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A bstract: The paper presents a som atotype analysis of da ta  from  40 female 
apprentices working in the processing of m eat and m ilk products w hich therefore 
m ade possible enrichm ent of their diet w ith sizable am ounts o f additional high- 
quality  proteins. The m easurem ents were taken  according to  the H eath-C arter 
som atotype system , f irs t a t  the beginning of their apprenticeship (m ean age 15,3 
years), and then  16 m onths later. A striking feature of the group was very  low 
ectom orphic values, which during the observation period tended to  become less 
extrem e. Furtherm ore, there were rem arkable differences according to  w hether 
the girls were participating  in any volun tary  noncom petitive sport activities or 
not. N on-participating girls were som ewhat higher in endom orphy and meso- 
m orphy, and significantly lower in ectom orphy, bo th  a t the beginning and end 
of the study  period (P  <  0,01). Indiv idual som atotypes were far from  stable: 
60% of the subjects showed changes in a t least one com ponent by one whole u n it 
or more. On the average there was in bo th  subgroups a small decrease of the first 
two com ponents and a m arked unequivocal increase of ectom orphy, which was 
significantly greater in girls participating  in some kind of sport.
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In tro d u c tio n

S o m ato ty p o lo g y  is a fa sc in a tin g  to p ic  fo r s tu d y , n o t on ly  b y  a n th ro p o 
log ists, b u t  also b y  researchers of m a n y  o th e r re la te d  d iscip lines ( E i b e n  1979), 
m ain ly  because i t  p e rm its  to  express an d  to  s tu d y  an  in d iv id u a l’s b o d y  fo rm ,
i.e. th e  con fo rm atio n  of th e  en tire  b o d y  as opposed  to  th e  analysis  o f specific 
fea tu re s  (M a l in a  1979). B o th  th ese  au th o rs  — an d  m an y  o th e rs  — are  s tre s 
sing th e  co m p lex ity  an d  in te rd isc ip lin a ry  face t of p h y siq u e , w hich  resu lts  
as th e  f in a l s ta te  effected  b y  a m u ltitu d e  o f causal re la tio n sh ip s  in te ra c tin g  
am ong th em selves.

I t  w ould  be  fa r  b eyond  th e  scope o f th e  p re sen t p a p e r to  t r y  an d  give a  com 
preh en siv e  rev iew  of all o r m o st fac to rs  w hich  are  know n to  in fluence  p h y siq u e . 
T h e  effect o f n u tr i t io n  on so m a to ty p e  is obvious in  its  m ain  d im ensions, an d  
h as  been  know n  fo r a long  tim e  (see e.g. B r o z e k  1965). In  m ore  re c e n t years, 
th e  in te re s t  has sh ifted  to w ard s  th e  in fluence  o f w ork  a n d /o r sp o rts  exercise, 
especially  in  y o ung  an d  ad o lescen t su b jec ts  (see e.g. M a l in a  1979, P a r iz k o v á  
a n d  Ca r t e r  1976). B u t d a ta  on th e  concu rring  effect of b o th  fac to rs  seem  
to  be som ehow  lack ing , an d  th e re fo re  we g lad ly  m ade use o f  th e  o p p o r tu n ity  
to  s tu d y  th e ir  possib le in te ra c tio n , o fferred  b y  th e  possib ility  to  ana ly ze  grow 
ing , y o u n g  fem ale  su b jec ts , w ho u n d e rw e n t a  m ark ed  change in  th e ir  n u t r i 
tio n a l h a b its  (in th e  sense o f an  increased  p ro te in  in tak e ), a n d  a t  th e  sam e 
tim e  d iffered  b y  th e ir  physica l sp o rts  ac tiv ities .
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R ep ea ted  m easu rem en ts  ta k e n  on th e  sam e su b jec ts  p e rm itte d  also to  
in v es tig a te  th e  te m p o ra l v a r ia b ili ty  o f  so m a to ty p es , w hich  is a  ty p ic a l ch a rac 
te ris tic  i f  th e  d ev e lo p m en ta l period  ( E i b e n  1979). In  C zechoslovakia, th e re  
w ere several ex ten siv e  d a ta  sets co llected  — to  m en tio n  on ly  S t é p n i c k a  
(1976) an d  B láha e t  al. (1982), b u t m o stly  of th e  cross-sec tional ty p e . T hus 
th e  lo n g itu d in a l asp ec t o f th e  p re sen t d a ta  m ay  p e rh ap s  also be  o f a ce rta in  
in te re s t.

Material and Methods

T he sub jec ts  o f th is  s tu d y  w ere 40 girls a tte n d in g  th e  T echn ical A p p ren tice  
School o f th e  M ilex W orks in  N itra , C zechoslovakia. T h e ir so m a to ty p e  acco rd 
ing  to  th e  s ta n d a rd  H e a th — C arter sy stem  w as m easu red  rep ea ted ly , f irs tly  
a t  th e  s ta r t  o f th e ir  ap p ren tice sh ip , a  few  w eeks a f te r  th e  beg inn ing  o f  th e  
new  school y e a r in  S ep tem b er, an d  also a t  m id -te rm  o f th e ir  second schooling 
a n d  tra in in g  y ea r, i.e. 16 m o n th s  la te r . A t th e  tim e  o f th e  f irs t  m easu rem en t 
th e  average  age o f th e  girls w as 15.3 y ears .

T he special fe a tu re  o f  o u r sam ple consists in  th e  fa c t t h a t  w ith in  th e  fram e
w ork  o f th e ir  v o ca tio n a l tra in in g  th e  girls w ere req u ired  to  w ork  reg u la rly  
a t th e  fa c to ry  o f th e  M ilex W orks a t  th e  processing  o f m e a t an d  d a iry  p ro 
d u c ts , for 2 — 3 days p e r w eek, d u rin g  th e  w hole school y e a r. T h u s th e y  h ad  
am ple  o p p o rtu n ity  to  o b ta in  ad d itio n a l h ig h -q u a lity  p ro te in s  fo r th e ir  food. 
T h ro u g h o u t o u r s tu d y  i t  w as re p e a te d ly  con firm ed  t h a t  th e y  d id  indeed  
m ak e  fu ll use o f th is  o p p o rtu n ity , especially  a t  th e  b eg inn ing  o f th e ir  a p p re n 
ticesh ip .

Tw o groups o f 20 su b je c ts  each w ere fo rm ed  accord ing  to  w h e th e r th e  girls 
w ere p a r tic ip a tin g  in  som e k in d  of v o lu n ta ry  e x tra c u rr ic u la r  sp o rt a c tiv ity  — 
of course on ly  n o n co m p e titiv e ly  — like sw im m ing, gym n astics , e tc . (th e  so- 
called  Sports P a r tic ip a tio n  or SP g roup), or n o t  ( th e  so-called N o-S ports or 
N S group). T h e  th re e  so m a to ty p e  com ponen ts accord ing  to  th e  H eath—Carter- 
method w ere re p e a te d ly  a sce rta in ed  b y  th e  sam e resea rch er (D . M.) an d  th e ir  
in d iv id u a l changes c a lc u la ted  an d  processed  b y  classical p a ra m e trica l s ta t is 
tic a l m ethods.

Results and Discussion

F igure  1 p resen ts  th e  in itia l s ta te , w hen  th e  g irls’ m ean  age w as 15.3 years. 
T h e  average  so m a to ty p e  fo r th e  N o-S ports  g roup  is 5 .0 —4 .0 — 1.3 (in d ica ted  
b y  th e  fu ll circle), an d  fo r th e  S p o rts -P a rtic ip a tin g  g roup  4 .3 —3.2—2.2 (in 
d ica ted  b y  th e  X ). I t  c a n  easily  be  seen th a t  fo r b o th  g roups th e  f irs t an d  
second com ponen ts are  a lm o st fu lly  b a lan ced , b u t  t h a t  th e  th ird  co m p o n en t 
has v e ry  low  values. T h e  betw een-g roup  difference is s ta tis tic a lly  sign ifican t 
fo r en d o m o rp h y  an d  ec to m o rp h y , a n d  fo r m eso m o rp h y  a lm o st so. H ig h ly  
in fo rm a tiv e  is also th e  com parison  w ith  th e  d o tte d  a rea  co rrespond ing  to  th e  
“ n o rm a l”  or con tro l v a lu es  fo r fem ales o f th is  age g roup , as fo u n d  b y  B l á h a  
e t  al. (1982) a t  th e  C zechoslovak N a tio n a l S p a r ta k ia d  1980 a t  P rag u e .

T he in d iv id u a l so m a to ty p e  sh ifts  fo r th e  20 girls o f th e  N o-S ports  g roup  
a re  dep ic ted  on F ig . 2. T h ere  is a  q u ite  m ark ed  in te rsu b je c t d iv e rs ity  b o th  
as to  th e  in d iv id u a l m easu rem en ts  a n d  also th e  in d iv id u a l changes. S h ifts  o f 
m o d era te  size are  f re q u e n t b u t  n o t  v e ry  hom ogeneous, a lth o u g h  a c e r ta in
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Fig. 1. Mean initial som atotypes of girl apprentices a t 15,3 years of age. SP =  Sports P a rtic ip a t
ing group; NS =  No Sports group; ŐSSR ’80 =  control values for this age group

ten d e n c y  fo r sh ifts  to  occur para lle l w ith  th e  e c to m o rp h y  axis seem s to  
be  p resen t.

F igure  3 gives th e  analogous in fo rm atio n  fo r th e  girls p a rtic ip a tin g  in  a n y  
v o lu n ta ry  sp o rts  a c tiv itie s  in  excess o f th e  com pu lso ry  tw o  lessons p e r w eek 
a t  th e  school. A lso h ere  we f in d  a sizable in te rsu b je c t d ispersion, an d  th e  
in co n stan cy  of th e  in d iv id u a l so m a to ty p es  is even  m ore  m ark ed . N evertheless, 
also th e  te n d e n c y  fo r  sh ifts  in  th e  d irec tion  o f th e  th ird  com ponen t ax is  is 
a t  le a s t equ a lly  o b v ious. O ur observ a tio n s so fa r  go th u s  on ly  to  d em o n stra te  
t h a t  in d iv id u a l so m a to ty p es  in  th is  sex, age an d  o ccu p a tio n  group are  h igh ly  
u n stab le .
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Fig. 2. Individual som atotype changes in 20 girls no t partic ipating  in voluntary  sports activ i
ties. E m pty  circles =  first m easurem ent; full black circles =  second measurem ent



T h e q u a lita tiv e  e x te n t o f th is  in s ta b ili ty  is p resen ted  on F ig . 4. E v e n  if  we 
assum e th a t  a score change b y  h a lf  a u n it  in  e ith e r d irec tion  lies s till w ith in  
th e  lim its  o f a m ethodo log ica lly  a n d /o r physio logically  accep tab le  v a ria b ility , 
th e  frequencies o f  even b igger a n d  th u s  su re ly  real changes are  q u ite  h igh. 
F o r th e  purposes o f our p re se n t s tu d y  we defined  as “ re a l” , i.e. t ru e  sh ifts 
on ly  such  changes w here th e  d ifference in  a n y  given com ponen t score a tta in e d  
a t  le a s t one w hole u n it. W ith  th is  p rov iso  in  m ind  we w ere ab le to  define as 
s tab le , i.e. u n ch an g ed  so m a to ty p es  on ly  9 cases in  g roup  IVS a n d  7 cases in  
g roup  S P , y ie ld in g  to g e th e r on ly  40 p e r c en t o f th e  sam ple  exam in ed . “ T ru e”  
changes equalling  or exceeding one w hole u n it  in  one co m p o n en t on ly  w ere 
fo u n d  in  8 su b jec ts  in  each g roups, th u s  rep resen tin g  a fu r th e r  40 p e r cen t

F ig . 4. Frequencies of subjects with stable and changing somatotypes, respectively, according
to participation in sports activities (for details see text)
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Fig. 3. Individual som atotype changes in 20 girls participating  in some extracurricu lar sports 
activities. E m pty  circles =  firs t m easurem ent; full black circles =  second m easurem ent



freq u en cy . A nd in  th e  rem ain in g  20 p e r cen t o f cases “ re a l”  changes on tw o 
co m p o n en ts  s im u ltan eo u sly  w ere o b serv ed : 5 an d  3 girls, re sp ec tiv e ly . W e are 
th u s  led  to  conclude th a t  a change in  so m a to ty p e  w as ra th e r  th e  ru le  th a n  th e  
ex cep tio n , an d  th a t  w ith in  a 16-m onths period  a lm o st tw o th ird s  (to  be  ex ac t, 
60% ) o f o u r fem ale  ap p ren tices  changed  th e ir  so m a to ty p e  b y  a t  le a s t one u n it 
on a t  le a s t  one com ponen t.

F o r fu r th e r  illu s tra tio n  o f these  d y n am ics we m ay  p e rh ap s  ad d  th a t  i f  we 
h ad  accep ted  as “ t ru e ”  changes also d ifferences b y  h a lf  a u n it ,  on ly  a single 
girl ( !) in  each  g roup  w ould h av e  rem a in ed  in th e  categogy  o f “ s ta b le ”  ty p es , 
w hile fu lly  95 p e r cen t o f th e  su b jec ts  show ed a change in  a t  le a s t one com 
p o n en t.

W hich  is th e  so m a to ty p e  co m p o n en t w hich c o n tr ib u te d  m ost to  th e  general 
in s ta b i l i ty ?  F igure  5 p resen ts  th e  e x te n t an d  d irec tion  o f th e  changes betw een  
th e  tw o  m easu rem en ts . A verages are  in d ic a te d  b y  th e  len g th s  o f th e  s trip s , 
an d  tw ice  th e  s ta n d a rd  erro rs b y  in se rte d  bars. T he f irs t co m p o n en t (endo- 
m o rp h y ) is th e  re la tiv e ly  le a s t v a riab le  co m p o n en t: i t  decreased  sig n ifican tly  
(by  0.4 u n its  only) in  th e  S ports  g roup , b u t  on ly  non -sig n ifican tly  so in  th e  
N S -g roup . As, how ever, th e  b e tw een-g roup  c o n tra s t ( t  =  1.41) in d ica tes  no 
s ig n ifican t in te rg ro u p  difference, we m a y  m en ta lly  lum p  th e  tw o g roups and  
sp eak  o f  a genera lly  observab le  (a lth o u g h  sm all) decrease o f th e  f ir s t  com 
p o n e n t. T h e  second co m p o n en t (m esom orphy) show s also decreases in  b o th  
g roups, o f w hich  only  th e  one is m a rk e d  an d  s ig n ifican t viz. b y  0.5 u n its  
in  th e  N S -g roup), w hile th e  o th e r one in  th e  SP  group  is less. T he c o n tra s t 
b e tw een  th e  g roups y ields h ere  a so m ew h at g re a te r  t - te s t  v a lu e , i.e. t  =  1.78, 
b u t  is again  n o t s ig n ifican t; th u s  also fo r th e  second co m p o n en t we m ay  
assum e a com m on, genera lly  decreasing  ten d en cy , to  be p re se n t in  o u r sam ple.

T he m o st m ark ed  tem p o ra l in s ta b ili ty  is found  in  th e  th ird  co m p o n en t, an d  
th a t  in  th e  oppo site  sense. T h is increase  in  ec to m o rp h y  equals in  th e  Sports

Fig. 5. Mean changes for single som atotype components. (Length of bar indicates arithm etical 
m ean, and  th e  inserted lines are * two standard  errors. Asterisks show the significance level 
of the m ean change for a given group by the paired-values t-test. A t the righ t are the results

of the betw een-group tests.)
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P a r tic ip a tin g  g roup  0.62 u n its  an d  is s ta tis tic a lly  h ig h ly  sig n ifican t, w hile 
in  th e  N o-S ports g roup  i t  only  ju s t  fails to  reach  a c ritica l va lue . B u t in  d is
t in c tio n  versus th e  f irs t  tw o  com ponen ts, th e  betw een-g roup  difference of th e  
m ean  changes in  e c to m o rp h y  is h ig h ly  s ig n ifican t (P  <  0.01). T his fin d in g  
im plies th a t  th e  genera l ten d e n c y  fo r th e  th ird  co m ponen t to  sh ift to w ard s 
h igher va lues is th e  m ost p ronounced  one o f a ll th e  changes observed , an d  th a t  
th is  te n d e n c y  affects th e  tw o g roups w ith  v a ry in g  in te n s ity , accord ing  to  
w h e th e r th e  su b jec ts  go in  fo r v o lu n ta ry  sp o rt ac tiv itie s  (SP) or do n o t (N S). 
In  b o th  s itu a tio n s , e c to m o rp h y  increases a t  th e  expense o f th e  f irs t  tw o com 
p o n en ts , w hich in  th e  SP g roup  m eans m ain ly  en d o m o rp h y  a n d  in  th e  NS 
group  m ain ly  m esom orphy .

F ig u re  6 p resen ts  a  su m m ary  p ic tu re  of th e  re su ltin g  so m a to ty p e  sh ift tre n d s . 
H ere , th e  changes w hich to o k  place d u rin g  th e  o b se rv a tio n  perio d  are q u ite  
clear, w hile i t  is eq u a lly  obvious th a t  th e  co rrespond ing  age d ifferences in  th e  
fem ale p a r tic ip a n ts  of th e  1980 N a tio n a l S p a rta k ia d  are  v ir tu a lly  negligible. 
The m ain  aspec t o f change concerns a sh if t in  th e  th ird  co m ponen t, a lm o st 
p a ra lle l w ith  its  ax is, an d  fu rth e rm o re  th is  t re n d  is in  th e  S p o rt group som e
w h a t m ore p ronounced  th a n  in  th e  N o-S ports  group .

A com m on fe a tu re  o f b o th  is th a t  ou r su b jec ts  a t  th e  beg inn ing  and  also 
a t  th e  end  of th e  o b se rv a tio n  period  ex h ib ited  an  en d o m o rp h y  average  w hich  
was a lm o st a w hole u n it  h igher th a n  th e  n a tio n a l average . T his o f course is 
linked  w ith  th e  selection  o f th e ir  fu tu re  v o ca tio n  b y  th e  girls, i.e. to  w ork  
in  th e  m ilk  an d  m e a t p rocessing in d u s try , c e rta in ly  also b y  an  increased  p ro te in  
in ta k e , an d  possib ly  also th ro u g h  p re fe ren tia l tendenc ies for th e  professional 
en v iro n m en t in  question .

T he second co m p o n en t is on ly  a l i ttle  low er th a n  th e  n a tio n a l average, a n d  
d u rin g  16 m o n th s o f ap p ren ticesh ip  th is  average  decreases m o d era te ly , in  sp ite  
of th e  increased  p ro te in  in ta k e , a n d  especially  in  sp ite  o f our su b jec ts  being  
ap p ren tices  w ho h a d  fo r 2 — 3 day s p e r w eek reg u la rly  to  w ork  in  th e  w o rk 
shops o f th e  re sp ec tiv e  fac to ries. W e m ay  o f course th is  decrease perceive as 
a re la tiv e  change only , in d u ced  b y  th e  m assive  increase  o f th e  th ird  com 
p o n en t, e c to m o rp h y  being  th e  m ost conspicuous so m a to ty p e  co m ponen t in
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of the changes. X  =  Sports Partic ipation  group; •  =  No Sports group; □ =  Czechoslovak
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o u r girl ap p ren tices . H ere , we observe, a m ark ed  m esopen ia , even  a t  th e  
b eg inn ing  o f th e ir  p rofessional tra in in g  (i.e. a t  th e  f irs t m easu rem en t), w hen 
th e  averages o f b o th  groups w ere well below  th e  n a tio n a l av e rag e  (by  0.8 u n its  
in  th e  S P  g roup  an d  b y  1.7 u n its  in  th e  NS group). F u r th e rm o re , th e re  is an  
u n eq u iv o ca l para lle lism  fo r th e  dy n am ics o f  th e  tw o g roups, ten d in g  to w ard s 
“ n o rm aliz in g ”  th e  values o f  th is  co m ponen t. T his in crease  is so m ew hat less 
in  girls w ho do n o t p a r tic ip a te  in  sp o rts  ac tiv ities , w hile th e  v e ry  su b s ta n tia l 
in crease  in  th e  S ports  g roup  b rings th e m  (a t th e  end o f th e  o b se rv a tio n  period) 
q u ite  n e a r  to  th e  contro l av erag e , th u s ly  increasing  th e  be tw een -g ro u p  d iffer
ence in  ec to m o rp h y  even fu r th e r :  th is  c o n tra s t y ielded  a t-v a lu e  of t  =  5.12. 
T h is b e ing  th e  p rin c ip a l d ifference b e tw een  th e  tw o g roups, we m a y  ta k e  i t  
to  re su lt from  th e  differing  degree o f p a rtic ip a tio n  in  v o lu n ta ry  sp o rts .

Conclusions

O ur m ain  fin d in g  can be  sum m ed  up  in  th e  s ta te m e n t t h a t  th e  so m ato ty p e  
o f fem ale ap p ren tices , w ork ing  in  th e  m e a t an d  m ilk  p rocessing  in d u s try , is 
a c h a ra c te ris tic  w hich e x h ib its  a  v e ry  h igh degree o f v a r ia b ili ty  an d  sh ifting  
in  tim e , even d u rin g  a re la tiv e ly  sh o rt period  of 16 m o n th s . C om m on fea tu res 
fo r all th e se  su b jec ts  w ith  a m a rk e d ly  increased  p ro te in  in ta k e  is a slow n o r
m a liza tio n  o f th e  in itia lly  o bserved  m assive ectopen ia , w hile  th e  en d o m o rp h y  
v a lu es  are  b u t  a little  ab o v e  th e  n a tio n a l con tro l ones. T h is no rm aliza tio n  
o f th e  ec to p en ia  proceeds in  girls w ho do p rac tice  an y  k in d  o f  (non  com petitive) 
sp o rts  a t  a s ig n ifican tly  qu ick er pace  th a n  in  girls w ho a b s ta in  from  e x tra 
c u rric u la r  sp o rts  ac tiv ities .

I t  is hoped  th a t  i t  shall be  possib le  to  co n tin u e  th e  m easu rem en ts  an d  to  
e x te n d  th e  observa tions to  cover th e  w hole th re e  years o f  ap p ren ticesh ip , a t  
th e  end  o f w hich th e  girls w ill be also so m atica lly  fu lly  m a tu re .

IP A R I TANULÓLÁNYOK SZOMATOTÍPUS-VÁLTOZÁSAI 
F E H É R JE D Ú S  TÁPLÁLKOZÁS M ELLETT

ír ta : Marcinková, D.— St u k o v sk í, R.

Összefoglalás

A szerzők dolgozatukban 40 ipari tanulólány szom atotípusának a d a ta it  közük. A leányok 
hús- és tejfeldolgozó üzemekben dolgoztak, ahol lehetőségük ny ílt a rra , hogy táplálkozásukat 
nagy mennyiségű, magas értékű fehérjével egészítsék ki. A testm éreteket a H eath— Carter 
szom atotípus technika szerint ve tték  fel, először a leányok iparitanuló tanu lm ányaik  kezdetén 
(ekkor 15,3 év vo lt az átlagos életkoruk), m ajd 16 hónappal később. A csoport szem betűnő je l
lem vonása vo lt a nagyon alacsony ektom orfia-érték, amely a megfigyelés időszakában a kevéssé 
szélsőséges érték  felé módosult. További figyelemre méltó különbségek vo ltak  aszerint, hogy 
a leányok részt vettek-e valam ely nem  versenyszerű sporttevékenységben vagy nem. A sport- 
tevékenységet folytató leányok valam elyest m agasabb értékeket m u ta tn ak  az endo- és mezo- 
m orfiában, és szignifikánsan alacsonyabbak az ektom orfiában (P <  0,01, m indkét vizsgálat 
során). Az egyéni szom atotípusok messze nem  voltak  állandóak. A v izsgáltak  60% -a m u ta to tt 
legalább egy komponensben egy egységnyi vagy nagyobb változást. Á lta lában m indkét al
csoportban csekély növekedés vo lt az első k é t komponensben, és egy feltűnő, nem  egyértelm ű 
növekedés az ektom orfiában, am ely szignifikánsan nagyobb azoknál a leányoknál, akik vala
mely sporttevékenységet fo ly ta ttak .

*

(Received 12 December 1983)
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