls, pursue the following
trend: intensive growth acceleration begins at 9 yo and continues
until the age of 13 yo. In boys, the values of centiles for the body
length parameter are as follows: at 7-10 yo they are lower than in
girls, at 11 yo, they are ahead of girls, at 12 yo, the values of all
centiles of body length in boys and girls are virtually identical, and
then from 13-17 yo, the values of body length centiles in boys are
ahead of the girls again (Figure 1).It should be noted that in
Volgograd Region boys, body length growth does not stop at the age
of 17 yo. The results of the distribution of age- and gender-specific
values of body weights in boys and girls of the Volgograd Region in
percentile intervals are presented in Tables 3 and 4.

As clear from Table 3, percentile characteristics of the body
weight values in 7, 9, and 10 yo boys are ahead or equivalent to
the girls’ indicators. Body weight in 8 yo boys is particularly
noteworthy, since, at the level of 25-75% centiles, their of body
weight values are lower than in girls.

In all age groups, body weight values at the level of 75-97% in
boys are ahead of those in girls. At the level of 3% and 10%, they
are behind the indicators for girls at the age of 11,13 and 15 yo; at
the level of 3% they are also behind the values for 14 yo girls. At
12-13 yo, for all centiles, the values for boys are ahead or
equivalent to those of girls. At 16-17 yo, body weight values in
boys and male youth are ahead of those in girls for all centiles. We
discovered that for body weight values, as well as for the body
length, it was possible to distinguish the specificities of the
dynamic changes in two boundary centiles: 3% and 97%. Local
extrema were also observed here for 12 and 13 yo boys, while
body weight values for other centiles showed a smoother growth.

In girls, a steep increase in body weights occurred at the ages
of 12 yo (25 to 97 centiles) and 13 yo (3 to 97 centiles). Then, some
stabilization of indicators took place until the age of 15 yo. At 16-
17 yo, body weight values started behaving erratically.

Figures 3 and 4 present the graphs of the age dependence of
centiles on the body weight values - in school students of the
Volgograd Region. The graphs show that the dynamic characteristics
of body weight in young boys have more pronounced changes: they
diverge more strongly in values in accordance with age.
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Figure 4. Dependence of body weight percentile values on age in girls and
female youth of the Volgograd Region.

Table 5. Results of the frequency analysis of harmony parameter for boys
in Volgograd Region

Count Cumulative Percent Cumulative
0 625 625 30.40 30.40
1 162 787 7.88 38.28
2 1088 1875 52.92 91.20
3 181 2056 8.80 100.00
Missing 0 2056 0.00 100.00

Table 6. Results of the frequency analysis of harmony parameter for girls
in Volgograd Region

Count Cumulative Percent Cumulative
0 820 820 35.48 35.48
1 163 983 7.05 42.54
2 1149 2132 49.72 92.25
3 179 2311 7.75 100.00
Missing 0 2311 0.00 100.00

Tables 5 and 6 present the results of a frequency analysis of
the harmony parameter for boys and girls. They imply the
relationship between the harmonious and disharmonious physical
development of children and adolescents in Volgograd Region. The
corresponding frequencies are presented in Figures 5 and 6. The
analysis and resulting recommendations are given in the
Discussion section.

Discussion

An analysis of the study results on somatometric indicators in
boys, girls and youth of both genders in the Volgograd Region,
conducted via the percentile method, revealed specific features.
For example, we established that the rate of physical development
in children and adolescents of the Volgograd Region changed as
compared with conventional options for the development of
Russian children and youth in the second half of the 20th century
[3, 4].

Unlike classical patterns (when height, body weight and chest
circumference from birth to puberty are on average greater in
boys than in girls), Volgograd boys have centiles for the body
length parameter from 7 to 10 yo lower than girls. At 11 yo, boys
are longer than girls. At 12 yo, the values of all centiles of body
length for boys and girls were virtually the same, and then, from

13-17 yo, the values of centiles for body length in boys were once
again ahead of girls. It was established that the period of growth
and development acceleration in contemporary population of
examined children and adolescents in Volgograd Region was on
average 1-2 years ahead of the peers in previous generations, thus
falling onto 11-12 yo for girls and 13 yo for boys. These findings
matched our own earlier data [5], as well as the results by N.V
Efimova & LV. Mylnikova [6], and V.O. Karandasheva & L.l
Grechkina [7]. In girls, dynamic indicators of growth changes were
more stable and closer to conventional patterns, which was
consistent with the data by S.R. Ermolaeva & R.M. Khayrullin [8].

Comparison of the development characteristics in school
students of the Volgograd Region with the data from centile tables
of A.V. Mazurin & I.M. Vorontsov has also showed the presence of
specific deviations [3]. Thus, it has been established that at
present, the range of indicators in children and adolescents of the
Volgograd Region became wider, because at the level of centile 3
lower parameter values have been recorded, while at the level of
centile 97, they have been higher. It was found that in girls,
indicators in younger age groups were lower at the levels of 3-25%
until the age of 11-12 yo. Then they were beginning to exceed the
parameters of peers in previous generations, reaching the greatest
differences at 97%. In boys, advance in comparison with the peers
of previous generations was already recorded from the level of 3%
at the age of 9 yo and remained in nearly all age groups, reaching
the greatest differences at the level of 97% at 14-17 yo. Relative
stabilization of indicators in contemporary Volgograd school
students compared with peers falls on the age of 9-11 yo [3]. It
was also shown that, especially in older age groups, the majority of
adolescents in the Volgograd Region have increased body weights.
Currently, it is also typical for some regions of Russia (St.
Petersburg, Voronezh Region, Tomsk Region, etc.) [9, 10, 11],
United States and Latin American countries [12, 13]. In general,
these shifts are in line with the global trends: an increase in the
numbers of overweight and obese children. What is important is
an established connection between deviations in physical
development in childhood and the state of health in adulthood [8,
14]. In addition, such deviations undergo other changes as
compared with the data from previous generations: they are more
widespread in both girls and boys, although in boys they are more
dynamic. Girls are characterized by smoother changing and more
stable indicators in comparison with the data on the peers from
previous generations, both in terms of body length and weight. It
should be noted that such conclusions were made on a significant
array of experimental data (4367 people), which allowed us
regarding identified patterns as statistically representative.

A comparison of anthropometric indicators in adolescents of
the Volgograd Region with the data for the youth living in northern
territories of the Russian Federation (Irkutsk Region) [6], revealed
at the present stage the differences in both body length and
weight. Thus, at the level of 3% of the analyzed distribution in all
age-and-gender groups from 11-17 yo (except for the 13 yo boys),
the body length Volgograd Region youth was lower than in their
northern peers. Volgograd Region girls, in their growth indicators,
compared with the residents of Irkutsk Region, fall behind at the
age of 11-14 yo. At 15 yo, the total match between the both
groups was revealed, and from 15-17 yo Volgograd girls were
ahead for all analyzed centile boundaries: 3, 25, 50, 75, 97(%).
Male adolescents of the Volgograd Region fall behind their
counterparts from Irkutsk at 11-15 yo in terms of growth
indicators, and then they get ahead.
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Figure 5. Histogram of the harmony parameter of the physical
development in boys and male youth of the Volgograd Region. Harmony
parameter: 0 — disharmonious, 1 — harmonious low; 2 — harmonious
normal; 3 —harmonious high.
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Figure 6. Histogram of the harmony parameter of the physical
development in girls and female youth of the Volgograd Region. Harmony
parameter: 0 — disharmonious, 1 — harmonious low; 2 — harmonious
normal; 3 —harmonious high.

In terms of body mass, boys and male youth of Volgograd
Region also fall behind in the age groups of 11-12 and 14-15 yo,
whereas, in the age groups of 13, 16 and 17 yo, the indicators are
higher. Girls have similar trends, but at the age of 13-17 yo an
approximate equality of indicators is recorded at the levels of 25-
50 centiles. The revealed patterns are largely consistent with the
data showing that the body weights of children and adolescents
living in the northern regions (Tomsk Region, Magadan) are
significantly higher than in entire Russia, or in its Central areas) [8,
9].

Hence, we state that the values of indicators in children and
adolescents of Volgograd Region, forming the boundaries of
centile groups, are currently dependent on their age and gender
and consistent with unevenness and heterochrony of the physical
development rates in children and adolescents living in various
regions of the Russian Federation [4, 7].

An analysis of the physical development harmony in Volgograd
Region children and youth conducted via percentile method
showed that 69.6% of boys and 61.7% of girls had harmonious
development. At the same time, harmonious normal development
was observed in 52.9% of boys, while harmonious high and
harmonious low were characteristic for 8.8%, and 7.9%,
respectively. Disharmonious development was present in 30.4% of
boys. For girls, the indicators were as follows: harmonious normal,
harmonious high, harmonious low and disharmonious types of a
physical development were found in 46.5%, 6.2%, 9.0% and 38.4%,
correspondingly. Our results compared against the data of other
authors [6] revealed their similarity. However, some discrepancies
were quite noticeable. For example, in Irkutsk Region, 59.4% of
boys and 49.6% of girls were found to have harmonious physical
development. This finding substantiated the need for regional
monitoring of the growth and development in children and
adolescents.

Despite indicated advantages of the percentile method and
important findings, it has certain limitations like any other
technique. They are related to impossibility of applying parametric
statistical analysis to the data.

Conclusion

For the first time in history, an analysis of the physical
development parameters in over four thousand children and
adolescents of the Volgograd Region was carried out using the
percentile method. The ratio of harmonious / disharmonious
physical development (in %) was established: 70/30 among boys,
and 62/38 in girls.

Contemporary characteristic features of anthropometric
parameter values were revealed: the most pronounced changes in
growth rates were observed in boys: the boundary values of the
traits had larger ranges and, starting from the age of 13 yo, they
were 1-2 years ahead of their peers from previous generations; by
the age of 17 yo, their body length growth did not end. In girls,
dynamic indicators of changes in body height and weight were
more stable and close to conventional patterns. Therefore,
identified features of physical development necessitated the need
for regional monitoring of the growth and development in children
and adolescents, as well as the feasibility of developing and
systematically updating regional standards.
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