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The aim of the following research is to study the body composition of adolescents -  boys and girls from 
Plovdiv with different rate of sexual and biological maturity. The rate of sexual development among the 
adolescents is determined by 3-rate on the basis of Me- percentiles among girls and on the basis of the time 
of appearing of the pubis and axilars hair among boys. The body composition of the studied groups (610 
boys and 477 girls, aged 12-17, from Plovdiv), in the following work is given by using 22 body indexes, of 
which 2 total body indexes, 5 total diameters of the body, 5 circumferences, 6 skinfolds in different parts of 
the body and limbs and the 4 components of the body mass. The results of this study showed that during the 
puberty period for both sexes with the best development of the body composition are the children with early 
puberty, compared with children from other two groups. Body composition during the puberty undergoes 
essential changes. They are clearly expressed at the age of 14 for both sexes. There is sexual dimorphism in 
reference to the changes in the body composition during puberty.
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Introduction

During the puberty the hormonal changes and the fast growth lead to changes in the 
body composition. The total body indexes, diameters, girths are changed and of course 
the components of the body weight -  body fats, active body mass, total water and min­
eral content and others. The body composition during the puberty is connected with the 
rate of children’s biological maturity of different chronological age, too. It is announced 
that children with higher rate of biological maturity have better development of the 
components of the body composition compared to those of chronological one as well as 
a connection between early sexual maturity and different factors as а ь some metabolic 
and heart diseases, obesity, diabetes, psychococialq as well as a socioeconomical living 
conditionsand other [1, 2, 3, 4, 5, 6 , 7, 8 , 9, 10, 11, 12, 13, 14].

In this connection the monitoring of the changes in the body composition among 
the adolescents with different biological and chronological age during the puberty is 
exceptionally important not only for pedagogics but for medicine too for the right pre­
vention of these diseases.
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With connect to this the AIM of the following research is to study the body com­
position of adolescents — boys and girls from Plovdiv with different rate of sexual and 
biological maturity.

Material and Methods

The following work is a part of a complex, transversal study of the growth processes 
among the childien and adolescents of Plovdiv. The study is conducted transversely, 
duiing the period of 2005-2008 year. The rate of sexual development /biological matu­
rity/ among the adolescents of the two sexes is determined by 3 -rate scale -  accelerated, 
normal and retarded development /early, normal and late puberty/ on the basis of Me- 
percentiles among girls, and on the basis of the time of appearing of the pubis and 
axilaiis hair among boys. The body composition of the studied groups of adolescent, of 
which 610 boys and 477 girls, age from 12 to 17 years, in the following work is given 
by using 23 body indexes, of which two total body indexes (height, weight, and the in­
dex of the body mass), 5 total diameters of the body (biacromial. bicrystal, 
bithiohanterial, sagital and transversal chesr diameter), 5 circumferences — one of the 
body and four of the limbs (chest circumference in pause and circumferences of the 
limbs), 6  skinfolds in different parts of the body and limbs (under the shoulder blade, 
above the flank(hips), the abdomen, the armpit, the place in front of the armpit, the thigh 
and the place below the thigh) and the components of the body mass (absolute and rela­
tive quantity body fats, active body mass and absolute quantity of subcutaneous adipose 
tissue). The anthropometric indexes are given using Martin-Sailer’s method 1959), and 
the indexes and derivatives are calculated by using different formulas. The informa­
tion is piocessed by the method of descriptive statistics, ANOVA, probit analysis, in­
ter-group differences are estimated by the test for a multiple comparisons of Sheffe.

Results and Discussion

The body composition of the three groups o f g irls (Table 1) -  with early, normal and 
late puberty, shows the following peculiarities: with the highest values of the studied 
indexes are the girls with early puberty. They have a reliably higher weight. BMI, skin 
fold under the shoulder blade and components of the body weight, compared to the girls 
of the other groups. All the indexes for the groups of girls with normal puberty are with 
values above the average for the relevant age, with the exception of front -  back diam­
eter of the chest. It is with unimportantly less value of the other two groups. The girls 
from this group are with the highest stature, and the inter-group differences are signifi­
cant only between the normally and late matured. Also the girls with late puberty are 
characterized with values of the studied indexes below the average. Exception is the 
relative part of the heaped body fats. The differences between the groups of girls with 
normal and late puberty are significant in reference to greater part of the studied in­
dexes.

The Table 2 showed that among the boys with the best development of the studied 
indexes is the group of early matured which is with highest values of all the indexes. 
Reliable differences between the early matured and the boys with normal and late pu­
berty can be seen for all the indexes with the exception of the thickness of the most of 
the studied skin folds, which is significantly higher for the late matured girls and these 
with normal and early puberty. The differences in the values of the studied indexes be­
tween the girls with normal development and the accelerated ones are great, also the
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T a b 1 е 1. Statistical parameters of body measurements of the girls (Z-score values)

G roups
Eearly m a turity Norm al m a turity Late m a tu rity

S ign ificance  between 
g roups

_____________ (P <  0-05J_____________

M easurem ent N Mean SD N Mean SD N Mean SD Y/N N/L Y/L

Total bo dy  size and ind ices
W e iq h t (kq ) 104 0.41 1 .18 188 0.11 0 .9 8 185 - 0 .1 8 0 .8 6 * * *

H e iq h t (cm ) 1 04 0 .1 3 1 .0 0 188 0 .1 8 0 .9 8 185 - 0 .1 2 1.01 *

B M I (k g /m 2) 104 0 .4 0 1 .2 3 188 0 .0 5 0 .9 7 185 - 0 .1 5 0 .8 6 * *

B ody diam eters

B ia c ro m ia l d ia m e te r 104 0 .2 0 0 .9 3 188 0 .0 7 0 .9 4 1 85 - 0 .1 9 0 .9 9 *

B ic ry s ta l d ia m e te r 104 0 .1 9 1 .0 5 188 0 .0 2 0 .8 7 1 85 - 0 .4 7 1 .0 5

B itro c h a n te r ia l d ia m 104 0 .3 0 1 .1 2 188 0.01 0 .9 2 185 - 0 .1 5 0 .9 3 *

S a q ita l c h e s t d ia m . 104 0.11 1 .0 9 188 - 0 .0 5 0 .8 5 1 85 0 .0 0 1.01

T ra n s v e r .c h e s t d ia m . 104 0 .1 5 1 .0 9 188 0 .5 6 0 .8 9 1 85 - 0 .8 7 0 .9 9

C ircum ferences

C h e s t c irc u m .(p a u s e ) 104 0 .2 4 1.01 188 0 .0 5 0 .9 7 1 85 -0 .1 1 0 .9 9 *

C irc u m fe r .u p p e r  a rm 104 0 .3 4 1 .1 0 188 0 .0 8 0 .9 9 185 - 0 .1 6 0 .8 9 *

C irc u m fe r. fo re a rm 104 0 .2 7 0 .9 8 188 0 .1 7 1 .0 3 185 - 0 .1 7 0 .9 4 * *

C irc u m fe re n c e  th iq h 104 0 .3 6 1 .1 6 188 0 .1 3 0 .9 6 185 - 0 .1 8 0 .9 0 * *

C irc u m fe re n c e  c a lf 104 0 .3 4 1 .0 9 188 0.11 0 .9 8 185 - 0 .1 7 0 .9 0 * *

S kin fo lds

S F  s u b s c a p u la r 104 0 .2 5 1 .0 5 188 0 .0 3 0 .9 2 1 85 - 0 .1 2 0 .9 7 *

S F  s u p ra ilia c 104 0 .2 2 1 .0 3 188 0 .0 5 0 .9 7 185 - 0 .1 5 0 .9 8 *

S F  a b d o m e n 104 0 .1 4 0 .9 5 188 0 .0 7 0 .9 5 1 85 - 0 .1 0 1 ,02

S F  b ic e p s 104 0 .1 2 1 .0 5 188 0 .0 6 1 .0 5 1 85 - 0 .1 0 0 .8 8

S F  th iq h 104 0 .2 7 1 .0 5 188 0 .0 8 0.91 1 85 - 0 .1 9 1 .00 *

S F  c a lf 104 0 .2 8 1 .0 4 188 0 .0 4 0 .9 7 1 85 - 0 .1 9 0 .9 6 *

C om ponents o f body w e igh t

B o d y  fa t 104 0 .2 9 6 1 .1 2 188 0 .0 6 7 0 .9 5 1 42 -0 .1 6 2 0 .9 0 *

%  B o d y  fa t 104 0 .2 1 3 1 .0 4 188 0 .0 5 0 0.91 1 42 -0 .1 4 5 0 .9 9 *

F a t fre e  m a s s 104 0 .3 9 9 1.21 188 0 .1 3 3 0 .9 6 1 42 -0 .1 7 3 0.91 * *

S u b c u ta n e o u s  fa t 104 0.291 1 .0 7 188 0 .0 8 9 0 .9 8 142 -0 .1 8 8 0.91 *
юo



202 Т a b 1 е 2. Statistical parameters of body measurements of the boys (Z-score values)
G roups S ign ificance  between

Eearly m a tu rity Norm al m a turity Late m a turity g roups
(p-leve! 0,05)

Measurem ent N Mean i SD N Mean | SD N Mean | SD Y/N N/L I Y/L
Total body size and ind ices

W e ig h t 90 0 ,7 4 1 ,1 8 3 66 0 ,1 2 0 ,9 9 154 -0 ,4 2 0 ,7 5 * * *

H e ig h t 90 0 ,8 2 0 ,8 4 3 6 6 0 ,0 8 0 ,9 6 154 -0 ,3 8 0 ,9 3 * * *

BM I 90 0 ,5 3 1 ,2 3 3 6 6 0 ,1 2 1 ,02 154 - 0 ,3 2 0 ,8 0 * * *

Body diam eters
B ia c ro m ia l d ia m e te r 90 0 ,3 7 1 ,1 5 3 6 6 0 ,0 5 0 ,9 4 154 - 0 ,3 8 0 ,8 5 * * *

B ic r is ta la l d ia m e te r 90 0 ,6 2 1 ,1 3 3 6 6 0 ,1 0 1 ,03 154 - 0 ,2 0 0 ,7 3 * * *

B itro c h a n te r ia l d ia m . 90 0 ,6 2 1 ,18 3 6 6 0 ,0 9 1,01 1 54 -0 ,2 1 0 ,7 8 * * *

S a g ita l c h e s t d ia m . 90 0 ,5 2 1 ,1 3 3 6 6 0 ,0 8 1 ,0 5 154 -0 ,2 1 0 ,7 7 * * *

T ra n s v e r. c h e s t d ia m . 90 0 ,5 6 1 ,06 3 6 6 0 ,0 6 1,01 154 - 0 ,2 2 0 ,9 5 * * *

C ircum ferences
C h e s t c irc u m .(p a u s e ) 90 0 ,5 4 1 ,1 5 3 6 6 0 ,0 5 1 ,0 2 154 -0 ,4 0 0 ,7 7 * * *

C irc u m fe r. u p p e r  a rm 9 0 0 ,6 3 1 ,1 3 3 6 6 0 ,1 4 0 ,9 7 154 -0 ,3 4 0 ,8 2 * * *

C irc u m fe r. fo re a rm 90 0 ,6 5 1 ,0 7 3 6 6 0 ,1 4 0 ,9 9 154 -0 ,4 4 0 ,7 8 * * *

C irc u m fe re n c e  th ig h 90 0 ,6 3 1 ,1 4 3 6 6 0 ,0 9 0 ,9 5 154 -0,31 0 ,8 2 * ★ *

C irc u m fe re n c e  c a lf 9 0 0 ,6 9 1 ,14 3 6 6 0 ,1 0 0 ,9 6 154 -0 ,3 6 0 ,8 5 * * *

S kin fo lds
S F  s u b s c a p u la r is 90 0 ,3 6 1 ,18 3 6 6 0 ,0 8 1,01 154 -0 ,3 3 0 ,6 9 * * *

S F  s u p ra ilia c a 90 0 ,3 3 1 ,08 3 6 6 0 ,0 7 1 ,02 154 -0 ,2 7 0,81 * *

S F  a b d o m e n 90 0 ,3 3 1 ,08 3 6 6 0 ,0 8 1 ,00 154 -0 ,2 8 0 ,8 4 * *

S F  b ic e p s 9 0 0,21 1 ,07 3 6 6 0 ,0 7 1 ,03 154 - 0,22 0 ,7 9 * *

S F  th ig h 90 0 ,2 8 0 ,9 6 3 6 6 0 ,0 4 1,01 154 - 0 ,1 5 0 ,9 2 *

S F  c a lf 90 0,31 1 ,0 9 3 6 6 0 ,0 3 0 ,9 8 154 -0 ,1 4 0 ,9 4 *

C om ponents o f body mass
B o d y  fa t 90 0 ,4 5 5 1 ,2 3 3 6 6 0 ,0 7 0 ,9 9 154 - 0 ,3 4 0 ,6 9 * * *

%  B o d y  fa t 90 0 ,3 1 2 1 ,07 3 66 0 ,0 6 1,00 154 - 0 ,2 6 0 ,8 5 * *

F a t fre e  m a s s 90 0 ,7 0 2 1,00 3 66 0 ,0 8 0 ,9 6 154 - 0 ,4 9 0,81 * * *

S u b c u ta n e o u s  fa t 90 0 ,4 2 8 1 ,1 6 3 6 6 0 ,0 6 1,00 154 - 0 ,2 9 0 ,7 8 * * *



differences in the values of height, weight, BMI, diameters of the body, girths of the 
limbs and the relative part of the body fat are the greatest. With values of the body sizes 
below the average for the relevant age are the boys with late puberty. They are with re­
liably lowest, slightest and the smallest biacromial diameter and relative part of the 
body fats. The smallest inter-group differences among the boys can be seen in the val­
ues of the thickness of the skinfolds.

T he a d o lescen ts from  d ifferen t age groups are characterized with specific fea­
tures in their body composition. During the 12th and 13th year of their growth and devel­
opment, the girls with early puberty are with higher values of the indexes of the body 
composition, compared to those with normal and late puberty. They are show the best 
development of the total body sizes, chest and limbs measurement and active body 
mass, the chest circumferences and circumferences of the limbs during the 1 2 th year, as 
well as subscapular skinfold during the 13th year. The differences in the values of the 
indexes between the groups of 1 2 -year-old girls are statistically insignificant, but sig­
nificant differences are show between early and late maturity 13-year-old girls. Values 
below the average can be seen among 1 2 -year-old girls matured in normal terms and 
among 13-year-old girls, matured in late terms.

The 14th year for girls is characterized with transformation in the body composi­
tion for the three groups due to a sudden change in the direction and values of the stu­
died indexes. Early matured girls who up to their 13th year have the highest values of all 
the studied indexes slow down the growth of more features and the values reach a level 
below the average for the age. At this age increase the growth of the girls matured in 
normal terms and practically they have the highest values of these indexes, compared to 
the other two groups. In group of girls, matured in late terms increase the growth of 
shoulders and chest circumference. Significant inter-group differences among the 14 
years old girls are not seen (p>0.05).

Between the 14th and 15fl’ year the transformation of the body composition conti­
nues and the 15-year-old girls with early puberty are again with the highest values of 
the studied indexes. But they seriously decrease the growing in height and practically 
their height at this age is lower than the height of the late matured ones (p<0.05). At this 
age can be seen acceleration in height growth for late matured girls and the values of 
the index reach a level above the average. For the 15-year-old girls significant inter­
group differences in the values of the other indexes of the body composition are seen 
mainly between early and late matured girls.

D u rin g  the period  o f  m atu rity  the early  m atu red  boys are reliably heavier, 
higher, with bigger quantity of subcutaneous adipose tissue in the abdomen and back as 
well as with greater absolute quantity body fats and active body mass than the ones who 
matured late. At this age periods the boys with late puberty have values of all the in­
dexes below the average with the exception of the diameter of the chest during the 1 2 th 
year, some skinfolds and percent fat tissue during the 14th year.

At the age of 13 the biggest and statistically significant are the intra-group differ­
ences in the values of height, weight, active body mass and chest circumferences in 
pause between the boys with accelerated and retarded development. During the 14th year 
are show change in the body composition of normal maturity boys. The growth of the 
shoulder width, the transverse diameter of the chest and the chest measurement in 
pause, the active body mass and the absolute quantity of the body fats is retarded for the 
boys with normal puberty and the values of these indexes decrease below the average 
for this age. At this age there are significant differences between the boys who matured 
early and normally, as well as between them and late matured in reference to height, 
shoulder width and active body mass(/?<0.05). During 15th year statistically significant 
for all the studied indexes with exception of the skin folds in the place of abdomen and 
lower limb are the differences between them and the boys with late puberty.
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As a result of the study of the connection between the puberty development and the 
changes of the body composition at this period we can do the following CONCLU­
SION:

• As a whole during the puberty period for both sexes with the best development of 
the body composition are the children with early puberty. Boys and girls matured in 
normal terms are with values of the studied indexes above the average for their age and 
those who matured late with values below the average. There is an exception for the 14 
years old children. There are significant inter-group differences in values of the stud­
ied indexes between children at the same age.

• During the puberty the body composition undergoes essential changes. They are 
clearly expressed at the age of 14 for both sexes when the children with early puberty 
retard in their growth at the expense of normally and later matured boys and girls.

• There is sexual dimorphism in reference to the changes in the body composition 
during puberty. The boys react to the hormonal and other influences with bigger fluc­
tuation in the growth speed that lead to statistically significant differences in the values 
of most of the studied body sizes and once again verifies the greater ecosensibility of 
the males.
Acknowledgements. This study was supported by the National Fund of Scientific Research, Bulgarian Min­
istry of Education and Science, grant B 1404.

R e f e r e n c e s

1. M и н е в a, T. и др. Пубертетно развитие на момчетата у нас. -  Хиг. и здравеопазване, 1984. № 2,
146-152.

2. С т а н и м и р о в а ,  Н. Растеж и пубертетно развитие — норми и физиологични отклонения (дис.
д.м.н.). Плевен. 1997.

3. С т а н ч е в, 3., Н. С т а н и м и р о в а. Пубертет у момчета: I. Поява на вторичните полови белези и
физическо развитие. -  Педиатрия, 1980, № 3, 238-245.

4. С у л т о  в, К. Растеж през и след пубертета. -  Педиатрия, 1987, № 1, 62-67.
5. B i e l i c k i ,  Т., В. H u l a n i c k a .  Secular trend in stature and age at menarche in Poland. Secular

Growth Changes in Europe (Ed. B.E. Bodzsar and C. Susanne). Budapest, Eotvos Univ. Press, 1998, 
263-279.

6. E i b e n, O. G., Growth and maturation problems of children and social inequality during economic li­
beralization in Central and Eastern Europe. Human Biology and social inequality. Cambridge Univer­
sity Press, 1998, 76-95.

7. E v e l e t h ,  Ph. B., 1990. Assessment of age at menarche. The Cambridge Encyclopedia of Human
Growth and Development (Eds. S. J. Ulijaszek, F. E. Johnston, M. A. Preece. -  Cambridge, Cambridge 
Univ. Press, 1998, p. 62.

8. H u 1 i a n s k a, B. Physical development of boys at puberty as a reflection of social differences in popu­
lation of the city of Wroclaw. -  Materalyi i Prace Anthropologiczne, 111, 1990, 21-45.

9. J o h n s t o n ,  F. E.,P. G o r d o n - L a r s e n .  Poverty, nutrition and obesity in the USA. Urbanism, Health
and Human Biology in Industrialised Countries (Eds. L. M. Schell and S. U. Ulijaszek). Cambridge, 
Cambridge Univ. Press, 1999, 192-209.

10. P ap  a i, J. Sexual maturation and growth in the Jaszsag children. Stud. -  In: Hum. Biol. Eotvos Univ.
Press. Budapest, 1996, 221-230.

11. Ro c h e ,  A. F. Growth, Maturation and Body Composition. The Fels Longitudinal Study, 1929-1991.
Cambridge, Cambridge Univ. Press, 1992.

12. S to e  v, R. Somatic development and sexual maturation in adolescents in Sofia and Smolyan. -  Journ. of
Anthrop.. Sofia, 2000, 52-62.

13. Ta n n er, J. M., Growth at Adolescence. Oxford, Oxford Univ. Press, 1962, 2 ed. 1
14. Та n n e r, J. M., P. В. E v е 1 e t h. Variability between populations in growth and development at puberty.

Puberty, biological and psychosocial components (Ed. S.R.Berenberg). Leiden, Stenfert Kroese Pub­
lishers, 1975, 256-273.

204


