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ABSTRACT

Purpose. Previous research on intergenerational changes in body build has focused on body height and mass. The aim of this
study was to determine both the direction and sexual dimorphism of secular changes in body build by using a sample popula-
tion of students attending the University School of Physical Education (AWF) in Wroctaw, Poland. Methods. The anthropo-
metric data used in this study were collected every year from 1967 to 2008 and included a sample size of 4688 males and 3922
females. The subjects were analyzed for changes in somatotype by use of Sheldon’s method, as modified by Heath and Carter.
Basic statistical analysis for significance and post-hoc tests were used to analyze the data with Statistica 9.0 software. The data
were then converted in Excel 2003 into chart form to analyze the direction of changes. Results. Analysis of the successive
classes of male and female subjects during the 40-year period under study revealed a number of different directional changes
in the mean values of body height, mass and the level of body build components. Trend lines, calculated by the mean values
of five-year intervals, indicated an increasing tendency in both body height and mass in the two genders. Mesomorphy was
found to be the largest factor of body build composition of females and males. Throughout the entire analyzed period, the
endomorphy of males was significantly lower in comparison to females. In women, the level of fatness was similar to their
level of musculature, but during the last several years the observed level of muscle in the students exceeded their fatness level.
Ectomorphy happened to be the most stable component of both sexes. Conclusions. Analysis on the male and female sample
population revealed a constant increase in body mass and height in successive generations. In female subjects, intergenera-
tional changes were found to be characterized by a decrease in endomorphy and an increase in ectomorphy, while the level of
mesomorphy remained at a similar level. In men, a secular trend was visible with an increase in mesomorphy, while the levels
of endomorphy and ectomorphy stayed constant.
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Introduction

Secular changes in body height and mass, them-
selves important determinates of body build, have
been observed in the population of Poland [1-4] and
other European countries [5-9] and widely reported
in research. It should be emphasized that the changes
observed in successive generations featured both ac-
celerating changes as well as drops in mean body
height and mass. The most important factors related
to the occurrence of these secular trends are attribut-
ed to the general progress of civilization and a rise in
living standards [10], where an improvement of living
conditions is related to an increase in body mass and
height. In addition, research has pointed to many socio-
economic factors as also playing a role, these being:
social class [11], income and education level [12], fam-
ily size [13], urbanization level [14], place of residence
[15] and nourishment levels, illness, birth weight, etc.

* Corresponding author.

Decreases in mean body mass and height are frequently
related to a population’s deterioration of living condi-
tions, undernourishment and various forms of stress.

The majority of research conducted on intergener-
ational changes in body build focused on examining
body height and mass. A large amount of research data
published by, e.g., Proos [16], Loesch et al. [17], Fre-
driks et al. [18], was taken from health examinations
conducted on recruits or children. There are few studies
that have been conducted on adult subjects, especially
women, and even less have tackled the problem of inter-
generational changes in body structure and the mutual
proportion of individual body build components. Hence,
the question arises: is such an intergenerational trend
also related to somatotype?

The aim of this study was to determine the inter-
generational changes in body build of adult students
attending the University School of Physical Education
(AWF) in the city of Wroctaw, Poland. Sheldon’s
method, as modified by Carter and Heath [19], was
applied in order to assess body build composition.
Analysis was focused on the directions of changes of
individual body build components and the sexual di-
morphism of these changes.
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Material and methods

The data used in this study were taken from the
anthropometric measurement of 4688 male and 3922
female AWF students, collected annually from 1967
to 2008 always in the same season — autumn. The dis-
proportional number of males compared to females,
as well as the rather diversified number of individuals
in each student year, reflects the demographical struc-
ture of the school and students over the past forty
years. Cross-sectional study allowed for the selection
of subjects who were at least 19 when anthropometric
measurements were taken (it was assumed that at that
point in time their growth had stopped). The body
measurement results were then used to calculate the
somatotype components (characterized as the level of
endomorphy, mesomorphy or ectomorphy) as per Shel-
don’s method, modified by Carter and Heath [19]. En-
domorphy, as the somatotype component connected
with fatness, was based on skinfold thickness meas-
urements (at the subscapular, abdominal and arm sites).
The level of mesomorphy, which reflects musculature,
was based on the circumference of the arm and calf,
as well as elbow and knee breadth. In both cases, in
order to assess the final results, it was necessary to con-
sider the subject’s body height. Ectomorphy, which
reflects body leanness, was assessed on the basis of body
height and mass.

Although the individuals in charge of taking meas-
urements changed over the forty-year period, all anthro-
pological measurements were always taken by physical
anthropologists experienced in anthropometry. During
the whole period under study, the same type of equip-
ment was used (GPM Anthropological Instruments,
Siber Hegner Machinery, Switzerland) with the instru-
ments regularly calibrated. Body height was measured
with the use of a Martin-type anthropometer, while
body mass with an electronic weight scale (accurate to
0.1 kg). The breadth of the humerus and femur were
measured with the use of sliding caliper (accurate to
1 mm). A Holtain skinfold caliper was used to assess
skin thickness (accurate to 0.2 mm). The girth of the
arm and calf was measured with the use of anthropo-
metric tape (accurate to 1 mm).

Analysis of mean body height and mass values and
the mean levels of body build components were calcu-
lated at one- and five-year intervals. The study sub-
jects were divided into five-year groups (related to the
five subsequent years of research) as such a division
better presented intergenerational changes. The mean
age of the subsequent groups varied between 19.5-23.9
years. The raw data was then organized into chart
form by use of Microsoft Office’s Excel 2003, which
presented the direction of changes in the mean values
of body height, body mass and the three somatotype
components.
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Basic statistical analysis was performed using Sta-
tistica 9.0 software, with the data tested for signifi-
cant differences (Student’s t-test, ANOVA) as well as
with Scheffe’s post-hoc test. Changes in somatotypes
were estimated by the use of Somatotype Analysis of
Variance test (SANOVA) [19]. The significance level
was set at p < 0.05.

Results

Analysis of the successive student years of males
and females during the 40-year period revealed nu-
merous changes in the mean values of body height
and mass (Tab. 1, 2). The observed changes occurred
in different directions. Trend lines, determined by the
mean values of the five-year periods, indicated an in-
creasing tendency for both genders in both body height
(Fig. 1, 2) and body mass (Fig. 3, 4).

The mean body height of female students in the
1970s did not exceed 164 cm. In the 1980s, these values
varied between 163-167 c¢m, while in the 1990s the
mean value was approx. 166 cm (Tab. 1). The differ-
ences in the mean values between some years reached
3 or 4 cm. Men were characterized with a higher body
height than women. The height of male subjects in the
1960s and 1970s was 173-174 cm, in the 1970s and
1980s 176-177 cm, in the 1990s between 178-179 cm,
and after the year 2000 average body height exceeded
180 cm (Tab. 2). Analysis of the mean values did not
reveal any significant differences in classes of around the
same timeframe, however, students separated by larger
time intervals did show significant differences (Tab. 3, 4).
In addition, the variability of the subsequent groups of
women seemed to decrease. The mean values of body
height reported in the latter (more recent) years were
found to be not statistically significant (Tab. 3).

The lowest mean body mass values of women during
the analyzed period were observed between the 1960s
and 1970s (approx. 55 kg). After the 1990s, the mean
values of body mass in female subjects were approx.
60 kg (Tab. 1). The trend line based on the mean val-
ues of the five-year intervals revealed a constant but
slight increase in female body mass in the successive
groups (Fig. 3). The body mass of male subjects was
higher by approximately a few kilograms. At the end
of the 1960s and in the 1970s, body mass ranged be-
tween 66-70 kg. In the 1980s, mean body mass values
did not exceed 72 kg, while in the 1990s they were in
the range of 72-74 kg. After the year 2000, the mean
body mass of men ranged between 75-77 kg (Tab. 2).
The diversity of mean body mass values observed be-
tween male and female students during the successive
years was similar to what was reported in body height.
Similarly, students who studied during the same period
did not reveal any significant differences in reference
to body mass while those separated by larger time in-
tervals did show significant differences. However, the
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1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2008 1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2008

YEARS OF EXAMINATION YEARS OF EXAMINATION
Figure 1. Mean body height for female students Figure 2. Mean body height for male students
in five-year periods with a trend line in five-year periods with a trend line

MEAN BODY WEIGHT [kg]

1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2008 1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2008

YEARS OF EXAMINATION YEARS OF EXAMINATION
Figure 3. Mean body weight of female students Figure 4. Mean body weight of male students in five-year
in five-year periods with a trend line periods with a trend line

Table 3. Results of post-hoc testing for the mean height of female students (table contains p values, bold font indicates
statistically significant difference, p < 0.05)

Years of examination

1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2008

1967 -1970 0.7813 0.0027 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
§ 1971-1975 0.7813 0.1648 0.0114 0.0000 0.0000 0.0000 0.0000 0.0000
"5 1976 -1980 0.0027 0.1648 0.9977 0.3164 0.0189 0.0011 0.0000 0.0000
‘§ 1981-1985 0.0001 0.0114 0.9977 0.8627 0.1677 0.0288 0.0000 0.0000
% 1986 -1990 0.0000 0.0000 0.3164 0.8627 0.9111 0.6556 0.0067 0.0000
5 1991 -1995 0.0000 0.0000 0.0189 0.1677 0.9111 1.0000 0.8729 0.2639
g 1996 -2000 0.0000 0.0000 0.0011 0.0288 0.6556 1.0000 0.9435 0.3432
= 2001-2005 0.0000 0.0000 0.0000 0.0000 0.0067 0.8729 0.9435 0.9702

2006-2008 0.0000 0.0000 0.0000 0.0000 0.0000 0.2639 0.3432 0.9702

Table 4. Results of post-hoc testing for the mean height of male students (table contains p values,
bold font indicates statistically significant difference, p < 0.05)
Years of examination
1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2008

1967 -1970 0.7746 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
g 1971-1975 0.7746 0.0279 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
“é 1976 —1980 0.0001 0.0279 0.9303 0.0481 0.0001 0.0000 0.0000 0.0000
‘§ 1981-1985 0.0000 0.0000 0.9303 0.7371 0.0149 0.0004 0.0000 0.0000
% 1986 -1990 0.0000 0.0000 0.0481 0.7371 0.5857 0.1398 0.0000 0.0000
5 1991 -1995 0.0000 0.0000 0.0001 0.0149 0.5857 0.9999 0.6219 0.2937
g 1996 -2000 0.0000 0.0000 0.0000 0.0004 0.1398 0.9999 0.9199 0.5938
= 2001-2005 0.0000 0.0000 0.0000 0.0000 0.0000 0.6219 0.9199 0.9916

2006-2008 0.0000 0.0000 0.0000 0.0000 0.0000 0.2937 0.5938 0.9916
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Table 5. Results of post-hoc testing for the mean body mass of female students (table contains p values,
bold font indicates statistically significant difference, p <0.05)

Years of examination

1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2008

1967 -1970 0.9898 0.6191 0.0514 0.1538 0.0011 0.0000 0.0000 0.0000
g 1971-1975 0.9898 0.9656 0.1755 0.4574 0.0039 0.0000 0.0000 0.0000
.‘é 1976 —-1980 0.6191 0.9656 0.9038 0.9933 0.1465 0.0002 0.0001 0.0001
‘E 1981-1985 0.0514 0.1755 0.9038 0.9999 0.8801 0.0673 0.0621 0.0428
% 1986 -1990 0.1538 0.4574 0.9933 0.9999 0.5998 0.0090 0.0060 0.0043
5 1991 -1995 0.0011 0.0039 0.1465 0.8801 0.5998 0.9746 0.9899 0.9676
E 1996 -2000 0.0000 0.0000 0.0002 0.0673 0.0090 0.9746 1.0000 1.0000
S 2001-2005 0.0000 0.0000 0.0001 0.0621 0.0060 0.9899 1.0000 1.0000

2006-2008 0.0000 0.0000 0.0001 0.0428 0.0043 0.9676 1.0000 1.0000

Table 6. Results of post-hoc testing for the mean body mass of male students (table contains p values,
bold font indicates statistically significant difference, p <0.05)
Years of examination
1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2008

1967 -1970 1.0000 0.4827 0.0099 0.0008 0.0000 0.0000 0.0000 0.0000
g 1971-1975 1.0000 0.5573 0.0036 0.0001 0.0000 0.0000 0.0000 0.0000
.§ 1976 —1980 0.4827 0.5573 0.8220 0.3753 0.0000 0.0000 0.0000 0.0000
‘E 1981-1985 0.0099 0.0036 0.8220 0.9995 0.0003 0.0000 0.0000 0.0000
% 1986 -1990 0.0008 0.0001 0.3753 0.9995 0.0031 0.0000 0.0000 0.0000
5 1991 -1995 0.0000 0.0000 0.0000 0.0003 0.0031 0.2849 0.2921 0.4742
E 1996 -2000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2849 1.0000 1.0000
= 2001-2005 0.0000 0.0000 0.0000 0.0000 0.0000 0.2921 1.0000 1.0000

2006-2008 0.0000 0.0000 0.0000 0.0000 0.0000 0.4742 1.0000 1.0000

Hl ENDOMORPHY 0O MESOMORPHY @ ECTOMORPHY

LEVEL OF BODY COMPONENTS

1967-1970  1971-1975 1976-1980 1981-1985 1986-1990 19911995 1996-2000 2001-2005 2006-2008
YEARS OF EXAMINATION

Figure 5. Mean level of somatotype components
of females from AWF Wroctaw

differences reported in male and female subjects in
the latter years were less discernible (Tab. 5, 6). In addi-
tion, it should be emphasized that the tendency of in-
creased body mass was also probably affected by the
increase in body height.

Analysis on the successive classes of male and fe-
male subjects during the 40-year period revealed many
changes in the body build characteristics (endomorphy,
mesomorphy and ectomorphy) (Tab. 1, 2), with the ob-
served changes occurring in different directions.

Analysis of the five-year periods revealed meso-
morphy, which describes body musculature and skeletal
size, to have had the greatest effect on body build com-
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LEVEL OF BODY COMPONENTS

W ENDOMORPHY 00 MESOMORPHY @ ECTOMORPHY

1967-1970  1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2008
'YEARS OF EXAMINATION

Figure 6. Mean level of somatotype components
of males from AWF Wroctaw

position in females (Fig. 5) as well as in males (Fig. 6).
The level of endomorphy (fatness) in female students
was mostly similar to the level of musculature until the
end of the 1970s, but in separate student year classes,
body fatness was greater than musculature (Tab. 1).
The mean level of mesomorphy in women ranged be-
tween 3.2-4.4, while the mean level of endomorphy
was 2.2-4.4. After the 1980s, the observed level of
musculature of the AWF students exceeded their fat-
ness level (Fig. 5). The distortion between these pa-
rameters could be most observed in the second half of
the 1980s. At that time, the level of musculature was
the lowest for the whole analyzed period.
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Table 7. Results of post-hoc testing for the mean endomorphy values of female students (table contains p values,
bold font indicates statistically significant difference, p <0.05)

Years of examination

1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2008

1967 -1970 0.9964 0.9906 0.9218 1.0000 0.0000 0.0000 0.0516 0.1013
5 1971 -1975 0.9964 1.0000 0.9994 0.9864 0.0000 0.0000 0.1091 0.2318
§ 1976 -1980 0.9906 1.0000 0.9999 0.9644 0.0000 0.0000 0.1589 0.3082
‘E 1981-1985 0.9218 0.9994 0.9999 0.7545 0.0000 0.0000 0.4687 0.6561
% 1986 -1990 1.0000 0.9864 0.9644 0.7545 0.0000 0.0000 0.0012 0.0070
5 1991-1995 0.0000 0.0000 0.0000 0.0000 0.0000 0.8185 0.0000 0.0001
§ 1996 -2000 0.0000 0.0000 0.0000 0.0000 0.0000 0.8185 0.0558 0.0585
= 2001-2005 0.0516 0.1091 0.1589 0.4687 0.0012 0.0000 0.0558 1.0000

2006-2008 0.1013 0.2318 0.3082 0.6561 0.0070 0.0001 0.0585 1.0000

Table 8. Results of post-hoc testing for the mean mesomorphy values of female students (table contains p values,
bold font indicates statistically significant difference, p < 0.05)
Years of examination
1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2008

1967 -1970 0.9998 1.0000 0.3251 0.0003 0.8813 0.9949 0.9984 0.9983
.5 1971 -1975 0.9998 0.9891 0.3769 0.0000 0.9700 0.7190 0.7590 1.0000
§ 1976 -1980 1.0000 0.9891 0.0203 0.0000 0.5541 0.9954 0.9988 0.9633
‘E 1981-1985 0.3251 0.3769 0.0203 0.0000 0.9989 0.0016 0.0008 0.6520
% 1986 -1990 0.0003 0.0000 0.0000 0.0000 0.0000 0.0030 0.0001 0.0000
5 1991-1995 0.8813 0.9700 0.5541 0.9989 0.0000 0.1681 0.1741 0.9945
g 1996 -2000 0.9949 0.7190 0.9954 0.0016 0.0030 0.1681 1.0000 0.6067
£ 2001-2005 0.9984 0.7590 0.9988 0.0008 0.0001 0.1741 1.0000 0.6448

2006-2008 0.9983 1.0000 0.9633 0.6520 0.0000 0.9945 0.6067 0.6448

Table 9. Results of post-hoc testing for the mean ectomorphy values of female students (table contains p values,
bold font indicates statistically significant difference, p < 0.05)
Years of examination
1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2008

1967 -1970 0.9999 0.7768 0.9943 0.1141 0.9156 0.9927 0.3668 0.0378
'5 1971-1975 0.9999 0.8648 0.9999 0.0707 0.9746 0.9998 0.3681 0.0188
§ 1976 -1980 0.7768 0.8648 0.9887 0.9191 1.0000 0.9977 0.9984 0.6521
' 1981-1985 0.9943 0.9999 0.9887 0.2814 0.9991 1.0000 0.7333 0.0984
% 1986 -1990 0.1141 0.0707 0.9191 0.2814 0.9496 0.5211 0.9997 0.9997
5 1991-1995 0.9156 0.9746 1.0000 0.9991 0.9496 0.9998 0.9984 0.7616
g 1996 -2000 0.9927 0.9998 0.9977 1.0000 0.5211 0.9998 0.8818 0.2425
£ 2001-2005 0.3668 0.3681 0.9984 0.7333 0.9997 0.9984 0.8818 0.9718

2006-2008 0.0378 0.0188 0.6521 0.0984 0.9997 0.7616 0.2425 0.9718

Ectomorphy happened to be the most stable somato-
type component in women. The mean values of the suc-
cessive student years ranged between 2.4-3.0 (Tab. 1).
These results indicate a greater tendency of the subjects
towards stockier and stronger body builds which was
caused by considerably higher levels of musculature
and fatness.

In comparison to other groups, analysis between the
female groups over the five-year periods revealed that
women examined in the second half of the 1980s and
in the 1990s displayed the greatest difference in their

endomorphy level (Tab. 7). Other groups did not show
significant differences in fatness. The greatest diffe-
rences in musculature were observed between the
women examined in the 1980s and the rest of the fe-
male subjects (Tab. 8). In the case of body leanness,
no statistically significant differences were observed
in the female groups who studied at relatively similar
periods. However, a significant difference in body lean-
ness was observed between women examined in 2006—
2008 and those who were tested in the 1960s and 1970s
(Tab. 9).
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Table 10. Results of post-hoc testing for the mean mesomorphy values of male students (table contains p values,
bold font indicates statistically significant difference, p <0.05)

Years of examination

1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2008

1967 -1970 1.0000 1.0000 1.0000 0.1084 0.3732 0.8590 1.0000 0.3295
_5 1971-1975 1.0000 0.9913 0.9956 0.0007 0.4150 0.9285 0.9997 0.3757
§ 1976 -1980 1.0000 0.9913 1.0000 0.0525 0.0404 0.3671 1.0000 0.0425
‘E 1981-1985 1.0000 0.9956 1.0000 0.0171 0.0422 0.3941 1.0000 0.0455
% 1986 -1990 0.1084 0.0007 0.0525 0.0171 0.0000 0.0000 0.0031 0.0000
5 1991-1995 0.3732 0.4150 0.0404 0.0422 0.0000 0.9963 0.0800 1.0000
E 1996 -2000 0.8590 0.9285 0.3671 0.3941 0.0000 0.9963 0.5507 0.9884
2 2001-2005 1.0000 0.9997 1.0000 1.0000 0.0031 0.0800 0.5507 0.0823

2006-2008 0.3295 0.3757 0.0425 0.0455 0.0000 1.0000 0.9884 0.0823

Table 11. Results of post-hoc testing for the mean endomorphy values of male students (table contains p values,
bold font indicates statistically significant difference, p < 0.05)
Years of examination
1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2008

1967 -1970 1.0000 0.9995 1.0000 0.2421 0.0072 0.7766 0.9961 1.0000
.S 1971 -1975 1.0000 1.0000 0.9999 0.2448 0.0045 0.8825 1.0000 0.9991
§ 1976 -1980 0.9995 1.0000 0.9982 0.3711 0.0092 0.9461 1.0000 0.9949
‘B 1981-1985 1.0000 0.9999 0.9982 0.0258 0.0002 0.5326 0.9828 1.0000
% 1986 -1990 0.2421 0.2448 0.3711 0.0258 0.7760 0.9992 0.4167 0.1279
5 1991-1995 0.0072 0.0045 0.0092 0.0002 0.7760 0.4971 0.0099 0.0026
ﬁ 1996 -2000 0.7766 0.8825 0.9461 0.5326 0.9992 0.4971 0.9722 0.6231
2 2001-2005 0.9961 1.0000 1.0000 0.9828 0.4167 0.0099 0.9722 0.9779

2006-2008 1.0000 0.9991 0.9949 1.0000 0.1279 0.0026 0.6231 0.9779

Table 12. Results of post-hoc testing for the mean ectomorphy values of male students (table contains p values,
bold font indicates statistically significant difference, p < 0.05)
Years of examination
1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2008

1967 -1970 0.8337 0.1539 0.3649 0.0465 0.9999 0.9982 0.9998 0.9358
.5 1971 -1975 0.8337 0.9472 0.9982 0.7621 0.9731 0.1355 0.9292 1.0000
§ 1976 -1980 0.1539 0.9472 0.9998 1.0000 0.3422 0.0010 0.1146 0.9769
‘E 1981-1985 0.3649 0.9982 0.9998 0.9897 0.6473 0.0063 0.3557 0.9992
% 1986 -1990 0.0465 0.7621 1.0000 0.9897 0.1265 0.0000 0.0143 0.8959
5 1991-1995 0.9999 0.9731 0.3422 0.6473 0.1265 0.9231 1.0000 0.9937
E 1996 -2000 0.9982 0.1355 0.0010 0.0063 0.0000 0.9231 0.7986 0.3987
£ 2001-2005 0.9998 0.9292 0.1146 0.3557 0.0143 1.0000 0.7986 0.9875

2006-2008 0.9358 1.0000 0.9769 0.9992 0.8959 0.9937 0.3987 0.9875

Mean mesomorphy levels for male students were
found to be 4.2-5.2 (Tab. 2). Overall, the mean values
revealed a slight increase of musculature in AWF stu-
dents, particularly since the 1990s. Accurate signifi-
cant difference analysis between the separate groups
indicated that only the group tested in the second half
of the 1980s significantly differed in musculature
from the other groups (Tab. 10). The level of muscula-
ture in that group was lower than in the remainder of
the subjects.
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Throughout the entire analyzed period, the fatness
of males was significantly lower in comparison to that
of females, with the level being 2.0-3.0 (Tab. 2, Fig. 6).
Only the group examined in the first half of the 1990s
displayed statistically significant differences in the
mean level of endomorphy (Tab. 11), as their level was
lower in comparison to other groups.

Ectomorphy was the most stable component both
in men and women. The mean values of leanness in men
ranged between 2.4-3.1 (Tab. 2). The lowest leanness
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level was observed in the group examined in the sec-
ond half of the 1990s (Tab. 12, Fig. 6).

SANOVA test analysis of somatotype diversity showed
statistically significant changes in female body build.
In the seventies, female students were characterized as
endomorph-mesomorph, while in eighties as more
mesomorph-endomorph and, since the beginning of
nineties, they were found to be as a balanced category
of mesomorphy. The changes in body build of males
were smaller and statistically insignificant. The most
frequent category was the balanced mesomorph. In
eighties, the mesomorphic-ectomorphic somatotype
was observed.

Discussion

This study’s results paralleled the observed increase
in body height of the populations of Poland and other
European countries, as had been reported in a number
of studies [3—4, 20-24]. Tanner et al. [25] reported that
the increase in body height of successive generations
was mainly related to a lengthening of the lower limbs
with only slight change in sitting height. In successive
generations, body height increased in both male and
female students and the pace of growth was similar
for both genders. However, Ziétkowska-tajp [4] found
contrary results: changes in body height over a 30-year
period were more pronounced and more dynamic in stu-
dent males than in females. Eveleth and Tanner [26]
also claimed that men are more “ecosensitive”, that is,
male body height being more susceptible to environ-
mental changes. Then again, Tanner et al. [25] and Kuh
etal. [11] stated that the contemporary trend of increased
body height is more observable in women than in men,
while Cole [9] confirmed a greater sexual dimorphism
in body height between the two genders. Other research
has proven that the pace of body height change in recent
years has decreased or even disappeared [8]. However,
this was not confirmed in this study, as the pace of
body growth throughout the entire examined period
was found to be rather constant.

Analysis of body mass also revealed a consistent in-
crease in the successive generations of male and female
students. This finding was confirmed in the work done
by Zidtkowska-Lajp [4], Fredriks et al. [23] and Roelants
et al. [24]. In comparison to women, men displayed
a visible increase in body mass which was largely the
result of an increase in musculature (with the level of
fatness nearly unchanged). However, a decrease in fat-
ness and a slight increase of leanness could be observed
in women. The existence of a secular trend in body
mass was also confirmed by Cole [27].

Mesomorphy, which describes body musculature,
had the greatest effect on the somatotypes of both male
and female students. This was probably related to the

specific character of the University School of Physical
Education. The level of male musculature was signifi-
cantly higher than that of women. The level of mus-
culature in women was constant while men displayed
a slight increase in musculature in more recent times.
The values of endomorphy (fatness) in women were
higher than in men, with the dimorphism of body build
composition being largely the result of differences in
the hormonal profile between both sexes, which is
connected with different evolutionary roles.

Analysis of somatotype in the five-year periods re-
vealed that the students examined in the second half
of the 1980s displayed the lowest muscle level through-
out the entire period under study (significantly lower in
comparison to other groups), while the groups of male
and female students examined in the 1990s displayed
significantly different levels of endomorphy in com-
parison to other groups. They were characterized by
the lowest level of fatness. Students who applied to the
University during this time were born during the post-
WWII baby boom. In order to be accepted by the Uni-
versity, they needed to pass physical fitness tests. The
increased number of applicants could have caused stu-
dents with better performance capabilities to have a con-
siderable advantage over others. In addition, many re-
searchers also pointed to the influence of paragenetic
factors (during pregnancy and in infancy) on ontoge-
netic processes in later development of the body [28-30].
Furthermore, no sexual dimorphism was observed in
the leanness level; both male and female students dis-
played similar mean values of ectomorphy (2.4-3.1).
Such values indicate a tendency towards having a stocky
and strong body build due to developed muscles.

The data obtained in this study supports previous
conclusions and demonstrated the existence of secular
trends in body build. However, the detailed results
obtained by different authors in themselves slightly
differ, which confirms the fact that changes in body
proportion and constitution observed in many genera-
tions are worth monitoring. Moreover, research eval-
uating body build composition in adults and ageing
people enables the control of undernourishment, mal-
nourishment or eating disorders and facilitates the
monitoring of health conditions within a population.
Likewise, it enables the determination of links between
fat distribution and the risk of many diseases as well
as the death rate [31].

Conclusions

Different types of secular trends could be observed
in different somatic structures of AWF students. This is
reflected by the changing conditions of lifestyle as well
as different university admission criteria. The conclu-
sions drawn from the research material were as follows:
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— Changes in the mean values of the analyzed pa-
rameters (body height, body mass, endomorphy,
ectomorphy, mesomorphy) between the examined
groups were in different directions for both males

and females.

— Analysis, on the basis of five-year intervals, indi-
cated an increase in both body mass and height

in successive generations.

— Mesomorphy, which describes musculature, was
the somatotype component which was most do-
minant both in male and female AWF students.

— Men displayed a higher level of mesomorphy in
comparison to women, while women were cha-

racterized by a higher level of fatness.

— For female subjects, intergenerational changes
were found to compose of a decrease in endo-
morphy and an increase in ectomorphy while

mesomorphy remained at a similar level.

— For men, a secular trend is visible with an increase
in mesomorphy, whereas endomorphy and ecto-

morphy stayed constant.
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