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Резюме. Ускоренные темпы физического развития детей в период «полуростового скачка», который часто со-
впадает у мальчиков с началом систематического обучения в школе, сопровождается снижением резистентно-
сти организма к физическим нагрузкам. С целью определить особенности линейного роста мальчиков перед 
началом обучения в школе обследовано 1829 дошкольников в подготовительных группах образовательных 
учреждений в различных районах г. Санкт- Петербурга. Обследование включало соматометрию, оценку по-
казателей по нормативам WHO Growth Reference 2007; определение направленности ростовых процессов по 
индексу Вервека–Воронцова. Статистический анализ материалов исследования проведен методами вариа-
ционной статистики с помощью программы STATISTICA 10.0 (StatSoft, USA). Выявлено, что у 67,4% обследо-
ванных длина тела соответствует средним значениям нормативов ВОЗ. Уровень физического развития выше 
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Abstract. The accelerated pace of the physical development of children during the period of the “half-height leap”, 
which often coincides with the beginning of systematic schooling for boys, is accompanied by a decrease in the 
body’s resistance to physical stress. In order to determine the features of the linear growth of boys before starting 
school, 1829 preschoolers were examined in the preparatory groups of educational institutions in various districts of 
St. Petersburg. The survey included somatometry, assessment of indicators according to the standards of the “WHO 
Growth Reference, 2007”; determination of the direction of growth processes according to the Verweck–Vorontsov 
index. Statistical analysis of the research materials was carried out by the methods of variation statistics using the 
STATISTICA 10.0 (StatSoft, USA) program. It was found that in 67.4% of the examined, the body length corresponds to 
the average values of the WHO standards. The level of physical development above the average was more common 
(24.3%) than the options due to low growth (8.3%). In 7.6% of preschool boys, a predominance of the intensity of 
“stretching” in height over an increase in height in width was noted, which makes it possible to classify them as a risk 
group for a decrease in endurance to physical exertion. The results of the study can be used as regional guidelines for 
individual dosing of physical activity in physical education classes at school and in sports sections for children.
Key words: children; preschoolers; boys; physical development
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INTRODUCTION
Age-related dynamics of body length  — linear 

growth — is one of the objective criteria of health 
and implementation of the genetic program of the 
development of a child. A growth of children in 
length is infl uenced by numerous endogenous and 
exogenous factors [1–5]. The complex of endoge-
nous factors aff ecting development of child is indi-
vidual, but the specifi city of the impact of environ-
mental factors is generalized and largely available 
for correction [6–10]. Minimizing the adverse eff ects 
of global external factors, such as the environmen-
tal situation, social and economic status, and others, 
requires a solution at the state level, but nutritional 
rationalization, correction of macro- and micronu-
trient imbalances, and optimization of physical ac-
tivity are quite realizable at the individual level [11, 
12]. Most children at the age of 6–7 years have an 
acceleration of growth processes, which requires 
from the child's organism a signifi cant strain and re-
duces endurance to additional loads, for example, 
the beginning of systematic schooling is really im-
portant [13–15]. Monitoring of regional features of 
linear growth of preschoolers allows us to develop 
recommendations on the dosage of physical loads 
in physical education classes at school and sports 
sections for fi rst-graders [16–18].

AIM 
To identify the features of linear growth of boys 

in St. Petersburg during the preschool period.

MATERIALS AND METHODS OF THE STUDY
A total of 1829 boys attending preschool 

groups of children's educational institutions in 
St. Petersburg participated in the study by random 
sampling. Preschoolers were divided into groups: 1st 
(n=99) — boys at the age of 6 years; 2nd (n=490) — 
at the age of 6.5 years; 3rd (n=1149) — at the age of 7 
years and 4th group (n=91) — at the age of 7.5 years. 
To examine the boys, in accordance with the ethical 
principles laid down in the Declaration of Helsinki, 
voluntary informed consent was signed by legal rep-
resentatives of each child. When creating the elec-
tronic database, the initial data were depersonalized.

Physical development (PD) of preschoolers was 
assessed by means of comparative analysis of chil-

dren's body length (BL) with WHO norms — WHO 
Growth Reference, 2007 [19]. Depending on the 
number of standard deviations (SD) that distin-
guish the child's BL value from the median (Me) of 
the age-sex scale, the following variants of PD were 
identifi ed: “average” (AFD; ±1SD); “above ave rage” 
(AAFD; from +1.1SD to +2SD); “high” (HFD; more 
than +2.1SD); “below average” (BAFD; from –1.1SD 
to –2SD); and “low” (LFD; less than –2.1SD). Within 
each age group, arithmetic mean (M), standard 
error of the mean (m), 95% confi dence interval 
(95%  CI), and median (Me) values were calcula-
ted for BL. The prevalence of the directionality of 
growth processes was determined using the “ste-
nia” index created by Verveck and Vorontsov (SI). 
SI was calculated by dividing body length (cm) by 
the sum of chest circumference (cm) and doub-
led body weight (kg) [20]. Depending on the va lue 
of SI, we distinguished predominance of height 
growth (dolichomorphia and moderate dolicho-
morphia), harmonious FD (mesomorphia), and 
predominance of volumetric growth (brachymorp-
hia and pronounced brachymorphia).

Statistical analysis of the data was performed by 
methods of variation statistics using STATISTICA 
10.0 program (StatSoft, USA). Data samples were 
tested for normality of distribution using the 
Kolmogorov-Smirnov criterion. The results of the 
study are presented as P [95% CI] %, where P is 
the percentage, CI is the 95% confi dence interval 
for the percentage. The statistical significance of 
differences between the indicators was analy zed 
using Pearson's χ2 criterion (with Yates’ correc-
tion). Diff erences in the results were considered 
statistically signifi cant at p <0.05.

RESULTS AND DISCUSSION
Characteristics of the level of physical deve-

lopment of preschoolers is presented in Table 1. 
The majority of boys in all age groups have ave-
rage physical development (57.1–68.6%). In group 
4, the number of children with AFD is less than in 
other groups, and the diff erence of indicators with 
group 3 is statistically signifi cant (p=0.025). In all 
groups, above-average BL was more often recor-
ded than low BL. Above average FD was almost 
equally recorded in all age groups (18.0–20.9%); 

среднего встречался чаще (24,3%), чем варианты, обусловленные низким ростом (8,3%). У 7,6% мальчиков- 
дошкольников отмечено преобладание интенсивности «вытягивания» в высоту над увеличением роста в 
ширину, что позволяет отнести их к группе риска по снижению выносливости к физическим нагрузкам. Ре-
зультаты исследования могут быть использованы в качестве региональных ориентиров при индивидуальном 
дозировании физических нагрузок на уроках физкультуры в школе и занятиях детей в спортивных секциях.
Ключевые слова: дети; дошкольники; мальчики; физическое развитие
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and higher boys were identifi ed in Group 1 than 
in other groups. The diff erence in rates with Group 
4 was statistically signifi cant (p=0.042). More pre-
schoolers with below average FD were in group 
4 than in groups 3 (p<0.001), 2 (p=0.001) and 1. 
Stunting was detected in 26 children (1.5%), the 
prevalence rate was statistically signifi cant only in 
Group 3 among all variants of FD. 

According to the biological pattern, BL in-
creased with age; the calculated group BL values 
are shown in Table 2. The BL gains were 3.4 cm 
from 6 to 6.5 years, 2.9 cm from 6.5 to 7 years and 
2.1 cm from 7 to 7.5 years. The diff erence between 
groups was statistically signifi cant (from p <0.01 to 
p <0.001). In all groups, the median values of WHO 
norms (Child Growth Standards, 2006) are higher 
than in the preschoolers examined by us.

The distribution of preschoolers according to 
the “stenia” index is shown in Table 3. According to 
I.M. Vorontsov, the coincidence of the beginning of 

systematic education and the phase of intensive linear 
growth may cause a decrease in physical and mental 
endurance in children. The majority of preschoolers 
had harmonious FD (me somorphia); there were fewer 
such boys at the age of 6 years than in other groups, 
and in comparison with Group 3, the diff erence was 
statistically signifi cant (p=0.022). In all groups there 
were more children with predominance of the pro-
cesses of “stretching” in height over the increase in 
girth and latitudinal dimensions. Among six-year-old 
boys there were more children with moderate doli-
chomorphia than in groups 2 (p <0.001), 3 (p=0.005) 
and 4, which may indicate the start of their “half-
height” growth spurt. Dolichomorphia, indicating a 
pronounced “stretching”, was determined in 13 pre-
schoolers (0.8%); the prevalence of dolichomorphia 
depending on age was not statistically signifi cant. 
There were 22 boys with predominance of volumetric 
growth, 17 of them were in Group 3; age-dependent 
prevalence rates were also not statistically signifi cant.

Table1. Characteristics of physical development of preschoolers (% [95% CI])
Таблица 1. Характеристика уровня физического развития дошкольников (%[95% ДИ])

Physical 
development /

Физическое
развитие

Age / Возраст
Note /

Примечание6 years n=99  / 
6 лет n=99

6,5 years n=490
6,5 лет n=490

7 years n=1149 /
7 лет n=1149

7,5 years n=91 /
7,5 лет n=91

Total /
n=1829

Low /
Низкое

2,0
[0,6–3,4]

0,8
[0–1,6]

1,6
[1,2–2,0]

2,2
[0,8–3,6]

1,5
[1,2–1,8]

–

Below average /
Ниже среднего

5,0
[2,8–7,2]

6,9
[5,8–8,08]

6,2
[5,5–6,9]

17,6
[13,7–21,5]

6,7
[6,1–7,3]

Р2–4 <0,001
Р3–4<0,001

Average /
Среднее

65,8
[61,1–70,5]

67,0
[64,9–69,1]

68,6
[66,5–70,7]

57,1
[52,0–62,2]

67,5
[66,4–68,6]

Р3–4=0,025

Above average /
Выше среднего

18,2
[14,3–22,1]

19,6
[17,8–21,4]

18,0
[16,9–19,1]

20,9
[16,7–25,1]

18,6
[17,7–19,5]

–

High /
Высокое

9,0
[6,1–11,9]

5,7
[6,7–6,7]

5,6
[4,9–6,3]

2,2
[0,8–3,6]

5,7
[5,2–6,2]

Р1–4=0,042

Table 2. Dynamics of body length in preschoolers
Таблица 2. Динамика длины тела у дошкольников

Indicator /
Показатели

Age / Возраст

6 years n=99  / 6 лет 
n=99

6,5 years n=490
6,5 лет n=490

7 years n=1149 /
7 лет n=1149

7,5 years n=91 /
7,5 лет n=91

М (см) 117,5 120,9 123,8 125,9

m 0,52 0,24 0,16 0,67

95% ДИ / 95% CI 116,4–118,5 120,5–121,4 123,6–124,2 124,5–127,2

Ме (см) 117,0 121,0 124,0 126,0

МеWHO (см) 116,0 118,4 121,7 124,5

Note: The diff erence in mean body length (M) was statistically signifi cant between groups 1 and 2 (p <0.001); 2 and 3 (p <0.001); 3 and 
4 (p <0.001).
Примечание: разница средних показателей длины тела (М) статистически значима между  1-й и 2-й (р<0,001); 2-й и 3-й 
(р <0,001);  3-й и 4-й (р <0,001) группами.
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CONCLUSION
The results of our study show the peculiari-

ties of linear growth of metropolitan boys during 
the period of children's preparation for systema-
tic schooling. We made the following conclusions 
based on the obtained data.
1. In 67.4% of the examined preschoolers the 

body length corresponds to the average values 
of WHO Growth Reference 2007.

2. The level of physical development above ave-
rage was more frequent in children (24.3%) 
than variants caused by low growth (8.3%).

3. Median body length values in all age groups 
exceeded the WHO standards (WHO Growth 
Reference 2007). Standards developed by WHO 
(WHO Growth Reference 2007), which should 
be taken into account in the individual char-
acterization of physical development of pre-
schoolers living in St. Petersburg.

4. In 7.6% of preschool boys there was a predo-
minance of linear growth intensity over growth 
in width, which allows us to assign them to the 
risk group of a possible decrease in the level of 
endurance to both physical and mental load. 
This circumstance should be taken into account 
when determining the physical education 
group for physical education classes at school 
and the intensity of training in sports sections. 
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