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INDICES OF PHYSIQUE AND PERFORMANCE IN 
PREPUBERAL SWIMMERS

by I. S z m o d i s  aad J. M é s z á r o s

(Central School of Sports, Budapest, Hungary; Department of Medicine, Hungarian 
University of Physical Education, Budapest, Hungary)

A b s t r a c t .  Two groups of prepuberal swimmers (10 boys and 17 girls) with 
a training history of 2.5 to 3 years were studied three times in three consecutive 
years from the age of 10 to 12. The purpose was to follow physical development 
and disclose the relations, if any, between performance and physique. To this 
end seven body dimensions and swimming scores at the second and third ob­
servations were recorded, Conrad’s metric and plastic indices and correlation 
coefficients were calculated. Boys exceeded in some, girls in most dimensions 
the comparable non-athletic reference groups of earlier and recent origin. Swim­
ming scores correlated only with hand circumference in the girls and with hand 
circumference, chest breadth, shoulder width, weight, height and plastic index 
in the boys. Though correlations of performance with physique became closer 
with age, also functional aspects have to be considered in explaining improve­
ment in swimming.
Key words: Physique, performance, swimming performance, prepuberal 'swim­
mers, sex-dependent traits of physical development.

Introduction

In  dealing  w ith  a th le tic  y o u th  sw im m ing is an  area  of p a r tic u la r  in te re s t 
since co m p e titiv e  en g ag em en t an d  success in  i t  too  occur a t  a re la tiv e ly  young  
age. O ur pu rpose  in  th is  w ork was to  s tu d y  m ale an d  fem ale course o f deve lop ­
m en t in  a g roup  d e d ica ted  to  th is  sp o rt an d  th e  re la tio n sh ip s  th a t  m a y  ex ist 
b e tw een  p erfo rm an ce  an d  b o d y  d im ensions o f y oung  sw im m ers.

M aterial an d  M ethods

T he su b jec ts  w ere 10 boys an d  17 girls h av in g  a tra in in g  h is to ry  o f 2.5 to  3 
y ears  o f sw im m ing. T his case n u m b er m ig h t a p p e a r  v e ry  low, b u t  i t  is n o t a 
negligible fra c tio n  o f  th is  age g roup  of p ro fic ien t sw im m ers in  H u n g a ry  to d a y . 
T h e ir age ran g ed  from  9.5 to  10.5 w hen  o b se rv a tio n  began . All o f th e m  w ere 
observed  th ree  tim es w ith  ap p ro x im a te ly  y ea rly  in te rv a ls  in  betw een. O b se rv a ­
tio n  ended  in  1978 w hen  th e  boys w ere 11.9 an d  th e  girls were 12.1 on th e  
average.

In  ta k in g  b o d y  d im ensions IB P  suggestions (W e in e r  an d  L o u r ie  1969) 
w ere observed . O f th e  d a ta  m etric  in d e x  as a fo rm  fac to r  and  p las tic  in d ex  
as a ro b u stn ess  fa c to r  (Conrad  1963) w ere ca lcu la ted . P erfo rm ance scores 
re ly ing  on th e  scoring  sy s tem  of th e  H u n g a ria n  Sw im m ing F ed e ra tio n  were 
reco rded  a t  th e  second an d  th ird  o b se rv a tio n s an d  w ere re la ted  to  all observed  
p a ram e te rs  o f physique .
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R esu lts  an d  D iscussion

All o f ou r su b jec ts  liv ed  in  th e  c ap ita l, an d  also th e  tw o reference g roups 
of n o n -a th le tic  ch ild ren  w ere in h a b ita n ts  o f B u d ap est. E ib e n  e t al. (1971) 
carried  o u t th e ir  m easu rem en ts in  1968/69 w hile th e  d a ta  re p o rte d  b y  th e  
au th o r m en tio n ed  second above (Mészáros a n d  Mohácsi 1978) re fe r to  m ore 
recen t y ears . E x c e p t fo r b o d y  w eigh t, reference d a ta  s ig n ifican tly  differ from  
one a n o th e r. T he b o y  sw im m ers’ w eigh t d id  n o t  differ from  reference d a ta  
(Fig. 1), an d  th e ir  s ta tu re  d iffered on ly  a t  th e  second an d  th ird  o b se rva tions 
from  th e  re p o rt o f E ib e n  an d  co llabora to rs. T h e ir  shou lder w id th  on ly  differed  
from  ea rlie r d a ta . T ran sv erse  d iam eters  an d  g ir th s  of th e  ex trem itie s  te n d e d  
to  follow  th e  slig h tly  u p w ard  concave line of w eig h t increase. Y early  in crem en ts  
were alw ays sign ifican t on a 1 %  level excep t fo r th e  m etric  an d  inverse p o n d e ra l 
indices (F ig . 2), w h ich  show ed a p eak  in  b o d y  lin e a r ity  a t  11 years  o f age a n d

Fig, 1: Development of boy swimmers, 1 (x±S.D .; N =  10). Horizontal axis is that of time 
and age. The arrows denote means of nonathletic reference material reported by Eiben et al. 
(1971). The frames of means and S.D.’s refer to a similar material of Mészáros et al. (1978). 

Brackets indicate levels of significance of differences
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a slow decrease in  i t  la te r . T hough swim  scores im p ro v ed  considerab ly , th e  
boys’ p erfo rm an ce  w as m uch in ferio r to  t h a t  o f girls.

T he p a t te rn  o f g ro w th  in  th e  girls w as s lig h tly  d iffe ren t (Figs 3 an d  4). All 
com parab le  d im en sio n s  w ere g rea te r th a n  th e  reference d a ta . W hile th e ir  
s ta tu re  ra n  a lo n g  a n  u p w ard , s ligh tly  co n v ex  line, w eigh t increase h a d  an  
opposite  c u rv a tu re . N e ith e r of these  tre n d s  w as follow ed, how ever, b y  th e  
o th e r d im ensions m ost o f w hich h ad  an  a lm o st s tra ig h t course w ith  s ig n ifican t 
y ea rly  in c rem en ts . Since th e  girls’ perfo rm an ce  w as m ark ed ly  b e tte r , i t  is 
in te re s tin g  to  n o te  th a t  none o f th e  b o d y  dim ensions differed  be tw een  th e  
tw o sexes a n d  th e  girls h ad  a s ig n ifican tly  m ore lep to m o rp h ic  b u ild . O n th e  
o th e r h an d , w hile p eak  bo d y  lin e a rity  in  th e  boys w as reach ed  b y  a re la tiv e ly  
steep  change, th e  girls show ed —  a fte r  a p la te a u  betw een  10 an d  11 —  a  tu r n  
to w ard  ro u n d n ess  b e tw een  11 an d  12 y ears  o f  age. T his an d  th e  u p w ard  con-
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f ig . 2:. Development of boy swimmers, 2 (x AS. I).: N =  10). Arrows pointing to the female 
sex symbol refer to significant differences from the girl swimmers. Other symbols and notation 
agree with that in Fig. 1. C . U . :  C o n r a d  units of the leptomorphy-pyknomorphy scale. A more 
linear body build is denoted by more negative values in the metric index and by larger numbers

in the inverse ponderal index



Fig. 3: Development of girl swimmers, 1 (x±S.D .; N =  17). Symbols, notation and abbrevia­
tions conform to those in Fig. 1

v e x ity  o f th e  s ta tu re  line seem  to  fo recast th e  earlie r te rm in a tio n  o f fem ale  
developm en t.

T here  are  som e signs —  a t  le a s t in  th e  s ta tu re  o f  young ad u lts  —  t h a t  th e  
secu lar tre n d  of increasing  heigh t is now  levelling  off in  H u n g a ry , to o . T h is 
m ay  be o f course a tra n s ito ry  phase  as well, because in  th e  younger age-groups 
d ifferences from  th e  1968 reference d a ta  are  s till p resen t, as show n fo r som e 
dim ensions. In  reg a rd  of a th le tic  g roups one shou ld  consider selection  effects, 
too , because s tru c tu ra l ad v an tag e  is be lieved  to  associate w ith  b e tte r  p e r ­
fo rm ance.

T he re la tio n sh ip  o f body  p a ra m e te rs  to  sw im m ing perfo rm ance (F igs 5 
an d  6) becam e closer w ith  age, th o u g h  som e in  th e  boys an d  m ost in  th e  girls 
failed  to  reach  th e  level of significance even  la te r . B eyond th e  m ark ed  an d  
s trik in g  difference in  th e  n u m b er of d im ensions s ig n ifican tly  re la te d  to  sw im  
scores i t  w as m ore su rp rising  th a t  th e  girls show ing a superio r perfo rm ance  h ad
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Fig. 4: Development of girls swimmers, 2 {x *8.1).: N =  17). Symbols, notation and abbrevia­
tions conform to those in Fig. 2. Arrows pointing to the male sex symbol refer to significant

differences from boy swimmers

on ly  tw o s ign ifican t coeffic ien ts a lto g e th e r and  th e ir  h igh  p lastic  in d ex  of 
ro b u stn ess  was n o t am ong th ese . A n o th er un ex p ec ted  re su lt w as th a t  chronolog­
ical age was sig n ifican tly  re la te d  to  perform ance w hereas its  coeffic ien t was 
neglig ib le in  th e  boys. C hest b re a d th  an d  shou lder w id ths, th e  b est an d  second 
b est p red ic to rs  o f perfo rm ance in  th e  boys, were also u n re la te d  to  th e  g irls’ 
scores.

W e can  offer on ly  a te n ta t iv e  e x p lan a tio n  for th ese  u n ex p ec ted  resu lts . 
In  view  of th e  ta lle r  th a n  reference s ta tu re  of these  girls, th e y  m igh t h av e  been 
acce lera ted  as well. T his a ssu m p tio n , how ever, is a p p a re n tly  in v a lid a te d  b y  th e  
co rre la tio n  of chronological age, w hich w ould be decreased  ra th e r  th a n  increased  
by  earlie r m a tu ra tio n . T h u s th e ir  ta ll  s ta tu re  m ay  be a se lec tion  effect ra th e r . 
In  ad d itio n , th is  period  o f life is u sua lly  one of conspicuous gain  in  s tre n g th , 
speed an d  coo rd in a tio n  in  a th le tic  girls. These facu lties are  like ly , th e n , to  
in fluence perfo rm ance to  th e  sam e, if  n o t g rea te r e x te n t, as th e  u n d erly ing  
b iom echan ical s tru c tu re , th o u g h  th e  im p o rtan ce  of th e  la t te r  c an n o t be n eg lec t­
ed e ith e r.
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Fig. 5: Correlations: Performance to physique, boys. The length of the bars is proportionate 
to the respective linear correlation coefficients scaled at the top of the figure. Bold and open 

bars refer to second and third observations
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Fig. 6: Correlations: Performance to physique, girls. Notation conforms to that in Fig. 5




