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CHANGES IN BODY COMPOSITION AND 
FUNCTIONAL DEVELOPMENT DURING PUBERTY

b y  J a n a  P a&ízková

(Research In s titu te , F acu lty  of Physical Education, Charles U niversity, Prague)

E xcep t for very  early  periods of life, a t no other tim e of ontogeny is growth 
rap id  as during p uberty . This is m ost apparen t during certain  phases charac­
terised  b y  the  peak height velocity. Nevertheless, th e  different system s and 
tissues do no t develop a t  the  same pace, which equally  concerns m orphological 
characteristics (including lean body mass and depot fa t) , indicators of functio­
nal developm ent (vegetative system ) and m otorics. All th is appears e. g. in 
the  changes in the p roportiona lity  of the body, as well as in  functional capacity  
and  m otor perform ance. In  th is respect there also ex ist m arked sexual diffe­
rences, wide in ter-ind iv idual variab ility  and an increased sensitiv ity  to  various 
environm ental factors.

As described by  various au tho rs, acceleration of grow th is m ost conspicuous 
during p u b erty  when high values of different bodily dimensions are achieved 
b y  the  prevailing p roportion  of adolescents. This situ a tio n  is usually  supposed 
to  be a ra th e r positive m anifestation of generally im proved conditions of life 
(including n u tritio n , hea lth  care, hygiene and no necessity  for hard  work 
during earlier periods of life). D a ta  on the acceleration of grow th are accessible 
especially as regards he igh t and w eight, as well as some fu rth e r som atic p a­
ram eters, as chest circum ference, etc. There are very  few d a ta  a t  disposal 
on body com position or changes in functional developm ent over longer periods 
of tim e. Sim ilarly, a considerable lack of d a ta  is felt on m utual relationships 
betw een m orphological, functional and m otor developm ent during growth 
including puberty .

As regards som atic developm ent, together w ith heigh t and w eight accelera­
tion, m arked changes in  body com position (lean body  mass and depot fa t) 
occur; p u b erty  in  m an is, nam ely, no t the aw akening of dorm ant glands, b u t 
a change in the  level of ac tiv ity  of an already actively  functioning netw ork; 
sexual differences in  fa t and lean body mass, having already been apparan t 
since b irth , m erely come to  be m anifested more m arkedly . The thickness of 
the  suprailiac skinfold is significantly  greater in new born girls (P aüízková  
1963, 1968). The proportion  of fa t, ascertained by  densitom etry  (P a Üízková 
1959, 1961) is already significantly  higher in  girls of younger school age (in 
which we could s ta rt to  use th is m ethod — P a üízk o vá  1974, 1976). The dif­
ference betw een sexes is re la tive ly  greater im m ediately  after p uberty , even 
though the proportion of lean body mass is a t all tim es significantly  higher 
in males, even in advanced age. This is m ost ap p a ren t when we express the 
values of body fa t in th e  females in  the percentage of th a t  in  the males (equall­
ing thus 100% — P aü íz k o vÁ 1963). In  males, the  proportion  of lean body 
mass atta in s 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  m axim um  oxygen up take. This was described e.g. b y  Á s t r a n d  and R o dah l  
(1970) who for th is age-group gave the  highest values of 4.110 1 ( +  0.06) of 
oxygen w ith  m ales and of 2.900 1 ( +  0.04) of oxygen w ith  females. Similar 
tren d s of ontogenetical changes are displayed by the  m uscular s treng th , m otor 
perform -ance, etc. in the  norm al population (Á st r a n d  and R o dah l  1970, 
N o r r is  and S h ock  1960).

W hen we evaluate various param eters as re la ted  to  to ta l or lean body mass, 
the  p icture is som ewhat different. A com parison of the  aerobic capacity  re la t­
ed to  to ta l body weight in different age-groups gave highest values already 
a t  th e  age of 14 — 15 years (P a Üízková  e t al. 1972). This find ing  confirmed 
the  previous conclusions of Á s t r a n d  (1970) and others (Ce r e t e l l i e t al. 
1963). W hen the values of m axim um  oxygen uptake are expressed in relation 
to  lean body mass, the results are the  same (P aüízk o vá  1975, P aü íz k o vÁ e t al. 
1972). This m eans th a t  the h ighest level of aerobic progesses in  the hum an 
body  is a tta ined  as early  as a t th e  end of puberty .

A longitudinal s tudy  can reveal the  characteristic changes of som atic etc. 
developm ent in greater detail. In  a group of 40 hoys body com position was 
followed by  densitom etry  from 10.7 to  17.7 years (Table 1). The results of 
th is  stu d y  showed characteristic varia tions in the absolute and  relative values 
of lean body mass and depot fa t during this period of grow th, confirming 
th e  conclusions on the developm ent of lean body m ass 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. táblázat A nap tári életkor, a csontéletkor, a testm agasság, a testsúly és a testösszetétel 

változásai a serdülő fiúknál az egyedi években, nyolc éven á t nyomon követve (n =  41)

Individual years: 
Egyedi évek: 1 2 3 4 5 6 7 8

Calendar age (years) X 10.65 11.67 12.68 13.75 14.65 15.65 16.61 17.73
Naptári életkor (év) SD 0.40 0.45 0.40 0.42 0.39 0.37 0.69 0.36

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

H eight (cm) X 144.3 149.5 155.1 162.6 169.5 175.1 177.8 179.2
Testmagasság (cm) SD 4.9 5.2 6.1 7.4 7.0 5.8 5.6 5.4

W eight (kg) X 35.98 39.55 43.92 50.27 57.11 63.35 65.03 69.57
Testsúly (kg) SD 4.09 4.51 5.72 7.44 8.27 7.46 8.24 6.12

Lean body mass (kg) X 29.73 33.38 37.50 44.42 50.03 54.96 59.63 63.56
Sovány testtömeg (kg) SD 4.77 3.78 4.82 6.44 7.94 6.70 6.00 5.85

F á t (% ) X 17.3 15.6 14.6 11.6 12.4 13.2 8.3 8.6
Zsír (% ) SD 5.4 7.1 5.9 5.4 4.7 5.3 4.1 4.9
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studies (P a Üízko vÁ 1959, 1963, 1968a, 1973/1976), also aerobic capacity , i. e. 
m axim um  oxygen up take ascertained during graded work-load on a horizontal 
tread  mill (S pr y n a r o v a  1974, P aü ízk o v á  and S pr y n a r o v a  1968, 1970); 
th e  la tte r  corresponded approxim ately  to  the resu lts  of cross-sectional com­
parisons (Á st r a n d  and R o dah l  1970, Ce r e t e l l i e t al. 1963). In  the same

Fig. 1. Changes in  absolute and  relative values of heart volum e during adolescence in hoys 
(a longitudinal study, n  =  40; Cerm á k  1968, Cerm á k  and  P a r izk o v á , 1974).

1. ábra. Az abszolút és relatív  szívvolum en értékek  változásai a serdülőkorban fiúknál (longi­
tudinális vizsgálat, n  =  40; Cermák 1968, Cerm ák—P a rízk o v á  1974).

boys the absolute values of th e  heart volum e m arkedly  increased during the 
experim ental period (Ce r m á k  1968, Ce r m á k  e t al. 1970, Cerm ák  and P a - 
ü ízk o v á  1974) to g e th er w ith  height, w eight, lean body  m ass, etc. The h eart 
volum e was determ ined b y  teleroentgenography in a supine position and on 
the left hip in antero-posterior and side projection during insp iration  (M u ssh o ff  
and R e in d e l l  1965, Ce r m á k  1968). H e a rt volume was calculated according 
to  Rohrer's form ula as m odified by Mu s sh o f f  and R e in d e l l  (1965). At the 
age of 17 years, th e  increase of heart volum e approxim ately  levelled up (Fig. 
1) and  did not increase significantly in th e  last year. The evaluation of h eart
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volum e as re la ted  to  body height followed a similar tren d . W hen related  to  
body w eight (i. e. the  h ea rt q u o tien t of K a h l st o r ff  1932), th e  peak  appear­
ed sooner, i. e. already a t  th e  age of 14 years. From  the  second to  the  fifth  
year of the experim ent h ea rt volum e displayed re la tively  the  sam e increase 
as lean body mass and, therefore, the  relative heart volum e/kg lean mass

Fig. 2. Changes in  muscle streng th  in  boys and girls from 10 to  14 years (a longitudinal study ,
J u b in o v á  1968).

2. ábra. Az izomerő változásai fiúknál és lányoknál a 10 és 14 év között (longitudinális viza-
gálát, Jubm ovÁ  (1968).

did  n o t change significantly  during the said period, b u t decreased significantly  
during  the  la s t years (Fig. 1) (C ermAic and  P aüízk o vÁ 1974). The results of 
these evaluations correspond also to  the  conclusions on the  aerobic capacity  
of th e  body. This is logical in  view  of the  fact th a t  the  h ea rt volum e is p ropor­
tio n a l to  the  size of th e  oxidized tissues.

D uring puberty , m otor perform ance in  different disciplines, muscle stren g th , 
e tc . m arkedly im prove in  boys, b u t level up or even decrease in  girls, especi­
a lly  when the  m entioned param eters are expressed as a function  of to ta l  
body  mass. This was shown e.g. b y  E sp e n sc h a d e  (1960), Ma l in a  (1974) 
an d  others in  cross-sectional com parisons. J u é in o v Á (1968) analysed th e  
changes in  th e  streng th  of different muscle groups b y  m eans of the  dynam o­
m eter on th e  tensom etric principle (J o ach im sth a ler  et al. 1961) in  boys and  
girls from  10 to  14 years longitudinally  (Figures 2. and 3). F rom  the  age of 
12 — 13 years on, muscle s tren g th  did no t develop along th e  same tren d  in 
girls as in boys, especially if expressed in  relation to  body  w eight and lean  
bo d y  m ass (Fig. 3). Sexual differences were already app aren t from  10 years on.
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Аде
életkor

Ю 11 12 13 14 y e a r s  
evesek

Height (cm) 141,1 (Ft,9) 166,5 (±5,6) 152,0 (±6,4) 158,4 (± 7 ,8 ) 165,6 (±7,4)
Testmagasság (cm)

? 142,2 (±6,3) 166,6 ( t  6,4) 154,6 (± 5 ,9 ) 159,7 (±5,6) >60.6 (± 5 ,0 )

Weight (kg) с / 33,63 (±4,77) 36,22(±6,59) 42,17 (±6,5!) 46,63 (±6,96) 52,68 (±7,67)
Testsúly (kg)

? 34,02 (t 6,12) 38,94 (± 7,92) 43,55(±7,24) 46,35 (±7,37) 51,65 (±7,80)

F át ( % ) _ _ 22,7 (±3,6) 16,9 (± 4,9) 16,2 (±4,2)
Z sír (% ) ? - - 24,0 (± 3,9) 21,8 (±4,6) 22.0 (± 4 .5 )

Total strength r f 3,7S 6,60 4,60 U, 78 4,68
{per kg weight) 

összeró/testsúly kg ? 3.32 9,09 U, 16 4,28 4,/7

Total strength к _ _ 5,95 5,69 5,97
(per kg L B M )  

Összeró'/sovány test­
tömeg kg

? - - 5,50 5,48 5,27

Fig. 3. Changes in muscle strength , height, weight, body composition and relative strength  in  
boys and girsl from  10 to  14 years (longitudinal study , J ubinová  1968).

3. ábra. Az izomerő, a testm agasság, a  testsúly , a testösszetétel és a rela tív  erő változásai 
fiúknál és leányoknál a 10 és 14 év között (longitudinális vizsgálat, J ubinová 1968).

Fig. 4. Changes in  the  relationships (r) betw een bone age and height (hatched columns), 
bone age and w eight (w hite columns), bone age and lean body mass (cross-hatched columns), 
bone age and hea rt volum e (black columns) in  boys from 10.7 to 17.7 years (a longitudinal 

study , n  =  40; P a bízk o v á  1976, P a bízk o v á  and Cerm á k  in  press).
4. ábra. A  csontéletkor és a testm agasság (ferdén satírozo tt oszlopok), a csontéletkor és a 
testsú ly  (fehér oszlopok), a csontéletkor és a sovány testöm eg (kétszeresen satírozott oszlopok), 
a csontéletkor és a szívtérfogat (fekete oszlopok) közötti viszony (r) változásai fiúknál a 10,7 
és 17,7 év között (longitudinális vizsgálat, n  =  40; P a b ízk o v á  1976, P a bízk o v á  és Hermák

megjelenés alatt).
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There exist close relationships betw een muscle streng th  and to ta l, as well 
as lean body m ass, which can be proved no t only during p u b erty  b u t also 
in ad u lt and advanced age (P aüízková  1976). However, during puberty  
these param eters were m easured w ithou t an exact evaluation of th e  degree 
of sexual m atura tion . In  our longitudinal study the bone age (roentgenography

4  hossz-nái/ekec/esi 
sebesség/ csúcs éve

Fig. 5. Changes in  body com position and w eight according to  peak height velocity in boys 
from 10.7 to  17.7 years (n =  40; P a rízk o v á  1976).

5. ábra. A hossznövekedési sebességi csúcsot követő változások a testösszetételben és a te s t­
súlyban fiúknál a 10,7 és 17,7 év között (n =  40; P a rízk ov á  1976).

o f th e  wrist according to  Gr e u l ic h  and P y le  1969) could only be determ ined 
to g e th er w ith  the  m easurem ents concerning som atic and functional develop­
m en t. A fair correlation betw een bone age and lean body m ass, as well as 
betw een to ta l body w eight, height, heart volume and bone age was shown 
in  boys in the  individual years (1961 — 68) (Fig. 4). The m atu ra tio n  of the  
organism  was paralleled by  the increase in lean body mass and o ther p a ra ­
m eters. The relationships changed during adolescence and disappeared after
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the  17th y ea r except fo r to ta l bo d y  w eight (Fig. 5). The period of greatest 
increase in  height (peak height velocity) coincided w ith th a t  of the  m axim um  
increase in lean body m ass and to ta l body weight (Fig. 5). Nevertheless, lean 
and to ta l body mass increased during  the  following years re la tively  more 
th an  body height, which was closely re la ted  to  changes in the  p roportionality  
of the organism  (characterized by  re la tive values of biacrom ial and bicristal 
b read ths (P a ÜízkovÁ 1968b, 1972) or in  the  som atotypes (Ca r ter  and 
P aüízková  1974) etc. D epot fa t flu c tu a ted  during the whole experim ental 
period, b u t its  greatest increase occurred a t the same tim e as in height, to ta l 
and  lean body  weight. However, even  a t  th a t  tim e the  increase was in  the 
m ean quite small and insignificant. This was caused b y  m arked in te r­
individual variab ility  in  depot fa t developm ent, m ostly due to  a different 
energy tu rn o v er in ind iv idual boys resu lting  from different physical ac tiv ity  
regimes etc. (P aüízková  1968, 1973a, b, 1974a, b , 1976, P a Üízková  and 
P o led n e  1974, P aüízková  and R e v e n d a  1973, P aüízková  and  Stanková  
1964, P aüízková  et al. 1971).

A sim ilarly close re la tionsh ip  existed  betw een the absolute values of heart 
volum e and lean body m ass, w eight, arm  and th igh circum ferences, as well 
as relative h ea rt volum e/kg weight an d  lean body mass ra tio  (Tab. 2) in the 
individual years of the longitudinal s tu d y  w ith boys (C erm ák  and P aüízkovÁ 
1974). H eart volume is, therefore, also closely re la ted  to  body com position. 
As in previous param eters, all re lationships m entioned were closest a t the 
age of 14 —15 years. The sam e applies to  a previous analysis of th e  relationship 
o f som atic param eters and  lean body m ass to  aerobic capacity  (m axim um  
oxygen up tak e) during five years in 96 boys (P aüízková  and Sprynarová  
1968, 1970, Sprynarová  1974). I t  seems, therefore, th a t  a t the end of puberty

Table 2
Correlation coefficients of the relationship between the heart volume and different morphological 
param eters of boys in individual years (10.7 —17.7 years of age, 1961—68; n  =  39; Cerm á k

and P a r í z k o v a  1974)

2. táblázat. A szívtérfogat és különböző morfológiai param éterek közötti viszony korrelációs 
koefficiensei fiúknál az egyes években (10,7 — 17,7 éves korban, 1961—68; n =  39; Cerm ák

és P a r í z k o v a  1974)

Y ears  of 
m ea su rem e n t 

A  vizsgálat éve
A g e

Életkor

H e a rt  v o lu m e  — Szívtérfogat (m l)

r*
H e ig h t
T estm a-
gasság
w

W eig h t
T estsú ly

(k g)

L ean  bod y  
m ass 

Sovány  
testtömeg

(kg)

A rm  c ircu m ­
ference 
Felkar­
kerület 

(cm )

T h ig h  c ir­
cum ference  

Comb­
kerület 
(cm )

1961 10 -1 1 0.69 0.28 0.28 0.46
1962 1 1 -1 2 0.54 0.48 0.59 0.27 0.32 0.39
1963 1 2 -1 3 0.67 0.77 0.83 0.25 0.38 0.59
1964 1 3 -1 4 0.76 0.81 0.87 0.48 0.47 0.53
1965 1 4 -1 5 0.74 0.74 0.84 0.60 0.59 0.47
1966 1 5 -1 6 0.51 0.49 0.76 0.43 0.44 0.51
1967 1 6 -1 7 0.38 0.55 0.74 0.27 0.43 0.43
1968 1 7 -1 8 0.37 0.57 0.72 0.05 0.34 0.38

*r =  C o rre la tio n  c o e ffic ien ts  o f  th e  re la tio n sh ip s  be tw een  re la tiv e  h e a r t  vo lu m e (i.e. h e a r t  v o lu m e in  m l p e r  b o d y  w eigh t 
n  kg) a n d  p e rc e n t o f  lea n  b o d y  m ass (%  L B M  in  th e  body).

r  =  A  relatív szívtérfogat (szívtérfogat m l-ekben/testsú ly  kg-okban) és a százalékban kife jezett sovány testtömeg kapcsola tának  
korrelációs koefficiensei.
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m atu ra tion  processes as well as som atic and functional developm ent are in 
very good harm ony, which affords a basis for high-level physical perform ance 
capacity  and in terest in exercise. This conclusion also agrees w ith the findings 
about the  n a tu ra l peaks in various indicators m entioned above e. g. aerobic 
capacity  or h ea rt volum e as re la ted  to  to ta l and lean body mass. These also 
occur a t the age of 14—15 years, when the  tendency  for m otor ac tiv ity  spon­
taneously  a tta in s  very  high level. Various fu rth e r m easurem ents have shown 
th a t  th e  capacity  for work in the adolescent organism  is higher th an  has been 
usually  supposed (this is occasionally showed in th e  extrem e cases of O lym ­
pic w inners in selected sports). B u t la te r on, th is capacity  decreases in u n tra in ­
ed subjects w hat could be prevented  by system atic  tra in ing  (S prynarova
1974) . Generally, m otor stim ulation and work-load in  you th  are on a very  
low level in the conditions of life in  the  industrially  developed countries, the 
functional po ten tionalities of the organism  obviously do no t fully develop, 
and  th e  resulting fitness and  perform ance capacity  rem ain  fairly  low in a re la ­
tiv e ly  great p roportion  of the  adolescents (especially when the  acceleration 
of m orphological grow th is tak en  into consideration). This is clearly ap p a r­
e n t la te r on e. g. in un iversity  students, in whom the level of physical perform ­
ance in  the m ean is ra th e r low; a considerable proportion  of students is u n ­
able to  achieve m inim um  lim its of fitness tests  even in  the firs t year of studies, 
which is m arkedly  worsened during the  following 2 — 4 years of studies (F ucik
1975) . A g reat num ber of students also has to  a tte n d  special physical educa­
tion  classes or has to  be com pletely exem pted from  such.

Selected d a ta  seem to  indicate th a t  morphological acceleration is n o t 
always paralleled b y  a correspondingly accelerated functional developm ent in  
norm al un tra ined  population during puberty . This refers m ostly to  the in ­
dustrially  developed countries, where these surveys were taken . (Of course, 
th is  does no t apply  to  small selected groups of highly disposed and tra ined  
top  ath letes.) Lack of proper m otor stim ulation  during the whole grow th 
period  could be the  reason of this disproportion also resulting in a re la tive ly  
poorer developm ent of the  h ea rt muscle and  overall functional capacity  
K aluzhnaya  1974, P a ÜízkovÁ and Spry n a ro v a  1970). The exam ple of 
b oys and girls system atically  pursuing physical exercise shows, th a t  th e  
morphological and functional as well as m otor developm ent can be in optim um  
harm ony (JuÜmovÁ e t al. 1974t  Merhautová  and  P aüízkovÁ 1973, P a ü íz - 
ková  1974a, P aüízkovX and Sprynarova  1970, P aéízková  et al. 1971, 
Spry n a ro v a  1974) which affords a sound basis of an advantageous functional 
developm ent and  optim al health  prognosis for following periods of life.
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SER D Ü LŐ K O R I VÁLTOZÁSOK A TESTÖ SSZETÉTELB EN  ÉS A FU NK CION ÁLIS
FE JL Ő D É SB E N

í r t a :  P a rízk ov á , J ana  

(Ö sszefoglalás)

A serdülőkori növekedés meggyorsulása során a sovány testtöm eg, összehasonlítva más 
morfológiai jellegekkel, relatíve a legtöbbet növekszik. A sovány testtöm eg legnagyobb növe­
kedése a serdülőkori növekedési lökés periódusában jelentkezik. A sovány testtöm eg növeke­
désének trendje a  pubertás során jellemző egyedi stab ilitást m u ta t, hasonlóan a testm agas­
sághoz. Az aerob kapacitás, a szívtérfogat, az izomerő stb. növekedése párhuzam osan halad 
a sovány testtöm eg növekedésével. Az aerob kapacitás és a szívtérfogat csúcsértékei, a teljes 
és a sovány testtöm eghez viszonyítva, a 14—15 éves korban jelennek meg, k im uta tva  azok 
optim ális fogékonyságát a fizikai teljesítm ényre a fejlődésnek ebben a szakaszában.
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