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CHANGES IN BODY COMPOSITION AND
FUNCTIONAL DEVELOPMENT DURING PUBERTY

by JanA Pakfzrovi

(Research Institute, Faculty of Physical Education, Charles University, Prague)

Except for very early periods of life, at no other time of ontogeny is growth
rapid as during puberty. This is most apparent during certain phases charac-
terised by the peak height velocity. Nevertheless, the different systems and
tissues do not develop at the same pace, which equally concerns morphological
characteristics (including lean body mass and depot fat), indicators of functio-
nal development (vegetative system) and motorics. All this appears e. g. in
the changes in the proportionality of the body, as well as in functional capacity
and motor performance. In this respect there also exist marked sexual diffe-
rences, wide inter-individual variability and an increased sensitivity to various
environmental factors.

As described by various authors, acceleration of growth is most conspicuous
during puberty when high values of different bodily dimensions are achieved
by the prevailing proportion of adolescents. This situation is usually supposed
to be a rather positive manifestation of generally improved conditions of life
(including nutrition, health care, hygiene and no necessity for hard work
during earlier periods of life). Data on the acceleration of growth are accessible
especially as regards height and weight, as well as some further somatic pa-
rameters, as chest circumfercnce, etc. There are very few data at disposal
on body composition or changes in functional development over longer periods
of time. Similarly, a considerable lack of data is felt on mutual relationships
between morphological, functional and motor development during growth
including puberty.

As regards somatic development, together with height and weight accelera-
tion, marked changes in body composition (lean body mass and depot fat)
occur; puberty in man is, namely, not the awakening of dormant glands, but
a change in the level of activity of an already actively functioning network;
sexual differences in fat and lean body mass, having already been apparant
since birth, merely come to be manifested more markedly. The thickness of
the suprailiac skinfold is significantly greater in newborn girls (PARizkovA
1963, 1968). The proportion of fat, ascertained by densitometry (PARizkovA
1959, 1961) is already significantly higher in girls of younger school age (in
which we could start to use this method — PaARfzrkovA 1974, 1976). The dif-
ference between sexes is relatively greater immediately after puberty, even
though the proportion of lean body mass is at all times significantly higher
in males, even in advanced age. This is most apparent when we express the
values of body fat in the females in the percentage of that in the males (equall-
ing thus 1009, — PARfzgovA 1963). In males, the proportion of lean body
mass attains its peak around 20 years of age, which also corresponds to the
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peak of the absolute values of the aerobic capacity of the organism expressed
by maximum oxygen uptake. This was described e.g. by AstranD and RopAnL
(1970) who for this age-group gave the highest values of 4.110 1 (4 0.06) of
oxygen with males and of 2.900 1 (4 0.04) of oxygen with females. Similar
trends of ontogenetical changes are displayed by the muscular strength, motor
perform-ance, etc. in the normal population (ASTRAND and Ropanw 1970,
Norris and SHock 1960).

When we evaluate various parameters as related to total or lean body mass,
the picture is somewhat different. A comparison of the aerobic capacity relat-
ed to total body weight in different age-groups gave highest values already
at the age of 14—15 years (PARizKoVA et al. 1972). This finding confirmed
the previous conclusions of AsTrRaND (1970) and others (CERETELLI et al.
1963). When the values of maximum oxygen uptake are expressed in relation
to lean body mass, the results are the same (PAR{zrkovA 1975, PAitfzkovA et al.
1972). This means that the highest level of aerobic progesses in the human
body is attained as early as at the end of puberty.

A longitudinal study can reveal the characteristic changes of somatic etc.
development in greater detail. In a group of 40 boys body composition was
followed by densitometry from 10.7 to 17.7 years (Table 1). The results of
this study showed characteristic variations in the absolute and relative values
of lean body mass and depot fat during this period of growth, confirming
the conclusions on the development of lean body mass from cross-sectional

Table 1

Changes of calendar and bone age, height, weight and body composition in individual years in
adolescent boys followed during eight years (n = 40)

1. tabldzat A naptdri életkor, a csontéletkor, a testmagassdg, a teststly és a testisszetétel
valtozdsai a serdiild fitkndl az egyedi években, nyole éven it nyomon kévetve (n = 41)

- . [
[
Calendar age (years) | x 10.65 | 11.67 | 12.68 | 13.75 | 14.65 | 15.65 | 16.61 | 17.73
Naptari életkor (év) SD 0.40 0.45 0.40 0.42 0.39 0.37 0.69 0.36
et T il |
Bone age (years) x | 10.88 | 11.90 | 12.89 | 13.73 | 14.79 | 16.04 | 17.23 | 18.17
Csontéletkor (év) SD 0.84 0.89 0.73 0.78 0.98 1.34 1.23 1.08
Height (cm) X 144.3 | 149.5 |[155.1 162.6 |169.5 [175.1 177.8 |179.2
Testmagassag (cm) SD 4.9 5.2 6.1 1.4 7.0 5.8 5.6 5.4
Weight (kg) x 35.98 | 39.55 | 43.92 | 50.27 | 57.11 | 63.35 | 65.03 | 69.57
Testsily (kg) SD | 409 | 451 | 572| 744 | 827| 746 | 824 6.12
Lean body mass (kg) | x 29.73 | 33.38 | 37.50 | 44.42 | 50.03 | 54.96 | 59.63 | 63.56
Sovdny testtomeg (kg) | SD 4.717 3.78 4.82 6.44 1.94 6.70 6.00 5.85
Fat (%) x 17.3 15.6 14.6 11.6 12.4 13.2 8.3 8.6
Zsir (%) SD | 54 | 71 5.9 54 | 47 5.3 4.1 4.9
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studies (PARfzkovA 1959, 1963, 1968a, 1973/1976), also aerobic capacity, i. e.
maximum oxygen uptake ascertained during graded work-load on a horizontal
tread mill (S);RYNAROVA 1974, PakizkovA and SprynNArova 1968, 1970);
the latter corresponded approximately to the results of cross-sectional com-
parisons (AsTrRAND and Ropanr 1970, CERETELLI et al. 1963). In the same
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Fig. 1. Changes in absolute and relative values of heart volume during adolescence in boys
(a longitudinal study, n = 40; CermiAx 1968, CErMAK and Pakizxovi, 1974).
1. abra. Az abszolat és relativ szivvolumen értékek viltozédsai a serdiilgkorban fitknal (longi-
tudinalis vizsgdlat, n = 40; CerMAx 1968, CErMAK —PaRfzKOovA 1974).

boys the absolute values of the heart volume markedly increased during the
experimental period (CErRMAK 1968, CErRMAK et al. 1970, CERMAK and Pa-
RizkovA 1974) together with height, weight, lean body mass, etc. The heart
volume was determined by teleroentgenography in a supine position and on
the left hip in antero-posterior and side projection during inspiration (MussHOFF
and ReinpeLL 1965, CERMAK 1968). Heart volume was calculated according
to Rohrer’s formula as modified by MussuoFF and REINDELL (1965). At the
age of 17 years, the increase of heart volume approximately levelled up (Fig.
1) and did not increase significantly in the last year. The evaluation of heart
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volume as related to body height followed a similar trend. When related to
body weight (i. e. the heart quotient of KAHLSTORFF 1932), the peak appear-
ed sooner, i. e. already at the age of 14 years. From the second to the fifth
year of the experiment heart volume displayed relatively the same increase
as lean body mass and, therefore, the relative heart volume/kg lean mass
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Fig. 2. Changes in muscle strength in boys and girls from 10 to 14 years (a longitudinal study,
JUuRINOVA 1968).
2. dbra. Az izomerd valtozdsai fitkndl és ldnyoknél a 10 és 14 év kozott (longitudindlis vizs-
galat, JuRINOVA (1968).

did not change significantly during the said period, but decreased significantly
during the last years (Fig. 1) (CErMAK and PaXizkovA 1974). The results of
these evaluations correspond also to the conclusions on the aerobic capacity
of the body. This is logical in view of the fact that the heart volume is propor-
tional to the size of the oxidized tissues.

During puberty, motor performance in different disciplines, muscle strength,
etc. markedly improve in boys, but level up or even decrease in girls, especi-
ally when the mentioned parameters are expressed as a function of total
body mass. This was shown e.g. by EspeEnscEADE (1960), Marina (1974)
and others in cross-sectional comparisons. JuRiNnovA (1968) analysed the
changes in the strength of different muscle groups by means of the dynamo-
meter on the tensometric principle (JOACHIMSTHALER et al. 1961) in boys and
girls from 10 to 14 years longitudinally (Figures 2. and 3). From the age of
1213 years on, muscle strength did not develop along the same trend in
girls as in boys, especially if expressed in relation to body weight and lean
body mass (Fig. 3). Sexual differences were already apparent from 10 years on.
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Fig. 3. Changes in muscle strength, height, weight, body composition and relative strength in
boys and girsl from 10 to 14 years (longitudinal study, JukiNovA 1968).
3. dbra. Az izomers, a testmagassig, a testsily, a testiosszetétel és a relativ erd valtozésai
fiaknél és leAnyoknél a 10 és 14 év kizott (longitudinalis vizsgdlat, JURINOVA 1968).
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Fig. 4. Changes in the relationships (r) between bone age and height (hatched columns),
bone age and weight (white columns), bone age and lean body mass (cross-hatched columns),
bone age and heart volume (black columns) in boys from 10.7 to 17.7 years (a longitudinal
study, n = 40; PakizkovA 1976, PaRkizkovA and CERMAK in press).
4. abra. A csontéletkor és a testmagassig (ferdén satirozott oszlopok), a csontéletkor és a
testsily (fehér oszlopok), a csontéletkor és a sovany testémeg (kétszeresen satirozott oszlopok),
a csontéletkor és a szivtérfogat (fekete oszlopok) kozotti viszony (r) véltozésai fidknal a 10,7
és 17,7 év kozott (longitudinalis vizsgilat, n = 40; PaRfzxovi 1976, PakizKovA és CERMAK
megjelenés alatt).
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There exist close relationships between muscle strength and total, as well
as lean body mass, which can be proved not only during puberty but also
in adult and advanced age (PakizkovA 1976). However, during puberty
these parameters were measured without an exact evaluation of the degree
of sexual maturation. In our longitudinal study the bone age (roentgenography
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Fig. 5. Changes in body composition and weight according to peak height velocity in boys
from 10.7 to 17.7 years (n = 40; PaRizkovA 1976).
5. dbra. A hossznivekedési sebességi csticsot kiovetd valtozdsok a testiosszetételben és a test-
stlyban fitknal a 10,7 és 17,7 év kozott (n = 40; PaRizkovi 1976).

of the wrist according to GREULICH and PYLE 1969) could only be determined
together with the measurements concerning somatic and functional develop-
ment. A fair correlation between bone age and lean body mass, as well as
between total body weight, height, heart volume and bone age was shown
in boys in the individual years (1961 —68) (Fig. 4). The maturation of the
organism was paralleled by the increase in lean body mass and other para-
meters. The relationships changed during adolescence and disappeared after
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the 17th year except for total body weight (Fig. 5). The period of greatest
increase in height (peak height velocity) coincided with that of the maximum
increase in lean body mass and total body weight (Fig. 5). Nevertheless, lean
and total body mass increased during the following years relatively more
than body height, which was closely related to changes in the proportionality
of the organism (characterized by relative values of biacromial and bicristal
breadths (PARizkovA 1968b, 1972) or in the somatotypes (CARTER and
PaRizrovA 1974) etc. — Depot fat fluctuated during the whole experimental
period, but its greatest increase occurred at the same time as in height, total
and lean body weight. However, even at that time the increase was in the
mean quite small and insignificant. This was caused by marked inter-
individual variability in depot fat development, mostly due to a different
energy turnover in individual boys resulting from different physical activity
regimes etc. (PakizkovA 1968, 1973a, b, 1974a, b, 1976, PakizkovA and
PoLEDNE 1974, PARizKkovA and REvEnDA 1973, PaRfzkovA and StAnNKOVA
1964, PaktizkovA et al. 1971).

A similarly close relationship existed between the absolute values of heart
volume and lean body mass, weight, arm and thigh circumferences, as well
as relative heart volume/kg weight and lean body mass ratio (Tab. 2) in the
individual years of the longitudinal study with boys (CErRMAK and Pakfzkovi
1974). Heart volume is, therefore, also closely related to body composition.
As in previous parameters, all relationships mentioned were closest at the
age of 14—15 years. The same applies to a previous analysis of the relationship
of somatic parameters and lean body mass to aerobic capacity (maximum
oxygen uptake) during five years in 96 boys (PARizkovi and SPRYNAROVA
1968, 1970, SPrRYNAROVA 1974). It seems, therefore, that at the end of puberty

Table 2

Correlation coefficients of the relationship between the heart volume and different morphological
parameters of boys in individual years (10.7—17.7 years of age, 1961—68; n — 39; CERMAK
and PARizxkova 1974)

2. tabldzat. A szivtérfogat és kiilonb6z6 morfolégiai paraméterek kozotti viszony korreldcios
koefficiensei fiiknal az egyes években (10,7—17.7 éves korban, 1961—68; n = 39; CermMAK
és Pakizrova 1974)

Heart volume — Szivtérfogat (ml)
Years of ; m ci - | Thi ir-
measurement Eﬁlglfor vIl:I,i:gnT; Weight Learll:a.?so o Arfercelx:z‘;m cul:xllgfl;recllll;‘e s
A vizsgdlat éve ‘ gassdg Testsuly Sovfiny Fell_c_ar- C("ilb-
(cm) (kg) testtomeg keriilet keriilet
| (kg) (cm) (cm)
1961 10—-11 — -- 0.69 0.28 0.28 0.46
1962 11-12 0.54 0.48 0.59 0.27 0.32 0.39
1963 12—13 0.67 0.77 0.83 0.25 0.38 0.59
1964 13—14 0.76 0.81 0.87 0.48 0.47 0.53
1965 14—15 0.74 0.74 0.84 0.60 0.59 0.47
1966 15—16 0.51 0.49 0.76 0.43 0.44 0.51
1967 16—17 0.38 0.55 0.74 0.27 0.43 0.43
1968 17—18 0.37 0.57 0.72 0.05 0.34 0.38

*r = Correlation coefficients of the relationships between relative heart volume (i.e. heart volume in ml per body weight
n kg) and percent of lean body mass (9% LBM in the body).

r = A relativ szivtérfogat (szivtérfogat ml-ekben|l ily kg-okban) és a szdzalékban kifejesett sovdny testtomeg kapcsolatdnak
korreldcios koefficiensei.
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maturation processes as well as somatic and functional development are in
very good harmony, which affords a basis for high-level physical performance
capacity and interest in exercise. This conclusion also agrees with the findings
about the natural peaks in various indicators mentioned above e. g. aerobic
capacity or heart volume as related to total and lean body mass. These also
occur at the age of 14—15 years, when the tendency for motor activity spon-
taneously attains very high level. Various further measurements have shown
that the capacity for work in the adolescent organism is higher than has been
usually supposed (this is occasionally showed in the extreme cases of Olym-
pic winners in selected sports). But later on, this capacity decreases in untrain-
ed subjects what could be prevented by systematic training (SPRYNAROVA
1974). Generally, motor stimulation and work-load in youth are on a very
low level in the conditions of life in the industrially developed countries, the
functional potentionalities of the organism obviously do not fully develop,
and the resulting fitness and performance capacity remain fairly low in a rela-
tively great proportion of the adolescents (especially when the acceleration
of morphological growth is taken into consideration). This is clearly appar-
ent later on e. g.in university students,in whom the level of physical perform-
ance in the mean is rather low; a considerable proportion of students is un-
able to achieve minimum limits of fitness tests even in the first year of studies,
which is markedly worsened during the following 2—4 years of studies (Fulix
1975). A great number of students also has to attend special physical educa-
tion classes or has to be completely exempted from such.

Selected data seem to indicate that morphological acceleration is not
always paralleled by a correspondingly accelerated functional development in
normal untrained population during puberty. This refers mostly to the in-
dustrially developed countries, where these surveys were taken. (Of course,
this does not apply to small selected groups of highly disposed and trained
top athletes.) Lack of proper motor stimulation during the whole growth
period could be the reason of this disproportion also resulting in a relatively
poorer development of the heart muscle and overall functional capacity
KALuzaNAYA 1974, PaRizkovA and SpryNAROvA 1970). The example of
boys and girls systematically pursuing physical exercise shows, that the
morphological and functional as well as motor development can be in optimum
harmony (JuRiNovA et al. 1974, MErEAUTOVA and PaRfzxovA 1973, PaRiz-
KOVA 1974a, PARizKovA and SPRYNAROVA 1970, PaRizKovA et al. 1971,
SpryNAROVA 1974) which affords a sound basis of an advantageous functional
development and optimal health prognosis for following periods of life.
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SERDULOKORI VALTOZASOK A TESTOSSZETETELBEN ES A FUNKCIONALIS
FEJLODESBEN

frta: PaRizkovA, JANA
(Osszefoglalds)

A serdiilkori novekedés meggyorsuldsa sordn a sovény testtomeg, dsszehasonlitva mas
morfolégiai jellegekkel, relative a legtobbet névekszik. A sovdny testtomeg legnagyobb nove-
kedése a serdiil6kori novekedési lokés periédusdban jelentkezik. A soviny testtomeg noveke-
désének trendje a pubertds sordn jellemz6 egyedi stabilitdst mutat, hasonléan a testmagas-
sdghoz. Az aerob kapacitds, a szivtérfogat, az izomerd stb. novekedése parhuzamosan halad
a sovany testtomeg novekedésével. Az aerob kapacitds és a szivtérfogat csicsértékei, a teljes
és a sovdny testtomeghez viszonyitva, a 14—15 éves korban jelennek meg, kimutatva azok
optimalis fogékonysdgdt a fizikai teljesitményre a fejlédésnek ebben a szakaszdiban.
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