Coll. Antropol. 27 (2003) 1: 321-334
UDC 572.512:612.65-055
Original scientific paper

Gender-Specific Growth Patterns for
Stature, Sitting Height and Limbs
Length in Croatian Children and
Youth (3 to 18 Years of Age)

Miroslav Ziviénjak'?, Nina Smolej Narancié!, Lajos Sziroviczal,
Doris Franke?, Jasna Hrenovié¢® and Vesna BiSof*

1 Institute for Anthropological Research, Zagreb, Croatia

2 Children’s Hospital, The Medical School of Hannover, Hannover, Germany

3 Department of Biology, Faculty of Science, University of Zagreb, Zagreb, Croatia
4 Department of Oncology, University Hospital Center »Zagreb«, Zagreb, Croatia

ABSTRACT

In a cross-sectional study of growth, 5,155 children (2,591 females, 2,564 males)
from the town of Zagreb (Croatia) were measured. Four traits of linear dimensionality
(stature, sitting height, arm and leg lengths) were studied in the age span of 3 to 18
years. A significant average annual increase of all four anthropometric parameters were
observed up to 14 and 15 years of age in girls and 16 years of age in boys, showing that
girls had a shorter growing period. In the prepubertal period until 9 years of age, gender
differences were negligible. At the age of 10, boys were overgrown by girls in all parame-
ters due to the earlier onset of puberty in girls. The growth gains for girls, when com-
pared with those for boys, show a different pattern across variables. The female growth
advantage remained in a two years period for the limbs length, but in a three year pe-
riod for stature and the longest, for 4 years, for sitting height. The male predominance
in size had an onset at the age of 13 for the limbs and in the age of 14 for stature and sit-
ting height. The patterns of sexual dimorphism in stature and sitting height during
growing years are similar to those observed in other populations of Europe. Growth of
Croatian children and youth is very similar to that of the tallest European populations.
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Introduction

Linear body dimensions of children and
youth predominantly reflect bone growth,
which is especially dramatic in the puber-
tal period of life!*. These dimensions are
closely associated with structural and
functional changes. For instance, puber-
tal height velocity is highly related to the
menarcheal age® and the slow down of the
locomotory system growth with the onset
of growth of the respiratory system®. As
any dynamic system, bone has to main-
tain a balance of proportions in its perma-
nent change of size and structure. This
process is known to be different in males
and females during puberty’, which can
be recognised in the growth channels mo-
del described by Ziviénjak and Pavicié2
and Ziviénjak et. al.4.

Although growth of children is too com-
plex to be described by a simple measure-
ment, stature is usually the only parame-
ter used in the assessment of changes in
linear body dimensionality. In Croatian
children, stature and body weight have
been well documented®!3 but data on other
linear measurements from childhood to
adulthood are scanty. A detailed descrip-
tion of body morphology in pubertal chil-
dren from the Croatian town of Zagreb
was given by Mili¢evié et al.!4 and Zivié-
njak et al.’>. Among numerous measure-
ments, this study recorded stature, sit-
ting height, leg and arm lengths in the
age span of 11 to 15 years which was in-
sufficient to reflect fully the linear growth
kinetics from childhood to adolescence.

Since statural growth results from
changes in length of upper and lower
body segments with age, it is indispens-
able to include sitting height and limbs
length in the analysis of growth. The pat-
terns of relative growth of trunk and lo-
wer extremities vary among populations.
While accepting a strong environmental
component for body size, most authors
have opted for genetic control of body pro-
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portions. It has been recognised recently
that environmental factors influence bo-
dy shape as well'®-1?, The changes of body
proportions under the influence of im-
proved quality of life are well documented
in the Japanese?® and Polish?! popula-
tions. In contrast to the trunk and legs,
the relative growth of arms has been
poorly documented and there are scarce
data on its sexual dimorphism and vari-
ability among populations.

Considering the importance of knowl-
edge about growth of linear body dimen-
sions in different populations for under-
standing human morphological variation,
the aim of the present study was twofold:
(1) to examine the patterns of growth in
stature, sitting height and limbs length
in Croatian children and youth, and (2) to
analyse gender differences in growth of
linear body dimensions in this popula-
tion.

Subjects and Methods

The study was carried out in the popu-
lation of the town of Zagreb, the capital of
Croatia which constitutes one fourth of
the total population of the country. Data
have been collected in 5 primary and 4
secondary schools from April to June
1997. Additionally, children in 4 kinder-
gartens were measured in March and
May 2000 and 2001. Schools and kinder-
gartens were chosen in different parts of
Zagreb representing various socio-eco-
nomic conditions. Thus, a cross-sectional
sample of 5,155 children (2,591 females,
2,564 males) aged 3 to 18 years was mea-
sured. Children with chronic disease as
well as disabled children were excluded
from the study. The sample represents
over 5% of the total Zagreb population of
children in the age span of 3 to 18 years.
Informed consent was obtained in each
case and approval of the local ethics com-
mittee was given prior to the study. Thus,
the study was in accordance with the eth-
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ical standards of the Helsinki declaration
of 1975 (revised in 1983).

The data used in this study are a sub-
set of the database of the Institute for An-
thropological Research, Zagreb that com-
prises measurements of 28 anthropome-
trical traits of Zagreb children and youth.
The measurements were taken by the ex-
aminers who have passed a two-month
training led by one of the authors (M. Z.)
prior to the study. Each examiner mea-
sured a subset of traits, the same one in
the entire sample of children. In case of
illness of an examiner, a trained substi-
tute was provided so that maximally two
examiners were responsible for each
measurement, which kept the inter-ob-
server variance as small as possible. The
measurements analysed in the present
study consisted of standing height (stat-
ure), sitting height, total arm length (arm
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length) and height of anterior superior
iliac spine (leg length). The maximal
inter-observer difference was below 4 mm
for stature and 6 mm for sitting height,
arm and leg lengths. Measurements were
taken according to the IBP recommen-
dations?? using standard equipment. The
accuracy of the measurements was 1 mm.
The age cohorts were defined chronologi-
cally (e.g. the ages of 10.00 to 10.99 years
as the age cohort of 10 years).

Descriptive statistics was used to pre-
sent substantial characteristics of the data.
Comparisons between genders and be-
tween successive age cohorts were car-
ried out by means of univariate analysis
of variance (ANOVA). The age-related chan-
ges were tested using post hoc multiple
comparison (the least significant differ-
ence — LSD).
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Fig. 1. Distance curves of linear body dimensions (T denotes a significant difference between males
and females. See Tables 1 to 4).
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Results

Descriptive statistics of stature, sit-
ting height, arm and leg lengths are
shown by age cohorts in Tables 1 to 4.
Sample sizes (N), means (X), standard de-
viation (SD), standard errors of means
(SE), 95% confidence intervals for means

(95% CI), minimal (Min) and maximal
(Max) values and coefficients of variation
(CV) are given. Plots of the means by age
and sex are shown in Figure 1. Statis-
tically significant differences between
male and female means obtained using
ANOVA are marked by asterisks in tables
and by arrows in Figure 1.

TABLE 1
STATURE (IN MM) BY SEX AND AGE
Age o 95% CI
((;)e};)rgt) N X SD SE L Bound U Bound Min Max ()%
Females 2,591

3 39 1025 41.3 6.6 1012 1038 926 1097 4.03

4 62 1090 40.0 5.1 1080 1100 982 1178 3.67

5 97 1159* 53.6 5.4 1148 1170 1005 1325 4.62

6 114 1217 50.3 4.7 1207 1226 1076 1334 4.14

7 175 1287 58.6 4.4 1279 1296 1155 1452 4.55

8 143 1335 63.2 5.3 1325 1345 1153 1513 4.73

9 179 1395 69.1 5.2 1385 1405 1215 1560 4.95
10 161 1463* 68.2 5.4 1452 1474 1320 1690 4.66
11 208 1531k 716 5.0 1521 1541 1342 1703 4.68
12 181 1583 74.7 5.6 1572 1594 1398 1781 4.72
13 189 1629 66.0 4.8 1620 1639 1446 1790 4.05
14 209  1658* 1.5 4.3 1649 1666 1502 1844 3.71
15 259  1666™**  60.0 3.7 1659 1673 1544 1880 3.60
16 227  1668***  62.5 4.2 1660 1676 1483 1840 3.75
17 183  1664*** 585 4.3 1656 1673 1540 1826 3.51
18 165  1665%** 64.4 5.0 1655 1675 1511 1841 3.87

Males 2,564

3 47 1020 44.3 6.5 1007 1033 939 1142 4.34

4 90 1102 40.2 4.2 1094 1110 1023 1188 3.65

5 119 1175 49.3 4.5 1166 1183 1023 1285 4.19

6 112 1220 50.5 4.8 1211 1230 1090 1367 4.14

7 191 1292 57.5 4.2 1284 1300 1170 1455 4.45

8 153 1344 66.1 5.3 1333 1355 1201 1517 4.92

9 177 1408 61.7 4.6 1399 1417 1179 1561 4.38
10 182 1445 61.0 4.5 1436 1454 1277 1602 4.22
11 225 1508 72.5 4.8 1499 1518 1320 1683 4.81
12 213 1577 89.0 6.1 1565 1589 1352 1824 5.65
13 217 1639 85.7 5.8 1627 1650 1460 1936 5.23
14 225 1723 74.8 5.0 1713 1733 1534 1907 4.34
15 198 1765 69.7 5.0 1755 1775 1576 1952 3.95
16 145 1797 66.0 5.5 1786 1808 1635 2015 3.67
17 155 1800 714 5.7 1789 1811 1642 2010 3.96
18 115 1804 65.8 6.1 1792 1816 1672 1990 3.65

Significant difference between males and females obtained using ANOVA:

* p <0.05, ** p <0.01, *** p <0.001
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Stature

The annual increase in stature was
significant from early childhood to 14
years of age in girls and to 16 years in
boys (post hoc LSD procedure: p<0.05).
Both sexes experienced similar increase
until 9 years. Boys were slightly taller in
this period, but gender difference was sig-
nificant only in the age of 5 years, when
they were 15 mm taller than girls (Table
1, Figure 1). The earlier beginning of pu-
bertal spurt in girls resulted in their
statural advantage from 10 to 12 years of
age. The differences were significant in
the ages of 10 and 11. A larger annual in-
crease in boys starting at the age of 12 is
illustrated in Figure 2 by an intersection
of the two lines. Consequently, boys were
significantly taller from 14 years of age to
adult stature. As shown in Figure 3, gen-
der difference increased sequentially from
65 mm in the age of 14 to 139 mm in the
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age of 18. The coefficients of variation
were the highest slightly before the maxi-
mal pubertal growth gain.

Sitting height

The annual gain in sitting height was
significant until the age of 15 years in
girls and 16 years in boys (post hoc LSD
procedure: p<0.05). The annual incre-
ments were similar in both genders until
the age of 9 (Table 2, Figures 1 and 2). In
the age of 7 to 11 years, the growth veloc-
ity increased in girls and decreased in
boys resulting in their longer trunks at
that period. Boys experienced rapid growth
of sitting height in the period of 11 to 13
years of age. Consequently, boys had sig-
nificantly longer sitting height from the
age of 14 to adulthood. The difference be-
tween genders increased from 12 mm in
the age of 14 to 55 mm in the age of 18
(Figure 3). The greatest dispersion of data
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Fig. 2. Velocity curves for linear body dimensions.
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TABLE 2
SITTING HEIGHT (IN MM) BY SEX AND AGE
Age B 95% CI
(cyoeha(;rst) N X SD SE L Bound U Bound Min Max CV
Females 2,591
3 39 578 23.5 3.8 571 586 537 626 4.07
4 62 600%* 23.0 2.9 594 607 544 651 3.83
5 97 631 30.1 3.1 625 637 559 718 4.77
6 114 658 30.6 2.9 653 664 585 738 4.64
7 175 690 29.6 2.2 686 695 606 765 4.29
8 143 709 33.3 2.8 704 715 600 794 4.70
9 179 733 36.3 2.7 728 739 649 818 4.95
10 161 762% 36.8 2.9 757 768 679 883 4.82
11 208 790k 41.5 2.9 784 795 695 925 5.25
12 181 820%***  42.7 3.2 813 826 702 930 5.22
13 189 846***  37.3 2.7 841 851 751 937 4.41
14 209 864%* 32.3 2.2 860 868 773 968 3.74
15 259 870%**  30.4 1.9 867 874 796 969 3.50
16 227 875%*% 345 2.3 871 880 790 966 3.94
17 183 874%¥% 296 2.2 870 878 795 954 3.38
18 165 874%**  34.1 2.7 869 879 770 958 3.90
Males 2,564
3 47 581 20.6 3.0 575 587 543 642 3.55
4 90 609 24.8 2.6 604 614 557 669 4.07
5 119 637 27.2 2.5 632 642 573 707 4.26
6 112 658 294 2.8 652 663 584 743 4.47
stright 7 191 696 29.7 2.2 692 700 625 766 4.27
8 153 717 34.6 2.8 711 723 628 823 4.82
9 177 737 30.9 2.3 733 742 627 806 4.19
10 182 753 30.3 2.2 749 758 667 828 4.02
11 225 770 38.1 2.5 765 775 678 881 4.94
12 213 798 45.1 3.1 792 804 691 933 5.65
13 217 831 50.6 3.4 824 837 710 975 6.09
14 225 876 44.5 3.0 870 882 770 984 5.08
15 198 899 39.5 2.8 893 904 786 990 4.39
16 145 926 37.2 3.1 920 932 810 1032 4.02
17 155 926 40.5 3.2 920 933 840 1060 4.37
18 115 929 36.7 3.4 922 935 853 1010 3.95

Significant difference between males and females obtained using ANOVA:

# p<0.05, ** p<0.01, *** p <0.001

was observed in both genders in the pe-
riod of maximal annual change which
was earlier in girls (11 to 12 years) than
in boys (12 to 14 years) (Table 2).

Arm length

Arm increased in length significantly
up to the age of 14 years in females and
16 years for males (post hoc LSD proce-
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dure: p<0.05). In the prepubertal period,
boys had longer arms than girls (signifi-
cant in the ages of 5, 7 and 9 years) (Table
3, Figure 1). The annual gain in arm
length was very similar in both genders
leading to nearly equal increase in arm
length in the period from 4 to 9 years. Fe-
male advantage existed only at the age of
10 and 11 but the difference was negligi-
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TABLE 3
ARM LENGTH (IN MM) BY SEX AND AGE
Age o 95% CI
(C;e};()r?) N X SD SE L Bound U Bound Min Max CV
Females 2,591

3 39 432 21.2 3.5 425 439 376 468 491

4 62 463* 21.8 2.8 458 470 411 526 4.71

5 97 495%%* 25.6 2.6 490 500 430 567 5.17

6 114 521 26.5 2.5 516 526 445 587 5.07

7 175 561 29.6 2.2 557 566 496 641 5.27

8 143 589 33.3 2.8 583 595 495 690 5.66

9 179 612%* 33.3 2.5 607 617 524 717 5.45
10 161 649 34.5 2.7 643 654 557 761 5.32
11 208 681 37.1 2.6 676 686 580 763 5.45
12 181 705 36.8 2.7 700 711 614 817 5.23
13 189 725%%%  33.8 2.5 720 730 642 808 4.67
14 209 738%*%%  29.6 2.1 734 742 668 827 4.02
15 259 739%%% 34,2 2.1 735 744 638 852 4.63
16 227 739%%%  33.0 2.2 734 743 634 839 4.46
17 183 736%%%  31.2 2.3 731 740 632 800 4.25
18 165 735%*F% 347 2.7 730 740 640 828 4.72

Males 2,564

3 47 431 23.1 3.4 425 438 381 484 5.36

4 90 472 20.6 2.2 468 476 425 523 4.36

5 119 506 24.9 2.3 501 510 438 557 4.93

6 112 527 25.6 2.4 522 532 459 613 4.85

7 191 567 29.8 2.2 562 571 500 658 5.26

8 153 593 32.6 2.6 588 598 504 698 5.49

9 177 623 32.6 2.4 618 628 502 722 5.23
10 182 643 30.4 2.3 639 648 580 748 4.73
11 225 674 36.9 2.5 669 679 586 772 5.47
12 213 709 45.3 3.1 703 715 606 849 6.40
13 217 738 42.3 2.9 732 743 646 885 5.73
14 225 776 37.4 2.5 771 781 687 869 4.82
15 198 795 34.0 2.4 790 800 702 894 4.28
16 145 815 39.6 3.3 808 821 718 944 4.85
17 155 812 35.1 2.8 807 818 717 903 4.32
18 115 810 33.8 3.2 804 817 735 909 4.17

Significant difference between males and females obtained using ANOVA:

# p <0.05, ** p <0.01, *** p <0.001

ble. From the age of 11, arm grew more
rapidly in boys (Figure 2) which resulted
in their significantly longer arms from
the age of 13 on. Figure 3 demonstrates
that gender difference increased from 13
mm in the age of 13 to 76 mm in the age
of 18. The greatest variation in arm
length as shown by the coefficient of vari-

ation, existed slightly before the maximal
pubertal spurt in stature (Table 3).

Leg length

A consecutive significant increase of
leg length has been documented until the
age of 15 years in girls and 16 years in
boys (post hoc LSD procedure: p<0.05).
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Fig. 4. Percentages of final size achieved during the period of growth.

During the prepubertal period legs grew
similarly in both sexes (Table 4, Figure
1). Similarity of boys and girls was maxi-
mal in the ages of 6 to 8 years when gen-
der differences did not exceed 1 mm. Due
to an increase in leg growth velocity in
girls that took place between 8 and 10
years, girls were longer-legged than boys
at 10 and 11 years of age (Figures 2 and
3). From the age of 12 on, legs grew more
rapidly in boys. Consequently, boys had
significantly longer legs from 13 years on.
The difference increased from 23 mm in
the age of 13 to 89 mm in the age of 18
years (Figure 3). The coefficients of varia-
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tion were on the average higher in girls
(Table 4). The homogeneity of data was
generally marked in childhood and in late
adolescence. The greatest variation was
observed between mid- and pubertal
growth spurts in girls (7 to 9 years) and
at 12 years of age in boys (Table 4).

Differing rates of growth in linear
body segments can be viewed through the
amounts of their final size that are
achieved at a given age. Figure 4 illus-
trates the percentages of final size that
were achieved by each linear dimension
during growth. The percentages equalled
100% at the age of 18 years. Sexual di-
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TABLE 4
LEG LENGTH (IN MM) BY SEX AND AGE
Age B 95% CI
((;?el;lorrgc) N X SD SE L Bound U Bound Min Max CV
Females 2,591

3 39 535 31.7 5.1 524 545 456 605 5.93

4 62 579 24.8 3.2 573 585 508 641 4.28

5 97 624% 35.4 3.6 617 631 524 726 5.67

6 114 665 34.2 3.2 658 671 572 734 5.15

7 175 712 40.3 3.0 706 718 637 830 5.66

8 143 745 41.2 3.4 738 752 625 852 5.53

9 179 785 45.5 3.4 778 792 653 906 5.80
10 161 832% 45.6 3.6 825 839 727 968 5.48
11 208 873 47.2 3.3 866 879 756 980 5.41
12 181 902 50.2 3.7 894 909 783 1047 5.57
13 189 923*#%  45.3 3.3 917 930 799 1052 4.91
14 209 938***  46.1 3.2 932 944 819 1098 4.92
15 259 941%**  45.6 2.8 935 947 827 1113 4.84
16 227 940%** 449 3.0 934 946 817 1052 4.77
17 183 936***  46.2 3.4 929 942 820 1056 4.93
18 165 933***  45.2 3.5 926 940 822 1068 4.85

Males 2,564

3 47 525 30.8 4.5 516 634 470 602 5.87

4 90 580 28.5 3.0 574 586 517 644 4.91

5 119 635 32.8 3.0 629 641 532 705 5.17

6 112 664 35.1 3.3 658 671 570 770 5.29

7 191 712 39.7 2.9 706 718 620 843 5.58

8 153 744 44.1 3.6 737 751 636 845 5.92

9 177 793 45.3 3.4 787 800 647 928 5.71
10 182 820 39.8 3.0 814 826 715 924 4.86
11 225 865 50.5 3.4 858 871 756 1015 5.84
12 213 911 58.7 4.0 903 918 773 1065 6.44
13 217 946 53.4 3.6 939 953 833 1150 5.65
14 225 990 48.8 3.3 983 996 865 1115 4.93
15 198 1010 47.8 3.4 1003 1017 902 1138 4.73
16 145 1024 51.7 4.3 1015 1032 875 1217 5.05
17 155 1020 54.5 44 1012 1029 880 1162 5.34
18 115 1022 48.7 4.5 1013 1031 902 1136 4.76

Significant difference between males and females obtained using ANOVA:

# p<0.05, ** p <0.01, *** p <0.001

morphism emerged already at the age of
3. At that time, girls achieved 57.3% of
the final leg length and 66.1% of the final
sitting height. Boys in this age group
achieved lower amounts of final sizes
(51.4% and 62.6%, respectively). The fe-
male advantage remained throughout
the growing period until the age of 16.
Rates of growth of different body seg-

ments changed at the time of onset of pu-
bertal growth spurt. Until then, sitting
height achieved larger percentages of its
final size than did extremities. At the
time of onset of the pubertal spurt, the
percentages equalised to about 85%. The
turning point emerged at the age of 9 in
girls and between 10 and 11 years in boys
when growth rates of body segments
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Fig. 5. Stature of Croatian children compared with that of other European populations
(SDS values are Z-scores related to the Croatian data).

switched and resulted in changes of body
proportions.

The results obtained in all four linear
dimensions can be summarized as fol-
lows:

® In the prepubertal period, there is an
overall similarity in linear dimensions
among males and females;

e At the age of 10, boys were overgrown
by girls in all parameters. The female
growth advantage remained in a two
year period for the extremities length,
but in a three year period for stature
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and a four year period for sitting
height;

* During adolescence, differing growth
rates of body segments resulted in dif-
ferential emergence of sexual dimor-
phism in the studied linear dimensions:
at the age of 13 for the extremities, and
at the age of 14 for sitting height and
stature;

® Growth had longer duration in males
than in females: in males, generally
until the age of 16, while in females
stature and arm length grew until 14
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Fig. 6. Gender differences in stature and sitting height for Croatian children
compared with other European populations.

years and sitting height and leg length
until 15 years age.

Discussion

This paper contains contemporary
cross-sectional data describing the stat-
ure, sitting height, arm and leg lengths of
children living in the town of Zagreb,
Croatia. With the exception of stature,
there is generally a lack of referential
data on linear body dimensions in healthy
children and youth. Even well known stu-
dies as the Ziirich Longitudinal Growth
Study?3, the Osterwolde Study?4, the Czech

Nationwide Anthropological Survey?® or
the Hungarian National Growth Study?®
did not include all presently studied char-
acteristics of linear dimensionality. Leg
length, if presented, was mostly estima-
ted as a difference of height and sitting
height (subischial length), e.g. in the Zii-
rich study??. Therefore, the lack of refer-
ential data on length of extremities and
different measuring techniques restric-
ted comparisons of our data with other
studies to stature and sitting height.
Standardised values of stature shown in
Figure 5 indicate considerable variation
in growth among recent European popu-
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lations (German?’, Spanish?®, Hunga-
rian?6, Russian?®, Swiss23, Czech? and
Dutch3?. They also support Prebeg’s® view
that growth potential of the Croatian po-
pulation is very similar to that of the tall-
est European populations. Growth pat-
tern of Zagreb children and youth is most
similar to growth of their German and
Czech peers.

Measurements of stature and sitting
height generally show a similar pattern
of sexual dimorphism among populations
during the growth period. Gender differ-
ences presented in Figure 6 for the Cro-
atian and several other European popula-
tions point to the following:

* In prepuberty, until the age of 8 to 9
years, sexual dimorphism in stature
and sitting height is negligible in all
presented populations. This pattern
was noted in the Harpenden study!®
and the Zirich Longitudinal Growth
Study?3, both starting from 3 years of
age. Similar effects in statural growth
were recognised in other European stu-
dies as well, e.g. Slovenian®!, German?’,
Spainish?®, Hungarian?® and Czech?5;

In puberty, sexual dimorphism in stat-
ure and sitting height markedly differs
among populations due to the variation
in timing and intensity of the morpho-
logical changes;

In late adolescence, when linear growth
is almost completed, there is again a
considerable interpopulational similar-
ity in sexual dimorphism despite the
fact that its extent is maximal at that
period (e.g., for stature: 138 mm in our
sample, 128 mm in German?’, 130 mm
in Spanish?®, 130 mm in Hungarian?$,
134 mm in the Swiss?® and Dutch?’,
and 133 mm in Czech?).

Throughout the growth period girls
achieved larger amounts of final linear
size for age (Figure 4) which suggests
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their earlier bone maturation. This was
documented by the Ziirich Study as well32,

Although it is impossible to derive the
exact dynamics of the growth pattern from
cross-sectionally obtained mean growth
curves, it is obvious that the adolescent
growth spurt has different timings in dif-
ferent parts of the body. The data show
that acceleration in leg growth in the late
prepubertal and early pubertal periods
precede the trunk in both genders (Fig-
ures 2 and 4). This is in accordance with
the general biological phenomenon that
leg length is reaching its peak growth ve-
locity earlier than the trunk3?. The kinet-
ics of these changes has been described
by Gasser et al.??, who noted that the pu-
bertal spurt occurred earlier in the legs
than in the trunk. Bass et al.?* confirmed
this finding with the statement that ap-
pendicular growth was more rapid than
axilar growth before puberty in girls. Das-
guapta and Das?® also noted in a cross
-sectional growth study of the Calcutta
boys that in the age of 16 years legs have
almost reached the final size while the
trunk is still growing.

The differential growth dynamics of
body segments greatly influences chan-
ges of body proportions. Legs and stature
have similar patterns of growth (espe-
cially in the prepubertal period) in both
genders stressing stronger dependence of
stature on leg length than on sitting
height (Figure 2). Recent studies of the
effects of quality of life and environmen-
tal factors on human growth hypothes-
ised higher plasticity of leg length rela-
tive to sitting height. Namely, secular
trend toward increased stature observed
in numerous populations was found to be
almost entirely due to the increase in leg
length35-38, The trend was associated with
better nutritional and health status. It
exists in both genders and confirms that
environmental factors powerfully influ-
ence body shape as well as body size.
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Thus, the present observations fur-
ther illustrate different timing and inten-
sity of change in linear body segments
during the growth period. The patterns
are gender-specific and result in promi-
nent sexual dimorphism in size and shape
of the body in adulthood. The observed
changes of body proportions may be a re-
flection of functional necessity of the or-
ganism to achieve skeletal stability and
muscle strength in the years of growth.
Therefore, growth kinetics of linear body
dimensionality has to be studied using
different linear traits paralelly. Our study
is a contribution in that direction.
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OBRASCI RASTA VISINE, SJEDECE VISINE I DULJINE UDOVA DJECE
I MLADEZI U HRVATSKOdJ (OD 3. DO 18. GODINE ZIVOTA)

SAZETAK

U okviru transverzalnog istrazivanja rasta djece i mladezi ispitano je 5155 pret-
Skolske djece i u¢enika (2591 djevojcica i 2564 djecaka) grada Zagreba. Analizirana su
Getiri pokazatelja linearne dimenzionalnosti tijela (visina, sjedeéa visina, duljine ruke i
noge) u dobi od 3 do 18 godina Zivota. Mjere tih pokazatelja poveéavaju se do 14. 1 15.
godine u djevoj¢ica te do 16. godine u dje¢aka $to potvrduje da djevojcice ranije zavr-
Savaju s rastom. Razlike medu spolovima neznatne su u prepubertetskom razdoblju do
9. godine zivota. Djevojéice ranije ulaze u pubertet i s 10 godina prerastaju djecake.
Obrazac rasta pojedinih linearnih dimenzija razlikuje se medu spolovima. Prednost
djevojcica zadrzava se dvije godine za duljine udova, tri godine za visinu i 4 godine za
sjedecu visinu. Djeéaci prerastaju djevojcice u duljini udova s 13 godina, a u visini i
sjedecoj visini s 14 godina. Spolni dimorfizam u razdoblju rasta slijedi obrasce uo¢ene u
drugim europskim populacijama. Rast djece i mladezi u Hrvatskoj sli¢an je onome za-
biljeZenom u najvi§im populacijama Europe.
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