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Abstract: Paper deals with the results o f comparisons of three longitudinal research project 
of growth in adolescence period o f schoolchildren in Ljubljana (1958-1962, 1978-1982 and 
1990-1994). We could compare only boys and girls at the age o f 10 and 14 years and parame
ters: height, weight and sitting height. In the last two surveys we could analysed also BMI and 
Manouvrier Index. Secular growth changes in height shows greater increases in boys than in 
girls. The increses are greatest at 14 years old boys. Weight shows similar tendency but with 
lower intensity. BMI in both sexes and both ages after 12 year period decrease. In the years 
1990-1994 the number of children with over normal weight decrease. Manouvrier Index shows 
that number o f boys and girls with longer legs increase from 1978-1982 to 1990-1994 period.
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Introduction

In the last century all over the world the phenomenon of the secular trend was estab
lished and investigated. Secular trend can be decribed as follows: a series of long-term, sys
tematic changes in a wide variety of anthropological characteristics in successive genera
tions of a population living in a certain geographic region (Eiben 1989, Wolanski 1978). 
Historical data on physical growth are always full of problems of sampling (van Wieringen 
1979). One way to overcoming this is to concentrate on a single regional area. Most of 
analyses are carried out on cross sectional semples and on stature and. weight. (Tanner 
1990, van Wieringen 1978, Wolanski 1978).

In Republic Slovenia and its capital Ljubljana secular trend was analysed by Brodar 
(1981, 1991), Tomazo-Ravnik (1981, 1986, 1988, 1991), Dovecar (1975, 1978, 1993), 
Sturm, Strel (1984), and Stefancic (1994, 1996).

This paper describes the changes in height, weight, BMI and Manouvrier Index of 
Ljubljana schoolchildren measured longitudinaly in the periods 1958/62, 1978/82 and 
1990/94. The three periods in which the children were measured were characterized by spe
cific political and also socio-economical conditions. The aim of our study is to analyse the 
results and look to differences that occur during 20 and 12 years difference. Is secular trend 
still observable in what intensity and direction?

Material and Methods

We compare the results of three longitudinal growth survey done in Ljubljana. First 
research of such type was done in Slovenia by the pediatric doctor Meta Skeget, head of
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Child Policlinic in Ljubljana. The measurements were done between the years 1954 and 
1972 on children in Ljubljana from 7 till IB years of age. They measured 30 parameters 
made three photographies and also the radiology of hand. The only results that were able 
to be used were the so called preliminary report with the data on stature, weight, and 
breadths. Unfortunately, because of dr. Skerget’s death, original data disappeared. The sec
ond and third longitudinal surveys were done by the Anthropological section at the 
Department of Biology, University of Ljubljana. Second research project started 1978 with 
the 7 years old children and lasted only 5 years till the age of 11. We then repeated the mea
surements of stature, weight and sitting height on the same group at the end of our prima
ry schooling at the age of 14. The third survey in 1990 started with 10 years old children 
but again unfortunately ended with measurements at 14 years. So we compared the results 
of measurements of stature and weight at the age of 10 and 14 of all three surveys. For the 
last two surveys we had also individual data so we calculated body mass index (BMI) as: 
weight (kg)/height2 (m2) and index of Manouvrier (Indice Skelique) as the ratio between 
the trunk and the lower limbs. For BMI we made also a frequence distribution of three BMI 
categories according to norms of Frisancho (1990). The first group with values over P 75 
consists of children with over normal weight according to their height, in second group chil
dren with values for BMI between P 25 to P 75 - normal weight and in third group are val
ues of BMI under P 25 - under normal weight. Because of relatively small number of chil
dren in the last survey we made only those three categories. The so-called Indice Skelique 
proposed by Manouvrier is used with formula: (standing height - sitting height)* 100/sitting 
height. On the basis of this formula the following classification for both sexes was established:

The macroskelic type may be defined as having relatively long legs and short trunk, while 
the brachyskelic has, on contrary short legs and a long trunk.

The differences between mean values was tested with Student t-test.

In girls statistically significant is only the difference between the mean value of height in 
group 78/82 and group 90/94 at the age of 10. The differences between other groups are 
smaller and not statistically significant.

In boys statistically significant are the differences between mean values of the second 
and third survey and at 14 also between the first and second. We can see great difference 
in 14 years old group where during a 12 years period the increment in height arised up to 
5.6 cm. Sexual difference is increasing. In the last survey at the age of 10 is 1.9 cm and at 
the age of 14 is 8.5 cm. In the research 78/82 - 0.8 cm and 3.0 cm and in the oldest research 
those differences are 0.4 cm and 1.9 cm (Table 1).

Body weight in girls shows a decreased value in last survey 90/94. Girls are in average at 
10 years lighter for 0.6 kg and at 14 years even for 2.1 kg. The differences are not statisti
cally significant. Body weight in boys during the 32 years period has slowly increased. The 
differences are not statistically significant neither at 10 nor at 14 years old groups. Girls are 
in both age groups in the first and second survey heavier than boys, in the last survey girls 
are lighter at 10 years for 1 kg and at 14 years for 4 kg (Table 2).

brachyskelia:
mesatyskelia:
macroskelia:

up to 84.9
85.0 to 89.9
90.0 and over.

Results
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Table 1: Average height (cm) of Ljubljana schoolchildren from 1958 to 1994 
(longitudinal series)

B oys G irls

S er ies N M ea n S D N M ean S D

1958/62
10 years 50 141.4 5.3 55 141.0 6.5
14 years 38 164.2 6 .2 46 162.3 6 .6

1978/82
10 years 112 141.0 5.4 121 141.8 6 .2

14 years 112 166.7 7.6 121 163.7 5.5

1990/94
10 years 39 144.9 5.5 34 143.0 6.3
14 years 39 172.3 7.4 34 163.8 5.9

In girls the mean values for BMI are higher than in boys. In the groups of 10 years old 
and in the groups of 14 years old girls the values for BMI diminish from 18.0 to 17.4 at 10 
years and from 21.3 to 20.5 at 14. The differences are not statistically significant. In boys 
the mean values at the age of 10 are the same but at the age of 14 we can again see a lower 
value after a 12 years period. Mean value for BMI in the year 1982 was - 20.2 and in the 
year 1994 - 19.8 (Table 3).
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Table 2: Average weight (kg) of Ljubljana schoolchildren from 1958 to 1994 
(longitudinal series)

B oys G irls
S er ie s  N  M ean  S D  N  M ea n  S D

1958/62
10 years 49 34.2 5.8 55 34.3 15.4
14 years 37 52.9 8.1 46 55.3 10.5

1978/82
10 years 112 35.0 6.5 121 36.3 7.8
14 years 112 56.4 10.2 121 57.1 9.2

1990/94
10 years 39 36.7 7.6 34 35.7 6.5
14 years 39 59.0 10.2 34 55.0 8.1



Table 3: Average values for BMI

S eries N

Boys
M ea n S D N

G irls
M ea n S D

1978/82
10 years 112 17.5 2.4 121 18.0 3.2
14 years 112 2 0 .2 2.7 121 21.3 3.2

1990/94
10 years 39 17.5 2.8 34 17.4 2.8
14 years 39 19.8 2.7 34 20.5 3.3

Frequence distribution of three BMI categories show that in both surveys children with 
normal weight prevail. The values are higher in girls group in 90/94 research and in boys 
in 78/82 research. In the second position there are groups of children with under normal 
weight and in the third position children with over normal weight. The only exception are 
girls in 78/82 where the situation is opposite (more overnormal cases).

During a 12 years period we can see some changes in the distribution. In girls middle 
group prevails in the years 90/94 at 14 years even up to 79.4 %. In the distribution of other 
two groups of BMI we could notice that in 78/82 the group with over normal weight is big
ger than the group of under normal weight at both age groups. The situation after 12 years 
is quite opposite. We have more girls with under normal weight values than over normal 
weight. This fact is even more evident at the age of 14.

In boys in 78/82 and in 90/94 the groups with over normal weight values are a little bit 
smaller than those with under normal weight values. After a 12 years period in boys group 
the number of „slimer“ and „fatter“ cases increases so the values for normal weight cate
gories are lower.

At the age of 14 we have in 90/94 25.6% of „slimer“ boys and 14.7% of girls and 12.8% 
„fatter“ boys and only 5.9 % of girls (Table 4).

Table 4: Frequence distribution of BMI

C a teg o r ies
Boys G irls

1 9 7 8 /8 2  1 9 9 0 /9 4  1 9 7 8 /8 2  1 9 9 0 /9 4

lOy 14y lOy 14y lOy 14y lOy 14y
over n. weight 18.8 14.2 23.1 12.8 20.7 18.2 11.8 5.9
normal weight 59.8 70.5 48.7 61.5 64.5 70.2 73.5 79.4
under n. weight 21.4 15.2 28.2 25.6 14.9 11.6 14.7 14.7

Because of the longitudinal way of measurement we also analysed the changes of cate
gories during growth: from 10 to 14 in each individual. In the groups of girls in the last sur
vey no one of girls became „fatter“. Most girls remain of normal weight or change their 
BMI values from over normal to normal or under normal to normal. In the last survey there 
are also 17.7 % of girls which became „slimer“.
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Also in boys groups the category of normal weight is the most stable. Bigger difference 
among the generations is in group that remains of under normal weight and changes of over 
normal to normal. In last survey also among boys no one became „fatter“ (Table 5).

For the last two surveys we have also the data for sitting height so we calculate the so 
called Manouvrier’s Index of Body Build. We analysed the changes between generations 
and between sexes in brachyskelic type - short legs and long trunk, mesatyskelic and 
macroskelic type as having relatively long legs and short trunk.

Generational changes of mean values in girls show slight increase at 10 years old group 
and slight decrease in 14 years old group. The situation in boys is opposite: at 10 years slight 
decrease and in 14 years slight increase. All changes are not statistically significant (Table 6).

Table 5: Changes of categories of BMI (from 10 to 14 years)

C h a n g es o f  ca tegories
1 9 7 8 /8 2

G irls
1 9 9 0 /9 4 1 9 7 8 /8 2

B oys
1 9 9 0 /9 4

remain of normal weight 57.9 61.8 55.3 46.1
remain of overnormal weight 11.6 5.9 13.4 12.8

remain of undernormal weight 7.5 2.9 10.7 23.1
overnormal to normal weight 7.5 5.9 5.4 10.3
normal to overnormal weight 4.1 0 0.9 0
normal to undernormal weight 4.1 11.8 3.6 2 .6

undernormal to normal weight 6 .6 11.8 10.7 5.1
undemormal to overnormal weight 0 .8 0 0 0

Table 6: Average values for Manouvrier’s index

B oys G irls
S er ies N M ean S D N M ea n S D

1978/82
10 years 112 91.4 4.1 121 91.3 4.3
14 years 112 95.5 5.4 121 91.4 4.7

1990/94
10 years 39 91.2 4.5 34 91.6 4.7
14 years 39 96.3 5.0 34 90.9 5.2

The frequence distribution of Manouvrier’s Index in girls groups shows the highest val
ues for macroskelic type. We notice that the percent values for brachyskelia between the age 
of 10 and 14 increase, but is low. Masatyskelic type with ages decreases more in the survey 
1990/94. Boys with long legs prevail in all groups except at 10 years in 90/94.

The incidence of short legs is very low at 10 years and zero at 14. As we expected, the 
number of mesatyskelic type decreases. This process is very intensive in 90/94 when num
ber of boys with mesatyskelia fall from 52.8% to 5.6% (Table 7).
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Table 7: Frequence distribution of Manouvrier’s index

Boys Girls
Categories 1978/82 1990/94 1978/82 1990/94

lOy 14y lOy 14y lOy 14y lOy 14y

brachyskelia 3.6 0 .0 5.6 0 .0 7.4 9.1 3.0 11.8
mesatyskelia 33.9 13.4 52.8 5.6 33.9 32.4 47.1 29.4
macroskelia 62.5 8 6 .6 41.7 94.4 58.7 59.5 50.0 58.8

Discussion and Conclusions

Secular changes have not been uniform between the two samples and depend largely on 
variation in living condition. Changes are largest during puberty and relatively smaller in 
adults. Its vary with social classes. Although the positive trend is still evident in some coun
tries, they have diminished or stopped in many developed countries (Lindgren 1976, 
Malina 1990, Susanne 1985)

Changes in Ljubljana schoolchildren 7 to 11 years old shows in height and weight dur
ing the period from 1939 to 1979 (Tomazo-Ravnik 1981) statistically significant differences 
in both sexes at 11 years between the periods 1939 and 1954/66. The increase in stature 
was 6.8 cm in boys and 6.6 cm in girls and in weight 5.8 kg in boys and 6.0 kg in girls. After 
the year 1966 the differences are smaller and not significant.

Dovecar (1993) has followed trends in growth in schoolchildren and youth (11 to 18 
years old) in Slovenia-Ljubljana during 1939/40, 1969/70 and 1981/82 periods. In 42 year 
period the positive growth changes in both sexes and in all age groups in final size of body 
height, weight and biacromial measures are proved. This trend is also obsevable in the 
majority of age groups for chest circumference. In bitrochanterical breadth there prevail in 
girls negative growth tendencies, which are significant in girls from 14 years onwards and 
in boys at 18 years of age. In 12 years period accelerated growth in height is not followed 
by adequate gaining of weight and also negative tendencies are indicated. In bitrochanteri
cal breadth negative tendencies still prevail, significantly from 14 years of age on.

Brodar (1991) and Ravnik (1991) analysed secular trend in student population in 
Slovenia. This group express increases in stature and weight but decreases in some breadth 
dimensions.

On the basis of Körmend Growth Study data Eiben (1987, 1995) conclude that children 
of younger series are taller and heavier, but somewhat more linear and fatter than decades 
ago.

Prokopec (1994) compare the series measured from 1951 to 1991 on children aged 0-19 
years. The trend to taller stature was greatest in the first decade from 1951 to 1961 and was 
more or less diminishing in each succesive decade. The surwey brought clear evidence that 
physique in postadolescent girls changed and that there was a lack of secular trend in 
growth in babies. BMI shows a marked change in body proportionality in girls from 15 
years onward. The negative influence of World War II was also observed. Both sexes show 
rebounds of BMI curves around the age of 5 years.
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Prebeg (1995) analysed the secular trend over the years 1951 to 1991 in Zagreb school- 
children aged 7-19 years. The most pronounced changes appeared from 1951 to 1964. Later 
on the increases became smaller and in the last period 1982-1991 the trend seemed to came 
to an end. Changes in average weight mostly coresponded to the height changes, beeing 
somewhat greater in boys. In the last two periods, weight gain in older girls was smaller 
compared to height.

Cernelud and Lindgren (1991) studied heights, weights and BMI of Stockholm school- 
children at the ages 7, 10 and 13, born in 1933, 1943, 1953 and 1963. The intensity of 
increases in height and weight diminished. The BMI indicated a continuous trend towards 
a slimmer body build for children at the age of 7 years. At the age of 10 and 13 years the 
BMI ramained fairly stable for the cohorts from 1943 to 1963.

On the basis of our analyses we can conclude that generational changes are still going 
on. Positive and negative social and economic changes touched also the growth dinamic of 
a studied age groups of children.

Positive secular trend we could observe in stature, is more intensive in boys and in 
weight as well. In the last years in girls weight diminishes at 10 and 14 years.

The same trend we could observe in both indices. Mean values for BMI diminish - num
ber of children with undernormal weight became higher. Children with longer legs prevail, 
intensively in boys. In 14 years old girls the number of cases with short legs increases in 
both surveys. According to our results we can also conclude that the generations became 
more gracile. This trend is also obseved by many other human biologists.
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