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H u m an  biology con tinues to  exam ine th e  re la tio n sh ip  b e tw een  s tru c tu re  
a n d  fu n c tio n  o f  th e  h u m an  b o d y  w ith  unch an g ed  in te re s t  even u n til  th is  
d a y . F ro m  th e  th eo rie s  o f  p h ysica l typ o lo g y  suggested  b y  genetic  d e te rm in a tio n  
we h av e  com e, n am e ly , to  th e  so-called fu n c tio n a l ty p o log ies in  o u r age. M odern 
h u m a n  biology s tr iv e s  fo r a to ta l i ty  o f  a ce rta in  k in d  w hen choosing th e  
so m atic  an d  psychologic  com plex o f m an  fo r th e  su b jec t o f  i ts  ex am in a tio n . 
In  o th e r  w ords, i t  also recognizes th e  psychologic c o n s titu tio n  besides physiq u e . 
P h y siq u e  as som atic /m orpho log ica l/physical c o n s titu tio n  is be ing  exam ined  
to g e th e r  w ith  th e  e tho log ica l an d  ecological aspects  in  an  ever grow ing n u m b er 
o f  in stan ces .

P e rm it m e, p lease, to  ta k e  a b r ie f  re tro sp ec tiv e  glance. T his Sym posium  
offers m e th e  o p p o r tu n ity  to  m en tion  th e  H u n g a rian  researchers, too , w ho 
m ade th e ir  m ark  in  th e  fields o f  fu n c tio n a l ty p o lo g y .

To th e  fu n d a m e n ta l ideas o f  ph ilosophy , like “ m a tte r ”  o r “ fo rm ”  I  m erely  
re fe r here  (cf. W o l sk y  1942). In  th e  p re sen t in tro d u c tio n  I  w ould ra th e r  
c o n cen tra te  upon  th e  fu n d a m e n ta l biological n o tions o f  structure an d  fu n c tio n . 
T he  re la tio n sh ip  o f  th e se  tw o  has held  th e  a t te n tio n  o f  researchers from  th e  
o ldest tim es. I t  can  b e  considered  as a basic p rincip le  o f  biology, t h a t  each  s tru c tu re  
becom es su itab le  fo r  perfo rm ing  a d e fin ite  fu n c tio n  b y  th e  v e ry  p ecu lia rity  
o f  i ts  co n stru c tio n . In  th e  m a jo rity  o f  cases i t  is easy  to  perceive th e  connection  
o f  s tru c tu re  and  fu n c tio n . F o r exam ple th e  re la tio n sh ip s  betw een  th e  dense 
v a sc u la r ity  o f  th e  p a ren ch y m a l o rgans, o f  th e  liv er, th e  k id n ey , th e  h e a r t an d  
th e ir  considerab le  oxygen  d em and , and  fu r th e r  be tw een  th e  c u rv a tu re s  and  th e  
resilience, o r  f le x ib ility  o f  th e  sp in a l colum n, as well as th e  sp a tia l a rran g em en t 
o f  th e  elem ents o f  b o n e  tissu e  an d  m echanical lo ad  a re  conspicuous (KlSZELY 
1970).

U p u n til  now  a n th ro p o lo g y  exam ined  i ts  su b jec t m o stly  and  p re p o n d e ra n tly  
s ta tic a lly . T he g re a te r  p a r t  o f o u r a tta in m e n ts  has been  in sp ired  b y  m orphology. 
H ow ever, one m u st n o t  lose s igh t o f  th e  c ircum stance  th a t  s tru c tu re  and fu n c 
tio n  a re  sides o f  th e  sam e m a te r ia l system , w hich possib ly  should  be ta k e n  
sim u ltan eo u sly  in to  co n sid e ra tio n . Y et th ese  tw o aspects  o f  th e  phenom enon  
are m an ifested  n o t o n ly  b y  th e ir  in sep a rab ility  b u t  b y  a re la tiv e  independence  
o f  each  o th e r as w ell. A  given s tru c tu re  or p a r ts  o f  i t  m ay  change w ith o u t 
an y  a lte ra tio n  ensu ing  in  th e  fu n c tio n a l ch a ra c te ris tic  o f th a t  s tru c tu re . Y et 
i t  has also been re p o r te d  th a t  th e  biological system s o f id en tica l s tru c tu re  
w orked  fu n c tio n a lly  d iffe ren t (Kiszely 1970).
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O ur fu tu re  o b jec tive  should  be to  search  for th e  fu n c tio n a l m ean in g  o f th e  
given s tru c tu re s  a t  th e  tim e  th e y  are  recognized . W e shou ld  t r y  to  connect th e  
fu n c tio n s m ore in ten siv e ly  w ith  th e  s tru c tu ra l cha rac te ris tic s .

N a tu ra lly , th is  is n o t a new  en d eav o u r in  biology, y e t i t  becom es in c reas
in g ly  sign ifican t to d a y . R e la tiv e ly  soon a fte r  th e  m acroscopic analysis of 
s tru c tu re  and  fu n c tio n , cam e th e  m icroscopic ex am in a tio n  (ce llu lar and  th e n  
in te rce llu la r  analysis). In te rc e llu la r  s tru c tu re  could be ex p e rim en ta lly  in 
flu en ced  as early  as th e  1930s. H ow ever, on th e  in te rc e llu la r  level th e  w ay  
w as opened  only  a fte r  a s ig n ifican t advance  in  genetics. W ith  th e  developm ent 
o f  u ltra s tru c tu re  research , as w ell as w ith  th e  b iophysica l an d  biochem ical 
m ethods th e  re la tionsh ips b e tw een  th e  s tru c tu ra l and  fu n c tio n a l ch a rac te ris tic  
o f  th e  liv ing  organism s are b e ing  exam ined  now adays on th e  level o f  th e  p ro te in  
m olecule. T he elec tron  m icroscopic ex am in a tio n  o f th e  u l tra s tru c tu re  led  to  th e  
reco g n itio n  of new  functions.

A n o th e r fie ld  o f  research  is th e  ex am in a tio n  o f th e  con n ec tio n  betw een  
som atic  and  psychic c o n s titu tio n . H ippo c r a t e s  described  his genera lly  know n 
h um oral-patho log ic  ty p es  n ea rly  tw o and  a h a lf  th o u sa n d  years  ago. T h is was 
one o f  th e  earliest typo log ies.

I ts  fu n d a m e n ta l ideas are  s till  be ing  used . H om o sap iens is ju s t  as v a riab le  
in  his psych ic  ch a rac te ris tic s  as in  h is p h y siq u e . As is u su a lly  sa id , “ so m an y  
people so m an y  ch a ra c te ris tic s” . E ach  m an  is an  in d ep en d en t u n ity , a perso n 
a lity . T h e  fea tu res  ch a ra c te ris tic  o f  p e rso n a lity  are  —  as is know n  —  in  in te r 
ac tio n  w ith  one a n o th e r, w h e th e r th e y  are  m orphological ch a rac te ris tic s  or 
p sych ic  p roperties. B y  th e se  are  m an ’s in te rp e rso n a l re la tio n s determ ined . 
L e t us rem em ber tw o such w ell-know n figures as F a ls ta ff  o r Cassius, fo r 
exam ple.

All th e  p roperties re fe rred  to  above co n cen tra te  ro u n d  ce rta in  ch a rac te ris tic s , 
and  also th e  elem ents o f th e  exam ined  sam ples (i.e. th e  people) co n cen tra te  
th e re . W ith  an  increase o f th e  d is tan ce  from  these  foci, th e  d is tr ib u tio n  gets 
th in n e r  (H alász—Márton  1978). T h is is, in  fac t, th e  fo u n d a tio n  o f ty p e  
fo rm ing .

I  c an n o t u n d e rtak e  here, how ever te m p tin g  i t  is, to  offer a com plete  su rv ey  
o f th e  w ide v a r ie ty  o f typo log ies. M ain ly  from  th e  second h a lf  o f th e  p a s t 
c e n tu ry  these  have  n o t on ly  been  g rea t in  n u m bers, b u t  also th e ir  d irec tions 
have  d isp lay ed  g rea t v a r ie ty .

Also B e n e k e , a pa th o lo g ica l a n a to m is t w ho w orked  in  V ienna, c o n tr ib u te d  
in  a considerab le degree to  th e  deve lopm en t o f a sc ien tific  m orphological 
ty p o lo g y . O f th e  f ir s t  morphological anom aly  described  b y  h im , a sm all h e a r t, 
n a rro w  v ascu la r system , la rg e  lungs, sm all liv er, sh o rt sm all in te s tin e , w eak 
m uscles and  a slender osseous system  are  ch a ra c te ris tic . In  th e  case o f th e  
second morphological anom aly  he observed  th e  opposite  o f  all o f  th ese , i.e. 
a la rg e  h e a rt, w ide v ascu la r  sy stem  (re la tiv e ly  n a rro w  p u lm o n a ry  a rte ry ) , 
sm all lungs, large liver, long an d  w ide sm all in te s tin e , w ell-developed osseous 
and  m uscle system s, th ic k  f a t  p ad  (B e n e k e  1878, 1881, B u day  1943).

On th ese  ty p es  the H u n g a ria n  a u th o r  B e rta la n  Stiller gave a m ost de ta iled  
d esc rip tio n  —  also th e  te rm s  “ h a b itu s  a s th en icu s”  an d  “ h a b itu s  ap op lec ticus”  
o rig in a te  w ith  h im  (Stiller 1884, 1907, Eiben 1977).

As show n b y  th e  nam es o f  th e se  ty p e s , i t  was assum ed  th a t  fo r th e  genesis 
o f c e r ta in  diseases specific p red isposing  fac to rs  w ere necessary , an d  th a t  for 
th e se  th e  physique  w as responsib le . A t th e  sam e tim e  one can  c learly  perceive



here  th a t  ty p e  is, a t  a n y  tim e , an  a b s tra c tio n . T be ex trem es, th e  r a th e r  in 
fre q u e n t “ p u re  ty p e s ”  a re  in  m ost cases pa th o lo g ica l. L e t us on ly  consider 
K retsc h m er ’s (1921) c o n s titu tio n a l ty p es , m ay b e  b e s t know n even to  th e  
general pub lic . O r le t us consider th e  p a tie n ts  su ffering  from  T u rn e r’s o r D ow n’s 
syndrom es. N o t o n ly  th e ir  p h y siq u e  and  so m a to ty p e , even  th e ir  k a ry o ty p e  
an d  b eh av io u r are  ch a rac te ris tic . H ere  th e  defec tive  s tru c tu re  has a ce rta in  
h y p o fu n c tio n  as a re su lt (E ib e n  e t al. 1974; B ősze e t a l. 1980).

F u n c tio n  th u s  depends on s tru c tu re  an d  w ith in  th is  on th e  p ro p o rtio n s  o f 
th e  com ponen t p a r ts  o f  t h a t  s tru c tu re . E m ped o c les  (5 th  cen t. B.C.) re v iv e d  
m uch  earlier d o c trin es  o f  th e  p rim itiv e  m a te ria lism  o f th e  an c ien t easte rn  
cu ltu res . A ccord ing  to  h im  ju s t  as ev e ry th in g  else in  th e  w orld , th e  h u m a n  
b o d y  its e lf  is a m ix tu re  o f  fo u r fu n d a m e n ta l e le m e n ts : f ire , w a te r, a ir  an d  e a r th . 
H e a lth y  m an  is ch a rac te rized  b y  a p ro p o rtio n a l d is tr ib u tio n  o f  th e  fo u r 
e lem ents (H alász— Márton  1978). In  recen t tim es  T homas w as f i r s t  to  use 
th e  s ta te  o f  d ev e lo p m en t, th e  re la tiv e  p rep o n d eran ce  o f th e  single o rgan  system s 
as a ty p e -fo rm in g  e lem ent in  his ty p o lo g y  (cf. abdom ina l ty p e , th o ra c ic  ty p e , 
cephalic  ty p e ; T hom as). T his line o f  research  reach ed  com pletion  in  Sh e l d o n ’s 
(1940) w orks.

Sh e l d o n ’s so m a to ty p in g  m eth o d  exam ined  th e  v a rio u s o rg an  system s 
one a f te r  th e  o th e r  (as w ell as th e ir  p red o m in an ce).

W ith  reg a rd  to  th e  su b jec t o f th e  p re sen t S ym posium , all tissu es , o rgans 
o r o rg an  system s o f m esoderm al o rig in  are w o r th y  o f special a tte n tio n . M es
enchym e is a so rt o f  tissu e  o f  p rim aev a l o rig in : phy lo - an d  on to g en e tica lly  i t  is 
th e  o ldest k in d  o f  su p p o rtin g  (connective) tis su e . I t  is th e  fu n d a m e n ta l tissu e  
from  w hich  all o th e r  su p p o rtiv e  tissu es  ta k e  th e ir  origin. M oreover, even th e  
blood-vessel, th e  b lood , th e  m edulla  and  th e  m uscle  tissu e  developed  from  it .  
I ts  cells con tinue  to  ex is t sca tte re d  in  th e  a d u lt o rgan ism  an d  enab le  reg en era 
tio n , as well as fu r th e r  deve lopm en t in  v a rio u s  d irec tions (T örő 1952). T he 
m esenchym e can  be in flu en ced  in  e x tra u te r in e  life. R egard ing  th e  bone, I  
re fe r to  th e  o u ts ta n d in g  -work o f th e  H u n g a ria n  ex p erim en ta l m orpho log ist 
K ro m pec h er  (1956). In  th e  case o f th e  m uscle, th e  changes b ro u g h t ab o u t 
b y  ph y sica l w ork  an d  sp o rtin g , as well as b y  d isease an d  con tin u in g  in a c tiv ity  
are  obvious.

I f  we s till a scribe  sign ificance to  m esenchym osis (an  anom aly  of th e  osseous- 
and  a r tic u la r  system s) to d a y , th e n  i t  is of in te re s t  th a t  th e  m esenchym e m ay  
(also) be fo rm ed  in te rce llu la rly ; co n sequen tly  i t  can  be grow n —  a t  leas t in  
v itro  —  in  th e  e x tra u te r in e  life. M ay I  rem ark  h e re  th a t  re sea rch  on connec
tiv e  tissu e  has been  ra th e r  in ten siv e  in  H u n g a ry  fro m  th e  1930s on, as i t  appears 
fro m  H u zella ’s (1943) W'ork.

C onsequen tly , som atic  v a r ia tio n  can be ex p an d ed  b y  cy to logical an d  
h isto log ica l a spec ts .

A bandon ing  th e  som ato logical ty p es , P avlov e lab o ra ted  a neurophysio logical 
ty p o lo g y , p rim a rily  on his ex p erim en ta l an im als . T he e x a c t neu rophysio log
ical re a c tio n  ty p e s  o f  th e se  dogs could be  su rp ris in g ly  id en tified  H ippo c r a t e s’s 
im pressive em p irica l ty p e s  w hich  h ad , how ever, no  sc ien tific  fo u n d a tio n  in  
to d a y ’s sense (P avlov  1956).

P avlov  deserves c red it fo r m ak ing  a fu r th e r  s te p  to w ard s th e  h u m an  p ecu lia r
ities . H e recogn ized  th a t  th e  fou r neu rophysio log ica l ty p e s  o f  p h ysique  w ere 
n o t p rim a rily  c h a ra c te r is tic  o f  m an , b u t  th a t  th e  ch a rac te ris tic s  o f th e  h u m an  
neo fo rm ations o f  th e  cereb ral co rtex  w ere m ore im p o r ta n t. In  th e  overw helm -
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ing  m a jo r ity  o f people  th e  senso ria l i.e . p ic tu re -lik e  an d  th e  co n cep tu a l i.e. 
v erba l p e rcep tio n  and  re flec tio n  o f re a l i ty  are  rou g h ly  b a lan ced . T h e re  are, 
how ever, tw o  ch a rac te ris tic  ex trem es: in  one o f  th ese  th e  sensory  or (in P avlov’s 
w ords) f i r s t  signalizing system  is d o m in an t, w hile in  th e  o th e r  th e  verb a liz in g , 
i.e. second signalizing system  p rev a ils . W e m eet here  a n eu ro fu n c tio n a l c lassifi
ca tion , w h ich  th u s  d iffe ren tia tes , and  is, th ere fo re , m ore th a n  th e  cereb ral 
o r ec tom orph ic  ty p e s  o f  p rim a rily  m orphological ch a rac te r .

I t  is a n o th e r  m a tte r  th a t  th e  r a th e r  com plex  system  o f prob lem s o f fu n c tio n a l 
b io ty p o lo g y  can h a rd ly  be com prehended  b y  single b ran ch es o f science. B io
p h ysic ists , b iochem ists, cy to log ists  and  h isto log ists , m orphologists, p h ysio lo 
gists, psycho log ists , sp o rts  research ers  an d  num erous o th e rs  to g e th e r  w ith  
physica l an th ro p o lo g is ts /h u m an  b io logists m ay  a tte m p t m u ltid isc ip lin a ry  
co opera tion  fo r th e  w ell-grounded  ex p e c ta tio n  o f  success.

*

I open  o u r Sym posium  w ith  a b r ie f  look a t  all th e se  prob lem s. I  am  rem in d ed  
of o u r f i r s t  m eeting  a rran g ed  a t  B a la to n fiired  in  S ep tem b er 1976. In  th a t  
“ B a la to n  Sym posium ”  we chose Growth and Development; Physique, fo r our 
su b jec t. On th e  p re se n t occasion, here  a t  V isegrád, in  th is  “ D an u b e  S ym po
sium ” , th e  su b jec t is F unctional Biotypology. O n th e  evidence o f  th e  lis t o f 
p a r tic ip a n ts  and  in  th e  know ledge o f th e  p re sen ta tio n s  inc luded  in  th e  p ro 
g ram m e I  can  say  th a t  th e  m u ltid isc ip lin a ry  c h a ra c te r  o f o u r S ym posium  is 
ensured . I  s incerely  hope th a t  th e  p ap ers  an d  th e  d eb a tes  follow ing th em  
will b r in g  n o tab le  re su lts  to  o u r su b jec t.

A t th e  sam e tim e , I  should  like  to  m en tio n  th a t  our su b jec t to u ch es  upon  
th e  b io logy  o f ch ild ren  in  q u ite  a n u m b e r o f respects . A ccordingly , w e in ten d  
also to  c o n tr ib u te  to  th e  success o f th e  In ternational Children's Y ear  th ro u g h  
ou r Sym posium .

I  feel su re  th a t  th e  p re sen t m eeting  —  ju s t  as also th e  B a la to n  S ym posium  
th ree  y ea rs  ago —  will in c lude  num ero u s new  in stan ces o f  co o p era tio n , th e  
e s tab lish m en t o f fu r th e r  p rofessional an d  frien d ly  re la tio n s. A nd if, as a re su lt 
o f all th e se , in te rn a tio n a l h u m a n  biological research  con tinues to  grow  and  
ex p an d  an d  provides fu r th e r  f in e  re su lts , th e  o rgan izer o f th is  D an u b e  S ym po
sium  w ill be am p ly  rew arded .

I  w ish  you  all th e  v e ry  b e s t fo r a successful Sym posium  !
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A MULTIVARIATE APPROACH TO THE 
MORPHOLOGY OF A POPULATION OF CHILDREN IN 

GENEVA AGED FROM 4 TO 19% YEARS
b y  M. B a k o n y i an d  P . M o eschler

(Department of Anthropology, University of Geneva, Geneva,
Switzerland)

A b s t r a c t .  A factor analysis by principal components was conducted on 
anthropometric variables from a sample of 5578 children and adolescents aged 
4 to 19.5 years, living in Geneva, Switzerland. The variables used in this analysis 
are biacromial diameter, sitting height, weight, upper arm length, total arm 
length, arm cirumference, bicristal diameter, bizygomatic breadth, leg length, 
face height, antero-posterior diameter, transverse diameter, subscapular skin
fold, triceps skinfold. Mean values by sex were calculated at half-year intervals. 
The main results obtained are as follows.

The first factor is a general growth factor, the second and third factors account 
for the evolution of morphology through time. This is particularly clear when these 
latter two factors are related to the first. The second factor is bipolar, opposing 
weight and breadth measurements to head and length measurements. The 
skinfolds play an important role in this factor, particularly the triceps skinfold. 
The third factor is more complex and can be characterized by the importance 
of the weighting attributed to the subscapular skinfold.

Briefly, a principal components analysis reveals the part played by skinfolds 
during grow th and brings out the evolution of the morphological type. A dis
cussion of this last point is developed in this paper.

Key words: growth and development, Geneva children, factor analysis by 
principal components.

In tro d u c tio n

C erta in  m ethods f re q u e n tly  used  in  m u ltiv a r ia te  analysis h av e  th e  ad v an tag e  
th a t  th e y  give an id e a  o f  th e  possib le  s tru c tu re s  o f  a se t o f  d a ta  in  th e  absence 
o f  an y  hypo thesis . T h is  is w h a t in c ited  us to  use th e  analysis  b y  p rin c ip a l 
co m p o n en ts  for th e  s tu d y  o f  g ro w th  o f th e  ch ild ren  o f  G eneva. E v e n  th o u g h  
th e  v e ry  n a tu re  o f  o u r  d a ta  leads to  an  analysis o f a p a r tic u la r  co rre la tio n  
m a tr ix  ( th e  coefficients a ll h av e  v e ry  h igh  values) w ith  th e  consequence th a t  
th e  f i r s t  fac to r in  i ts e lf  exp la in s 88%  o f  to ta l  v a rian ce , i t  seem ed in te re s tin g  
to  p re se n t here w h a t th e  re su lts  o f  o u r calcu la tions could  suggest.

Material and Methods

T his s tu d y  concerns a sam ple , re p re se n ta tiv e  o f th e  Swiss p o p u la tio n  o f 
G eneva, c o n s titu ted  o f  5578 ch ild ren  an d  adolescents (2860 boys an d  2710 girls) 
aged fro m  4 to  1 9 %  y ea rs , m easured  in  1972 an d  d iv id ed  in to  six  m o n th ’s 
age-groups. For ea c h  o f  th e  62 age groups th u s  o b ta in ed  we h av e  ca lcu la ted
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th e  m ean values o f  th e  14 m easu rem en ts a p p ea rin g  in  T ab le  1. These s ix ty -tw o  
groups each  ch arac te rized  b y  14 m ean  v alues, c o n s titu te  th e  to ta l  d a ta  (sexes 
an d  age-groups com bined) on w hich a fa c to r  analysis  b y  p rin c ip a l com ponen ts 
has been carried  o u t. T h e  resu lts  o f  th is  analysis a re  exam ined  here fa c to r  b y  
fac to r.

Table 1 — Factor 1

Biacromial 0.2831
Sitting height 0.2831
Weight 0.2823
Upper arm length 0.2823
Total arm length 0.2817
Arm circumference 0.2806
Bi-iliocristal 0.2803
Bizygomatic 0.2797
Leg length 0.2795
Face height 0.2770
Antero-posterior diameter of the head 0.2580
Transverse diameter of the head 0.2548
Scapular fold 0.2284
Triceps fold 0.1643

T herefore i t  is n o t su rp ris in g  a t  all th a t  th e se  m ean  values a p p ea r along th e  
axis on w hich th e y  fig u re  (F igu re  1) in  th e  ascending  o rd e r o f th e  su b je c t’s 
average  age-groups, ta k in g  in to  accoun t sexual v a r ia tio n .

Factor two ( Table 2 )

T he second fa c to r  is b ip o la r , opposing  skinfolds to  th e  head  m easurem ents. 
T his allows us to  sep a ra te  th e  sexes in  an  a lm ost p e rfec t m an n er (w ith  one 
ex cep tion : boys o f 4 to  4 % ), th e  v a lu e  o f th e  fu n c tio n  is a t  all tissues, low er fo r 
th e  boys th a n  fo r th e  girls, an d  th is  no m a tte r  w h a t age group  is com pared
(Fig- 1).

Table 2—Factor 2

Triceps fold 0.6911
Scapular fold 0.4698
Bi-iliocristal 0.1123
Arm circumference 0.0795
Weight 0.0223
Sitting height 0.0208
Upper arm length 0.0098
Leg length —0.0189
Biacromial -0.0331
Total Arm Length -0.0523
Bizygomatic -0.1190
Face height -0.1629
Antero-posterior diameter of the head -0.3321
Transverse diameter of the head -0.3557
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R esults

Factor one (Table 1 )

Tbe f irs t fac to r  is a genera l g ro w th  fac to r  w hich  gives th e  age groups acco rd 
ing  to  th e  ascending  o rd e r o f th e ir  m ean  values.



Factor three ( Table 3 )

Table 3—Factor 3

Leg length 0.4495
Total arm length 0.2744
Upper arm length 0.2582
Triceps fold 0.2185
Face height 0.1051
Sitting height 0.0694
Biacromial 0.0561
Bi-iliocristal -0.0121
Bizygomatic -0.0853
Arm circumference —0.1007
Weight -0.1167
Transverse diameter of the head -0.2675
Antero-posterior diameter of the head -0.2904
Scapular fold -0.6341

T he th i r d  fac to r d iffe ren tia te s  th e  le n g th  m easu rem en ts  an d  th e  tric ep s  
fo ld  from  th e  scapu la r fo ld , head  m easu rem en ts  an d , in  a m ore g enera l m an n er, 
from  th e  vo lum e in d ic a to rs  (w eight, p e rim e te rs  an d  tra n sv e rse  d iam ete rs).
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Fig. 1: Factor 1 and factor 2. Age-group distribution (see text). © =  girls, A =  boys



Fig. 2: Factor 1 and factor 3. Age-group distribution (see text). •  =  girls, A =  boys

T he values o f  th e  fu n c tio n  are  ap p ro x im a te ly  th e  sam e fo r th e  o ld est an d  th e  
y o u n g est hoys an d  girls (F ig . 2). T hese va lu es  a re  a t  all tissues h ig h er fo r th e  
hoys, as th e y  are  fo r th e  girls a t  o r a ro u n d  th e  age o f p u b e rty .

Typological analysis

T he g lobal com prehension  o f th e  co m b in a tio n  tw o  b y  tw o o f th e  fac to rs  1, 
2 an d  3 (F igures 1, 2 an d  3) suggests fo r  each  sex  th e  ex istence o f  fo u r d iffe ren t 
m orphological ty p e s  re la tiv e  to  th e  14 v a ria b le  invo lv ed . T hey  are in  F ig u re  3. 
T he f ir s t  reg roups th e  age groups com prised  b e tw een  4 to  7 %  y ears , th e  second 
tho se  b e tw een  7 %  to  H  y ears , th e  th i r d  th o se  be tw een  11 to  15%  y ears  fo r th e  
boys an d  11 to  15 y ea rs  fo r th e  girls. L as tly , a fo r th  g roup  inc ludes fo r b o th  
sexes th e  o ldest in d iv id u a ls . W e w a n t to  p o in t o u t th a t  age lim its  b e tw een  
groups are  a lm o st th e  sam e fo r b o th  sexes.

T he sam e analysis  b y  p rin c ip a l com ponen ts ca rried  o u t fo r each  sex sep
a ra te ly  p e rm its  us to  v e rify  th e  ex istence  o f  th e  fo u r m en tioned  groups.
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Fig. 3: Factor 2 and factor 3. Age-group distribution (see text). •  =  girls, A =  boys

A  tentative interpretation ( Figure 3)

W e lim it ourselves here  to  w h a t th e  s tru c tu re  o f  th e  se t o f  p o in ts  in  F ig u re  
3 suggests. T he b io logical s ign ificance  (if th e re  is one) w ould req u ire  in  o rd e r to  
be com prehended  a le n g th y  discussion o f th e  b eh av io u r d u rin g  g row th , n o t 
on ly  each of th e  m easu rem en ts  to  be m en tio n ed , b u t  also th e ir  re la tiv e  v a r ia 
tio n s . This is in  th e  process o f be ing  rea lized . A t p resen t, th ere fo re , we are  
lim itin g  ourselves to  tw o co n sid e ra tio n s. F irs tly , we m ust a d m it th a t  th e  m e th o d  
used, analysis b y  p rin c ip a l com ponen ts, leads us to  a sce rta in  on th e  one h an d , 
th a t  th e  y o u n g e r in d iv id u a ls  are  equally  th e  sh o rte s t fu r th e r  th a t  th e  o lder 
in d iv idua ls are  th e  ta lle s t  (fac to r 1), and  on th e  o th e r  h an d  th a t ,  in d ep en d en tly  
o f age, th e  boys are a lw ays d iffe ren t from  th e  girls and  th a t  th ese  d ifferences 
are  g rea te r be tw een  th e  o lder in d iv idua ls ( fa c to r  2). T h is confirm s th a t  th e  
m ethod  used  can  lead  to  c e r ta in  ev iden t re su lts  w hich a re  n o t even q u es tio n 
able. T herefo re , i t  is w o rth w h ile  to  exam ine closely, in  F ig u re  3, th e  evo lu tio n  
th ro u g h  tim e  o f  fac to r  3. F irs t  o f all, we re m a rk  th a t  th e  age-groups as defined  
above b eh av e  in  th is  re sp ec t in  an  id en tica l m an n e r fo r b o th  sexes: th e  m ean
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v a lu e  o f  th e  fu n c tio n  re g u la rly  increases u p  to  15 years  o f  age (low values in  1, 
m ed ium  values in  2 an d  h igh  va lu es  in  3), th e n  decreases fo r  b o th  sexes in  th e  
o ld est age-group (group  4). W hen  we p roceed  from  group 3 to  g roup  4 th is  la s t 
phenom enon  is accom pan ied  b y  a s ta b iliz a tio n  o f  th e  second fu n c tio n  fo r th e  
g irls an d  b y  a d im in u tio n  o f  th e  va lu es  ca lcu la ted  fo r th e  sam e fu n c tio n  fo r 
th e  boys (a ro u n d  15 % — 16 years). T he in te re s tin g  o b se rv a tio n  derived  from  
th e  ex am in a tio n  o f  th e  se t o f  p o in ts  in  th is  F igure  3 is th a t  th is  suggests th a t  
th e  speed o f d ev e lopm en t o f  th is  p rocess is n o t th e  sam e fo r b o th  sexes: som e
th in g  h ap p en s a ro u n d  5 %  y ears  o f  age th a t ,  from  th e  p o in t o f  v iew  o f th e  th ird  
fa c to r  re su lts  in  th e  fa c t t h a t  th e  girls be tw een  6 an d  7 %  y e a rs  have  values 
t h a t  co rrespond  to  th o se  ca lcu la ted  fo r th e  boys o f  g roup  2 (7 % -—11 years). 
T h e  girls o f  g roup  2 (7 % — 11 y ears) are  sim ilar to  th e  boys o f  g roup  3 (11—  
15% ) in  th is  re sp ec t, w hereas so m eth ing  happens to  th e  girls be tw een  11 to  
15 years  (F igu re  3) w hich  has no  eq u a l am ong th e  boys. L a s tly , th e  values 
becom e once again  id e n tic a l in  g roup  4 fo r b o th  sexes. W e a re  aw are of th e  
fa c t t h a t  we h av e  used  th e  d a ta  from  a tra n sv e rsa l enq u iry . W e can , how ever, 
q u estio n  ourselves on th e  significance o f  w h a t th e  analysis o f  p rin c ip a l com 
p o n e n ts  suggests concern ing  th e  ev o lu tio n  th ro u g h  tim e  o f th e  in te rre la tio n 
sh ips betw een  a ce rta in  n u m b er o f  co rpo ra l d im ensions.

Authors’ address: Dr. Ma r ia  B a k o n y i
Prof. Dr. P ie r r e  M o esch ler  
Dept. Anthropology, University of Geneva 
12, rue G. Revilliod CH-1227 Carouge 
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BODY STRUCTURE AND SOMATOTYPE IN PHYSICAL 
EDUCATION STUDENTS

by G. B e u n e n  and A. van  H ellem o n t

(Institute of Physical Education, Catholic University Leuven,
Heverlee, Belgium)

A b s t r a c t .  From several studies it appeared that the predictive value of 
body measurements is fairly low for the mesomorphy component. In the present 
study on 51 physical education students we predicted the somatotype compo
nents from 25 body measurements and 9 tissue measurements taken on radio
graphs of the upper arm, thigh and calf. The somatotype was determined accord
ing to a modified anthroposcopic Sheldon technique.

The interrelationships between the somatotype components, body and tissue 
measurements were analysed by means of factor analysis (maximum likelihood, 
varimax, oblimin); stepwise multiple regression analysis was used to determine 
the predictive value of the body and tissue measurements. After oblique rota
tion four significant factors were extracted: a general size factor, a factor of 
muscle development-mesomorphy, a factor of fal-endomorphy and a fourth factor 
which we tentatively call limb development. The predictive value of a combina
tion of body and tissue measurements amounted to R =  .89 for endomorphy, 
R =  .86 for mesomorphy and R =  .90 for ectomorphy.

The inclusion of tissue measurements in the regression analysis seems to 
increase significantly the prediction of mesomorphy ratings.

Key words: physique, body measurements, tissue measurements on radiographs, 
somatotype, physical education students.

Introduction

Since Sh eld o n  in  1940 proposed  his m ethod  on so m a to ty p in g  (Sh e l d o n , 
Stev en s  and  T ucker  1940) several m odifica tions o f h is o rig inal w ork  h av e  
been  p u t  fo rw ard  (see e.g . Ca r ter  and  H eath  1971). M ost o f th ese  m o d ifica 
tio n s concern th e  ex ten sio n  o f th e  7 -po in t scale and  th e  ob jec tifica tio n s con
cern ing  th e  ex tension  o f  th e  7 -po in t scale an d  th e  o b je c tiv ity  in  so m ato ty p in g . 
To o b ta in  a m ore ob jec tiv e  system  several au th o rs  a tte m p te d  to  p red ic t th e  
th re e  com ponen ts from  b o d y  m easu rem en ts b y  m u ltip le  regression tech n iq u es 
(D amon e t al. 1962, M o n r o e , Cla rk e  and  H eath  1969, W ilm o re  1970), 
w hile P a r n e l l  (1954, 1958) and  H eath  an d  Ca r ter  (1967) proposed  new  
m ethods b ased  on a n th ro p o m e try .

D urin g  th e  sam e p e rio d  severa l au th o rs  have id en tified  th e  s tru c tu re  of 
p h ysique  b y  m eans o f f a c to r  analyses o f bo d y  m easu rem en ts . In  a su rv ey  o f 
th ese  s tu d ies  Simons a n d  Van  Ger v e n  (1970—1971) concluded  th a t  m ost 
p ro b ab ly  th e  s tru c tu re  o f  th e  head , h and  an d  foo t is in d ep en d en t o f th e  
s tru c tu re  o f  tru n k  an d  lim bs and  th a t  in  th e  tru n k  an d  lim bs th e  follow ing 
s tru c tu re  could  be id e n tif ie d :
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—  size fac to r ,
—  lim b-bone len g th ,
—  lim b-bone w id th ,
—  fa t th ick n ess ,
—  m uscle w id th .
T hese conclusions are  in  close ag reem en t w ith  th e  find ings o f  T a n n e r  w ho 

an a ly sed  th e  s tru c tu re  o f  p h y siq u e  b y  m eans o f  tissu e  m easu rem en ts on ra d io 
g rap h s (Ta n n e r  1964).

In  th is  s tu d y  we ana lyse  th e  fa c to r  s tru c tu re  o f  p h y siq u e  described  b y  b o d y  
m easu rem en ts, tissu e  m easu rem en ts on rad io g rap h s an d  so m ato ty p e  com po
n e n ts ; fu rth e rm o re , th e  p red ic tiv e  v a lu e  o f b o d y  an d  tissu e  m easurem ents in  
id en tify in g  so m a to ty p e  com ponen ts w as exam ined .

Material and Methods

Subject

T he sam ple consisted  o f  40 m ale s tu d e n ts  w ho s ta r te d  P hysica l E d u c a tio n  
s tu d ies  a t  th e  K .U . L euven  in  1973. T h e ir chronological age v a ried  betw een
18.1 and  25.7 y ea rs  w ith  a  m ean  of 19.4 years.

Variables

T he bo d y  m easu rem en ts w ere ta k e n  b y  experienced  a n th ro p o m e tr is ts . A 
d esc rip tio n  o f th e  m easu rem en t tech n iq u es is g iven b y  Sim ons e t al. (1978).

T he soft tissu e  X -ray s w ere ta k e n  in  a s ta n d a rd  positio n  from  th e  upper- 
arm , th ig h  and  calf.

F o r th e  positio n in g  o f th e  su b jec t th e  in s tru c tio n s  given b y  T a n n er  (1962) 
w ere care fu lly  follow ed. T h e  m easu rem en ts o f  th e  tissu e  com ponen ts were 
ta k e n  in  th e  m iddle  betw een  o lecranon  and  acrom ion fo r th e  u p p er arm , h a lf
w ay  betw een  th e  sp in a  iliaca  a n te rio r  superio r and  th e  u p p e r b o rd e r o f th e  
p a te lla  for th e  th ig h ; fo r th e  ca lf  l |3 rd  o f th e  d is tan ce  b e tw een  th e  ex te rn a l 
ep icondyle  of th e  fem u r an d  th e  ex te rn a l m alleolus below  tb e  ex te rn a l epicon- 
dyle. T hese po in ts  w ere m ark ed  w ith  a lead  m ark er and  th e  lim b  was p o sitioned  
so t h a t  th e  m iddle o f  th e  ro en tg en  u n it, th e  lead  m ark  on th e  sk in  and  th e  m iddle 
o f th e  casse tte  w hich  was also m ark ed  w ith  a th in  steel w ire, w ere in  th e  sam e 
h o rizo n ta l p lane.

T he m easn rem en ts on th e  X -ray s  w ere ta k e n  a t  th e  m ark ed  levels described  
above, w ith  a slid ing  caliper fo r  m easu rem en ts on p h o to g rap h s w ith  an  accu r
acy  o f l /1 0 th  of a m illim etre  (Jo h n  B ull, B ritish  In d ica to rs  L td , S t. A lbans). 
T he in tra o b se rv e r re lia b ility  o f  th e  tissu e  m easu rem en ts m ade on th e  sam e X - 
ray s ran g ed  from  r tt =  .90 fo r th e  f a t  tissu e  to  r tt =  .999 fo r th e  m uscle tissu e . 
These w ere no s ta tis tic a lly  s ig n ifican t system atic  differences b e tw een  th e  f irs t 
an d  second m easu rem en ts.

T he so m a to ty p e  ra tin g s  w ere carried  o u t b y  th e  sam e observer (G .B.) 
accord ing  to  a m odified  Sheldon tech n iq u e  developed  fo r use in  th e  L euven  
Boys G row th  S tu d y  (S im ons e t al. 1978) and  described  in  d e ta il b y  Cla essen s  
e t al. (1979). This m eth o d  is essen tia lly  an  an th ro p o m etric -an th ro p o sco p ic  
so m a to ty p e  m ethod  based  on th e  A tlas-tech n iq u e  o f  Sh eld o n  (Sh e l d o n , 
D u p e r t u is  and  McD erm ott  1954) w hereby  f irs t  es tim ates  o f  en d om orphy
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a n d  ec to m o rp h y  are  m ad e  using th e  ta b le s  developed  b y  P a r n e l l  (1958) 
an d  H e a t h — Ca r ter  (1967).

In  T ab le  1 a lis t of th e  m easu rem en ts is given.

List o f measurements taken on  m ale physical education students

T a b le  1

Tissue measurements
— F at width:

. Arm

. Thigh 

. Calf
— Muscle width:

. Arm

. Thigh 

. Calf
— Bone width:

. A nn

. Thigh 

. Calf

Somatotype components

Endomorphy
Mesomorphy
Ectomorphy

A nlhropomelry
— Height
— Weight
— Biacromial diameter
— Bi-iliac diameter
— Transverse chest
— Chest depth expir.
— Bicondylar femur
— Bicondylar humerus
— Chest circumf. difference
— Chest circumf. expir.
— Abdominal circumf.
— Hip circumf.
— Thigh circumf.
— Calf circumf.
— Upper arm circumf. flexed
— Supra-iliac skinfold
— Triceps skinfold
— Sub-scapular skinfold
— Calf skinfold

S ta tis tica l procedures

T h e  fa c to r  analysis  was ca rried  o u t accord ing  to  th e  m ax im u m  likelihood  
p rin c ip le  using  a co m p u ter p ro g ra m  described  b y  P e e t e r s  (s. d .). T h e  in itia l 
co m m u n alities  a re  es tim ated  b y  m eans o f  th e  sq u ared  m u ltip le  co rre la tio n s. 
A fte r  th e  fac to rs  h av e  been e x tra c te d , th e se  are  ro ta te d  to  an  o rth o g o n a l 
sim p le  s tru c tu re  accord ing  to  th e  V arim ax  m ethod  a fte r  w hich  an  ob lique  
ro ta t io n  in to  a sim ple oblique s t ru c tu re  is ca rried  o u t (O blim in m eth o d ).

T h e  m u ltip le  co rre la tions b e tw een  th e  so m a to ty p e  co m p o n en ts  and  th e  
a n th ro p o m e tr ic  a n d  tissue m easu rem en ts  w ere ca lcu la ted  b y  m ean s o f  a s te p 
wise m u ltip le  regression  c o m p u te r  p ro g ram  described  b y  B o e c k x  (1973). 
T h e  p a r t ia l  v a ria n c e  of th e  d e p e n d e n t v a ria b le  t h a t  could be ex p la in ed  b y  
each  in d e p e n d e n t va riab le  to  b e  en te red  in  th e  eq u a tio n , was te s te d  b y  m eans 
o f  an  F - te s t  (significance lev e l se t a t  oc =  .05).

R esults

T h e  fa c to r  analyses rev ea led  t h a t  fo u r sig n ifican t fac to rs  could  be e x tra c te d . 
T h e  f i r s t  fa c to r  could be id e n tif ie d  as a size factor. H e ig h t, w eigh t, an d  c ircu m 
ferences o f th e  chest, abd o m en  an d  h ip  lo ad  h igh  on th is  fa c to r  (see T ab le  2). 
O n th e  second fac to r , w hich  w e ca ll a m uscularity— m esom orphy factor, a h igh  
lo a d in g  is fo u n d  fo r m eso m o rp h y , th e  m uscle tissu e  m easu rem en ts  ta k e n  a t
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th e  up p er a rm , th ig h  an d  calf, th e  c ircum ferences o f th e  lim bs and  ec to m o rp h y . 
T h e  th ird  fa c to r  is called  adiposity— endom orphy. E n d o m o rp h y  loads h ig h est 
on  th is  fac to r , follow ed b y  th e  skinfold  m easu rem en ts , th e  fa t  tissu e  m easu re 
m en ts  and  th e  circum ferences. T he fo u rth  fa c to r  is n o t so clearly  defined . W e 
te n ta tiv e ly  call th is  fac to r a limb development factor  since th e  h ig h est load ings 
are  found  fo r ank le  b re a d th , bone tissu e  m easu rem en ts , ca lf  circum ference an d  
h e ig h t and  w eigh t.

Table 2

Factor structure (maximum likelihood, varimax, oblimin) after oblique rotation of anthropo
metric measurements, tissue measurements and somatotype components on 40 male physical 

education students (only the highest factor loadings above .45 are reported)

F a c to r  I
size

F a c to r  I I  
m u sc u la rity  — 

m eso m o rp h y

F a c to r  I I I  
ad ip o s ity  —  
en d o m o rp h y

F a c to r  IV  
lim b  dev e lo p m en t

Weight .871 Ecto —.871 Endo .941 Ankle breadth .705
Abdom. circ. .859 Meso .779 Subscap. sk. .820 Calf. circ. .594
Hip circ. .844 Up. arm circ. .648 Suprail. sk. .802 Weight .540
Height .841 Up. arm muscle .641 Trie. sk. .797 Height .492
Chest circ. .820 Calf muscle .635 T high fat .722 Up. arm bone .483
Biacr. diam. .751 Calf circ. .594 Calf fat .687 Calf bone .456
Bic. fern. .700 Thigh circ. .547 Weight .685 (Up. arm bone .330)
Thigh circ. .687 Thigh muscle .422) Chest circ. .669
Transv. chest .637 Up. arm. fat .666
Bic. hum. .620 Abd. circ. .659
Calf circ. .573 Calf circ. .543
Up. arm circ. .559 Thigh circ. .542
Sub. scap. sk. .546 Hip circ. .538
Chest depth .535 Calf sk. .487
Bi-il. diam. .527 Up. arm circ. .478
Supra-il. sk. .483 Biacr. diam. .484
Up. arm bone .481 Chest depth .467
Ankle breadth. 478
Endo .455
Thigh muscle .454

The in te rco rre la tio n s  betw een  th e  fo u r e x tra c te d  ob lique fac to rs  w ere v e ry  
low, ran g in g  from  .431 betw een  th e  size and  a d ip o s ity -e n d o m o rp h y  fa c to r  
to  .110 b e tw en  th e  ad ip o sity — endom orphy  an d  lim b  developm ent fac to r.

In  o rd e r to  e v a lu a te  th e  p red ic tiv e  v a lu e  o f  th e  a n th ro p o m e tric  an d  th e  
tissu e  m easu rem en ts in  p red ic tin g  so m a to ty p e  com ponen ts a stepw ise m u ltip le  
regression analysis w as ca rried  o u t.

In  T ab le  3 th e  coeffic ien t o f  d e te rm in a tio n  a f te r  each  step  o f  th e  stepw ise 
regression analysis is re p o rte d  fo r th e  th re e  d ep en d en t va riab les . O nly  th e  
v ariab les t h a t  are a d d ed  to  th o se  a lread y  p resen t in  th e  regression e q u a tio n  
are m en tioned  to g e th e r  w ith  th e  coefficien t o f d e te rm in a tio n  fo r all v a riab les  
in  th e  regression  eq u a tio n .

I t  can  be  clearly  seen th a t  besides f a t  an d  sk in fo ld  m easu rem en ts, bone 
b re a d th  an d  len g th  d iam ete rs  e n te r  th e  regression  eq u a tio n  fo r th e  p red ic tio n  
o f endom orphy . F ive  m easu rem en ts  accoun t fo r 79%  o f th e  to ta l  v a rian ce  in  
endom orphy . F o r m esom orphy  th e  to ta l  v a ria n c e  exp la in ed , am o u n ts  to  74% . 
T he tissu e  m easu rem en t o f  th e  u p p er a rm  is th e  m o st im p o r ta n t p red ic to r
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an d  here tw o  m easu rem en ts  of sk in fo lds an d  o f  ske le ta l fram ew ork  (tran sv e rse  
chest an d  b i-iliac  d iam e te r)  en te r th e  eq u a tio n . O nly  th re e  v a riab les : h e ig h t, 
w eight an d  ca lf  sk info ld  explain 8 2 %  o f th e  to ta l  v a rian ce  in  ec to m o rp h y .

D ep en d en t variab les

Endom orphy M esom orphy Ectom orphy

Subscapular skinfold .61 Up. arm muscle .27
Calf fat .66 Height .41 Height .56
Bi-iliac diam. .72 Transv. chest .50 Weight .79
Supra-iliac skinfold .76 Up. arm circ. .58 Calf skinfold .82
Thigh bone .79 Supra-iliac skinf. .70

Bi-iliac diam. .74

D iscussion an d  Conclusions

T he so m a to ty p e  d is tr ib u tio n  o f  th e  ph y sica l ed u ca tio n  s tu d e n ts  exam ined  
in  th is  s tu d y  w as v e ry  sim ilar to  th e  d is tr ib u tio n s  rep o rted  earlie r b y  Ca rter  
(1964) and  Sw a lu s  (1967— 1968).

T hese d is tr ib u tio n s  show s tr ik in g  sim ila rities  w ith  th e  d is tr ib u tio n s  o f  o u t
s ta n d in g  m ale a th le te s .

T h e  fa c to r  s tru c tu re  found h e re in  is in  general in  ag reem en t w ith  th e  s tru c 
tu re  fo u n d  in  s im ila r s tu d ies .T a n n e r  (1964) using  a m ax im um  likelihood  m eth o d  
e x tra c te d  five sign ifican t fa c to rs . T h ree  o f  th e m  are o f  th e  sam e n a tu re  as 
th e  ones we fo u n d . He could , how ever, d iffe ren tia te  betw een  a lim b-bone 
le n g th  and  a lim b  bone b re a d th  fa c to r .

In  a s tu d y  on  336 p re -ad o lescen t an d  318 adolescen t boys V an  G er v en  
(1976) id en tified  th ree  m ax im u m  like lihood  fa c to rs , n a m ely  a length—m uscle-  
w idth  fac to r, a f a t  fac to r a n d  a m esom orphy-m uscle  fac to r.

Sk ib in sk a  (1977) too , re p o r te d  n e a r ly  th e  sam e th re e  fac to rs . F ro m  h er 
s tu d ie s  she concluded  th a t  ir re sp e c tiv e  o f  sex, n u m b er o f m easu rem en ts  and  
p o p u la tio n  u n d e r  in v es tig a tio n  th e  th re e  follow ing fac to rs  are fo u n d :

—  a size fa c to r ,
-— a m e so m o rp h y -m u sc u la rity  fa c to r ,
—  an  e n d o m o rp h y -a d ip o s ity  fa c to r .
O u r fin d in g s seem  to  co n firm  th is  conclusion. T h a t i t  w as n o t  possib le to  

d iffe re n tia te  in  th is  s tu d y  b e tw een  a lim b-bone le n g th  an d  lim b-bone  b re a d th  
fa c to r  is m ost p ro b ab ly  d u e  to  th e  la ck  o f le n g th  m easu rem en ts o f  d iffe ren t 
p a r ts  o f th e  b o d y . H ow ever, in  a s e p a ra te  analysis o f th e  12 tissu e  m easu rem en ts  
i t  could  be d em o n stra ted  t h a t  th e  th re e  tis su e  com ponen ts lo ad ed  h igh ly  on 
th e i r  re sp ec tiv e  tissue fa c to rs , n a m e ly  a fa t , a muscle an d  a bone fa c to r.

F ro m  th e  fa c to r  analysis o n  all m easu rem en ts  i t  is also clear t h a t  en d o m o rp h y  
a n d  m eso m o rp h y  load on a  s e p a ra te  fa c to r  w hile ec to m o rp h y  loads n e g a tiv e ly  
on  th e  m u scu la rity -m e so m o rp h y  fa c to r . A lth o u g h  i t  is co n v en ien t to  th in k  o f
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Multiple correlations (only coefficients of determination are reported) between somatotype 
components and anthropometric and tissue measurements on 40 male physical education students 
(for each dependent variable the independent variables entered the regression equation in each

step are mentioned)



th e  th ree  so m a to ty p e  com ponen ts as th re e  in d e p e n d e n t o r o rth o g o n a l com po
n e n ts  th is  need  n o t to  be  tru e . P ro b a b ly  th e  in te rd ep en d en cy  o f th e  com ponen ts 
can  he exp la ined  b y  som e physio logical o r genetical fac to rs .

F ro m  th e  analysis  also appears t h a t  m uscle an d  bone w id th  are  in d e p e n d e n t. 
M esom orphy is re la te d  to  m uscle w id th  dev e lo p m en t b u t  n o t  to  lim b -b o n e  
b re a d th . T h is confirm s th e  f in d in g s o f W ilm ore  (1970) an d  Sl a u g h t e r  
an d  L ohman (1977).

In  com parison  -with th e  find ings o f o th e r  au th o rs  a fa ir ly  h igh  p ercen tag e  
o f  th e  v a ria n c e  in  m esom orphy  could  be ex p la ined  using  tissu e  m easu rem en ts  
a n d  a n th ro p o m e tric  m easu rem en t (see T ab le  4).

Table 4

Coefficients of d e te rm ination  am ong an thropom etric  m easurem ents, body com position, tissue 
com ponents and  som ato type com ponents as rep o rted  b y  several au thors

(m ales)

Author Sam ple m easurem ents
D ependent variables

M ethod Endo Meso Ecto

D amon e t al. (1962) 225 soldiers Sheldon, a tlas .61 .44 .81
(an th ropom etry )

Mu n r o e  e t al. (1969) 207 boys 12Y. H e a tb .82 .60 .95
(an th ropom etry )

Slau gh ter  and
L ohman  (1977) 45 boys 7 —12Y. Sheldon .78 .21 .74

(an th ro p o m etry  and tru n k  index
body  com position)

H e a th — C arter .83 .74 .81

B e u n e n  and  van 40 phys. ed. studen ts M odified Sheldon .79 .74 .82
H e l l e m o n t (an th ro p o m etry  and a tla s

tissue m easurem ents)

T his leads to  th e  conclusion th a t  th e  in c lu sio n  o f tissu e  m easu rem en ts in  
th e  regression e q u a tio n  adds s ig n ifican tly  to  th e  p red ic tiv e  va lu e . A lthough  
we w ould  n o t recom m end  ta k in g  X -ray s  fo r so m a to ty p in g , i t  reveals  th a t  m eso
m o rp h y  as defined  b y  th e  m odified  S h e ldon-techn ique  (Cla essen s  e t al. 1979) 
is closely re la ted  to  m uscle deve lo p m en t. As a lre a d y  e stab lish ed , en d o m o rp h y  
can be  fa ir ly  a c c u ra te ly  p re d ic te d  from  sk in fo ld  m easu rem en ts  w hile ecto- 
m o rp h y  is closely re la te d  to  th e  p o n d era l in d e x  (a co rre la tio n  coeffic ien t o f 
.90 w as found  in  th is  s tu d y ).

C onsidering  th e  sam p le  in v o lv ed  w hich  show s a  specific  so m a to ty p e  d is tr i
b u tio n , as m en tio n ed  above, i t  could  p ro b a b ly  be  ex p ec ted  th a t  h ig h er p red ic 
tiv e  v alues w ill be  fo u n d  in  a n o rm a l h e a lth y  p o p u la tio n  o f  th e  sam e age an d  
sex. Since, in  th e  p re se n t sam ple, th e  v a rian ce  in  each  o f th e  so m a to ty p e  com 
pon en ts  is reduced  in  com parison  w ith  a re p re se n ta tiv e  sam ple o f  a to ta l  p o p u 
la tio n  o f th e  sam e age an d  sex.

I t  shou ld  also be  n o te d  th a t  in  th e  reg ression  eq u a tio n  fo r p re d ic tin g  m eso
m orp h y  m easu rem en ts  ta k e n  a t  th e  lim bs (u p p er a rm  m uscle, u p p e r a rm  c ircu m 
ference) as well as m easu rem en ts  ta k e n  a t  th e  t r u n k  (tran sv e rse  ch est, su p ra - 
iliac skinfold  and b i-iliac  d iam ete r) c o n tr ib u te  s ig n ifican tly .
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N everthele less , n e ith e r  P a rnell  (1954, 1958) n o r  H ea th — Ca r t e r  (1967) 
include tru n k  dim ensions in  th e  e s tim a tio n  o f  m eso m o rp h y  w hereas th e  d isc ri
m in a tio n  b e tw een  endo m o rp h y  a n d  m eso m o rp h y  in  Sheldon’s tr u n k  in d e x  
m ethod  (1968) is so lely  based  on t r u n k  m easu rem en ts .

T his analysis suggests th a t  in  e s tim a tin g  m eso m o rp h y  one should  ta k e  in to  
accoun t th e  d im ensions o f  the  t r u n k  an d  th e  lim bs as well.

M oreover, as s ta te d  a t  th e  b eg inn ing  o f th is  p a p e r , th e  s tru c tu re  o f  h ead , 
hand  and  foo t is m ost p ro b ab ly  fa ir ly  in d e p e n d e n t o f  th e  s tru c tu re  o f  t r u n k  
and  lim bs. T herefo re, w e conclude th a t  th e  sep a ra tio n  in to  d ifferen t b o d y  
regions, as p roposed  b y  Sheldon  e t  al. (1940) seem s to  h av e  a s ta tis tic a l m ean 
ing. T his dees n o t im p ly  th a t  one  has to  e s tim a te  th e  so m ato ty p e  fo r each  
bo d y  reg ion  se p a ra te ly  b u t it  suggests  th a t ,  in  e s tim a tin g  th e  so m a to ty p e  
com ponen ts, one has to  tak e  in to  acco u n t th e  d iffe ren t aspects  o f  th e  d iffe r
en t b o d y  regions.
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PHYSIQUE AND SEXUAL MATURATION

b y  É . B. B odzsár

(Department of Anthropology, Eötvös Loránd University, 
Budapest, Hungary)

A b s t r a c t .  The author examined the connection between sexual maturation 
and physique on the strength of the age at menarche and the anthropometric 
data of 1118 10 — 14 year old girls.

She found that the relationship between the time of the onset of menar
che and the somatotype (H ea th  — Ca r ter ) was significant (y5 =  70.407, 
p <  0.001). The somatotype and physique, respectively, of the girls reaching 
maturity sooner are predominantly endomorphic, and those of the ones matur
ing later are predominantly ectomorphic. She also examined the relationship 
between the three components of the somatotype as indicators of the physique 
on the one hand and age at menarche, on the other. The value of the correlation 
coefficient between components I and II, respectively, and age at menarche: 
r =  —0.30 (p <  0.01), that of the one between component III and age at men
arche: r =  +0.20 (p <  0.05).

Key words: physique, maturation, Bakony girls.

Introduction

T h e u n ity  o f  s tru c tu re  a n d  fu n c tio n  is exce llen tly  re flec ted  b y  th e  d ifferences 
co n co m itan t w ith  sex ap p earin g  in  th e  p h y siq u e . These differences develop 
a t  th e  tim e  o f  p u b e rty  a n d , as i t  is w ell-know n, th e  p u b e r ty  o f  boys tak es  p lace 
ab o u t tw o y ea rs  la te r  th a n  th a t  of th e  girls. A t th e  sam e tim e , th e  ex am in a tio n s 
ca rried  ou t so fa r  have also d em o n stra ted  th a t  th e re  is a re la tio n sh ip  betw een  
th e  ra te  o f  m a tu ra tio n  and  physique . K r a l j-Ce r c ek  (1956) found  th a t  
am ong th e  g irls th e  “ b a ro q u e  ty p e ”  re p re se n tin g  a m ore fem in ine  fo rm  w as 
m a tu rin g  ea rlie r th a n  th e  “ goth ic ty p e ”  o f  a m ore boy ish  form . A ccord ing  to  
T a n n e r ’s (1962) ex am in a tio n s, th e  age a t  m enarche  o f  th e  girls o f  en d o m o r
ph ic  p h y siq u e  is low er th a n  th a t  of th e  ones o f  ec tom orph ic  physique .

I t  can  be found  on th e se  ex am in a tio n  re su lts  th a t  th e  sooner earlie r sexual 
m a tu ra tio n  ta k e s  p lace  th e  m ore su itab le  th e  p h y sique  is fo r perfo rm ing  th e  
sexual fu n c tio n .

B y  th e  e x am in a tio n s  th e  a u th o r  w ishes to  su p p ly  w ith  fu r th e r  d a ta  fo r rev ea l
in g  th e  re la tio n sh ip  b e tw een  m a tu ra tio n  an d  physique .

Material and Methods

In  1977— 78 th e  a u th o r  con d u c ted  a d e ta iled  an th ropo log ica l su rv ey  of 
th e  g ro w th  and  p h y sica l developm ent o f 7— 14 years old ch ild ren  liv in g  in  th e  
B ak o n y  d is tr ic t, one o f  th e  e th n ic  regions o f  H u n g ary . She also exam ined  th e

23



sex u a l m a tu ra tio n  o f  1118 10— 14 y ea rs  old girls belonging to  th e  su rveyed  
sam ple , re ly in g  up o n  th e  seco n d ary  sex  ch a rac te rs  (stage o f  d ev e lo p m en t o f 
th e  m am m a, pub ic- and  a x illa ry  h a ir) , as w ell as up o n  th e  tim e  w h en  m enarche  
to o k  place. In  th e  p re se n t p a p e r  she in te n d s  to  exam ine th e  re la tio n sh ip  b e 
tw e e n  m a tu ra tio n  an d  p h y siq u e  b y  m eans o f  th e  age a t  m en arch e  and  th e  
so m a to ty p e .

S o m a to ty p in g  w as done w ith  H e a t h — Ca r t e r ’s (1967) m e th o d .
T h e  age a t  m enarche  o f  th e  a lread y  m e n s tru a tin g  girls w as d e te rm in ed  w ith  

an  accu racy  o f  th e  specific  m on ths.
In  th e  course o f  s ta tis tic a l analysis also th e  values o f th e  y2 te s t  an d  o f  th e  

co rre la tio n  coefficient w ere ca lcu la ted  besides th e  u su a l p a ram e te rs .

R esults of th e  exam ina tion  and  th e ir  evaluation

So th a t  th e  re la tio n sh ip  betw een  m a tu ra tio n  and  p h y siq u e  could  be  s tu d ied  
th e  a u th o r  sep a ra ted  th e  so m a to ty p es  o f  th e  girls a rran g ed  in  h a lf-y ea rly

Fig. 1: Somatochart of the 11.0 years old Bakony girls

Fig. 2: Somatochart of the 11.5 years old Bakony girls
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13.0
Fig. 5; Somatochart of the 13.0 years old Bakony girls

12.5
Fig. 4: Somatochart of the 12.5 years old Bakony girls

12.0
Fig. 3: Somatochart of the 12.0 years old Bakony girls

2 5



Fig. 6: Somatochart of the 13.5 years old Bakony girls

Fig. 7: Somatochart of the 14.0 years old Bakony girls

ca teg o ries  b y  th e ir  ages a t  m enarche  in to  th re e  groups: in to  th o se  o f p rep o n d e r
a n tly  endom orph ic , p re p o n d e ra n tly  m esom orphic an d  p re p o n d e ra n tly  ec to 
m orph ic  physique .

A lth o u g h  p e rsp icu ity  is d is tu rb e d  b y  th e  in e q u a lity  o f  th e  n u m b ers  of 
th e  g irls rep resen tin g  th e  single g roups of age a t  m enarche, i t  is c lea rly  o b se rv 
able in  th e  F igures t h a t  w ith  th e  rise  o f  th e  age a t m enarche  th e  d is tr ib u tio n  
o f th e  so m ato ty p es  in  th e  fie lds o f  th e  som ato g ram  is d iffe ren t (F igu res 1— 7). 
T he d ifferences in  th e  d is tr ib u tio n  o f  th e  so m ato ty p es exam ined  as a fu n c tio n  
o f  th e  ages a t  m enarche  are  m ost ex p ressive ly  show n by  th e  re la tiv e  frequencies 
p re sen ted  in  T able  1 an d  F ig . 8.
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F ig .  8 :  D istribution of physiques of the B akony girls according to the age at
menarche

T a b le  1

Distribution of predominance of the three components in Bakony girls

.
M enarche

age-groups

Groups o f  physique

Endom orphic M esomorphic Ectom orphic

« | % n % ■> | %

n .o 16 84.21 3 15.79
11.5 19 63.33 5 16.67 6 2.00
12.0 38 50.67 15 20.00 22 29.33
12.5 30 53.57 12 21.43 14 25.00
13.0 25 29.76 20 23.81 39 46.43
13.5 12 41.38 3 10.34 14 48.28
14.0 7 30.43 2 8.70 14 60.87

S im ila rly  to  th e  su rv e y  re su lts  o f K r a l j -C e r c e k  (1956) an d  T a n n e r  
(1964) th e  F igures and  th e  d a ta  o f  T ab le  1 re flec t th e  te n d e n c y  th a t  th e  p h y 
sique  of th e  girls m a tu r in g  e a rlie r  is endom orph ic  w ith  th e  h ig h es t frequency , 
o n  th e  o th e r  h an d , th e  ones w ho reach  m a tu r i ty  la te r  are re p re se n te d  in  g re a t
est p ro p o rtio n  in  th e  g ro u p  o f  th e  ec tom orph ic  physique . S u b jec tin g  th e  d a ta  
o f  T ab le  1 to  fu r th e r  an a ly s is , i t  can  also be found  th a t  w ith  th e  rise  o f  th e  age 
a t  m enarche  th e  re la tiv e  freq u en cy  o f  th e  girls o f  ec to m o rp h ic  p h y siq u e  is 
increasing , w hile th e  one o f  th o se  o f endom orph ic  p h ysique  is becom ing  low er.

F o r s ta tis tic a lly  v e rify in g  th e  f i t  of th e  age a t  m enarche  an d  so m a to ty p e , 
th e  a u th o r  carried  o u t th e  y 2 te s t :
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On th e  s tre n g th  o f  th e  re su lts  o f  th e  s ta tis t ic a l  te s t  one can  f in d  th a t  th e  
re la tio n sh ip  be tw een  th e  tim e  o f ap p earan ce  o f  m enarche  an d  p h y siq u e  is 
s ig n ifican t on a p <  0.001 level.

T he ap p earan ce  o f  m enarche  m eans a d e fin ite  q u a lita tiv e  level o f  physica l 
dev e lo p m en t. As a n e x t  s tep , th e  a u th o r  w an ted  to  c la rify  w h e th e r a  difference 
could  be  d e m o n s tra te d  be tw een  th e  p h ysiques o f  th e  sexually  developed , a l
re a d y  m e n s tru a tin g  girls and  th a t  o f  th e  sex u a lly  less developed, n o t y e t 
m e n s tru a tin g  ones, be long ing  in  chronologically  id e n tic a l age-groups. T ab le  2 
an d  F ig . 9 p re se n t th e  d is tr ib u tio n  o f th e  a lre a d y  m e n s tru a tin g  and  n o t y e t 
m e n s tru a tin g  girls w ith in  th e  th re e  groups o f  p h y siq u e , g ro up ing  th e m  'with 
h a lf-y ea r in te rv a ls . T h e  tre n d  th a t  th e  girls o f p re d o m in a n tly  endom orph ic  
p h ysique  m a tu re , to  a  h igh  p ro b a b ility , ea rlie r th a n  th o se  o f  p re d o m in a n tly  
ec tom orph ic  p h y siq u e  is unam b ig u o u sly  p ro v ed  also b y  th e  d a ta  o f T ab le  2
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Table 2

Distribution of the physiques of the mature and not yet mature girls of identical age

A ge-groups

G roups o f  phy siq u e

E n d o m o rp h ic M esom orphic E cto m o rp h ic

n % n % I n %

10.5 Non-menarcheal 40 31.75 31 24.60 55 43.65
Menarcheal 5 83.33 1 16.67 —

11.0 Non-menarcheal 61 46.21 30 22.73 41 31.06
Menarcheal '6 85.71 1 14.29

11.5 N on-menarcheal 59 44.03 27 20.15 48 35.82
Menarcheal 13 61.90 4 19.05 4 19.05

12.0 Non-menarcheal 48 46.15 18 17.31 38 36.54
Menarcheal 25 67.57 5 13.51 7 18.92

12.5 Non-menarcheal 34 40.00 11 12.94 40 47.06
Menarcheal 30 56.60 8 15.09 15 28.31

13.0 Non-menarcheal 15 32.61 8 17.39 23 50.00
Menarcheal 32 38.55 20 24.10 31 37.35

13.5 Non-menarcheal 6 23.08 7 26.92 13 50.00
Menarcheal 38 32.20 12 10.17 68 57.63

14.0 Non-menarcheal 5 26.32 3 15.79 11 57.89
Menarcheal 38 31.41 11 9.09 72 59.50

T he a u th o r  ex am in ed , fu r th e r , th e  re la tio n sh ip  betw een  th e  th ree  com ponen ts 
o f  so m a to ty p e  ea c h  as an in d ic a to r  o f  p h y siq u e  (com ponen t I  as in d ic a to r  o f  
fa tn ess  and fu llness, respective ly ; co m p o n en t I I  as in d ica to r  o f  th e  ro b u s tic ity  
o f  th e  skele ta l m uscles, as w ell as co m p o n en t I I I  as in d ic a to r  o f  lin e a rity )  
a n d  age a t m en arch e  as in d ic a to r  o f  sex u a l m a tu r ity .

T h e  values o f  th e  co rre la tio n  coeffic ien ts be tw een  fac to rs  I  and  I I  w ith  age 
a t  m enarche , w ere  r =  —0 .3 0 ^ 0 .2  an d  r =  — 0 .3 0 ± 0 .1 , re sp ec tiv e ly  (p <  
<  0.001). R e ly in g  upon th e  sign o f  v a lu e  r th is  lin ea r  co rre la tio n  is n eg a tiv e , 
w h ich  m eans t h a t  th e  fu ller th e  p h y siq u e  an d  th e  m ore ro b u s t th e  m uscles 
a n d  bones a re , resp ec tiv e ly , th e  ea rlie r th e  m a tu r ity . T he re su lt o f  th e  co rre la 
t io n  analysis conduc ted  b e tw een  fa c to r  I I I  as in d ic a to r  o f  lin e a r ity  an d  age 
a t  m enarche : r  =  - |-0 .2 0 ;t0 .1  (p <  0.05) is in  accordance  w ith  th is :  a m ore 
s len d e r p h y siq u e  is genera lly  asso c ia ted  w ith  la te r  sexual m a tu ra tio n .

To sum  u p : th e re  is a s ta t is t ic a l ly  v e rifiab le  an d  dem o n strab le  connection  
b e tw een  age a t  m enarche a n d  p h y siq u e . T he d is tr ib u tio n  o f  th e  girls o f  som ato- 
t-ypcs o f e a rlie r  and  la te r  m a tu r i ty  is d iffe ren t. T here  is a t re n d  o f  sh iftin g  
fro m  th e  endom orph ic  fie ld s  to w a rd  th e  ec tom orph ic  ones to  be observed  
w ith  th e  ap p ea ran ce  o f m a tu r i ty  a t  a la te r  age.

B etw een  th e  com ponen ts o f  so m a to ty p e  an d  age a t  m enarche  a s ig n ifican t 
co rre la tio n  w as observed: an  ea rlie r m a tu ra tio n  o f th e  girls w ho are  m ore fa t ,  
m ore full a n d  m ore ro b u s t  as to  th e  sk e le ta l m uscles is s ig n if ican tly  m ore 
p ro b ab le  th a n  o f  those o f  slender physiq u e .
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A b s t r a c t .  Anthropometric and cytogenetic investigations were carried 
out in 32 patients with streak gonads. The physique of the patients was deline
ated according to their chromosomal complements. For the possible localiza
tion of the determinants of the X  chromosome for the physique the following 
conclusions were drawn.

For normal height both the short and the long arm of the X chromosome are 
essential.

The short arm of the X  chromosome contains determinants which, if deleted, 
result in a high weight to height ratio i.e. proportionally heavier weight. The 
weight to height ratio is also shifted to the left in deleted Xq cases, yet to a 
lesser extent.

Determinants are present in both the short and the long arms of the X  chro
mosomes which are involved in the proportional development of the ratio of 
the limbs to trunk. In all deleted X  cases the limbs were shorter.

Duplication of the long arm of the X  chromosome does not compensate for 
the loss of the short arm.

Key words: physique, body measurements, streak-gonad-patients, X-chro- 
mosome abnormalities.
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SOME CONNECTIONS OF THE NUTRITIONAL 
CUSTOMS WITH BODY DEVELOPMENT

(Preliminary communication)

by  J .  B u d a y , L. Csabay , V. G öllesz , G. H e g e d ű s  a n d  L. R e n d i

(Department of Pathophysiology, Training College for Teachers of Handicapped 
Children, Budapest, Hungary)

A b s t r a c t .  The nutritional customs of 8000 school children (aged 7 — 14 
years) partly from primary school and partly from auxiliary school were exam
ined. The children belong to 8 areas of Hungary: Budapest, Győr, Szombathely, 
Pécs, Szolnok, Szeged, Miskolc, Debrecen. Stature, body weight, chest circum
ference, skinfold thicknesses and circumferences of the extremites of 4000 of 
these children were measured. 2500 girls were asked about the beginning of 
menarche, if they were older than 9 years of age.

This paper presents the growth and development of primary and auxiliary 
school children as referred to their nutritional customs. The results are compared 
to data of earlier examinations of body development conducted in certain areas.

Key words: growth and development, body measurements, nutrition, primary 
school children, auxiliary school children.

A g rea t n u m b er o f  au th o rs  s tu d ied  th e  connections o f  n o u rish m en t and  
b o d y  deve lopm en t. F irs t o f a ll th e  in fluence  o f ce rta in  k inds o f n o u rish m en t 
w as exam ined . T h e  connections betw een  th e  n u tr i t io n a l  custom s and  th e  b o d y  
d ev e lo p m en t are less know n.

B achm ann  (1976) found considerab le  d ifferences betw een  th e  n u tr i t io n a l 
custom s of th e  p r im a ry  school and  au x ilia ry  school ch ild ren  in th e  F ed era l 
R epub lic  of G erm any .

T here  are  tw o  scien tific  te a m s as an in te rn a tio n a l coopera tion  p a r t ly  in 
H u n g a ry , p a r tly  in  C zechoslovakia w hich exam ined  th is  p rob lem , com pleting  
th e  su rv ey  w ith  m easu rem en ts  o f th e  b o d y  deve lo p m en t. T he w ork w as p e r
form ed in  A pril an d  M ay, 1977. T he f ix a tio n  o f th is  tim e  w as ind ispensab le  
because th e  food-offer had  to  be ta k e n  in to  co n sid e ra tio n  a t th e  com parison  
o f th e  re su lts .

I f  we have to  s tu d y  th e  n u tr i t io n a l custom s, th e  reg ional d ifferences canno t 
be neglected . T herefo re, th e  ex am in a tio n s  in H u n g a ry  w ere perfo rm ed  in  e igh t 
areas, such as B u d ap est (N  =  2842), G yőr (N  =  730), S zo m b ath e ly  (N  =  642), 
Pécs (N =  747), Szolnok (N  =  754), Szeged (N  =  708), M iskolc (N  =  739), 
D ebrecen  (N =  783), a lto g e th e r  7945 ch ild ren . T hese ch ild ren  w ere asked 
accord ing  to  th e  Bachm ann's-questionary. N ea rly  h a lf  o f th em  w ere p r i
m a ry  school ch ild ren  an d  th e  o th e r h a lf  w ere au x ilia ry  school ones. T he 
au x ilia ry  school is a spec ia l ed u ca tiona l in s ti tu tio n  o rgan ized  for m en ta lly  
re ta rd e d  ch ild ren . U nder th e  p rescrip tio n  ch ild ren  w ith  m ild  m en ta l r e ta rd a 
tio n  are  in tro d u ced  in  th e  a u x ilia ry  schools in  H u n g a ry , an d  th e ir  IQ  is 0.70—
0.50.

3 Anthropologiai Közlemények 33



T he an th ro p o m e tric  m easu rem en ts  w ere p erfo rm ed  n e a rly  4000 ch ildren . 
17 bo d y  m easu rem en ts w ere exam ined . E v e n tu a lly , th e  girls o lder th a n  9 were 
asked  ab o u t th e ir  m enarche .

T he m ain  in te n tio n  o f  th e  p re se n t w ork  is th e  d esc rip tio n  o f  th e  differences 
in  th e  n u tr itio n a l custom s an d  th e  b o d y  developm ent in  th e  m en tio n ed  pup ils 
above. T he resu lts  b y  th e  b o d y  m easu rem en ts o f th e  ch ild ren  belong ing  to  th e  
m ost p o p u la ted  area  (B u d ap est) , and  b y  th e ir  choosing som e k in d s o f food 
a re  show n. T ab le  1 show s th e  choice o f ce rta in  so rts  o f food  ( f irs t colum n: 
“ lik e“ ) or th e  re fusa l o f th e se  (second-colum n: “ does n o t lik e” ) b ased  on th e  
§5 o f th e  B ach m an n ’s -q u estio n a ry . These so rts  o f food w ere a rra n g e d  in  th e  
decreasing  o rd e r of th e  n u m b e r o f choices am ong th e  p rim a ry  school ch ildren . 
T h e  o rd e r o f th e  a u x ilia ry  school ch ild ren  differs from  th is  o rder.

T a b le  1

Choosing food (per cent)

Food
Prim ary school children A u xiliary  school children

Like
D oes n ot 

like
N o

decision Like
D oes n ot  

like
N o

decision

Fruit 8.8 0.8 3.5 8.7 0.9 5.4
Meat 8.0 3.5 7.1 8.0 4.0 5.0
Milk 7.9 4.2 5.1 8.7 3.8 6.2
Potatoes 7.9 4.3 5.0 7.5 5.8 4.1
Chicken 7.9 4.5 4.6 7.8 4.4 6.0
Leguminous 7.5 5.8 6.2 7.2 7.1 6.2
Eggs 7.3 6.3 8.1 7.5 6.0 4.7
Cheese 7.0 7.5 8.6 7.0 8.0 6.0
Fish 6.9 8.2 7.0 6.4 9.8 9.1
Rice 6.7 9.0 8.1 6.4 10.2 8.5
Noodles 6.4 9.9 9.0 6.4 10.1 8.5
Groats 6.3 10.6 8.3 6.6 9.3 9.6
Vegetables 6.0 11.8 8.5 6.9 7.7 10.7
Curd 5.5 13.5 10.9 • 5.6 13.1 9.9

T h e  d a ta  of th is  ta b le  are  ex am in ed  w ith  o n e -p a tte rn  Kolmogorov— S m ir
noff-test. T here is no s ig n ifican t d ifference betw een  th e  p r im a ry  an d  th e  au x ili
a ry  school ch ild ren , w hen th e  lim it o f  s ign ificance is fix e d  up  on a  0.01 level, 
in  acco rdance  w ith  B ach m a n n . F u r th e r  ca lcu la tions in  connec tion  w ith  th e  
choosing o f ce rta in  k inds of food in  som e cases (e.g. veg e tab les , f ish , eggs) 
th e  ch i sq u are  te s t ,  gave s ig n if ican t d ifferences s till on a 0.001 level.

N ow , a u th o rs  shou ld  like to  d e m o n s tra te  th e  average o f  th e  m ost im p o r ta n t 
bo d y  m easu rem en ts an d  th e ir  d e v ia tio n  b y  age.

A u th o rs  exp la in  th e  p ro b lem  b y  m eans of F igures 1, 2 an d  3 as follow s: 
C h ildren  aged 15 y ears  are  to o  o ld  to  go to  b o th  school ty p e s . V ery  seldom  

such p u p ils  are  to  be  fo u n d  in  th e  p r im a ry  school (there  are  on ly  7 in  th e  
whole sam ple), b u t in  a u x ilia ry  schools th e y  a re  num erous.

T he age o f m enarche is show n b y  arrow s, an d  is m  =  1 2 .4 2 ^ 0 .1 0  y ea rs  in  
th e  p r im a ry  school girls an d  m  =  1 2 .3 7 ^ 0 .1 5  y ears  in  th e  au x ilia ry  school 
girls.
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Fig. 1: Height of primary school and auxiliary school children

Fig. 2: Weight of primary school and auxiliary school children

Fig. 3: Chest circumference of primary school and auxiliary school children
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Fig. 4; Comparison of heights and weights of Budapest primary school children (Previous 
examinations and the present study)

Fig. 5: Comparison of heights and weights of Budapest auxiliary school children (Previous 
examination and the present study)

T he averages of th e  b o d y  m easu rem en ts  o f  th e  a u x ilia ry  school ch ild ren  are 
low er th a n  th o se  o f th e  p r im a ry  school ones. I t  is im p o rta n t th a t  beloging th e  
figures o f th e  dev ia tio n  o f age, th e  r a te  o f  th e  developm ent be long ing  to  th e
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figures a lso  seem to  b e  d issim ilar. T h is fa c t is con firm ed  b y  th e  s tu d y  o f  p ro 
p o rtio n a l analysis o f  th e se  m easu rem en ts .

The com parison  o f  th e  p rev io u s ex am in a tio n s  perfo rm ed  in  B u d ap est 
w ith  a u th o rs ’ re su lts  is  p resen ted  in  F igu res 4 an d  5 con ta in in g  h e ig h t an d  
w eight (E ib e n  e t al. 1971, Viola  1952). T h e  ten d e n c y  is unam bigous th a t  th ese  
tw o  m easu rem en ts  show  h igher av e rag es in  th e  la te s t  ex am in a tio n s. A sim 
ila r te n d e n c y  in  th e  d a ta  g iv en  b y  au x ilia ry  school ch ild ren  w as fo u n d .

The au x ilia ry  school ch ildren , co m p ared  w ith  th e  p rim a ry  ones are  u n d e r
developed , and  p ro b a b ly  also th e  r a te  o f  th e ir  deve lopm en t is d iffe ren t. A u
th o rs  supposed  t h a t  f i r s t  o f all social fa c to rs  could be b eh in d  th is  b a c k w a rd 
ness. T h e  m ost im p o r ta n t  am ong  th e m  are  co nnec ted  w ith  n o u rish m en t. A- 
m ong th e  social fa c to rs  affecting  n o u rish m en t also th e  n u tr i t io n a l custom s 
have a  p a r t .  H ow ever, th e re  a re  d ifferences as to  th e  ingestion  o f  ce rta in  
k inds o f  foods. F u r th e r  on, i t  is n ecessary  to  perfo rm  a m ore ex ac t analysis 
in re sp e c t of b o d y  deve lopm en t. Such ca lcu la tions are  u n d e r w ay.
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SIZE, SHAPE AND BODY PROPORTION OF YOUNG 
BASKETBALL PLAYERS

by E. Chovanová  and L. Zapleta lo v á

(Research Institute, Faculty of Physical Education, Comenius University, 
Bratislava, Czechoslovakia)

A b s t r a c t .  The study deals with somatometric, somatotypologic and pro
portional characteristics of young Czechoslovakian basketball players. The 
examined groups consisted of boys and girls belonging to three age groups (from 
13 to 18 years) who were divided according to specialization into guards, for
wards and centres. The results suggest that even in young basketball players 
specialized in the posts mentioned above the size of the body and of the extrem
ities differ considerably. According to the somatotypologic analysis, the guards 
display the highest mesomorphy and the centres the highest ectomorphy. There 
are small differences in body proportionality between guards, forwards and 
centres.

Key words: physique, body measurements, body proportion, somatotype, 
basketball players.

Introduction

I t  is fo r  th e  m o st p a r t  s tu d ie s  dea lin g  w ith  th e  observ a tio n  o f  th e  b o d y  
bu ild  o f  th e  b e s t b ask e tb a ll p lay e rs , re p re se n ta tiv e  of d iffe ren t cou n tries  
th a t  a p p e a r in th e  lite ra tu re . T h e  a n th ro p o m e tric , fu n c tio n a l an d  m o to r in 
dices o f  young  b a sk e tb a ll p lay e rs  w ere o bserved  b y  Va n k  e t al. (1974), Se k k in  
an d  K rotov  (1975), D obry  (1967) an d  H a ley  (1974).

O ur c o n tr ib u tio n  is concerned w ith  th e  ch a rac te ris tic s  o f som e b o d y  p a ra m 
e te rs , w ith  th e  so m ato typo log ic  analy sis  an d  p ro p o rtio n a l c h a ra c te ris tic s  
o f  y o u n g  b a sk e tb a ll p layers.

Material and Methods

T h e exam ined  group co nsisted  o f th e  b e s t C zechoslovak team s o f d iffe ren t 
age-groups, w hich  p layed  in  th e  f in a l m atch es o f th e  C ham pionship  o f  Czecho
s lo v ak ia  in  th e  season 1977178. In  th e  age-group o f  13— 14 y ear-o ld  p lay ers  
27 g irls an d  29 boys, in  t h a t  o f  15— 16 y ear-o ld  p lay ers  47 girls an d  54 boys 
an d  in  th a t  o f 17— 18 y ear-o ld  p lay e rs  32 girls an d  37 boys w ere ex am ined . 
T he p lay ers  o f  each  group w ere d iv id ed  in to  guard s (A), fo rw ards (B) an d  
cen tre s  (C).

T h e  age o f th e  a th le tes w as g iven in  a  decim al system . 18 q u a n ti ta t iv e  m o r
pholog ica l p a ra m e te rs  w ere observed . T h e  b o d y  sh ap e  w as e v a lu a te d  som ato- 
ty p o lo g ica lly , according to  H e a t h — Ca r t e r ’s m eth o d  (Ca r t e r  1975), and
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th e  re su lts  w ere e lab o ra ted  s ta tis tic a lly  accord ing  to  R o ss  e t al. (1974). The 
p ro p o rtio n a lity  o f  th e  bo d y  p a ra m e te rs  o f  th e  observed  g roups w as ev a lu a ted  
acco rd ing  to  E ib e n  e t al. (1976).

Results

B ody size

F ro m  th e  re su lts  o f  th e  observed  le n g th  m easu rem en ts o f  th e  b o d y  an d  
ex trem itie s  (s tan d in g  he ig h t, s ittin g  h e ig h t, re ach in g  heigh t, le n g th  o f th e  a rm s 
an d  legs) an d  b o d y  w eight o f y o ung  b a sk e tb a ll p layers i t  ap p ears  th a t  in  all 
m en tio n ed  p a ra m e te rs , in  boys an d  girls o f  each  age-group th e  guards d isp lay  
th e  low est v a lu es . T he values o f th e  fo rw ards are  h igher, and  th e  h ighest v a lu es  
a re  to  be fo u n d  am ong th e  cen tres. In  g ir th  m easu rem en ts o f  th e  ex trem itie s  
th e  re su lts  w ere th e  sam e, ex cep t fo r th e  15— 16 and  17— 18 y ear-o ld  girls, 
w here th e  h ig h es t values were p resen ted  b y  th e  forw ards. T he sign ificance of 
th e  d ifferences in  average num bers o f th e  m en tio n ed  p a ram e te rs  is d em o n stra ted  
in  th e  T ab le  1. T he g rea te s t d ifferences can  be found  betw een  guards an d  
cen tres  (A:C), sm aller ones betw een  fo rw ard s an d  cen tres (B :C ), especially  
in  s ta n d in g  h e ig h t, w eight, reach in g  h e ig h t an d  le n g th  o f th e  low er ex trem itie s  
(th e  d ifferences in  s ta n d in g  and  reach in g  h e ig h t are  p resen ted  in  th e  F ig . 1).

1 Fig. 1: Differences in height and reaching height of the young basketball players

40



Table 1

Results of the t-test between mean anthropometric parameters of young 
basketball players, according to specialization

M ale
13— 14 15— 16 17— 18

A :B A:C B:C A :B A:C B:C A :B A:C B:C

Stature 2.64 3.73* 3.90* 2.36 7.47* 5.54* 4.47* 5.22* 2.72
Weight — 3.54* 2.53 - 6.47* 5.97* - 3.29* —

Reaching height — 3.34* 2.87 3.46* 6.47* 3.05* 4.77* 5.42* 2.44
Upper extr. length — 3.25* 3.06* 2.16 4.22* 3.29* 3.03* 3.12* —

Sitting height - — 2.46 — 4.10* 4.01* 2.27 2.46 —

Lower extr. length — 3.79* 3.16* 2.18 6.06* 3.55* 2.09 2.54 —

Arm girth 2.98* 3.00* — — 2.28 2.40 — 2.22 —

Calf girth — — — — 2.97 3.48* — — —

F em ale
13— 14 15— 16 17— 18

A:B A:C B:C A :B A:C B:C A :B A:C B:C

Stature — 3.07* 3.59* — 4.30* 2.30 3.97* 7.13* 2.39
Weight — 2.43 3.33* — 2.97 — 2.65 4.18* —

Reaching height — — — 2.11 4.34* 2.12 3.65* 7.18* 3.03*
Upper extr. length — — 2.71 — 3.88* — 3.36* 6.53* —

Sitting height — — — — 2.70 2.79 3.45* 4.22* —

Lower extr. length — — 2.65 3.01* 3.06* — 3.10* 7.93* 3.64*
Arm girth — — — — — — — —  ■ —

Calf girth — — 2.54 — — — — — —

* =  t  s ig n ifican t a t  0.01 lev e l o f  confidence; w ith o u t  * t s ig n if ican t a t  0.05 level o f  confidence 
A : g u a rd s , B : fo rw a rd s , C: c e n tre s

Body shape

F o u n d ed  on th e  som ato typo log ic  an a ly sis  o f th e  hoys an d  girls (F ig . 2) 
i t  can  be sa id  th a t  i t  is m ostly  th e  guards w ho have th e  g rea te s t m esom orph ic  
co m p o n en t, i.e . th e y  have th e  g re a te s t a m o u n t o f  LBM . T he g re a te s t e c to 
m orph ic  co m p o n en t appears am ong  th e  cen tres , i.e . th e y  d isp lay  th e  lo n g est 
b o d y  segm ents.

T he so m a to ty p e  o f  13— 14-year-o ld  b o y  g u ard s an d  fo rw ards is in  th e  c e n tra l  
sec to r; cen tres are  ba lanced  ec to m o rp h s. T he girls a re  in  th e  sec to r o f en d o 
m orph ic  m esom orphs.

T he so m a to ty p e  o f  15— 16-year-old  b o y  guard s is in  th e  sec to r o f m e so m o rp h - 
ec tom orph , th e  fo rw ards an d  cen tres  are  m esom orphic  ec tom orphs. T h e  g irls’ 
so m a to ty p e  is in  th e  ce n tra l sec to r, b u t  th e  girls guards h av e  th e  h ig h es t
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Fig. 2: Somatotypes of the young basketball players

m esom orphic  com ponen ts. T h e  so m a to ty p e  o f  15-year-old  b a sk e tb a ll p lay ers  
o f th e  B o n ita  V ista  Ju n io r  H igh  School w hich  w as observed  b y  H a ley  (1974) 
is p laced  in  th e  sam e sec to r as t h a t  o f  a u th o rs ’ g roup , b u t  th e  A m erican  boys 
h av e  less su b cu tan eo u s fa t.

T h e  17— 18-year-old boy  guard s are  in  th e  m esom orph—ecto m o rp h  sec to r, 
th e  fo rw ards an d  cen tres a re  m esom orphic  ec tom orphs. T h e  g irl guards an d  
fo rw ards are  in  th e  cen tra l sec to r, and  th e  g irl cen tres  are  endom orph ic  ec to 
m orphs.

T he a d u lt b a sk e tb a ll p lay e rs: re p re se n ta tiv e s  o f  th e  U .S .S .R ., San D iego, 
C zechoslovakia an d  th e  p a r tic ip a n ts  o f  th e  O lym pic G am es in  M exico h av e  
h ig h er an d  d o m in a n t m esom orphic  co m ponen ts.

T he d ifferences in  m ean  SD D  betw een  th e  gu ard s, fo rw ards a n d  cen tres  
are n o t  s ta tis t ic a lly  im p o rta n t.

B ody proportion

A ccord ing  to  th e  p ro p o rtio n a l z-scores (F ig . 3) th e  g rea te s t d ifferences are  
to  be fo u n d  in  th e  age-group o f th e  13— 14-years o ld  w ith  th e  boys and  in  t h a t  
o f th e  17— 18-years old w ith  th e  girls.

W e can  s ta te  in  general t h a t  ex cep t fo r th e  tw o  m en tio n ed  g roups th e re  
are sm all d ifferences in  bo d y  p ro p o rtio n s  o f  th e  y o ung  b a sk e tb a ll p lay e rs , i f  
th e y  are  s ta n d a rd iz e d  on th e  sam e b o d y  h e ig h t.
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Fig. 3: Proportional z-scores of the young basketball players

Conclusion

R esu lts p re sen ted  ab o v e  suggest th a t  even  in  y oung  b ask e tb a ll p lay ers  
o f  a n y  sp ecia liza tion , b o d y  end  e x tre m ity  sizes d iffer considerab ly . A ccord ing  
to  th e  so m ato typo log ic  analysis , th e  guards a re  m ore m esom orphic an d  th e  
cen tres  m ore ec tom orph ic .
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A MODIFICATION OF SHELDON’S 
ANTHROPOSCOPIC SOMATOTYPE TECHNIQUE

by A. Cl a e ssen s , G. B e u n e n , J. S im on s , P. S w alus, M. Osty n , R. R e n so n  and D. van
Ge r v e n

(Institute of Physical Education, Catholic University Leuven, Heverlee, Belgium; 
Institute of Physical Education, Catholic University Louvain, Louvain-la-Neuve,

Belgium)

A b s t r a c t .  The purpose of this study was to find out a practical, fairly easy 
objective and valid somatotype technique which could be used in a six year cross 
sectional and longitudinal study.

132 young men from 17 to 19 years of age were independently somatotyped 
according to both methods (photometric and photoscopic) of Sheldon, the 
method of Parnell and that of Heath—Carter. Besides statistical characteristics 
obtained for the three components according to the four methods, the correla
tions between the components of the same type and the intercorrelations be
tween the three components in each method were also calculated.

A very high agreement was found between the two Sheldon techniques, on 
the one hand and between the Parnell and Heath—Carter methods, on the 
other hand. — Fairly large discrepancies were found between both Sheldon 
techniques and the Parnell and Heath —Carter methods for mesomorphy, al
though for the other two components the methods were in good agreement.

For testing which of the four methods gives an estimation of the athletic 
build (bone and muscle development), the correlations between mesomorphy 
ratings and 24 motor ability tests were calculated.

The mesomorphy ratings according to both Sheldon techniques were signifi
cantly correlated with 16 of 24 motor tests, whereas only 8 and 4 significant 
correlations were found for the Parnell and the Heath—Carter methods, re
spectively.

On basis of these findings a modified anthroposcopic Sheldon method was 
developed whereby the tables of Parnell and Heath—Carter, respectively, were 
used for a first estimation of endomorphy and ectomorphy, and whereby the 
final rating was based on the anthroposcopic atlas technique developed by 
Sheldon. Before using this new technique in the six-year-long study, we compared 
it with the original photometric Sheldon method. The correlations between 
the components rated according to these methods ranged from 0.84 to 0.93. The 
means of the components did not differ significantly, except for endomorphy. 
This leads us to the conclusion that the proposed method is a fairly good tech
nique for estimating the somatotype.

Key words: physique, somatotype, Leuven somatotype method, anthroposcop- 
ic-photometric method of S h el d o n , anthroposcopic atlas-technique of S h e l 
d o n , anthropometric method of P a r n e l l , anthropometric somatotype method 
of H ea t h  —Ca r t e r .

Introduction

A fter Sh eld o n  in  1940, w ith  his w ork  The Varieties o f  H u m a n  Physique  
h ad  caused a rea l “ C opern ican”  rev o lu tio n  in  th e  a n c ie n t w orld  o f  “ d ich o to m y ”  
an d  “ tr ic h o to m y ”  ty p e  classifications, a lo t o f c r itiq u es  have  arisen  against 
th is  “ G e s ta lt”  ty p o lo g y . These c ritiq u es are o f a th eo re tica l, p rac tica l and  
m ethodological k ind .
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T h a t several s im p lifica tio n s (Cu reto n  1974, W illg o o se  1961) a n d |o r  
m odifica tions (P a r n e l l  1954, 1958 D amon e t al. 1962, H ea th  1963, H eath  
an d  Ca rter  1966, 1967, Mu n r o e  e t al. 1969) o f  Sh e l d o n ’s m ethod  h av e  been  
p ro p o sed  is no w onder.

In  1967, re sea rch  w orkers o f  th e  D e p a rtm e n t o f  P h y sica l E d u c a tio n  (K .U . 
L euven) p lan n ed  a  p ro je c t to  s tu d y  th e  ph y sica l f itn e ss  o f  12 to  19 y ear-o ld  
B elg ian  hoys. T h is  s tu d y  is called  “ T he L euven  B oys’ G row th  S tu d y ”  (Si 
m ons e t al. 1974).

Tw o phases, a  p ilo t s tu d y  a n d  a m ain  s tu d y  can  be d is tin g u ish ed  in  i t .
D u rin g  th e  academ ic  y e a r  1967— 1968 th e  p ilo t s tu d y  (S im o n s  e t al. 1971) 

w as carried  ou t on  a lim ited  g roup  o f sub jec ts . T he m ain  to p ic  o f  th is  p ilo t 
s tu d y  w as th e  selection  o f  th e  v a riab les  to  be used  in  th e  m a in  s tu d y  a f te r 
w ard s.

T h e  purpose o f inc lu d in g  th e  Som atotype  in  th e  s tu d y  w as to  g e t in fo rm atio n  
a b o u t th e  follow ing q u estio n s:

1. does so m ato ty p e  change d u rin g  adolescence in  h e a lth y  boys?
2. can  a d u lt p h y siq u e  be fa ir ly  accu ra te ly  p red ic ted  from  p reado lescen t 

p h y sique?
Also th e  co llected  d a ta  on  p h y siq u e  ty p e  should  allow us:
1. to  com pare th e  so m a to ty p e  d is tr ib u tio n  o f  th e  d ifferen t age groups w ith  

th o se  o f  o th e r  co u n trie s  and  o th e r  age groups,
2. to  s tu d y  th e  re la tio n sh ip  b e tw een  so m a to ty p e  and  p h y sica l fitn ess  i.e. 

m o to r te s t  re su lts , b o d y  d im ensions m a tu ra tio n , sp o rt p a r tic ip a tio n  and  socio
c u ltu ra l  v ariab les.

T he a im  of th e  p ilo t s tu d y  w as to  fin d  o u t a p ra c tic a l, fa ir ly  easy , ob jec tiv e  
an d  v a lid  so m a to ty p e  tech n iq u e  w hich  could be used  in  th e  six -y ear cross- 
sec tio n a l and  lo n g itu d in a l s tu d y . In  th is  p ap e r we w ill discuss th is  tech n iq u e .

P rocedures

Subjects

T he su b jec ts  who p a r tic ip a te d  in  th e  p ilo t s tu d y  w ere s tu d e n ts  o f  th e  S t. 
P ie te r  college a t  L euven .

In  th e  p resen t s tu d y , 132 su b jec ts  from  17 to  19 y e a r o f  age a re  in v es tig a ted .

M ethods and variables

O f all su b jec ts  a s ta n d a rd iz e d  so m a to ty p e  p h o to g ra p h  (fro n t-s id eb ack  view) 
w as ta k e n  (D u p e r t u is  an d  T a n n e r  1950).

T he an th ro p o m e tric  m easu rem en ts  w hich are  necessary  fo r b o th  th e  Parnell- 
method a n d  th e  H eath— Carter Anthropom etric Som atotype-m ethod  w ere also 
ta k e n  (P a r n e l l  1958, H eath  an d  Ca r ter  1967).

O f a ll th e  testees th e  so m a to ty p e  w as defined  accord ing  to  each o f  th e  follow 
ing fo u r tech n iq u es:

l .T h e  an th ro p o sco p ic  —  p h o to m e tric  m ethod  o f Sh eld o n  1940 (Sh eld o n  
e t al. 1970)
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(E N S  —  M ES —  ECS)*

2. T he an th ro p o sco p ic  A tlas —  tech n iq u es of Sh e l d o n  —  1954 (Sh eld o n  
e t al. 1954)

(E N E  —  M EE —  ECE)*

3. The a n th ro p o m e tric  m eth o d  o f P a r n e l l  (Pa r n e l l  1954, 1958)

(E N P  — M E P  —  ECP)*

4. The H e a th — C arte r A n th ro p o m etric  S o m ato ty p e  M ethod  (H ea th  an d  
Ca r ter  1967)

(E N H  — M E H  — ECH) *

T he so m ato ty p e  ra tin g s  accord ing  to  th ese  fou r m e th o d s w ere carried  o u t 
b y  one o f  th e  au th o rs  (P .S .) w ho has experience in  th e  fie ld  o f  so m ato ty p in g  
(Sw alus 1966).

Results

Comparison o f  the somatotype methods investigated

F o r th e  com parison  be tw een  th e  so m ato ty p e  m e th o d s  of Sh eld o n  —  1954, 
P a r n e l l  an d  H e a t h — Ca r t e r  we re fe r to  th e  a rtic le  of Sw alus  and  his 
co llab o ra to rs  (Sw a lu s  e t al. 1970).

In  th e  follow ing ta b le s  a su rv ey  o f th e  resu lts  o f th e  com parison  am ong th e se  
th ree  tech n iq u es is g iven  to g e th e r  w ith  th e  com parison  betw een  these  th re e  
m ethods an d  th e  an th ro p o sco p ic -an th ro p o m etric  S heldon-techn ique. T h is 
la t te r  com parison  w as n o t discussed in  th e  a rtic le  b y  Sw alus  e t al. (1970).

In  th e  f ir s t  p lace we are com paring  th e  m eans o f  each o f  th e  com ponen ts 
accord ing  to  th e  fo u r m eth o d s (Table 1).

All th e  d ifferences are s ign ifican t (a t a .01 level) excep t fo r th e  d ifferences 
betw een  en d o m o rp h y -ra tin g s  accord ing  to  Sh e l d o n  1940— 1954; b e tw een  
ec to m o rp h y -ra tin g s  accord ing  to  Sh eld o n  —  1940 an d  P a r n e l l ; and  betw een  
ec to m o rp h y -ra tin g s  accord ing  to  Sh eld o n  —  1954 an d  H e a t h — Ca r t e r .

T ab le  2 show s th e  co rre la tions betw een  th e  sam e com ponen ts e s tim a te d  
accord ing  to  d iffe ren t techn iques.

F o r ec to m o rp h y  th e re  is a h igh ag reem en t b e tw een  th e  fo u r m ethods ( r  
ranged  from  .82 to  .90).

F o r en d o m o rp h y  a h igh  co rre la tion  is found  betw een  b o th  S heldon-tech- 
n iques (.90) an d  b e tw een  b o th  an th ro p o m e tric  m e th o d s to o  (.94). F o r m eso- 
m o rp h y , how ever, la rg e  d iscrepancies were fo u n d  betw een  b o th  Sheldon-

* These abbreviations, used in the tables in this article, are standing for:
ENS, MES, ECS: endo-, meso-, ectomorphy, respectively according to the Sheldon method 

-  1940.
ENE, MEE, ECE: endo-, meso-, ectomorphy, respectively according to the Atlas technique 

of Sh el d o n .
ENP, MEP, ECP: endo-, meso-, ectomorphy, respectively according to the method of 

P a r n e l l .
ENH, MEH, ECH: endo-, meso-, ectomorphy, respectively according to the method of 

H e a t h —Ca r t e r .
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Table I

Means (M), standard deviations (SD), and t-scores of each of the components
(N =  132)

Endomorphy

1. E N S
2. E N E
3. E N P
4. E N H

M
3.11
3.11 
3.40 
2.46

SD
1.17
1.23
0.87
1.07

*12
0.00

t/3
-3 .8 7  + 
-3 .66+

t/4
5.91+ 
8.23 + 

28.59+

Mesomorphy
M SD t/2 */3 t/4

1. M E S 3.98 1.09 -3 .6 3  + 4.73+ 2.66 +
2. M E E 4.09 1.13 6.60+ 4.31 +
3. M E P 3.44 0.99 -4 .7 4  +
4. M E H 3.61 1.04

Ectomorphy
M SD *12 */3 t/4

1. E C S 3.66 1.24 4.92 + — 1.81 6.44 +
2. E C E 3.35 1.25 —6.09 + -0 .3 5
3. E C P 3.76 1.28 12.99 +
4. E C H 3.37 1.17

S ig n ifican t a t  th e  .01 level o f  confidence

Table 2

Correlations between the components of the same type
(N =  132)

Endomorphy
E N E E N P E N H

E N S 0.90 0.66 0.68
0.67 0.70

l _ 0.94

Mesomorphy
M E E M E P M E H

M E S 0.85 0.46 0.33
1________ 0.45 0.31

0.92

Ectomorphy
E C E E C P E C H

E C S 0.85 0.89 0.90
1 0.82 0.82

1 0.97

tech n iq u es  an d  th e  m ethods o f  P a r n e l l  a n d  H ea t h —Ca r ter  (from  .31 to  
.46), a lth o u g h  th e  tw o  S he ldon-techn iques on  th e  one h an d , an d  b o th  a n th ro p o 
m etric  tech n iq u es , on th e  o th e r  h and  co rre la te  fa irly  h igh ly .
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In te rc o rre la tio n s  betw een  th e  th ree co m p o n en ts  in  each m eth o d  show  us 
th e  follow ing (see T ab le  3).

Table 3

Intercorrelations between the three components in each method
(N =  132)

Sh eld o n  (1940)
E N S  
M E  S

M E S
- 0 .2 6

E C S
- 0 .5 6
- 0 .5 5

Sh eld o n  (1954)
E N E
M E E

M E E
- 0 .3 0

E C E
- 0 .5 0
- 0 .5 0

P a r n e ll
E N P
M E P

M E P
+ 0 .2 1

E C P
- 0 .5 8
- 0 .7 4

H ea th  & Carter
E N H  
M E H

M E H  
+  0.44

E C H
- 0 .5 9
- 0 .8 9

In  b o th  S h e ld o n -m eth o d s each c o m p o n en t co rre la tes  n eg a tiv e ly  w ith  th e  
o th e r tw o . In  th e  m e th o d  of P a r n e l l  and  also in  th e  m ethod  of H e a t h —- 
Ca r ter  en d o m o rp h y  corre la tes p o s itiv e ly  w ith  m esom orphy (.21 an d  .44 
respective ly ). On th e  o th e r  hand, f a ir ly  h igh  n eg a tiv e  co rre la tions betw een  
m esom orphy  an d  ec to m o rp h y  (—0.74 an d  0.89, respective ly ) w ere found . 
To te s t w hich  o f  th e  fo u r  m ethods gi ves th e  b e s t e s tim a tio n  of th e  a th le tic  —  
bone and  m uscle d ev e lopm en t — b u ild , th e  m esom orphy  ra tin g s  accord ing  to  
d ifferen t tech n iq u es w ere  correlated  w ith  24 a b ili ty  te s ts . T ab le  4 shows th a t  
th e  m esom orphy  ra tin g s  according to  b o th  Sheldon-techn iques are  s ig n ifican tly  
co rre la ted  w ith  16 te s ts , whereas on 8 an d  4 s ig n if ican t co rre la tions are found  
fo r th e  P a rn e ll-  and  th e  H eath— C a rte r-m e th o d s , respective ly .

The an a ly s is  o f th e se  resu lts p e rm its  us to  d raw  th e  follow ing conclusions 
(see also Sw a lu s  e t a l. 1970).

B o th  Sheldon-techn iques a re  s im ila r, a lth o u g h  th e  m ean scores are  
d ifferen t (ex cep t for endom orphy).

—  T he m eth o d  o f  P a rn ell  an d  th e  H e a th — C arte r-m eth o d  are  re la tiv e ly  
sim ilar, a lth o u g h  th e  m ean  scores o f  th e  th re e  com ponen ts are d ifferen t.

—  B o th  a n th ro p o m e tr ic  tech n iq u es  m ay  e v e n tu a lly  be used  in  lieu  o f b o th  
S heldon-m ethods fo r th e  estim a tio n  o f th e  th i rd  com ponen ts ec to m o rp h y , a t  
th e  u tm o s t fo r th e  f i r s t  com ponent en d o m o rp h y , b u t n o t fo r th e  e s tim a tio n  o f  
th e  second co m p o n en t m esom orphy.

—  M esom orphy accord ing  to  P a r n e l l  a n d  H ea th — Ca r t e r , in  o p p o sitio n  
to  w h a t ap p ears  fro m  b o th  S h e ld o n -tech n iq u es, re la te s  p o sitiv e ly  to  en d o 
m orphy , a n d  is h ig h ly  negative ly  re la te d  to  ec to m o rp h y . Also th e ir  “ second”  
co m p o n en t ra tin g s  show  lower co rre la tio n s  w ith  d ifferen t aspects o f  ph y sica l 
fitn ess .
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Table 4
Correlations between mesomorphy (4 methods) and 24 motor ability tests

(N =  132)*

M E S M E E M E P M  E H

Dynamic strength
— Bent arm hang 0.39 0.35 0.00 -0 .1 6
— Push ups 0 56 0 59 0.41 0.27
— Chins 0.56 0.55 0.17 0.01

Static strength
— Hand grip
— Medicine ball put
— Arm pull

0.34
0.38
0.37

0.40
0.43
0.45

0.21
0.24
0.35

0.11
0.17
0.30

Explosive strength
— Vertical jump 0.28 0.35 -0 .01 -0 .1 1
— Standing broad jump 0.34 0.42 0.03 —0.08

Dynamic trunk strength
— Leg lifts 0.39 0.42 0.33 0.24
— Leg raiser 0.16 0.17 0.16 0.10

Extent flexibility
— Sit and reach 0.36 0.36 0.33 0.29
— Trunk twist 0.13 0.11 -  0.08 -0 .1 6
— Ankle flexibility 0.01 0.04 -0 .1 2 -0 .1 7

Speed of change of direction
— Dodge run - 0.41 -0.41 -0 .2 6 —0.17
— 50 m schüttle run -0 .2 6 -0 .3 2 -0 .2 7 -0 .1 8
— Figure-8-duck -0 .3 0 - 0.35 -0 .1 2 0.00
— 160 m shuttle run -0 .2 5 -0 .2 9 -0 .2 5 -0 .1 7
— 240 m schüttle run -0 .2 9 —0.28 -0 .1 7 -0 .0 8

Limb speed
— One foot tapping 0.22 0.20 0.20 0.15
— Block transfer 0.01 0.02 -0 .0 2 -0 .0 5
— 2 foot tapping 0.03 0.04 0.08 0.05
— Plate tapping —0.09 -0 .0 8 0.12 0.13

Balance (visual cues)
— Stick balance 0.03 0.09 0.14 0.15

Endurance
-  Step test (1’) -0 .2 5  -0 .2 7  -0 .0 3  -0 .1 2

* T h e  v a lu e s  in  italics  a re  s ign ifican t a t  th e  .01 level o f  co nfidence

Project o f  a method based upon the A tla s  technique o f  Sheldon

B ased up o n  th e  re su lts  o f  th is  co m p ara tiv e  s tu d y  i t  w as decided to  develop  
a system  w hich  w as essen tia lly  a S heldon ian  a tla s  te ch n iq u e  b u t w hich  was
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also based  on th e  an th ro p o m e tric  tech n iq u es  o f  P a r n e l l  and  H ea th—  
Ca r t e r .

A few  co n d itions h ad  to  be p rem ised :
a) I t  h ad  to  be a fa ir ly  easy  m ethod

—  to  e s tim a te  a g rea t n u m b er o f  su b jec ts  (m ore th a n  20.000)
—  as easy  as possib le to  lea rn  (several observers).

b) I t  h ad  to  be  a m e th o d  as objective as possib le.
c) I t  h ad  to  be a va lid  m ethod  w hich  could  e s tim a te  th e  th re e  com piled 

com ponen ts o f  c o n s titu tio n  (in a “ S he ldon ian” -like sense).
T hese cond itions observed  and  w ith  th e  re su lts  o f th e  com parison  in  m in d  

th e  A tlas-tech n iq u e  o f  Sh eld o n  w as chosen w ith  th e  follow ing m od ifica tio n s:
—  a f irs t  e s tim a te  o f  en d om orphy  is based  u p o n  th e  sum  o f th re e  sk in fo lds 

accord ing  to  th e  d a ta  rep o rted  b y  P a r n e l l  (1957).
—  a f irs t  e s tim a te  o f  ec to m o rp h y  is n ased  upon  th e  reversed  p o n d e ra l

3______ _
in d ex  (h e ig h t/]/w e ig h t) accord ing  to  th e  d a ta  re p o rte d  b y  H ea th  a n d  Ca r t e r  
(1966).

—  w ith  th e se  f ir s t  ra tin g s  in  m ind  we tu rn  to  th e  s ta n d a rd  pho to s  o f  th e  
Sheldon A tlas (Sheldon e t al. 1954). T hese p h o to g ra p h s  (age g roup  16—24) 
are  a rran g ed  on  a so m a to ch a rt. In  th is  w ay  i t  is fa ir ly  easy  to  s itu a te  th e  su b je c t 
and  to  com pare  h im  w ith  th e  su rro u n d in g  ty p e s .

■— th e  f in a l ra tin g  is based  up o n  an  an th ro p o sco p ic  e s tim a tio n  using  th e  
s ta n d a rd  p h o to g rap h s  o f th e  S heldon-A tlas.

Validation o f  the Leuven method

T he L euven  m eth o d  is a co m bina tion  o f  th re e  o rig inal so m ato ty p e  te c h 
n iques. To v a lid a te  th is  ad a p te d  m eth o d  we h av e  com pared  i t  w ith  th e  o rig in a l 
p h o to m e tric  S heldon-techn ique 1940 (Sh eld o n  e t al. 1970).
T ab le  5 show s th e  m eans, s ta n d a rd  d ev ia tio n s  a n d  t-scores o f  b o th  th e  Sheldon  
—  1940. m e th o d  and  th e  Leuven method. T h e  m eans o f  th e  com ponen ts d id  n o t 
d iffer s ig n ifican tly , excep t fo r endom orphy .

Table 5
Means (M), standard deviations (SD), and t-scores of both the Sheldon method (1940) 

and the “Leuven” method 
(N =  50)

E N S E N L M E S M E L E C S E C L

M 3.10 3.37 3.85 3.86 3.67 3.51

SD 1.19 0.98 0.98 0.88 1.24 1.16

t -2.78* -0 .1 1 1.88

* =  S ig n ifican t a t  th e  0.01 lev e l o f  confidence
E N L , M E L , E C L  : E n d o m o rp h y , m eso m o rp h y , ec to m o rp h y , a cco rd in g  to  th e  “ L e u v e n ”  m e th o d

T h e co rre la tio n s b e tw een  th e  com ponen ts ra te d  accord ing  to  th ese  m eth o d s 
are  show n in  T ab le  6.
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Table 6

Correlations between the components of the same type of both the Sheldon method (1940) and
the “Leuven” method

(N =  50)

E N L M E L
' 1 •

E C L
E N S  0.87* M E S  0.84* E C S  0.93*

(0.82) (0.75) (0.88)

(* =  C o rrela tio n  coeffic ien t co rrec ted  for a tte n u a tio n )

S um m ary  an d  Conclusions

T he pu rpose  o f th is  s tu d y  w as to  develop  a p rac tica l, fa ir ly  easy , o b jec tiv e  
a n d  v a lid  so m a to ty p e  te c h n iq u e  w hich could  be used in  a six -y ea r cross-sec
tio n a l and  lo n g itu d in a l s tu d y .

132 y o ung  m en from  17 to  19 years o f  age were in d ep en d en tly  so m a to ty p e d  
acco rd ing  to  b o th  m ethods (p h o to m e tric  and  photoscopic) o f  Sh e l d o n  th e  
m e th o d  o f P a r n e l l  and  th a t  o f  H ea t h — Ca r t e r . Besides s ta tis t ic a l  c h a ra c 
te r is tic s  o b ta in e d  fo r th e  th re e  com ponen ts accord ing  to  th e  fo u r m e th o d s , th e  
co rre la tio n s betw een  th e  com ponen ts o f  th e  sam e ty p e  an d  th e  in te rc o rre la 
tio n  betw een  th e  th ree  com ponen ts in  each  m ethod , w ere also ca lcu la ted . 
A  v e ry  h igh  ag reem en t was fo u n d  b e tw een  th e  tw o S heldon-techn iques on th e  
one h a n d  an d  betw een  th e  P a rn e ll-  an d  H e a th — C arte r-m ethods on th e  o th e r  
h a n d . F o r ec to m o rp h y  th e re  is a h igh  ag reem en t am ong th e  fo u r m eth o d s. 
T h e  ra tio  h e ig h t |cube ro o t o f  w eigh t ap p ears  to  be a fa irly  good e s tim a to r  fo r 
ec to m o rp h y .

T h e  co rre la tio n s ob ta in ed  b e tw een  en d o m o rp h y  accord ing  to  Sh e l d o n  —  
1954 an d  en d o m o rp h y  accord ing  to  P a r n e l l  and  H ea th — Ca r tb r  (from  
.66 to  .70) co n firm  th e  re su lts  o f  D am on  an d  co llabo ra to rs be tw een  endo
m o rp h y  an d  severa l sk infold  m easu rem en ts  (r =  0.72) (D amon  e t al. 1962).

F a ir ly  la rg e  d iscrepancies, how ever, w ere found  betw een  b o th  Sheldon- 
te ch n iq u es  an d  th e  P arnell- a n d  H e a th — C arte r-m ethods fo r m esom orphy . 
F o r te s tin g  w hich  o f th e  fo u r m ethods gives an estim a tio n  o f  th e  a th le tic  
b u ild  (bone an d  m uscle developm ent) th e  co rre la tions betw een  m esom orphy  
ra tin g s  an d  24 m o to r a b ility  te s ts  w ere ca lcu la ted . Cu r e t ON also p ro p o sed  
to  r a te  th e  m uscu la r developm ent an d  co n d itions ( =  m esom orphy); th e  
second gross asp ec t o f “ P h y s iq u e”  b y  m eans o f “ feeling”  m uscles (Cu r eto n  
1947 p . 120 -1 2 2 ) .

T he m esom orphy  ra tin g s  acco rd ing  to  b o th  Sheldon-techn iques w ere sign if
ic a n tly  co rre la ted  w ith  16 of 24 m o to r te s ts  w hereas o n ly  8 an d  4 s ig n ifican t 
co rre la tio n s, re sp ec tiv e ly , w ere fo u n d  fo r th e  P arne ll- an d  th e  H e a th — C arte r- 
m ethod .

F o u n d ed  on th e se  find ings a m odified  an th roposcop ic  S he ldon-m ethod  
w as developed  w h ereb y  th e  ta b le s  o f  P a r n e l l  an d  H ea th — Ca r t e r , re sp ec 
tiv e ly , w ere used  fo r a f ir s t  e s tim a tio n  o f  en d o m o rp h y  and  ec to m o rp h y  an d  
w hereby  th e  f in a l ra tin g  w as b ased  on th e  an th roposcop ic  a tla s  te c h n iq u e  
developed  b y  Sh e l d o n .
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B efore  u sing  th is  new  te c h n iq u e  in  th e  six -year-long  s tu d y , w e com pared  
i t  w ith  th e  o rig inal p h o to m e tric  S heldon-m ethod . T he co rre la tions betw een  
th e  com ponen ts ra te d  accord ing  to  th e se  m ethods ran g ed  from  0.84 to  0.93. 
T h e  m eans o f th e  com ponen ts did n o t d iffer sign ifican tly , ex cep t fo r endo- 
m o rp h y .

T h e  m ore o b jec tive  an th ro p o m e tric  “ p h e n o ty p e ”  tech n iq u es w ere n o t w ith 
held  to  ra te  th e  so m ato ty p e , u ltim a te ly , because th e y  show :

1. a g rea te r dev ia tion  w ith  respect to  th e  o rig inal Sheldon-m ethod ,
2. h igher co rrelations am ong  th e  th r e e  com ponen ts,
3. few er re la tio n s w ith  m o to r a b ili ty  (especially  s tre n g th  an d  speed te s t) . 
All th e se  find ings lead  us to  th e  conclusion  th a t  th e  p roposed  m eth o d  is

a fa ir ly  good tech n iq u e  to  estim a te  th e  so m ato ty p e .
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CLUSTER ANALYSIS IN ANTHROPOLOGY

by R . Co rlu y

(Center for Biomathematics, Free University Brussels, Belgium)

A b s t r a c t .  Although a large variety of cluster analysis methods is available, 
only those based on the concept of “natural” cluster may be used in anthropology, 
since we have no prior knowledge of the structure of the OTU’s in a multi
dimensional space. A method for comparing cluster techniques in an objective 
way will be discussed by identifying clustering results with matrices and estab
lishing a distance between these matrices. Differences between “hard clustering” 
and “fuzzy clustering” will also be pointed out, and, as a useful compromise, we 
introduce an altered version of neighbourhood limited classification. Thanks 
to the concept of “neighbourhood of a point”, regions of space of varying density 
are found to be independent of their cluster shape. As a consequence of the 
overlapping of neighbourhoods, points already in a cluster may have relation
ships with points in other clusters. If clusters stand for populations, the method 
provides us with a technique for introducing overlapping populations and for a 
quantification of the properties in which populations differ.

Key words: hard cluster analysis, fuzzy cluster analysis, neighbourhood limited 
classification.

In tro d u c tio n

T h e  la s t tw o  decades h a v e  shown an  in ten se  use o f co m p u ter-tech n iq u es 
in  every  sc ien tific  field  w h ere  a large am o u n t of n u m erica l d a ta  is hand led . 
T h e  m ethods o f  m u ltiv a r ia te  analysis tu rn e d  ou t to  be  v e ry  useful in  th e  life 
sciences, and  especially  in  an th ropo logy . T his p a p e r deals w ith  th e  p o p u la r 
tech n iq u e  o f c lu s te r analy sis  (CA) an d  i ts  purpose  is to  give th e  n o n -m a th em a t- 
ica l u ser som e in sig h t in to  th e  prob lem s w ith  w hich he can  be faced , and  also 
in to  our a rg u m en ts  in  fa v o u r of th e  neighbourhood  lim ited  classifica tion  
(NLC) m ethod  w hich, in  o u r  view, is o f  p a r tic u la r  in te re s t  for an th ro p o lo g is ts .

T he need of d istances or m etrics

A fu n d a m e n ta l q u estio n  in  an th ro p o lo g y  is: in  w h a t m easure tw o  objects 
(ind iv iduals, fossils, . . .) differ? L ite ra tu re  shows t h a t  th e  questio n  can be 
answ ered  b y  in tro d u c in g  indices o f  s im ila rity  o r ind ices of d iss im ila rity  on 
th e  one h an d  an d  d is tan ces  on th e  o th e r  h an d . A d is tan ce  or m e tric  betw een  
th e  elem ents a; o f  a se t A  is defined as a fu n c tio n  d : A x  A —*• R + such  th a t :

Vi, j ,  i ^  j:  d (a |, aj) >  0

i =  j= d(ai, aj) =  0
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Vi, j :  d(aj, aj) =  d (a í? a,) (sy m m etry )

Vi, j ,  k : d (a |, a,) +  d(aj, ak) >  d (a i5 ak) ( tr ia n g u la r
in e q u a lity )

T here  are tw o  im p o r ta n t p ro p e rtie s  o f  d istances w hich ind ices fa il to  possess. 
T h e  tr ia n g u la r  in e q u a lity  co rresponds to  th e  in tu itiv e  no tio n  th a t  i f  a; resem bles 
(is n e a r  to ) a^, an d  aj resem bles ak, th e n  aj an d  ak will resem ble  one an o th e r, 
to o . Secondly , d istances a re  a d d itiv e : in  fac t a n y  lin ea r co m b in a tio n  o f  d is 
ta n c e s  rem ains a d istance . So one can  add , fo r in stan ce , d istan ces  based  on  
a n th ro p o m e tric  d a ta  b e tw een  tw o  in d iv id u a ls  to  d is tan ces  based  on  b lood  
g roups (even w eigh ted  w ith  coefficien ts) betw een  th e  sam e in d iv id u a ls  to  o b ta in  
a  generalized  d is tan ce . A lth o u g h  i t  is n o t th e  case in  an th ro p o lo g y , th e  sy m 
m e try  p ro p e rty  m ay  be ann o y in g : i f  one w an ts  in  psycho logy  to  m easure th e  
affec tion  betw een  tw o  persons, an d  i f  aj is in  a ce rta in  a ffec tiv e  re la tio n  w ith  aj, 
i t  is possible th a t  th is  re la tio n  is n o t rec ip rocal. Suppose now  th a t  tw o  ob jec ts  
aj an d  aj are m easu red  fo r  s v a riab le s  and  th a t  x ik rep re sen ts  th e  v a lu e  o f th e  
k th  v a riab le  fo r o b jec t aj. T he M inkow ski d is tan ce  is g iven by :

T he M an h a tta n  d is tan ce  is p a r tic u la r ly  well su ited  fo r b in a ry  v a riab les, 
w hereas th e  E u c lid ian  is genera lly  used  fo r q u a n ti ta t iv e  v a ria b le s . H ow ever, 
S n e a t h  and  So k al  (1973) a rgue  fo r th e  M a n h a tta n  d is tan ce  w hen th e  scale 
u n its  o f  th e  v a riab les  are o f eq u a l va lue . In d eed , consider tw o  in d iv idua ls a 
an d  b , m easured  each  for tw o  bone  len g th s: a(10 cm , 20 cm ); b (20 cm , 40 cm). 

E uc lid ian  d is tan ce : d(a, b) =  ]A(10— 20)2 -f- (2Ö ^4Ó )2 ~  22.36 
M a n h a tta n  d is tan ce : d(a, b) =  | 10— 20 | +  | 20— 40 | =  30 
F ig u re  1 clearly  show s th a t  th e  M a n h a tta n  d is tan ce  conserves th e  differences 

fo r each  v a riab le  in  i ts  s tru c tu re .

Fig. 1: Comparison of Euclidian and Manhattan distances
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Suppose now  one has found  a tab le  o f d istances b e tw een  n o b jec ts : th is  
ta b le  is a sy m m etrica l m a trix  w ith  n (n -l) |2  non-zero  d is tan ces , an d  n  d istances 
eq u a l to  zero, s i tu a te d  on th e  m ain  d iagonal. A p ro b lem  in  an th ro p o lo g y  how 
ever, is n o t on ly  ask ing  if  in d iv id u a l a; is n e a re r  to  in d iv id u a l aj th a n  to  in d i
v id u a l ak, b u t  also exam in ing  if  th e re  are g roups o f in d iv id u a ls  w hich are nearer 
one a n o th e r th a n  o th e r  groups in  th e  p o p u la tio n . In  o th e r  w ords one has a 
c lassifica tion  prob lem . CA s ta n d s  for a v a r ie ty  o f  c lassifica tion  techn iques, 
w here th e  w ord classifica tion  h as  to  be u n d e rs to o d  as a p a r titio n  o f a given 
se t o f  ob jec ts  in  groups or c lu ste rs . G iven a prob lem , one genera lly  agrees on 
th e  n a tu re  o f th e  ob jec ts  one w an ts to  c lassify  an d  w hich  are called O TU ’s 
(o p era tio n a l tax o n o m ic  u n it) . A t th e  in itia l s tad e  one m a y  n o t fo rg e t th a t  m ost 
CA tech n iq u es are m erely  descrip tive , an d  th a t  in te rsec tio n s  betw een  clusters 
a re  em p ty . In  bio logy, d is tin c tio n  betw een  species is vag u e  an d  using  an  a r
b itra ry  CA m ethod  fo r o b ta in in g  a c lassifica tion  in  species s ta r tin g  from  a 
given sam ple o f  in d iv id u a ls  is useless since th e  ex istence  o f  h y b rid s .

M ost o f  th e  CA m ethods su ffe r from  an  im p o r ta n t d isad v an tag e . E ach  OTU 
can  be rep resen ted  as a p o in t in  a space o f  s d im ensions, each p o in t hav ing  s 
co -o rd inates, n am ely  th e  v a lu es  o f th e  s v a riab les . B u t  one has no id ea  o f th e  
form s o f  th e  ev en tu a l clouds o f  po in ts in  th is  s d im en sio n a l space. G enerally  
m ost m ethods s ta r t  b y  fusing  th e  tw o O T U ’s w hich h a v e  th e  sm allest d istance. 
T hen  m ethods begin  to  differ b y  answ ering th e  q u es tio n : “ w h a t is th e  d istance  
betw een  a p o in t an d  a c lu s te r?” , and  in  a  m ore ad v an ced  s ta te , “ w h a t is th e  
d is tan ce  betw een  tw o  c lu s te rs?”  Most answ ers are  b a sed  on th e  assum ption  
th a t  clusters are  spherica l an d  com pact. T herefo re , th e se  m ethods are  unable  
to  discover, for in s tan ce , th e  tw o  clusters o f  F ig . 2.

P rob lem s of c lu ste r analysis

Neighbourhood limited classification (NLC)

N atura l cluster and neighbourhood

The concep t o f n a tu ra l  c lu s te r  has been  in tro d u ced  to  get rid  o f th e  spherical 
fo rm  o f a cloud. A h u m an  observer can ea s ily  exam ine w ith  his eyes th e  r e p a r ti
tio n  o f flow ers in  a m eadow . H e sees reg ions o f  a v a ry in g  d en sity  o f flow ers 
an d  he arranges th e  flow ers in  groups accord ing  to  th e ir  d en sity , in d ep en d en tly  
o f  th e  form s. The co m p u te r im itia tio n  o f  th is  p ro ced u re  is called n a tu ra l c lu ste r
ing . T herefore, one oug h t to  define th e  n e ig h b o u rh o o d  o f a p o in t. In  Fig. 3, 
th e  in tersec tio n s o f  ne ighbourhoods o f p o in ts  are n o n -em p ty , an d  th e  chaining 
o f  n o n -em p ty  n e ighbourhoods gives in  fa c t  th e  c lu s te rs , w h a tev er th e ir  form s 
m ay  be.
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Fig. 3: Chaining of neighbourhoods, giving two clusters

Suppose now  one has a se t S o f  O T U ’s an d  th e  E u c lid ian  d istan ces  h av in g  
been  ca lcu la ted  an d  a rran g ed  in  a d is tan ce  m a tr ix . F o r  each O T U  s £ S one 
defines its  ne ighbourhood  N(s), such  th a t  th e  re la tio n  is sy m m etric :

s £ N (t) o  t  £ N(s) w ith  t  g S.
W e k e p t th ree  d e fin itio n s :

t  £ N(s) <=► d(s, t)  <[ d (x , y) (1)
x , y  € S 
x # y

w here  d(x , y) is th e  m ean  d is tan ce  o f all non-zero d is tan ces  b e tw een  tw o o b jec ts .
t  £ N(s) <=► d(s, t )  <C m ax  {m ax [d(s, x ), d(x , t) ]} s^ t (2)

x€S
t  £ N(s) o - d(s, t )  <{ m ax  {min [d(s, x ), d(x , t)]} s5t t (3)

x€S
W ith  D ef. (1) we consider a sphere  w ith  each p o in t as cen te r, h a v in g  as ra d iu s  
th e  m ean  d istance  be tw een  all p a irs  o f p o in ts . N eighbours o f  s are  th e n  all 
p o in ts  s i tu a te d  in  th e  in te r io r  or on  th e  sphere. T his d e fin ition  tu rn e d  o u t to  be 
to o  s tro n g , giving n e ighbourhoods w hich  w ere to o  ex ten d ed , a lth o u g h  no n - 
sp h erica l clusters w ere d iscovered . W hen  we consider tw o  spheres w ith  cen te rs , 
s an d  t  an d  h av in g  th e  sam e ra d iu s  d(s, t) ,  th e n  def. (3) says t h a t  t  £ N (s), 
i f  we can  f in d  a t  le a s t one e lem en t x  £ S w hich lies o u tside  o r on  th e  u n io n  
o f  th e  tw o  sp h eres: tw o  p o in ts  a re  ne ighbours if  th e y  are  ly ing  b o th  fa r  enough  
from  o th e r  p o in ts . T h is d e fin itio n  is a som ew hat a lte red  vers io n  o f th a t  o f  
O x n a r d  an d  N e e l y  (1969). D e fin itio n  (2) m eans t h a t  t  £ N(s) i f  we can  
f in d  a t  le a s t one p o in t y  £ S w hich  lies ou tside  or on th e  in te rse c tio n . W e 
h av e :

N (s)(3) c  N (s)(2)

M ost users p refer def. (3) since th e  p o in ts  x  are th e n  s itu a te d  fa r  from  s an d  t ,  
w hereas w ith  def. (2) i t  m ay  h a p p e n  th a t  th is  is on ly  th e  case fo r s or t .  T h e  
d e fin itio n s  rem ain  v a lid  if  one uses th e  M an h a ttan  m etric : in  R 2 th e  circles 
becom e squares and  u sin g  (3): t  £ N (s) i f  th e re  lies a t leas t one p o in t r  £ S 
o u ts id e  o r on  th e  un ion  o f th e  sq u ares  (F igs 4 and  5).

Fig. 4: s and t are neighbours, since x lies outside the union (3), or y outside the
intersection (2)
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Fig. 5: s and t are neighbours, since x lies outside the union of the squares

D ensity , association, interface and the N L C  procedure

As a m easu re  fo r th e  d e n s ity  around  each  p o in t, one ta k e s  th e  inverse o f  th e  
m ean  d is tan ce  betw een  s a n d  all th e  e lem en ts  o f N (s):

w(s) =  w ith  ds =  —  d(s, i), n s =** (N (s))
d s n s i^N(s)

I f  t  g N(s), one has:

/ \ n s n s n tw(s) =  ----------------- ---------------; w (t)  =  ------------------ < [ -----------
2  <*(s, i) ~~ d(s, t)  2  d (t, j)  d(s, t)

x€N(s) j€N(t)

T h e a sso c ia tio n  betw een  tw o n e ig h b o u rin g  p o in ts  is defined  as:

a (s , t)  =  w (s) ' w(t ) 1 ^  n sn t
d(s, t)  d (s , t ) d sd t d 3(s, t)

T he in itia l m a tr ix  o f  d istances is re p la c e d  b y  an  association  values ta b le . 
In s te a d  o f  ru n n in g  th ro u g h  th e  w hole d is ta n c e  m a tr ix , d u rin g  th e  cycles of 
th e  p ro g ram , th e  co m p u te r on ly  considers th e  association  values, th e  n u m b e r 
o f w hich is in fe rio r to  th a t  o f  th e  d is tan ces . In  th e  agg lom erative p rocedure  
th e  e lem ents w ith  th e  h ig h es t asso c ia tio n  are  fused . T he association  values 
a re  th e n  reca lcu la ted , and  th e  sam e p ro ced u re  s ta r ts  again . T his is on ly  possib le 
i f  one defines th e  associa tion  betw een c lu s te rs . Suppose one has tw o c lu sters  
U  an d  Y  an d  v  £ N (u) w ith  u  £ U an d  v  f  V. T he se t o f  th e  couples (u , v) 
is called th e  in te rface  I(U , V) of U a n d  V , as in tro d u ced  b y  O x n a r d  an d  
N e e l y  (1969). T he assoc ia tion  betw een  U  and  Y  is ca lcu la ted  as:

a (U, V) =
(u,v)€I(U,V)

In  o th e r  w ords, one ta k e s  th e  m ean v a lu e  o f  all th e  associations o f all couples 
be long ing  to  th e  in te rface  o f  U and V. T h e  concep t o f  in te rface  is th e  second 
a t  le a s t as im p o r ta n t a d v a n ta g e  of th e  m e th o d : one m ay  choose an  o p tim a l 
c lu ste rin g  in  th is  agg lom erative  p rocedure . In d eed , m ost m ethods g ive a p a r t i 
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t io n  o f  th e  e lem ents in  c lusters, b u t  from  th e  m om ent an  e lem ent belongs t o  
a c lu ste r, one looses all in fo rm atio n  concern ing  th e  re la tions o f  t h a t  p a r t ic u la r  
e lem en t w ith  th e  elem ents in  o th e r  c lusters. W ith  th is  m ethod  on th e  c o n tra ry , 
each  c lu ste r is com posed o f  tw o  p a r ts :  th e  in te rio r  and  th e  b o u n d a ry . T b e  
in te r io r  is th e  se t o f  all e lem ents whose neighbours also belong to  th e  c lu s te r , 
w hereas th e  b o u n d a ry  is th e  se t o f e lem ents also h av in g  neighbours in  o th e r  
c lu ste rs . T he in te r io r  (w hich can  be em p ty ) is th e  h a rd  kernel o f  th e  c lu s te r , 
com posed o f th o se  elem ents o f  w hich one is sure th a t  th e y  are  n o t re la te d  
w ith  elem ents o u ts id e  th e  c lu ste r. T he e lem ents o f  th e  b o u n d a ry , on th e  c o n t
ra ry , do have  associations w ith  elem ents o u tside  th e  cluster, a lth o u g h  th e se  
associa tions are  in fe rio r to  th e  ones in side  th e  cluster. In v es tig a tio n s  o f  th e  
n u m b e r o f  e lem ents in  th e  in te r io r  and  th e  b o u n d a ry  can be re le v a n t fo r ju d g 
in g  th e  h om ogeneity  w ith in  a c luster. As in  o th e r CA m ethods, th e  o u tp u t  
consists o f a dendogram  in  fu nc tion  o f  th e  associations b u t  gives also, a t  
ev e ry  cycle, th e  in terfaces . D epending  on  his p a r tic u la r  p rob lem , th e  u se r  
h as  to  choose th e  o p tim a l c lu ste ring  in  fu n c tio n  o f th e  associations an d  o f  th e  
e lem en ts in  in te rio rs  and  b o undaries. One m ay  be p a rtic u la rly  in te re s te d  in  th e  
v a riab le s  responsib le  fo r e lem ents in  th e  bo u n d aries . The p ro g ram  (Co r l u y , 
in  press) is w r itte n  fo r e x tra c tin g  th ese  e lem ents, and  calcu lates th e  co rre la tio n  
m a tr ix  betw een  th e  variab les , so th a t  a fa c to r  analysis can  be carried  o u t. 
F ig u re  6 shows tw o  clusters A an d  B , w ith  elem ents in  in te rio rs an d  b o u n d a rie s .

O x n a r d  an d  N e e l y  (1969) give an  in te re s tin g  an th ropo log ica l ex am p le : 
NLC cluste rin g  o f  sam ples o f H om o Sapiens, P an , Pongo and  G orilla b a se d  
on  e ig h t m orphological v ariab les  m easu ring  p r im a te  shoulders. A lth o u g h  
m isc lassifica tions occur (due to  th e  m orphological v a ria tio n  w ith in  a species), 
one need  n o t be  annoyed  since th ese  m isclassifications are  revealed  b y  th e  
in sp ec tio n  o f  th e  in terfaces .

Fig. 6: Two clusters A and B, with elements in interiors and boundaries

NLC: com prom ise betw een “ h a rd ”  an d  “ fuzzy”  c lustering

In  h a rd  CA th e  aim  is to  find  r  n o n -em p ty  sub-sets o f S w ith  2 <[ r  <  n  
(n u m b er of O T U ’s). Such a c lu ste ring  can be  com plete ly  cha rac terized  b y  a re a l 
m a tr ix  U cxn w ith  c row s and  n co lum ns, so t h a t  its  elem ents u ik sa tis fy :

u ik 6 {0, 1} 1 <: i ^  r ;  1 <  k <£ n  (1)

Í  u ik =  i  1 <  k  ^  n  (2)
i=l
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(3)2  Uik >  0 1 <  i <[ r
k=l

In d e e d , (3) m eans th a t  no c lu ste r is e m p ty  since th e  sum  o f th e  e lem en ts of 
each  row  is s tr ic tly  p o sitiv e ; (1) and (2) say  th a t  each  O TU  belongs to  a  c luster, 
an d  th a t  th e  in te rsec tio n s are  e m p ty  ( th e  sum  o f th e  elem ents o f  each  colum n 
ad d s u p  to  one). In  an th ro p o lo g y , how ever, S is genera lly  com posed o f  in d iv id 
uals o f w hich  th e  ch a rac te rs  o v e rla p : S m ay  rep re sen t a sam ple o f tw o  o r m ore 
su b -popul a t ions. In  fuzzy  c lu ste rin g  one avoids th e  “ ab sen t o r p re se n t” 
s ta te  in  a c lu s te r b y  rep lac in g  (1) b y

Uik € [0, 1] 1 < ; i < ; r; 1 < ; k  < ; n (4)
C onditions (2) an d  (3) rem ain  un ch an g ed . F u zzy  clusters give an  in d iv id u a l 
th e  p o ss ib ility  o f h av in g  a p a r tia l  be longingness to  d iffe ren t c lu ste rs . T he u ik 
a re  called  degress o f  belongingness. T h e  sum  o f th e  degress o f belongingness 
is equal to  one fo r each O TU . No fuzzy  c lu ste r is e m p ty  e ith er. T he new  cond i
tio n  (4) softens th e  fro n tie rs  betw een  fuzzy  clusters. M ethods for fu zzy  c lu s te r
in g  are  s till in  fu ll developm ent (see Ruspini 1973), an d  n o t used to  a g rea t 
e x te n t in  o u r fie ld  of in te re s t as y e t. One m ay , how ever, consider th e  NLC 
as an  in te re s tin g  com prom ise betw een  h a rd  an d  fuzzy  c lu stering  b y  a t tr ib u tin g  
th e  degress (0, . . . , 1, . . . , 0) to  th e  e lem ents o f  th e  in te rio rs  o f  th e  clusters 
(one an d  r-1 zeros) w hereas th e  e lem en ts o f  th e  b o u n d aries  w ould h a v e  degrees 
o f  be longingness (ocl5 . . . , a r) 
w ith

2  *» = 1 •i=l
T h e degress o f  belongingness o f  th e  e lem ent s,- (i =  1, , , , , n) are, i f  one denotes
k y  ______

0j =  a(sj, t) , t  £ N(S|) f | J ,  j =  U - . - , r
g iven  b y

k=l
( J  rep resen ts  th e  j th  c luster)

O f course, o th e r  so lu tions for th e  x, are possib le, depend ing  on th e  p a r tic u la r  
p rob lem  o f th e  in v es tig a to rs .

S um m ary

P ro p e rtie s  an d  ad v an tag es  o f th e  use o f  d istances in s tead  o f  indices o f 
d iss im ila rity  are  show n. To overcom e th e  assu m p tio n  o f  sp herica l c lusters, 
one  d iscusses also th e  ad v an tag es  o f  concep ts such  as ne ighbourhood  o f  an  OTU, 
d en sity , associa tion  b e tw een  O T U ’s, in te r io r  an d  b o u n d a ry  of a c lu s te r, in te r 
face betw een  clusters.
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ALLOMETRIC VERSUS MULTIVARIATE 
APPROACHES TO PROPORTIONALITY ASSESSMENT 

USING REFERENCE POPULATIONS

b y  D. T. D r in k w a t e r  a n d  M. A. Va n ’t H of

(Kinesiology Department, Simon Fraser University, Burnaby, B. C., Canada; Department 
of Statistical Consultation, University of Nijmegen, Nijmegen, The Netherlands)

A b s t r a c t .  The assessment of proportionality may be done directly using 
an allometric approach where changes in body dimensions may be expressed 
as height to some power, or less directly using multivariate methods where, 
under most circumstances, body dimensions may be expressed as linear func
tions of height. The allometric approach of Ross and W ilso n  (1974) attempts 
to simplify proportionality assessment, however their assumption of geometrical 
similarity is not valid if one wishes to separate the normally expected propor
tionality changes which occur with increasing height from the effects of other 
influences. Using multivariate methods, control for these changes with height 
may be achieved by standardizing data to a real known reference rather than 
a hypothetical one. Furthermore, the multivariate approach allows for control 
of the confounding effects of other variables in addition to height. Thus the use 
of a multivariate approach and a real population reference may be preferable 
to the Ross — Wilson ‘Phantom’ stratagem for proportionality assessment.

Key words: allometry, multivariate analysis, proportionality.

In tro d u c tio n

A fre q u e n t en d eav o u r of h u m an  b io log ists is th e  com parison  o f th e  m o rp h o 
log ical c h a ra c te ris tic s  o f in d iv idua ls o r g roups. R ecen tly  th e  assessm ent of 
h e ig h t re la te d  p ro p o rtio n a lity  ch a ra c te ris tic s  o f  ch ild ren  and  a th le te s  h a s  been 
o f  in te re s t  to  in v es tig a to rs  (E ib e n  e t al. 1976, E ib e n  1978, Ross e t al. 1977, 
Ross e t al. 1979). W h a t is o f concern  is how  such  groups differ from  one a n o th e r  
an d  from  a ‘n o rm a l’ p o p u la tio n .

In  1974 Ross a n d  W ilson  proposed  a m e th o d  fo r th e  p ro p o rtio n a lity  assess
m en t o f  b o d y  d im ensions. T hey  used a h y p o th e tic a l un isex  reference o r ‘P h a n 
to m ’ as a u n iv e rsa l s ta n d a rd , or ‘n o rm a l’ p o p u la tio n , and  p resen ted  a p ro ced u re  
fo r th e  tra n s fo rm a tio n  o f  m orphological d a ta  to  ‘P h a n to m ’ s ta n d a rd iz e d  
p ro p o r tio n a lity  va lues. T heir in te n t  in  s ta n d a rd iz in g  all d a ta  geo m etrica lly  
a d ju s te d  to  a h e ig h t o f  170.18 cm  was to  ex am in e  differences in  p ro p o rtio n a lity  
as co m p ared  to  an  average m a le —fem ale a d u lt, an d  fa c ilita te  th e  com parison  
o f  p ro p o r tio n a lity  am ong in d iv idua ls o r  g roups.

P ro v id ed  one is in te re s ted  only  in  d eserib ing  and  ev a lu a tin g  ab so lu te  p ro p o r
t io n a lity  fo r  v a rio u s groups, th e n  th e  R oss — W ilson app roach  is a co n v en ien t 
m eans o f do ing  th is . If , how ever, one w ishes to  de te rm ine  to  w h a t e x te n t ob 
served  p ro p o r tio n a lity  differences m igh t be a ttr ib u ta b le  to  n o rm ally  ex p ec ted  
changes w hich  occur w ith  increasing  h e ig h t, th e n  th e  Ross — W ilson geom etric  
sca ling  ap p ro ach  is in ap p ro p ria te .

63



A llom etry  and  p roportionality

I f  bo d y  dim ensions increased  geom etrica lly  w ith  h e igh t th e n  p ro p o rtio n a lity  
shou ld  rem ain  c o n s ta n t w ith  increasing  h e ig h t. B u t th e  p ro p o rtio n a lity  va lu e  
fo r an y  va riab le  does n o t necessarily  rem ain  c o n s ta n t b u t  ra th e r  m ay  change 
w ith  increasing  heig h t. T his is illu s tra te d  in  Fig. lb  fo r th e  d a ta  show n in  
F ig . l a .  T h is suggests th a t  b o d y  d im ensions do n o t increase geo m etrica lly  
w ith  heigh t.

Fig. la: Mean sit heights for boys 6 — 18 years from COGRO, Ross et al. 1979 
Fig. lb: Smoothed relative sit heights for boys 9 —18 years calculated from est. sit heights

using Eq. (1), Fig. la

T he ra te  o f  change o f  one v a riab le  w ith  re sp ec t to  a n o th e r, o r th e  d im ensiona l 
re la tio n sh ip  o f an y  v a ria b le  w ith  a n o th e r su ch  as h e ig h t, m ay  be b es t expressed  
b y  th e  a llom etric  e q u a tio n  as discussed b y  Marsh a ll  e t al. (1979). T hus th e  
ra te  o f change o f s it  h e ig h t w ith  resp ec t to  h e ig h t can  be expressed  as h e ig h t 
to  som e pow er. I f  s it h e igh t w ere to  in crease  geom etrica lly  re la tiv e  to  h e ig h t 
such  th a t  th e  p ro p o rtio n a lity  v a lu e  rem a in ed  c o n s tan t, th e n  th e  e x p o n en t 
shou ld  be 1. T h a t th e  ex p o n en t is less th a n  1, specifica lly  0.848 as show n b y  
E q . (2), F igu re  l a ,  in d ica tes  t h a t  th e  ra te  o f  increase  in  s it h e ig h t is less th a n  
th e  ra te  o f increase  in  h e ig h t in  th is  p a r tic u la r  p o p u la tio n .

Since th e  R o ss—W ilson ap p ro ach  does recognize th is  d im ensional a sp ec t 
an d  p rov ision  is m ade in  th e ir  z-value fo rm u la  fo r th e  a d ju s tm e n t o f  th e  d i
m ensional ex p o n en t to  th e  a p p ro p ria te  p o p u la tio n  specific v a lue , i t  is possib le  
to  co rrec t fo r th e  confound ing  effect o f h e ig h t on p ro p o rtio n a lity  in  th is  
m an n er. A n e x te n tio n  o f th e  ‘P h a n to m ’ sho u ld , th ere fo re , inc lude  th e  d im en 
sional re la tio n sh ip s  o f all v ariab les  w ith  h e ig h t as ex ist in  a ‘n o rm a l’ p o p u la tio n .

R eferring  to  T ab le  1, if  one uses th e  s tr ic t ly  geom etrical re la tio n sh ip  in  
th e  Ross — W ilson fo rm ula , s ign ifican t d ifferences in  p ro p o rtio n a lity  can  be
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show n to  ex is t betw een  th e  tw o groups. H ow ever, b y  using  th e  a p p ro p ria te  
d im ensiona l ex p o n en t, th e re b y  con tro lling  fo r h e ig h t re la te d  change , i t  can  
be show n th a t  th e  p ro p o rtio n a lity  differences d issappear. In  o th e r  w ords, 
th e  observed  differences are w holely  a ttr ib u ta b le  to  ‘no rm a l’ p ro p o rtio n a lity  
changes associa ted  w ith  increasing  h e ig h t an d  n o t to  ‘tru e ’ d ifferences betw een  
th e  groups as a re su lt of d iffe ren t tre a tm e n ts . Such p a r titio n in g  o u t o f th e  
‘n o rm a l’ p ro p o rtio n a lity  changes w ould  be p a r tic u la rly  usefu l in  assessing 
p ro p o rtio n a lity  of various g roups such  as a th le te s  fo r in stan ce .

Table 1

Comparison of proportionality differences in sit height for boys using the ‘Phantom’ stratagem 
before and after using the appropriate dimensional exponent to control for height related 

proportionality changes. Data synthesized from COGRO, Ross et al. 1979.

1 í v Í 17«-18V  p 1s L V ht j  J

where P =  70.98, s =  4.54, d =  dimensional exponent, 
v =  variable of interest, ht — measured height

group age 8 
N =  22 
ht =  129 cm 
sit height 70 (3) cm

where d =  1 

z =  0.34 (.87)

where d =  0.848 

z =  —0.49 (.84)

group age 18 
N =  21 
ht =  179 cm 
sit height =  93 (3) cm

z =  -0 .5 2  (.63) z =  -0 .3 7  (.63)

min t (p <. 0.05), DF =  41
t =  2.02 t =  3.74 t =  -0 .5 0

significant not significant

The use of peer reference groups an d  th e  ‘P h an to m ’ s tra tag em

In  th e  absence o f specific p o p u la tio n  in fo rm atio n  regard ing  th e  p ro p o rtio n a l
i ty  changes w ith  heigh t, one m ig h t m ake com parisons w ith  an  a p p ro p ria te ly  
m a tch ed  peer or ‘no rm ’ group . Such an  ap p ro ach  was d em o n stra ted  b y  R oss 
e t al. (1979) using an  age m a tch ed  peer g roup  to  assess p ro p o rtio n a lity  in  
11 years old fem ale figure sk a te rs . W hile th e  use of an  age m a tch ed  peer group 
w h e th e r th e re  were p ro p o rtio n a lity  differences betw een  groups o f a g iven  age, 
a b e tte r  assessm ent o f th e  d ifferences m ig h t have been  m ade using  a h e igh t 
m a tch ed  as well as age m a tch ed  peer group . B u t th is  exam ple does illu s tra te  
an  aw areness th a t  in  grow ing ch ild ren  p ro p o rtio n a lity  changes are  age as well 
as h e ig h t dependen t.

T hus th e  Ross — W ilso n ‘P h a n to m ’ as a h y p o th e tica l an d  h ig h ly  generalized  
descrip tion  of average a d u lt size can  serve on ly  as a usefu l reference fo r  d ep ic t
ing a ‘sta n d a rd iz e d ’ p ro p o rtio n a lity  value — n o th in g  m ore since th e  a ssu m p tio n
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of geom etrical s im ila rity  is in ap p ro p ria te  fo r th e  con tro l o f h e igh t w hen one 
wishes to  sep a ra te  p ro p o rtio n a l differences observed  as to  expec ted  h e igh t 
re la ted  changes an d  to  th e  effects of o th e r in fluences.

A m u ltiv a ria te  approach  and  the  use o f rea l reference populations

A n a lte rn a tiv e  ap p ro ach  fo r th e  ev a lu a tio n  of p ro p o rtio n a lity  is to  use 
m u ltiv a ria te  tech n iq u es an d  look a t  th e  m ag n itudes o f th e  variab les of in te re s t 
fo r each g roup  a fte r  s ta tis tic a lly  con tro lling  fo r he ig h t. A lthough  one does n o t 
look a t  p ro p o rtio n a lity  values d irec tly  using  such  techn iques, one can  in fe r 
w h e th e r one group is p ro p o rtio n a lly  la rger th a n  th e  ‘n o rm al’ p o p u la tio n  a t  
a given h e ig h t if  th e  group  v alue  is g rea te r  th a n  th e  e s tim a ted  pop id a tio n  
value a t  th a t  he igh t. In  th is  w ay  one can  com pare  groups con tro lling  fo r th e  
effect o f h e ig h t by  d e te rm in in g  how  m uch each  g roup  differs from  th e  p o p u la 
tio n  a t  th e ir  re sp ec tiv e  heights an d  hence from  one an o th e r. F u rth e rm o re , 
w hereas on ly  th e  effect o f he igh t can  be co n tro lled  in  th e  R o ss—W ilson ap p ro ach  
b y  using th e  a p p ro p ria te  d im ensional ex p o n en t fo r each  variab le , th e  m u lti
v a r ia te  app ro ach  allow s fo r th e  con tro l o f o th e r  v a riab les in  ad d itio n  to  heigh t. 
T hus, fo r exam ple, one could look a t  th e  re la tiv e  m ag n itu d e  of arm  g ir th  
in  tw o g roups o f a th le te s  a fte r con tro lling  fo r th e  effect o f h e ig h t an d  th e  size 
skinfold. Such p a r titio n in g  o u t of th e  confounding  effects of sk info ld  size coidd 
fu r th e r  a id  in  exp la in ing  differences betw een  groups. T he m u ltiv a ria te  ap p ro ach  
is ou r m eth o d  of choice since m an y  m orphological re la tionsh ips can  be reaso n 
ab ly  ap p ro x im a ted  over th e  range  we are  in te re s te d  in  b y  lin ea r regressions 
such  as show n in  E q . (1), F ig. l a .

B ecause w e are concerned  p rinc ipa lly  w ith  d e te rm in in g  w h e th e r differences 
ex ist be tw een  our s tu d y  groups an d  a ‘n o rm al’ sex  specific  p o p u la tio n  we chose 
to  s tan d a rd ize  our d a ta  to  a real r a th e r  th a n  a h y p o th e tic a l reference. F o u r our 
reference we requ ire , ideally , a p o p u la tio n  w ith  a large n u m b er of sub jec ts  
(N  g rea te r  th a n  1000) covering th e  h e igh t range  in  w hich we are in te re s ted  and  
fo r w hich th e  v a riab le  wx com m only use have  been  m easu red  and  th e  necessary  
s ta tis tic s  —  m eans, s ta n d a rd  dev ia tions, an d  co rre la tio n  m a tr ix  —  have been 
rep o rted . T h e  large n u m b e r of sub jec ts  ensures th a t  th e  erro rs in  th e  ca lcu la ted  
coefficients, used  in  th e  regression equa tions developed  v ia  th is  m u ltiv a ria te  
app ro ach  to  describe o u r ‘no rm al’ p o p u la tio n , a re  neglig ib ly  sm all. T he subse
q u en t scores, s ta n d a rd iz e d  to  our reference, th a t  are  derived  b y  th is  ap p ro ach , 
therefo re , h av e  neglig ib le e rro r associated  w ith  th em .

T h a t th is  app ro ach  can  y ield  th e  sam e in fo rm a tio n  as th e  m odified  R oss — 
W ilson m eth o d  (T able 1) is show n in  T ab le  2. U sing syn th esized  values fo r 
a reference p o p u la tio n  o f boys an d  d isregard ing  age re la te d  changes, th e  d a ta  
are  tran sfo rm ed  to  scores s tan d a rd ized  to  th is  reference before an d  a fte r  s ta t is t i
cally con tro lling  fo r he ig h t.

Since i t  can  be d e m o n s tra te d  th a t  given a fa ir ly  h igh  re la tio n sh ip  betw een  
h e igh t and  an y  va riab le , th a t  th e  q u o tien t o r p ro p o rtio n a lity  v a lue  ca lcu la ted  
from  th e  e s tim a te d  v a lu e  of a v a riab le  a t  a g iven  h e ig h t d iv ided  b y  th a t  
he igh t is a good ap p ro x im atio n  o f th e  m ean th e  p ro p o rtio n a lity  value fo r th a t  
he igh t, shou ld  wre w ish to  look a t  p ro p o rtio n a lity  ch a rac te ris tic s  as such, i t  is 
possible to  co n v ert th e  tran sfo rm ed  d a ta  o b ta in ed  v ia  ou r m u ltiv a ria te  
app roach  to  R oss —W ilson  z-values. W hile th is  is a so m ew hat in d irec t w ay  of
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Table 2

Comparison of sit height of boys using multivariate techniques and a reference population 
to control for height related changes. Data synthesized from COGEO, Boss et al. 1979.

regression of sit height(y) on height(x) — S' =  0.452 • x +  11.3, 
r =  0.996, rsd =  0.796

direct multivariate

group age 8 
N =  22

comparison comparison

ht =  129 cm
sit height =  70 (3) cm

z =  0.50 (3.77)

group age 18 
N =  21 
ht =  179 cm 
sit height =  93 (3) cm

z =  1.00 (3.77)

min t (p <£ 0.05), DP =  41
t =  2.02 t =  -21.74 *t =  -0 .4 3

significant not significant

* K o te  —  B y  in feren ce , p ro p o rtio n a l s it  h e ig h t o f  t h e  8 y ea r-o ld  bo y s is not  s ig n ifican tly  sm alle r th a n  th e  18 y ea r-o ld  b o y s  
a f te r  con tro llin g  fo r h e ig h t.

assessing p ro p o rtio n a lity  d ifferences in  th e  absence of th e  d im ensional re la tio n 
ships being  g iven  fo r th e  reference p o p u la tio n , i t  is doub tfu l th a t  an y  m ore 
in fo rm atio n  w ould be gained  from  doing  th is .

W h a t o u r ap p ro ach  allows, th e n , like th e  Ross — W ilson ap p ro ach  is th e  
convenience o f s ta n d a rd iz a tio n  o f d a ta  to  a com m on reference such  th a t  
differences betw een  groups becom es read ily  ap p a ren t. B u t un like  th e  Ross — 
W ilson m eth o d , o u r real p o p u la tio n  reference con ta ins th e  in fo rm atio n  neces
sa ry  to  allow  us to  p a r titio n  o u t h e ig h t re la te d  changes in  an y  v a riab le  an d  th e  
effects o f a n y  o th e r confounding  v a riab le  to  look a t  th e  ‘tru e ’ d ifferences 
betw een  groups i f  we w ish so. Since we are  n o t looking d irec tly  a t  p ro p o rtio n a l
i ty  re la tio n sh ip s  in  th e  m a n n e r o f R o ss  an d  W il so n , i t  is n o t n ecessary  to  
know  th e  d im ensional re la tionsh ips w ith  h e ig h t fo r all v ariab les in  o u r p o p u la 
tio n .

C onclusion

L ike R o ss  an d  W il s o n , we do p ropose  th a t  th e  use o f s ta n d a rd  p o p u la tio n  
references could  indeed  be rew ard in g  in  th e  ev a lu a tio n  of m orphological d a ta . 
W h a t is n eeded  are  ad eq u a te  m ale an d  fem ale reference groups, a n d  perh ap s 
even  a u n isex  reference. M uch w o u ld  depend  on th e  questions b e ing  asked . 
B u t fo r th e  assessm ent of p ro p o rtio n a lity , we suggest th a t  a m u ltiv a r ia te  
ap p ro ach  using  a peer g roup  o f som e so r t m ig h t be m ore ex p ed ien t th a n  ap p ly 
ing th e  Ross — W ilson ap p ro ach  in  th e  absence of dim ensional in fo rm a tio n  fo r th e  
‘P h a n to m ’, o r th e  use o f a series o f  h e ig h t m a tch ed  groups processed  v ia  th e  
‘P h a n to m ’ s tra ta g e m .
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PROBLEMS OF METRIC IN BIOTYPOLOGY

by O. G. E ib e n —K. Cséb fa l v i

(Department of Anthropology, Eötvös Loránd University, Budapest, Hungary; Education 
Centre, Ministry of Heavy Industry, Esztergom, Hungary)

A b s t r a c t .  When analysing variations of physique, the authors often came 
up against difficulties brought on by the lack of a metric defined especially 
for the human physique and/or by the uncleared state of the questions connected 
with such a metric.

Let H =  (a, b, c, . . .) ,  a set of examined human physiques, of which the 
elements are body measurement vectors belonging to each physique. Obviously, 
the distance p(x, y) (x, y £ II) between the physiques may be defined in many 
ways so that the relationships

p(x, y) =  0 <=>■ x =  y 
g(x, y) >  0 =*• x ^  y 
?(x, y) =  p(y, x) 
e(x, y) <  e(x, z) +  o(z, y)

should be valid.
In earlier times as a rule the conscious or — for reasons of computation — 

implied use of the Euclidean metrics (Pythagorean distances) was universal 
in the practice of anthropometry. The multivariate statistical methods — in 
the first place discriminance analysis and cluster analysis — clearly showed 
that the issue of applying a suitable metrics in anthropometric practice was 
practice was by far not free from problems.

In the authors’ opinion a well- (exactly and expediently) defined metric is 
in itself a useful tool of the practice of anthropometry. They succeeded in trac
ing hack the problems come up to solutions of exercises, in which solutions 
econometrics is more ahead. In their paper they present a suitable kind of metric.

Key words: metric, factor analysis, physique, bio typology.

In tro d u c tio n

Ow ing to  th e  possib ilities p resen ted  b y  m odern  co m p u ta tio n  techn iques 
th e  use o f  m u ltiv a r ia te  m ethods based  on processing g rea t q u an titie s  o f d a ta  
has ra p id ly  gained  cu rren cy  in  th e  p a s t decade in  v a rious dom ains of a n th ro p o 
m e try . N um erous re su lts  w ith  a w ide ran g e  of app lica tions have  been  a tta in e d  
b y  using  genera lized  com ponen t analysis (e.g. E ib e n  1969, 1972), fac to r  analysis 
(e.g. E ib e n — Csé b fa l v i 1977), c lu ste r an d  d iscrim inance analysis. A g rea t 
n u m b er o f re la tio n sh ip s  have com e to  lig h t w hich h ad  rem ained  h id d en  from  
d irec t in tu it io n  before.

H ow ever, as so o ften  in  th e  h is to ry  of science, in  th is  fie ld  too , th e  p h en o m 
enon can  be o bserved  th a t  w hen  a su d d en  ex tensive  sw eep of a g roup  of 
m ethods has ta k e n  place th e n , a f te r  a w hile, one m u st go b ack  to  th e  v e ry
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fo u n d a tio n s . Some basic questions have n am ely  to  be clarified , w hich  th o u g h  
fo r a long  tim e  ta c i t ly  assum ed to  be clear, in  th e  in te re s t o f fu r th e r  advance  
h av e  to  be se ttle d  m uch  m ore precisely , so to  say  on th e  level o f axiom s.

T h ere  are  num erous signs in  th e  l ite ra tu re  w hich in d ica te  th a t  a t  po in ts  
in d e p e n d e n t o f one an o th e r, b u t  a t  th e  sam e tim e  n o t acc iden ta lly , som e p ro b 
lem s arise  w hich can  be tra c e d  b a c k  to  ju s t  such  questions needing  to  he cleared  
UP-

O ne o f th e  top ics of th is  k in d  to  be c leared  on th e  level of th e  fu n d a tio n s  is 
th e  p ro b lem  o f th e  so-called metric.

In  th e  ap p lica tio n  of th e  m ost m u ltiv a ria te  m ethods no prob lem  was caused  
e.g. b y  th e  fa c t th a t  im p lic itly  we m ade use of a m etric  of P y th a g o re a n  ty p e  
w hich  de te rm in ed  th e  d istance  betw een  tw o  physiques rep resen ted , say , b y  
b o d y  m easu rem en t vecto rs x  an d  y  b y  th e  fo rm u la  (*).

~ X ~ y \

X  = ;  y  =

_  •*77 _

n
w here y ( >  0, a w eighting  fac to r.

T his m etric  is especially  ad v an tag eo u s in  resp ec t o f c o m p u ta tio n , since in  
th is  w ay  re la tiv e ly  sim ple an d  clear m ethods are  a t  o u r disposal fo r ca lcu la tions 
fo u n d ed  on G auss’s m ethod  of le a s t squares. B y  th e  w ay, th is  m e tric  also has 
a specia l role in  th e  ex am in a tio n  of un iverses ch arac terized  b y  v a riab les  of 
n o rm a l d is tr ib u tio n . J u s t ,  th ere fo re , only  few  tro u b led  ab o u t th e  p rob lem  th a t  
no d ire c t an th ropo log ica l m eaning  could  be given to  th is  m etric . T o  d e m o n s tra te  
th is  on a sim ple exam ple , le t us consider tw o  physiques, ch a rac te rized  b y  tw o  
b o d y  m easu rem en ts  (xx, y x s ta tu re , x.,, y , b o d y  w eight):

M atch ing  w ith  each  o f these  p o in ts  on th e  tw o-d im ensional p lane , we o b ta in  
F ig . 1 as follows:

T he an th ropo log ica l m eaning  of th e  d istance

is n o t d irec tly  clear and , a p a r t  from  fo rm al ad v an tag es, i t  is a c tu a lly  n o t  
ju s tif ia b le  e ither.

T he questions connected  w ith  m e tric  can  be discussed on tw o d iffe ren t levels, 
(i) O n one o f th ese , th e  mathematical level, th e  p roblem  can be reg a rd ed  as 

com plete ly  clarified . T he m a th em a tica l d e fin ition  of m etric , in  fa c t, com plies
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w ith  th e  req u irem en ts  o f in tu itio n . L e t us, nam ely , d en o te  th e  “ d is tan ce” 
o f  th e  x and  y  m easu rem en t vec to rs w ith  q(x, y).  T h en  one has to  de te rm ine  
th is  in  a w ay  such  th a t

( !)  e (* > j)  >  0 (p o sitiv ity )
(2) g(*, y )  =  0 <=> x  =  y

(3) q(x, y )  — Q(y, *) (sym m etry )
(4) q(x , y )  q(x , z ) - f -  q(z , y )  (tr ian g le  in eq u a lity ).

(ii) C om plying w ith  th e  above d e fin ition  th e re  are in n u m erab le  w ays of 
in tro d u c in g  a m etric . T h e  P y th a g o re a n  d istance  m en tio n ed  above is b u t  one 
o f  th e  possible ones. I t  is a h a rd e r  ta s k  to  select th e  one answ ering  th e  bio- 
typo lo g ica l respects  from  am ong th ese  m an y  possible m e tric s , i.e. to  e lucidate  
th e  questio n  o f m e tric  on th e  level o f anthropology.

In  th e  p re sen t p a p e r th e  au th o rs  should  like to  re p o rt in  b rie f on som e resu lts , 
w hich  m ay  a c tu a te  fu r th e r  research  in  th is  field .

F indings and  D iscussion

T he au th o rs  f irs t  s ta r te d  th e ir  in v estiga tions w ith  a m e tric  of th e  
ty p e  (•* ):

<**)

ex p ressly  o rien ted  to  b io typo log ica l purposes.
T h is m etric  —- w hich  o f  course com plies w ith  th e  m a th e m a tic a l req u irem en ts  

ra ised  here as does th e  P y th a g o re a n  d is ta n c e —has th e  a d v a n ta g e  th a t  i t  is 
b ased  on a n o tio n  o f equ ivalence  o f th e  d iscrepancies o f bo d y  m easu rem en ts 
w ith  re sp ec t to  a g iven  fu n c tio n  w hich is accessible to  d irec t in tu itio n . H ere  
n am e ly  th e  q u o tien ts
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o f th e  Pj w eighting  fac to rs  express th e  eq u iv a len t o f sim ple differences in  th e  
b o d y  m easurem ents. In  fa c t, denotes th e  m easu re  o f difference in  th e  j th 
m easu rem en ts, to  w hich  th e  difference in  th e  i lh m easu rem en ts  is eq u iva len t 
w ith  resp ec t to  th e  g iven  fu n c tio n . Since m etrics of th is  k in d , using w eights, 
a re  ex tensively  used  in  econom etry , i t  is w o rth  calling  a tte n tio n  to  a resu lt 
of M ih á l y ffy  e t al. (1978) an d  B od (1978) w hich  supplies a construc tive  
so lu tio n  fo r p rov ing  R . F r is c h ’s con jec tu re  th a t  th e  P ; va lues proceed  from  
th e  d e te rm in a tio n  o f ce rta in  in d ep en d en t P,-,- va lues. (These can  be de term ined  
m ore easily , based  on th e  equ ivalence o f differences in  m easu rem en ts , in s tead  
o f th e  w eights P , w hich  h av e  no d irec t in tu itiv e  m ean ing .) T h is m etric  can  
be com pared  w ith  th e  P y th a g o re a n  one in  an  exam ple  as follow s (F ig . 2):

Fig. 2: Comparison of the metric of type (**) with the Pythagorean one (see text)

I n  th e  course of th e  a u th o rs ’ fu r th e r  in v estiga tions, th e  in tro d u c tio n  of th e  
m e tric  (***) fo rm ula is n o t to o  a ttra c tiv e  a t  th e  f ir s t  glance, p roved  ra th e r  
useful.

(***) Q{x, y )  =  m ax  P , I log *,■ —  log y f |
/

T h e m eaning of th is  is as follow s:

T his expression issues from  th e  com parison  of th e  co rrespond ing  pairs of 
e lem ents ta k e n  from  th e  tw o  m easu rem en t v ec to rs. T he m ax im u m  o f these  
gives th e  d istance q o f th e  tw o  m easu rem en t v ec to rs. This c learly  m eans th a t  
th e  d istance  betw een  tw o  p hysiques is d e te rm ined  b y  th e  la rg e s t d iscrepancy  
w ith  respect to  p ro p o rtio n .

T ab le  1 shows th e  selected  b o d y  m easu rem en ts o f tw o persons, A an d  B. 
B eside th e  values o f th e ir  b o d y  m easu rem en ts (w hich in  B are alw ays sm aller 
th a n  in  A) th e  au th o rs  also give th e  logarithm ic  values o f th e m  an d  th e  differ
ence betw een  these  la s t ones. T he g rea te s t differences a p p e a r in  chest d ep th  
a n d  chest circum ference.

T h is m etric  com plies w ith  th a t  in s tin c tiv e  ev e ry d ay  p rac tice  th a t ,  for a b rie f 
ch a rac te riza tio n  of th e  difference betw een  tw o physiques one sole bo d y  m easure-
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m en t is em phasized , an d  th a t  is th e  one show ing th e  h ighest difference in  th e  
p ro p o rtio n s of th e  tw o physiques. W e say , e.g. th a t  A differs in  s ta tu re  “ by  
a h e a d ”  from  B, u n til  —  sa y  —  th e ir  abd o m en  circum ferences show  a g rea te r 
difference th a n  th e ir  s ta tu re s . T hen , even  am ong people of d iffe ren t s ta tu re , 
one considers w o rth  m en tio n in g  th e  difference in  abdom en  circum ference. In  
th is  w ay  a n y  of th e  b o d y  m easu rem en ts —  re lev an t as to  th e  ex am in ed  fu n c
tio n  —  m a y  becom e decisive as to  m e tric  (F ig. 3).

Fig. 3: In the determination by pairs of the distances of several physiques it will be different 
characteristics of physique that span the distance of (***) type

Table 1

Selected body measurements of two persons: A (male) and B (female)

B o d y  m easu rem en ts V ) ° g / log:. 4 / 9

1. Weight 90.0 1.95 55.5 1.75 0.07
2. Stature 178.0 2.25 162.1 2.21 0.04
3. Sitting height 92.0 1.96 84.5 1.92 0.04
4. Span 180.8 2.26 165.5 2.22 0.04
5. Suprasternal height 144.2 2.16 131.3 2.12 0.04
6. Symphysis height 88.7 1.95 81.5 1.91 0.04
7. Acromial height 147.5 2.17 131.5 2.12 0.05
8. Daktylion height 67.9 1.83 60.0 1.78 0.05
9. Spina iliaca ant. sup. 99.5 2.00 91.3 1.96 0.04

10. Biacromial width 43.0 1.63 37.7 1.58 0.05
11. Waist breadth 31.2 1.49 25.6 1.41 0.08
12. Bicristal width 32.5 1.51 28.9 1.46 0.05
13. Bitrochanter width 36.5 1.56. 34.3 1.53 0.03
14. Chest breadth 33.5 1.53 26.3 1.41 0.12
15. Chest depth 23.5 1.38 17.3 1.23 0.15
16. Chest circumference 110.0 2.04 78.0 1.89 0.15
17. Abdomen circumference 99.8 2.00 81.5 1.91 0.09
18. Trochanter circumference 101.0 2.00 91.5 1.96 0.04
19. Upper arm circumference 31.3 1.50 24.0 1.38 0.12
20. Forearm circumference 28.6 1.46 23.0 1.36 0.10
21. Thight circumference 59.6 1.78 50.0 1.70 0.08
22. Calf circumference 40.7 1.61 32.0 1.50 0.11
23. Bicondylus humeri 7.5 0.88 6.1 0.79 0.09
24. Bicondylus femoris 10.6 1.03 8.9 0.95 0.08
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T he c ircum stance  th a t  in  “ sp an n in g ”  th e  d is tan ce  Q only  one b o d y  m easu re
m en t tak es  p a r t  d irec tly  a t  an y  tim e , n a tu ra lly  does n o t m ean  th a t ,  in d irec tly , 
th e  o th e r m easu rem en ts h ad  no p a r t  in  form ing  th is  d istance . I t  is, nam ely , 
th e se  la t te r  m easu rem en ts w hich, on acco u n t o f th e ir  low er d ev ia tio n  in  p ro 
p o rtio n , do n o t exchange roles w ith  th e  m easu rem en t d e te rm in ing  th e  decisive 
d ev ia tio n  in  p ro p o rtio n . I t  is obvious, fu r th e r , th a t  in  th e  d e te rm in a tio n  b y  
p a irs  o f th e  d istances of severa l physiques i t  w ill a t  all tim es be d iffe ren t ch a rac 
te ris tic s  o f p h ysique  th a t  sp an  th e  d is tan ce  o f (***) ty p e .

As fa r as th e  d e te rm in a tio n  of th e  w eights P , is concerned, o u r ta s k  m ay  be 
considerab ly  less d ifficu lt here  th a n  w ith  m etrics o f e ith e r th e  (*) o r (**) 
ty p e .

N am ely , i f  th e  m easu rem en ts re le v a n t to  th e  exam ined  fu n c tio n s are th e  
u su a l ones (len g th , w id th  and  c ircum feren tia l), as well as body  w eigh t, th e n  i t  
is o ften  su ffic ien t if  w eigh t P w is considered  1/3 an d  th e  o th e r  P,- values 1. 
(This division in  th ree  p a r ts  o f th e  lo g arith m s com plies in  case o f  bo d y  w eigh t, 
w ith  th e  cu s to m ary  e x tra c tio n  o f cube ro o t.)

T h en , hav in g  carried  o u t th e  com parison  b y  p a irs  on th e  exam ined  un iverse  
o f  physiques, one can observe to  w h a t p ro p o rtio n  th e  single ch a rac te ris tic s  
o f  physique  ta k e  p a r t  in  sp ann ing  th e  d istances betw een  th e  physiques. I f  
one w an ts to  use th e  m etric  fo r u n iv e rsa l purposes th e n  i t  is adv isab le  to  a t ta in  
b y  increasing  an d /o r decreasing th e  w eigh ting  fac to rs , th a t  each of th em  becom e 
a “ decisive m easu rem en t”  in  a n e a rly  id en tica l n u m b er o f cases.

F o r special exam in a tio n s of fu n c tio n a l b io ty p o lo g y  th e  au th o rs  m ay  suggest 
t h a t  ju s t  in  th e  fo rm u la  o f ty p e  (***) a m etric  shou ld  be chosen in  w hich th e  
va lu es  Pj are  being  le ft free, and  th a t  in  a w ay  th a t  —  w ith  m ethods sim ilar 
to  d iscrim inance analysis —  th is  m e tric  sh o u ld  be d e te rm ined  la te r  in  an  
ex p e rim en ta l an d /o r em pirical w ay. A m etric  o f  th is  k ind  offers, nam ely , an  
in te re s tin g  an d  useful secondary  possib ility : besides a q u a n tita tiv e  m easure 
i t  also gives q u a lita tiv e  in fo rm atio n . N o ta b ly  i t  supplies th e  v e ry  m easu rem en t 
t h a t  spans th e  d istance  betw een th e  tw o  physiques. (L et us consider groups 
of a th le te s  as e.g. w eight lifte rs  or boxers, w ith  w hom  body  w eigh t sep a ra tes  
th e  fie ld  a u to m a tica lly . W ith  th em  th e  m easu rem en t th a t ,  fo u n d ed  on th e  
differences in  physiq u e , spans th e  d is tan ce  is n o t  bo d y  w eight.) This is th e  
m easu rem en t w hich d isp lays th e  h ig h est v a ria b ility . This fa c t has a t  th e  sam e 
tim e  also a h igh  biological in fo rm atio n  value.

E v en  th e  f ir s t  ap p lica tio n  of th e  m e tric  o f ty p e  (***) in tro d u ced  b y  th e  
au th o rs  b ro u g h t num erous in te re s tin g  o b serva tions.

One of th e  f i r s t  observations of th is  k in d  is t h a t  —  w hile in  th e  im m ed ia te  
en v iro n m en t o f a physique  (one o f th e  po in ts  o f th e  n-d im ensional space),
i.e. a t  fa irly  low  q values, i t  is p rac tica lly  h a rd ly  in te re s tin g  w h a t m etric  
we use —  in th e  m u ltiv a ria te  m ethods a change-over to  th e  new  m etric  (w hich 
is b y  no m eans sim ple m a th em atica lly ) m ay  lead  to  su b s ta n tia lly  d iffe ren t 
re su lts . Such a consequence o f th e  use o f th e  new  m etric  is especially  conspic
uous in  fa c to r  analysis. A t th e  sam e tim e , as show n b y  experience, th e  re su lts  
o b ta in ed  in  th is  w ay  are easy  to  in te rp re t.

H ere  an d  now  th e  au th o rs  p resen t th e  m ean ing  o f th e  m etric  o f  ty p e  (***) 
on ly  on a m uch  sim p ler exam ple.

L e t us consider a couple of p a re n ts , an d  le t  us rep re sen t th e  course o f th e  
g ro w th  of one o f th e ir  ch ild ren  “ in th e  sy stem  o f th e  p a re n ts” . O ne can  observe 
here  n o t on ly  how  th e  d istance  m easu red  fro m  th e  tw o  p a re n ts  changes in
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Fig. 4: The course of the growth of a girl “in the system of her parents” (see text)

tim e , also th e  ch an g ed  sp an n in g  th is  d is tan ce  ap p ear. M aking use of th e  
m easu rem en ts p re sen ted  in  T ab le  1, Fig. 4 show s th e  change in  th e  p h ysique  
of a d a u g h te r  o f a couple o f p a ren ts  d u ring  th e  g ro w th  process.

A lso th e  p h en o m en a  w hich  occur w hen th e  g iven m e tric  is being used  fo r 
d e te rm in ing  th e  “ d ia m e te r” , i.e. th e  m ax im um  o f th e  d istance  b y  p a irs  b e 
tw een  th e  e lem ents o f a fu n c tio n a l group are m o st in te re s tin g . A t such  tim es, 
n am ely , th e  d ia m e te r  o f th e  g roup  will be d e te rm in ed  b y  ju s t  th e  m easu rem en ts 
th a t  are  th e  le a s t re le v a n t as to  c lassification , i.e. b y  th e  ones w hich, in  sp ite  
o f  th e  c lassifica tion  in to  g roups change m o st freely .

B y  w ay  o f sum m ary  th e  au th o rs  w ish to  p o in t o u t t h a t  th e  m etric  p u t  fo r
w ard  b y  th em  is in d eed  a m e tric ; th is  has been  m a th e m a tic a lly  c leared . T ho u g h  
com plica ted , in  th e  course o f its  use i t  has p ro v ed  to  com e closer to  in tu itio n  
th a n  P y th a g o re a n  d istance . E v en  th e  experience gained  u p  to  now  d em o n stra te s  
th a t  th e  questio n  o f m e tric  is w o rth  dealing  w ith  since i t  is a ra th e r  p rom ising  
field . T he in itia l re su lts  ach ieved  up  to  th e  p re se n t deno te  th a t  fu r th e r  research  
in  th a t  d irec tio n  m a y  re n d e r rea lly  co rrec t q u ite  a n u m b e r of resu lts  a t ta in e d  
b y  less ex ac t m e th o d s earlie r, an d  th a t  a d e ta iled  e lab o ra tio n  of th e  m e th o d  
m ay  help  w ith  th e  recogn ition  of fu r th e r  new  biological re la tionsh ips.
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PHYSIQUE OF ENDOGENOUS PSYCHOTIC FEMALE
PATIENTS

by O. G. E ib e n , A. K e l e m e n , B. P ethő  and Á. F elsővályi

(Department of Anthropology, Eötvös Loránd University, Budapest, Hungary; Budapest 
VIII. Institute of Mental Hygiene, Budapest, Hungary; Psychiatric Clinic, Semmelweis Uni
versity Medical School, Budapest, Hungary; Computer Unit, Semmelweis University 

Medical School. Budapest, Hungary)

A b s t r a c t .  In the fight of the basic findings of K r et sc h m er ’s somatoscopic 
school of psychiatric motivation (that namely the leptosome physique displays 
close connection with schizophrenia and the picnic one with the cyclic psychoses) 
the authors have made an attempt at classifying the endogenous psychotic 
patients on a phenotypic basis. For establishing the clinical diagnoses they 
used L e o n h a r d ’s classification. The sample examined by them consisted of 
168 female patients, the age of whom varied between 18 and 63 years; all were 
Hungarians. Over and above comparing the cyclic psychotic and schizophrenic 
groups, they formed three subgroups within the schizophrenic form (cyclo- 
phrenia, systemic schizophrenia, non-systemic schizophrenia). They elaborated 
the somatometric data by means of cluster analysis and determined the pheno
types of the patients with H e a t h —Ca r t e r ’s method. They found significant 
differences between the single subgroups and, on the basis of their results they 
outline a sketch of succession among the different constitutional data of the 
endogenous psychotic patients.

Key words; physique, endogenous psychotic female patients, systemic schiz
ophrenia, non-systemic schizophrenia, cycloid psychosis.

Introduction

I t  is a w ell-know n fac t, th a t  a fu n d a m e n ta l connection  has been fo u n d  b y  
K retsch m er  (1931) betw een  th e  m en ta l d iso rder and  th e  physique  of th e  
p a tie n t, th a t  can  serve  as a th e o re tic a l s ta r tin g  p o in t o f an y  typo log ica l a p 
proach . B uda y  (1943) in  his m onograph  ab o u t c o n s titu tio n  u nderlined  th e  role 
o f physique  in  m edicine. L e t us refer to  one of his illu s tra tio n s  (F ig. 1) w hich, 
founded  on d a ta  o f 10.000 m edical case h isto ries, d em o n stra te s  diseases w ith  
positive  co rre la tio n . A n ea rlie r ex am in a tio n  (K e l e m e n — P eth ő— F el ső 
vályi 1977) in d ica tes  th e  ex istance  of c o n s titu tio n a l differences w ith in  th e  
group  of sch izophren ic  diseases. T he aim  o f o u r p re se n t ex am in a tio n s is:

Fig. 1: Diseases with positive correlation: an example on the basis of the data of 10.000 medical
case histories (after B u d a y , 1943)
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1. th e  collection of fu n d a m e n ta l co n s titu tio n a l d a ta , a b o u t th e  subgroups 
o f  endogenous psychoses;

2. th e  reex am in a tio n  o f a hyp o th esis  accord ing  to  w hich, b e tw een  th e  v ictim s 
o f th e  tw o m ain  groups o f endogenous psychoses —  i.e. m elancholic  psychoses 
a n d  sch izophren ia  —  th e re  are c o n s titu tio n a l differences. In  o u r op in ion  th is  
fa c t is im p o rta n t e ith e r  from  a p sy ch ia tr ic  o r from  a h u m an  biologic p o in t 
o f view .

M ateria l and  M ethods

To diagnose w ith  p ro g n o stica l effic iency  accord ing  to  L e o n h a r d ’s (1957) 
m e th o d  an d  to  follow u p  th e  path o lo g ic  process is reasonale , because  w ith  
th e ir  help  one m ay  d ifferenciáié  th e  various supposed  groups o f diseases 
w ith in  th e  heterogenous sp ec tru m  o f sch izophrenia . T h ree  g roups of diseases 
w ith in  th e  circle o f sch izophren ia  are  d ea lt w ith  in  th e  p resen t p ap e r:

1. system ic schizophrenia  w ith  g rad u a l ag g rav a tio n  (33 hebephren ic , 11 
sy stem ic  c a ta to n ic  an d  26 sy stem ic  p a rap h ren ic  p a tie n ts ) ;

2. non-system ic schizophrenia  w ith  period ic  agg rav a tio n s an d  recoveries (23 
a ffec t-p arap h ren ic  an d  16 p e rio d ic -ca ta to n ic  p a tie n ts ) ;

3. cycloid psychosis (cyclophrenia) w ith  long sym ptom less periods betw een  
tw o  relapses follow ing one a n o th e r. T h e  diseases w ith  such  courses are  genera lly  
reg a rd ed  as m ixed  form s of m an iac-depressive  psychosis an d  sch izophren ia  
(28 such  p a tie n ts  w ere exam ined).

In  ad d itio n  to  th is , we exam ined  29 m elancholic p a tie n ts  (from  these  th e re  
w ere 15 m anic-depressive ones).

O u r sam ple was ta k e n  from  am ong th e  p a tie n ts  o f th e  P sy c h ia tr ic  Clinic 
Sem m elw eis U n iv e rsity  M edical School, B u d ap est, an d  consists o f 168 fem ale 
p a tie n ts . T h e ir age is betw een  18 an d  63 years. T h ey  are a ll H u n g arian  
belong  to  th e  E u ro p id  race an d  each  o f th em  suffers from  endogenous psychosis. 
In  th is  sam ple th e re  are  3 p sycho tic  p a tie n ts  (one m elancholic an d  tw o  schizo
phren ic) w ho can n o t be f i t te d  in  e ith e r  of th e  p rev iously  m en tio n ed  groups. 
63 m easu rem en ts  —  am ong o thers 7 h ead  an d  face m easu rem en ts  —  w ere 
ta k e n  o f each o f th em .

I t  seem s necessary  to  increase th e  n u m b er of our sam ple because  m ore 
d e ta iled  subdiv isions w ould  be req u ired  in  th e  fu tu re . R ecen tly  th e  H ea th —  
Ca r ter  a n th ro p o m e tric  ty p iz a tio n  (Ca r ter  1975), and , w ith  th e  pu rpose  o f 
o b ta in in g  in fo rm ation  on th e  accu m u la tio n  o f th e  d a ta , a h ie ra rch ic  c lu s te r 
analysis  has been carried  o u t b y  m eans of th e  R -20 ty p e  co m p u te r  of th e  
C o m p u ta tio n a l Technological D e p a rtm e n t of th e  Sem m elw eis U n iv e rs ity  
M edical School in  B u d ap est. Besides th is , we also d e te rm ined  th e  so m a to ty p e  
o f th e  p a tie n ts  suffering  th e  v a rious p sycho tic  diseases.

R esults

I .  F irs t  of all th e  significance of th e  differences am ong th e  v a rio u s fea tu re s  
of th e  fo u r groups of diseases ta k e n  in to  considera tion  w as ca lcu la ted .

1. W ith in  th e  group  of system ic  sch izophren ia  itse lf  q u ite  a lo t o f d ifferences 
could  be recognized. S ignificance (on a .05 p er cen t level) o f d ifferences betw een  
th e  h ebephren ic  and  system ic  p a rap h ren ic  p a tie n ts  as well as be tw een  th e
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system ic  ca ta to n ic  an d  p a rap h ren ic  p a tie n ts  w as m an ifested  in  28 fea tu res. 
I n  b o th  respects th e  m easu rem en ts  o f w id th , circum ference and  sk in  folds 
p ro v ed  to  be considerab ly  la rg e r in  case of p a rap h ren s .

2. W ith in  th e  g roup  o f th e  non -system ic  sch izophrenic  p a tie n ts  defin itive  
div isions could n o t been recognized. T h e ir iso la tion  from  th e  m elancholic 
g roup , as well as, from  th e  g roup  o f system ic  p a rap h ren ics  seem ed to  be p ro 
nounced .

3. T he cyclophrenics s ig n ifican tly  d iffer from  th e  system ic  p arap h ren ics  in  
15 fea tu res . H ow ever, th e ir  m easu rem en ts o f h e igh t su rp ass  tho se  of th e  p a ra 
ph ren ics; th e ir  m easu rem en ts  of w id th  an d  o f sk in  folds are  fa lling  b eh in d  tho se  
o f th e  p a rap h ren ics . T he cyclophrenics differ from  th e  hebephren ics m ostly  
in  resp ec t o f h e ig h t; in  genera l, th e  cyclophrenic m easu rem en ts  are la rg e r 
(b u t th e  s itu a tio n  is rev e rsed  in  case o f th e  m easu rem en ts o f w id th ). This 
ten d e n c y  w as m ore exp ressed  in  an  earlie r assesm ent (K e l e m e n  e t al. 1977).

4. In  m elancholic p a tie n ts  no su b s ta n tia l differences can  be p ro v ed  betw een  
m o nopo lar (or: periodic) depression  an d  psychosis m an iaco -dep ressiva , and  
b o th  show  few sign ifican t differences only, in  c o n tra s t to  th e  g roup  o f cyclo
phren ics.

5. C om paring th e  29 m elancholic  p a tie n ts  w ith  th e  139 sch izophren ic  ones, 
s ig n ifican t differences p ro v e d  to  ex is t also in  th e  m easu rem en ts o f  w id th , 
circum ference an d  sk in  fo ld  (th e  g re a te r  m easurem ents are ta k e n  from  th e  
m elancholics).

I I .  T he c lu ste r-fo rm atio n  calls a tte n tio n  to  th e  c ircu m stan ce  th a t  to  devid- 
in g  our sam ple in to  too  sm all subgroups w ould be u n w o rth y . O n th e  level o f  
th e  5.441 in te rg ro u p  va lu e  fo u r u n its  can  be fo rm ed  ( th e  fig u re  in  paren theses 
s tan d s  fo r th e  n u m b er o f  ind iv iduals belonging to  th e  given group):

1st group: m ain ly  depressive  (5) an d  m anic-depressive (8) p a tie n ts , as well 
as system ic p a rap h ren ic  (6) ones;

2nd g ro u p : cyclophrenic  (17) group w ith  system ic c a ta to n ic  (3), hebephren ic  
(7), periodic ca ta to n ic  (5), a ffec t-p arap h ren ic  (3), depressive (4) p a tie n ts ;

3rd group: system ic  p a ra p h re n ic  (11) group w ith  sy stem ic  c a ta to n ic  (2), 
period ic  c a ta to n ic  (2), m an ic-depressive  (4) p a tie n ts ;
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4th group: hebephren ic  (16) group w ith  sy stem ic  c a ta to n ic  (5), periodic 
ca ta to n ic  (7) p a tien ts .

I I I .  T he an th ro p o m etric  so m a to ty p in g  of o u r p a tie n ts , has been carried  
o u t (Ca rter  1975). A fu r th e r  q u a lita tiv e  analysis on th e  basis of s ta n d a rd  
pho to s  (Sheldon  e t al. 1940) is in  progress. T he resu lts  y ie ld ed  b y  so m a to ty p 
ing  do n o t ind ica te  appreciab le  differences am ong th e  groups, m oreover, no 
w ell-defined differences can  be recognized w hen  com paring  th e m  w ith  th e  
d a ta  of fertile  fem ales ta k e n  as con tro l group , e ith e r  (E ib e n — Sá n d o r—  
László 1974) (F igures 2— 6).

Fig. 4: Somatotypes of the cyclophrenic female patients
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Fig. 5: Somatotypes of the depressive female patients

Discussion

1. T he m easu rem en t d ifferences am ong th e  various groups genera lly  refer 
to  th e  values o f w id th , c ircum ference  an d  sk in  fold.

2. T he abso lu te  values o f th e  m easu rem en ts are la rg est in  th e  system ic  
p a ra p h re n ic  an d  sm allest in  th e  heb ep h ren ic  p a tie n ts . T hus th e  g roup  o f sy s te m 
ic sch izophrenic  p a ren ts  is d e fin ite ly  d iv ided  in to  subgroups.

3. T he differences am ong th e  v a rious groups —  rely ing  on th e  resu lts  of th e  
t- te s t  —  ou tline  th e  follow ing line o f succession: system ic schizophrenia  —  
non-system ic schizophrenia  —  cyclophrenia  —  melancholic diseases.

4. T h is lin ea r sk e tch  can  be log ically  m odified  w ith  a v iew  to  th e  resu lts  
o f th e  c lu ste r analysis, as show n in  F ig . 7.

5. H ow ever, th e  resu lts  o f so m a to ty p in g  d id  n o t refer to  expressed  differences 
am ong th e  various g roups; th e  com parison  o f th e  body  m easu rem en ts (p rim ari
ly  th e  d a ta  o f th e  su b c u ta n  fa t)  in  th e  m elancholic p a tie n ts  sh ifts  to w ard s 
endom orph ism .
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Fig. 7: Possible succession among the various constitutional data of the endogenous psychotic 
subgroups. An approximative planimetric sketch on the basis of main distances, where 
H =  hebephrenic, K =  catatonic (syst.), P =  paraphrenic (syst.), k =  catatonic (periodic), 
p =  paraphrenic (affective), Cy =  cyclophrenic, MD =  maniac-depressive, D =  depressive

(monopolar)

The aim  o f th is  p a p e r  is to  re p o rt on th e  p re se n t s ta te  of our w ork  far- 
reach ing  p rog ram m e (a m an ifo ld , ca tam n estic  ex am in a tio n  of endogenous 
p sycho tic  p a tie n ts )  dealing  w ith  th e  prob lem  of c o n s titu tio n , an d  to  sum m arize 
o u r p re lim in ary  resu lts .

REFERENCES

B u d a y , L. (1943): Orvosi alkattan (Medical textbook on physique). — Budapest, 414 p.
Ca s t e r , J. E. L. (1975): The Heath — Carter somalolype method. San Diego State University, 

San Diego. 190 p.
E iben, 0. G. — Sá n d o r , G.—L ászló, J. (1974): Turner-syndromások testalkata (The phy

sique of patients suffering from Turner’s syndrome). — Anthrop. Közi. 18; 41—48.
K e l e m e n , A. (1977): Kísérlet hebefrén és ciklofrén nőbetegek szomatometriai módszerrel 

történő elkülönítésére (Attempt at separating hebephrenic and cyclophrenic female patients 
with a somatometric method). — Anthrop. Közi. 21; 113 —114.

K e l e m e n , A. —P ethó',  B. — F első v á ly i, A. (1977): Somatometric and personality-typologic 
investigations in two groups of schizophrenics. — In: E ib e n , O. G. (Ed.): Growth and 
Development; Physique. — Symp. Biol. Hung. 20; 471 — 478.

K r et sc h m er , E. (1977): Körperbau und Charakter (26th ed.). — Springer,Berlin — Heidel
berg— New York. 387 p.

L e o n h a r d , K. (1957): Aufteilung der endogenen Psychosen. — Akademie, Berlin.
Sh e l d o n , W. H.—St e v e n s , S. S.—T u c k e r , W. B. (1940): The Varieties of Human Physique. — 

Harper and Brothers, New York —London. 347 p.

Authors' addresses: D r. E ib e n  Ottó
Dept. Anthropology, Eötvös Loránd University 
H-1088 Budapest, Puskin u. 3.
Hungary

D r. K e l e m e n  An drá s  
H-1022 Budapest, Lévay u. 9/b 
Hungary

D r. P eth ő  B erta la n
Clinic of Psychiatrics, Semmelweis University Medical School 
H-1083 Budapest, Balassa u. 6.
Hungary

D r. F el ső v á l y i Ák o s i
Computer Unit, Semmelweis University Medical School 
H-1083 Budapest, Kulich-tér 5.
Hungary

82



Anthrop. Közi. 24; 83—89. 1980.

CHANGES IN THE AGE AT MENARCHE OF 
SOUTHERN-HUNGARIAN GIRLS DEPENDING 

ON THE OCCUPATION OF THE PARENTS

b y  G. F arkas

(Department of Anthropology, József Attila University, Szeged,
Hungary)

A b s t r a c t .  The author surveyed data collected in Hungary between 1958 and 
1978 on the dependence of the age at menarche of girls on the occupation of 
their parents (both father and mother). The analysis unequivocally proved the 
fact well-known from the literature that the age at menarche of daughters 
coming from families where the parents had higher (university- or academic) 
qualifications, ensued earlier than with girls from families in which the parents 
were less educated.

The observations are first of all of practical significance, when the time of 
sexual education at school is being determined.

The author stresses, besides, that valid data of this kind can only be expected 
from further studies to be conducted with these special objectives in view, as 
view, as the correct analysis of data is greatly hindered by the circumstance 
that checking takes rather a long time.

Key words: age at menarche, Southern-Hungary, occupation of the parents.

In tro d u c tio n

T he n u m b er o f observ a tio n s concern ing  th e  m enarche  of girls is v e ry  h igh  
on  a w orld  scale. In  severa l coun tries th is  in d ic a to r  of th e  pubescence o f girls 
h as  been  s tu d ie d  b y  th e  researchers in  a w ide v a r ie ty  of respects .

A fte r su rv ey in g  th e  in te rn a tio n a l l i te ra tu re  i t  tu rn s  o u t th a t  th e se  respects  
can  essen tia lly  be classified  in to  fo u r  groups. T here  are: (1) questions co n n ec ted  
w ith  social fac to rs , (2) bod ily  endow m en ts a ffec ting  th e  m enarche , (3) th e  
p a r t  p lay ed  b y  n a tu ra l fac to rs  in  th e  fo rm atio n  o f m a tu ra tio n , (4) th e  effect 
o f o th e r  a ffec tin g  fac to rs  on m en arch e .

Specify ing th e  fac to rs  g iven in  g roup  (1), th e  follow ing m ay  be m en tio n ed  
am ong th e  social effects: (a) th e  social s itu a tio n  of th e  in d iv id u a l, in  w ider 
sense his cond itions in  th e  co m m u n ity , (b) th e  size o f th e  liv ing  space p e r 
ca p ita , (c) th e  occu p a tio n  and  e d u ca tio n a l level of th e  b read w in n er, g enera lly  
o f th e  p a re n ts , gu a rd ian s, (d) th e  w ay  o f n u tr itio n  and  th e  com position  of th e  
food, as fac to rs  connecting  w ith  th e  p o p u la r  usage as well, (e) th e  n u m b e r of 
b ro th e rs  an d  sisters , an d  th e  o rd er of b ir th  of th e  girls in  th e  fam ily , as a fa c to r  
a ffec ted  b y  custom s, dem ograpb ica l effects, (f) th e  social effect o f th e  tow n- 
an d  v illage en v iro n m en t.

In  th e  p re se n t re p o rt th e  a u th o r  shou ld  like to  dea l w ith  only  a single one of 
th e  social fac to rs  in  d e ta il: th e  o ccu p a tio n  o f p a ren ts .
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In  th e  special l i te ra tu re  th e  observa tions concern ing  th e  connection  betw een  
th e  occupation  o f th e  p a re n ts  and  th e  d a ta  o f m enarche  can be classified  in to  
tw o  groups.

T here  are som e au th o rs  w ho could n o t d e m o n s tra te  an y  connection  betw een  
th e  tw o  fac to rs , as e.g. B e r — B r o c in e r  (1964), R o berts— D a n n  (1967), 
R o b er ts— R o zn er— Sw an  (1971), R oberts  (1977).

O n th e  o th e r h a n d , a n o th e r g roup  o f au th o rs  re fe r  to  th e  fa c t th a t ,  observed  
accord ing  to  th e  occupa tion  of th e  p a re n ts , th e  m enarche m ed ian  o f girls 
m ay  be o f d iffe ren t ch a rac te r, th e ir  sex u a l m a tu r i ty  m ay  follow  earlier o r 
la te r .

T hus L a ska -M ie r z e je w s k a  (1968, 1970) a n d  Mil ic e r  (1968) in  P olish  
girls, R ic h t e r  (1973) in  G erm an, B arisSic— G a v rilovic  (1974) in  C roa tian , 
J o n c e— G a v rilo v ic  (1970, 1971— 1972) in  M acedonian , E ib e n  (1968, 1972), 
B odzsÁr (1975) an d  F arkas (in press) in  th e  H u n g a rian  ones fo u n d  an  earlie r 
m enarche in  d au g h te rs  of m others an d  fa th e rs  respective ly , o f h ig h er ed u ca 
tio n a l level.

A t an y  ra te , i t  is to  be no ticed  th a t  th e  d a ta  o f th e  lite ra tu re  ra th e r  confine 
them selves to  genera lities in  resp ec t o f o ccu p a tio n . T h e  com parison  of d a ta  is, 
th ere fo re , n o t a n  easy  ta sk .

M aterial an d  M ethods

E a rlie r  f ir s t  o f  all in  th e  te r r i to ry  o f S o u th e rn  H u n g a ry , th e  a u th o r  co llected  
d a ta  in  a n u m b er o f se ttlem en ts  w ith  th e  s ta tu s  quo m ethod  concern ing  th e  
age a t  m enarche o f th e  10— 18 years old girls. T hese h av e  a lread y  been  p u b lished  
(B ottyán  e t al. 1963, F arkas 1962, 1963, 1964, 1964a, 1969, 1970, 1971, 
1975, 1978, F a r k a s—Varga  1973), o r are  in  press a t  p re sen t (F a rk a s’s 
w orks in  press). T h e  a u th o r  has e v a lu a te d  th ese  collections recen tly , tak in g  
in to  considera tion  th e  occupa tion  of th e  m o thers an d  fa th e rs . W hen g rouping  
th e  occupations — ju s t  on accoun t of th e  abov e-m en tio n ed  reason  —  th e  a u th o r  
to o k  as s ta r tin g  p o in t also th e  n o m en c la tu re  g iven  b y  th e  H u n g a rian  C en tra l 
S ta tis tic a l Office va lid  in  H u n g a ry  a t  p re sen t (K S H , 1975). A ccordingly , th e  
a u th o r  d e te rm in ed  th e  follow ing categories o f occu p a tio n :

(1) P hysica l workers: tho se  w ho h av e  som e t ra d e , who do ph y sica l w ork  
as sem i-skilled  o r unsk illed  w orkers o r lab o u re rs , w ho have no secondary  
school q u a lifica tio n  an d  w ho, a t  best, a tte n d e d  sk illed  w orkers’ tra in in g  school 
a fte r  being  e d u c a te d  in  p rim a ry  (general) schools. A ccording to  th e  p lace o f 
w ork, th e  a u th o r  form ed fu r th e r  th ree  su b g ro u p s: (a) in d u s tr ia l physica l 
w orkers, (b) a g ric u ltu re r  physica l lab o u re rs , (c) o th e r  physica l w orkers.

(2) T he intellectual (w hite-collar) w orkers, c lassified  in to  tw o subgroups on 
th e  basis of th e ir  ed u ca tio n  are th e  ffolio w in g : (a) in te lle c tu a l w orkers, w ith  
u n iv e rs ity  or academ ic q ua lifica tion , (b) o th e r  in te lle c tu a l w orkers, of m iddle- 
s e c o n d a ry )  school edu ca tio n .

(3) F am ily  members w ork ing  in  th e  househo ld : th is  group has been  se t up  
as to  specify  m o th ers .

(4) Old-age p en sioners: in  case of b o th  p a re n ts , th e  a u th o r  p laced  th e m  in to  
a se p a ra te  ca teg o ry , —  in d ep en d en tly  o f th e  occu p a tio n  th e y  h a d  earlie r: 
p a re n ts  w ho c a n n o t be classified  in to  th e  ab ove-m en tioned  categories an y  
m ore.
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(5) G roup 5 w as se t u p  fo r dead  p a ren ts .
As in  m o st cases th e  occupations d id, o f course, n o t  agree reg a rd in g  b o th  

p a re n ts , th e  a u th o r  se p a ra te d  his sam ple accord ing  to  th e  occupation  of m o th ers  
an d  fa th e rs , re sp ec tiv e ly .

A t th e  ev a lu a tio n , th e  n u m b er an d  re la tiv e  freq u en cy  of th e  m e n s tru a t
ing  an d  n o t  m e n s tru a tin g  girls, classified  in to  h a lf-y ea rly  age-groups w as 
asce rta in ed , a n d  th e  la t te r  values w ere co n v erted , w ith  th e  help  o f a ta b le  
of conversion  (W e b e r  1961) in to  p ro b it v a lu es . E v en tu a lly , in  th e  m a te ria l 
a rran g ed  in  th is  w ay  th e  m edian  was d e te rm in ed  on th e  basis o f a new  ca lcu 
la tin g  o p e ra tio n  in tro d u c e d  b y  th e  a u th o r  in  an  earlie r pu b lica tio n  (F arkas  
1975), y ie ld ing  th e  sam e re su lt as th a t  ach ieved  w ith  th e  g raph ic  p ro b it m e th o d .

T he ap p lied  e q u a tio n s  are as follows:

eL
C

II E q . l .

b _ n  ■ z ( x i ■ yi) —  Zy< ■ z * i E q .2 .
n •  ExJ —  E x j ■ E x t

E y t —  b ■ E xj 
n

E q .3 .

w here n =  th e  n u m b e r  of th e  age-groups, x t =  age o f life, y t =  em p irica l 
p ro b it.

R esults and  D iscussion

T he d is tr ib u tio n  o f th e  ev a lu a ted  d a ta  o f th e  investig a tio n s in  H u n g a ry  
p e r se ttle m e n ts  is show n in  Fig. 1, w here also th e  d a tes  of collecting th e m  a r  
in d ic a te d .
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I n  T ab le  1, th e  n u m b er o f e lem ents in  th e  sam ples an d  th e  m ed ians are 
g iven , b ro k en  dow n accord ing  to  the  o ccu p a tio n  o f th e  fa th e rs  an d  m o th ers . 
O f these  i t  ap p ears  th a t  on th e  basis o f th e  occu p a tio n  of fa th e rs , th e  d a ta  of 
6091, on th a t  o f m o thers th e  d a ta  o f 6145 girls were ev a lu a ted . F o r  b o th  
p a re n ts , th e  m edians o b ta in ed  fo r th e  c o n tra c te d  sam ple are  v e ry  s im ila r 
(13.22, resp . 13.25 years). T his also app roaches v e ry  m uch th e  n a tio n a l m ed ian  
o b ta in ed  in  1963 (13.23 years), an d  e v a lu a te d  on th e  basis o f 7008 d a ta  (B o ty - 
ty a n  e t al., 1963).

Table 1

Values of the age at menarche of girls in Hungary, according to the occupation
of the parents

O ccu p a tio n  o f  th e  p a re n ts
F a th e r M other

n m n m

All kinds of occupation, together 6091 13.22 6145 13.25
Industrial physical worker 1877 13.58 901 13.01
Agricultural physical worker 829 13.37 402 13.41
Other physical worker 1600 13.16 1098 13.29
Intellectual worker (of higher education) 757 12.92 164 12.81
Intellectual worker (of middleschool education) 764 12.54 858 12.94
Working in the household — — 2666 13.62
Pensioner 128 13.00 — —

Dead 136 13.17 — —

A ccording to  th e  occupa tion  o f th e  fa th e rs , th e  low est m ed ian  (12.54 years) 
occu rred  w ith  th e  d au g h te rs  o f th e  in te lle c tu a l w orkers of m iddle-school 
ed u ca tio n , th e  h ig h est one w ith  th e  d au g h te rs  o f th e  in d u s tr ia l physica l w o r
kers. T he difference betw een  th e  ex trem e  en d -va lues is 1.04 years (T able 2, 
F ig . 2).

Table 2

The parameters of menarche of the girls according to the occupation
of their fathers

O ccu p atio n  o f  th e  fa th e r m X 8m in + 1 .9 6  Sm

Industrial physical worker 13.58 13.31 0.049 13.48-13.68
Agricultural physical worker 13.37 13.34 0.057 13.26-13.48
Other physical worker 13.16 13.15 0.050 13.06-13.26
Intellectual worker (univ. or acad. educ.) 12.92 12.98 0.059 12.81-13.04
Other intellectual worker (second.school 

educ.) 12.54 12.83 0.070 12.40-12.67
Pensioner 13.00 13.17 0.162 12.68-13.32
Dead 13.17 13.31 0.169 12.84-13.50
Working in the household - — — —
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Fig. 2: The medians and confidence intervals of menarche of the girls according to the
occupation of their fathers

V iew ed from  th e  angle o f  th e  occupa tion  o f th e  m o th ers , th e  d au g h te rs  of 
th e  in te lle c tu a l w orkers o f h ig h er ed u ca tio n  (u n iv e rs ity  o r academ ic) m a tu re  
ea rliest, an d  th e  d au g h te rs  o f  m o thers w ork ing  in  th e  househo ld  th e  la te s t  o f 
all. T he difference betw een  th e  tw o  ex trem e  values is 0.81 years, sm alle r th a n  
w hen th e  fa th e rs  are  considered  (T able 3, F ig . 3).

O n th e  basis o f all these  i t  can , th ere fo re , he found  th a t  th e re  is a difference 
betw een  th e  age a t  m enarche  o f girls accord ing  to  th e  o ccu p a tio n  of th e  p a re n ts . 
I t  seem s th a t  in  a ce rta in  re sp ec t th is  is re la te d  w ith  school edu ca tio n , a lth o u g h  
no d a ta  have  been  co llec ted  as to  th e  la t te r .  I t  is, how ever, p a rtic u la r ly  in te re s t-

Table 3
The parameters of menarche of the girls according to the occupation 

of their mothers

Occupation o f  the m other m X sm m +  1.95 am

Industrial physical worker 13.01 13.05 0.064 12.88-13.14
Agricultural physical worker 13.41 13.32 0 . 1 1 1 13.19-13.63
Other physical worker 13.29 13.34 0.030 13.23-13.35
Intellectual worker (univ. or acad. educ.) 12.81 12.83 0.155 12.51-13.11
Other intellectual worker (second, school 

educ.) 12.94 12.96 0.053 12.84-13.04
Pensioner — — — -
Dead - — — —
Working in the household 13.62 13.04 0.529 12.58-14.66
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Fig. 3: The medians and confidence intervals of menarche of the girls according to the 
occupation of their mothers

ing  to  consider th e  role of th e  m o th ers  w ork ing  in  th e  househo ld  in  th is  respect 
because th e ir  d au g h te rs  m a tu re  even la te r  th a n  tho se  of th e  physica l w orkers.

B y  w h a t m ay th ese  d ifferences be b ro u g h t abou t?
T he effect of th e  ed u ca tio n  o f th e  girls can  in  all p ro b a b ility  n o t be considered 

p rim a rily  responsible fo r th is . I t  is obvious, nam ely , th a t  ju s t  th e  m others 
w ork ing  in  th e  household  can  look a fte r  th e ir  d au g h te rs  m o st, nonetheless, 
th e  m ed ian  is low est ju s t  in  case of these , i.e. th e ir  d au g h te rs  m a tu re  la te r . 
A s ign ifican t p a r t  m a y  be h a d  here  b y  th e  m ed ia  o f com m unica tion  (w ireless, 
te lev ision , books, d a ily  p apers) b y  th e ir  in fo rm a tiv e  effects elic iting  psychic  
stim uli.

I t  is a fac t th a t  also th e  fo rm a tio n  of th e  average earn ings and , generally , 
th e  s ta n d a rd  of life h av e  a p a r t .  T his is, b y  th e  w ay, m en tio n ed  b y  m an y  au 
th o rs , even  if  n o t in  so u n am biguous a conception .

A ll th ese  observa tions are o f im p o rtan ce  —  in d e p e n d e n tly  of th e  ex p la n a 
tio n  —  in  th e  sexual in fo rm a tiv e  w ork  a t  school.

In  th e  long ru n , th is  is a fa c t to  be ta k e n  in to  con sid era tio n  even in  respect 
of th e  tra n sfo rm a tio n  of th e  social s tru c tu re , because th e  w ay  of th e  fu tu re  
is d irec ted  tow ards ach iev ing  h ig h er qualifica tions.

I t  seem s th a t  in  th e  In te rn a tio n a l Y ear of C hildren , w hen  th e  problem s 
connected  w ith  th e ir  d ev e lopm en t cam e in to  th e  fo reg ro u n d  even m ore 
em phasis we oug h t to  la y  on th e se  connections.
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BODY COMPOSITION OF ADOLESCENT BOYS AND
GIRLS

b y  Z. Gavrilovic

(Laboratory of Human Biology, Institute of Biology, Faculty of Sciences, Novi Sad 
University, Novi Sad, Jugoslavia)

A b s t r a c t .  The relationship between body composition and body weight was 
investigated in a group of 111 young men and women of seventeen years of 
age. Specific body weight was calculated according to P a sca le’s equation from 
subscapular skinfold thickness, and the fat percentage of body weight by using 
the tables by R a th b u n  and P a ce . From the body weight and fat percentage 
of body weight the amount of body fat and lean body mass were calculated. 
These data were compared to results obtained in persons of both sexes, of 20 — 
29 and 60 — 69 years of age. The seventeen year old persons of both sexes dis
played the lowest body weight, body fat and lean body mass values, as well as 
the smallest subscapular skinfold thicknesses. All of these parameters increase 
with age, and no difference in lean body mass between the adults of 20 — 29 and 
60 — 69 years in both sexes was found. The lowest correlation coefficients were 
found in seventeen year old young men and girls between body weight and 
subscapular skinfold thickness (0.33), between body weight and lean body mass 
(0.93). In the same group, the correlation coefficient between body weight and 
body fat was higher in young men (0.64) than in girls (0.57).

Key words: body composition, subscapular skinfold, adolescent boys and girls.

In tro d u c tio n

I t  is w ell-know n th a t  th e re  are m ethods o f analyzing  th e  p ro p o rtio n  of th e  
fa t  am o u n t an d  lean  body  m ass in  th e  o rgan ism . T hus an  in sigh t in to  th e  body  
com position  of th e  h u m an  o rganism  a t th e  vario u s d iffe ren t stages o f on to g en e
sis is possible. T he b o d y  w eigh t and  th e  th ick n ess  o f vario u s skinfolds are used  
for th is  p u rpose , in  th e ir  basis b o d y  com position  is de term ined .

T he p re sen t s tu d y  is s triv in g  to  get in sig h t in to  th e  body  w eight of 17-year- 
old boys an d  girls. B ody  w eigh t refers to  th e  f a t  a m o u n t an d  lean  body  m ass 
in th e  organism .

M ateria l an d  M ethods

F ifty -sev en  boys an d  54 girls, 17 years o ld, w ere su b jec ted  to  th e  s tu d y . 
G roups o f a d u lt in d iv id u a ls  o f b o th  sexes b e tw een  2 0 —30 and  60— 69 years 
of age w ere ta k e n  fo r com parison . T here  w ere 57 m en an d  114 w om an  in  th e  
20—30 years o ld  age group . D a ta  of 101 m en  an d  67 w om en w ere ana lyzed  
in  th e  agegroup  o f 60— 69 years. All s tu d ie d  ind iv id u a ls  were n a tiv e s  of th e  
V ojvod ina, Ju g o slav ia .
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T h e  resu lts  o b ta in ed  w ere an a ly zed  b y  v a ria tio n a l s ta t is t ic a l  m e th o d s. T h e  
co rre la tio n  coefficients an d  regression  curves w ere ca lcu la ted  (H a d ziv u k o v ic  
1973).

B o d y  w eigh t w as m easu red  on a decim al scale an d  su b sc a p u la r  sk in fo ld  
th ick n ess  w ith  J o h n  B ull’s calipers ap p ly in g  a c o n s ta n t p ressu re  o f 10 gm  p e r 
1 sq .m m , of sk in .

F o r  ca lcu la tin g  th e  p e r  cen t of b o d y  fa t ,  th e  specific b o d y  w eig h t w as 
ca lcu la ted  accord ing  to  th e  eq u a tio n  o f P ascalé  L. R .:

D  =  1.0896— 0.0179 • *

w here  D  is th e  specific b o d y  w eigh t, x  th e  sk in fo ld  th ickness a t  th e  level o f th e  
r ig h t  scap u la r  angle, expressed  in  cen tim e tres .

T h e  f a t  co n te n t in  p e r c en t is o b ta in e d  b y  read in g  off th e  co rrespond ing  
va lu es  in  R a th b u n  an d  P a c e ’s (1945) ta b le  o f specific b o d y  w e igh t. T he 
a m o u n t o f b o d y  f a t  is ca lcu la ted  from  th e  b o d y  w eigh t an d  th e  f a t  p e rcen tag e  
in  th e  o rgan ism . B y  su b tra c tin g  th e  b o d y  fa t  a m o u n t in  k ilogram s fro m  t h t  
b o d y  w eigh t in  k ilogram s th e  lean  b o d y  m ass in  k ilogram s is o b ta in ed .

R esults and  D iscussion

T ab le  1 p resen ts  th e  re su lts  of th e  a u th o r’s s tu d ies  of his find ings in  a d u lt 
an d  e lder ind iv id u a ls  b y  sex.

Table 1

Body composition according to sex and age

<J
P a ra m e te rs 17 20— 30 60— 69

X SD X SD X SD

Body weight, kg 64.94 7.63 71.10 9.14 74.15 13.79
Fat, kg 8.99 2.45 11.91 3.86 14.30 6.69
Lean body mass, kg 55.77 6.13 59.23 6.61 59.52 8.13
Subscapular skinfold, mm 99.12 29.53 134.84 43.71 156.67 65.03

N 57 57 101

$
P a ra m e te rs 17 2 0 - -30 60— 69

SD X SD X SD

Body weight, kg 54.89 5.16 61.36 10.72 69.75 10.84
Fat, kg 9.82 2.53 14.28 6.09 20.35 7.53
Lean body mass, kg 45.20 4.41 47.07 6.31 49.40 6.31
Subscapular skinfold, mm 148.44 42.22 206.66 64.60 268.48 83.13

N 54 114 67
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Fig. 1: Relation between body weight and body fat in 17 year old boys and girls

Fig. 2: Relation between body weight and lean body mass in 17 year old boys and girls
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Fig. 3: Relation between body weight and subscapular skinfold in 17 year old boys and girls

Fig. 4: Relation between body weight and body fat in 20 — 30 year old'men’and women
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Fig. 5: Relation between body weight and lean body mass in 20 — 30 year old men and women

Fig. 6: Relation between body weight and subscapular skinfold in 20 — 30 year old men and
women
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I t  is to  be seen th a t  17 y e a r old boys h av e  a h ig h er bo d y  w eigh t (64.94 kg) 
th a n  th e  girls o f th e  sam e age (54.89 kg). H ow ever, th e  sk in fo ld  th ick n ess  
below  th e  shou lder b lade is la rg e r in  girls (1.4844 m m ) th a n  in  boys (0.9912 m m ). 
T he sam e applies to  ad u lt an d  o lder m en an d  w om en w ith  heav ie r b o d y  w eigh t 
an d  m ore considerab le  su b scap u la r sk in fo ld  th ickness. T he bo d y  fa t  c o n te n t 
is h ig h er in  a d u lt m en th a n  w om en an d  increases w ith  age in  b o th  sexes. I t  
has n o t re la tio n  to  th e  lean  b o d y  m ass, th e  a m o u n t of w hich in  th e  o rgan ism  
is in  all age g roups sm aller in  fem ales. W hile th e  lean  bo d y  m ass increases 
w ith  age in  fem ales, no d ifference is observed  b e tw een  th e  age groups 20— 30 
and  6 0 —69 in m ales.

B y  d e te rm in in g  th e  co rre la tion  coefficien t be tw een  bo d y  w eigh t and  a m o u n t 
o f b o d y  f a t  (F ig . 1), th e  regression curves differ accord ing  to  sex, i.e. th e  co rre la 
tio n  coeffic ien t is s lig h tly  h igher in  adolescen t boys an d  girls.

T he co rre la tio n  coeffic ien t betw een body  w eigh t an d  lean  body  m ass is v e ry  
high in  17 y e a r o ld  boys an d  girls (F ig. 2) an d  th e  regression curves have  th e  
sam e tre n d .

T he co rre la tio n  coefficien t betw een  body  w eigh t an d  su b scap u la r sk in fo ld  
th ick n ess  is low er in  17 y e a r old girls th a n  boys; being m ore va riab le  in  girls
(F ig . 3).
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Fig. 7: Relation between body weight and body fat in 60 — 69 year old men and women



Fig. 8: Relation between body weight and lean body mass in 60 — 69 year old men and women

In  th e  20— 30 years  o ld  o f b o th  sexes ad u lts , th e  co rre la tio n  betw een  bo d y  
w eigh t and  bo d y  fa t  is m uch  h ig h er th a n  in 17 y ea r old boys an d  girls, w ith  
a considerab ly  h igher v a r ia b ili ty  o f f a t  am o u n t depend ing  on th e  b o d y  w eigh t 
(F ig . 4).

T he co rre la tio n  b e tw een  b o d y  w eigh t and  lean  b o d y  m ass in  20— 30 year- 
old in d iv idua ls is as h ig h  as in  17 y ea r old boys an d  girls (F ig . 5).

H ow ever, th e  co rre la tio n  betw een  body  w eigh t a n d  su b scap u la r sk infold  
th ickness is m ark ed ly  stro n g er, being  w ith in  th e  lim its  of th e  s tro n g e r co rre la 
tio n  (F ig . 6).

In  60 —69 y e a r old in d iv id u a ls  th e  co rre la tio n  b e tw een  bo d y  w eigh t an d  bo d y  
fa t  am o u n t is v e ry  s tro n g  in  b o th  sexes w ith  h ig h er v a r ia b ility  in  fem ales
(Fig- 7).

T he co rre la tion  be tw een  bo d y  w eigh t and  lean  b o d y  m ass in  o lder persons 
is v e ry  s tro n g  in  m en a n d  s tro n g  in  w om en, w ith  a h ig h er v a r ia b ility  of in d iv id 
ua l find ings in  m ales (F ig . 8).

T he in te rre la tio n sh ip  betw een  b o d y  w eight an d  su b scap u la r  sk infold  th ic k 
ness in  th e  o ldest in d iv id u a ls  is v e ry  s tro n g  in  m en, s tro n g  in  w om en, w ith  
h igher v a ria b ility  o f  in d iv id u a l values in  fem ales (F ig . 9).

T he stud ies se t fo r th  here show  th a t  adolescen t ind iv id u a ls  o f b o th  sexes 
differ in  th e ir  b o d y  com position  from  ad u lts  o f th e  age groups o f 20 —30 an d  
60—69 years. T h ey  d isp lay  th e  sm allest bo d y  w eigh t, b o d y  f a t  am o u n t an d  
su b scap u la r sk in fo ld  th ickness. T h e ir co rre la tion  coefficients betw een bo d y
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Fig. 9: Relation between body weight and sub scapular skinfold in 60—69 year old men and
women

w eig h t an d  b o d y  f a t  a m o u n t as w ell as be tw een  b o d y  w eigh t a n d  su b scap u la r 
sk in fo ld  th ickness, re sp ec tiv e ly  are  th e  low est. T he co rre la tio n  be tw een  bo d y  
w e ig h t an d  lean  bo d y  m ass is v e ry  s tro n g  in  17 y e a r o ld  boys a n d  girls, show 
in g  a  tre n d  to  decrease w ith  th e  increasing  age in  th e  fem ales.
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SOMATIC AND PSYCHOLOGICAL CHARACTERISTICS 
OF HUNGARIAN FEMALE DRIVERS

by  G. Gy e n is , G. H é r a , K . E n d r ő d i, I. L. K a rdo s , an d  O. G. E ib e n

(Department of Anthropology, Eötvös Loránd University, Budapest, Hungary; Psychological 
Laboratory, Budapest Transport Company, Budapest, Hungary)

A b s t r a c t .  The physique and the psychic characters of 106 Hungarian fe
male drivers working at the Budapest Transport Company as bus-, trolleybus- 
and underground railway drivers were examined. Somatotypic comparison 
was made between drivers, and normal fertile women. Psychic characters 
were examined by the Luscher-, Szondi-, Kotter-, and CPI-tests, and also 
comparisons between somatic and psychic characters were made.

Key words: physique, psychological characteristics, female drivers, Budapest, 
Luscher’s test, Szondi’s test, CPI-test.

Introduction

T h e  s te a d y  increase in  th e  n u m b e r o f w ork ing  w om en is a c h a ra c te r is tic  
phenom enon  o f th e  2 0 th  cen tu ry .

In  societies of m ain ly  ag ric u ltu ra l and  h a n d ic ra ft ch a rac te r th e re  is no such  
a m ark ed  difference b e tw een  housew ives an d  fem ales w ork ing  o u ts id e  th e ir  
hom e, as can  be found  in  in d u s tr ia l coun tries. I t  is only  in  th e  in d u s tr ia l and  
serv icing  b ranches th a t  fem ale em p lo y m en t, going to g e th e r w ith  a long  absence 
fro m  hom e, causes some d ifficu lties in  th e  housekeeping  of th e  fam ily . I t  can  
be  added  th a t  th e  em p lo y m en t o f  w om en in  social p ro d u c tio n  w idens th e ir  
social re la tio n s, to o , giv ing th e m  an  au tonom ous place and , co n seq u en tly , 
a c learer consciousness o f th e ir  p e rso n a lity .

M ore an d  m ore w orking  p laces an d  jo b s w hich  w ere exclusively  fo r m en in  
th e  recen t p a s t  have b y  now  b een  occupied b y  w om en, too . F o r  exam ple , in  
H u n g a ry  th e  f i r s t  fem ale bus d rivers h av e  also began  th e ir  w o rk  th is  y ea r. 
T h is  fa c t gave us th e  id ea  to  ex am in e  som e som atic  and  psycho log ica l ch a rac 
te ris tic s  o f th e  H u n g a ria n  fem ale  d rivers.

M aterial and Methods

O ur d a ta  w ere collected  on 106 H u n g a rian  fem ale d rivers w o rk in g  a t  th e  
B u d a p e s t T ra n sp o rt C om pany  as bus-, tro lleybus- an d  u n d e rg ro u n d  d rivers. 
T h e  v o lu n tee r sub jec ts  w ere of a m ean  age o f 28.3 y ears , ran g in g  fro m  18 to  
49 years. S o m ato ty p in g  w as m ad e  w ith  th e  H e a th — C arte r m e th o d , w hile th e  
psychological ch a rac ters  w ere exam ined  b y  th e  L üscher-, Szondi- an d  C P I- 
te s ts  (L ü sch er  1969, F u r r e r  1955, Mé r e i  1965, O láh  1979).

Results and Discussion

T he H e a th — C arte r’s so m a to ty p e  describes b o d y  m orpho logy  as w ell as 
b o d y  com position , th u s  i t  is a v e ry  good sh o rth an d  d escrip tion  o f h u m a n  
physique .
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T he so m ato ty p es o f th e  H u n g a rian  fem ale d rivers are p resen ted  in  F ig . 1. 
T he m a jo rity  o f th e  d rivers show  endom orphy , on ly  som e sub jec ts  are  m eso- 
o r ectom orph ic . T he m ean  so m ato ty p e  is n o t fa r  from  th e  “ classic”  ra te  of 
endom orphy , w hile th e  m eans of th e  f ir s t ,  second an d  th ird  com ponen ts are: 
6.83— 2.90— 1.59, re spec tive ly .

T he so m ato ty p es of th e  co n tro l fe rtile  w om en —  in v estig a ted  b y  Eiben 
(Eiben e t al. 1974) — are d iffe ren t from  th o se  o f th e  d rivers (F ig. 2). T hough  
th e  m a jo rity  o f th e  h e a lth y  fertile  w om en also show  endom orphy , th e y  are 
n e x t to  th e  b o rd e r o f m esom orphy  an d  severa l su b jec ts  are meso- or ec to 
m orph ic . T he m ean  so m a to ty p e  of th e  co n tro l g ro u p  is also n ea re r to  m eso
m o rp h y . T he m ean  ra te s  o f th e  th ree  com ponen ts are : 4.73— 3.50— 1.46, 
respective ly .

A m ong th e  psychological te s ts  th e  re su lts  o f  th e  L iischer’s te s t  w ere 
an a lysed  f irs t. T he d a ta  of th e  f ir s t  su b ty p e  o f L iischer’s te s t  show  th a t  th e  
m a jo rity  o f th e  fem ale d rivers have  e x tro v e r t  persona lities because th e y  
p re fe r lig h t shades o f colour to  d a rk  ones, refusing  th e  la t te r  (Table 1). T he 
ra n k  of th e  w eigh ted  m ean  o f th e  drivers is d iffe ren t from  th e  H u n g a rian  fe
m ale s ta n d a rd  (Rókusfalvy e t al. 1971).

Fig. 1: Som atochart o f the H ungarian fem ale drivers

Fig. 2: Som atochart o f fertile women (after E ib e n  e t al. 1974)
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Table 1

Lüscher’s test: a list of choices of grey colours 
(0 =  grey, 1 =  greyish-black, 2 =  black, 3 =  greyish-white, 4 =  white)

list of 
choices

colours
I I III IV V

0 16 20 24 13 7
1 -2 21 21 30 46 41
3 - 4 43 39 27 19 32

T he d a ta  of th e  second su b ty p e  of L ü sch er’s te s t  (T able 2) sim ilarly  in d ic a te  
th e  e x tro v e r t  persona lities of th e  sub jec ts  on th e  basis o f th e ir  choosing  red  
an d  yellow  colours. F u rth e rm o re , th e y  re fle c t a large v ita l-  an d  w ill pow er 
as well as a m o to r a c tiv ity . T he refusa l of th e  g rey  co lour shows a la rg e  s tim u lu s  
an d  h u n g er o f ad v e n tu re . T he resu lts  of th e  f i r s t  an d  second in v es tig a tio n s  are  
v e ry  sim ilar, w hich  m eans sm all v eg e ta tiv e -a ffec tiv e  vacilla tio n  of to n e  in  
fem ale d riv e rs . T he fem ale con tro l (R ókusfalvy  e t al. 1971) is d iffe ren t from  
o u r sam ple.

a) Fem ale drivers

'  — l i st o f  choices 

investigations — —
I II II I IV V VI V II V III

First investigation 3 4 2 6 1 5 0 7
Second investigation 3 4 2 6 5 1 0 7

(A —
b) Fem ale control 

21— 30 years, B  =  31— 40 years)

~ ------ lis t  o f  choices

investigations ' -——____ ^
I II i l l IV V V I V II V III

A First investigation 3 2 4 5 6 0 l 7
Second investigation 3 4 2 5 6 0 l 7

B First investigation 3 2 4 5 0 l 6 7
Second investigation 3 5 4 0 2 6 1 7
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the rank of the weighted mean:
Female drivers Hungarian female standard
0 3 4 2 1  3 0 2 1 4

Table 2

Lüscher’s test: the rank of the weighted mean in the choice of 8 colours (0 =  grey, 1 =  blue, 
2 =  green, 3 =  red, 4 =  yellow, 5 =  purple, 6 =  brown, 7 =  black)



T he re su lts  o f th e  th ird  su b ty p e  o f L iischer’s te s t  are v e ry  in te re s tin g  (T able 
3). T he re fu sa l o f th e  b lue  an d  yellow  colours is m ost f req u en t am ong th e  d rivers, 
w h ich  re flec ts  a re fu sa l of th e  h e te ronom ous behav iour.

Table 3

Liischer’s test: the frequency of refused prime-colours

list of 
choises

prime
colours

A,(VI)
A,

(VII)
Aa

(viii)
Tt

obs.

tal

%

Blue (1) 8 18 13 39 49.0
Green (2) 3 7 3 13 16.7
Red (3) 6 6 1 13 16.7
Yellow (4) 10 6 4 20 25.0

56.2 p e r cen t o f th e  fem ale d rivers refused  one prim e colour, 22.5 p e r c e n t 
tw o  p rim e colours an d  1.25 p e rc e n t th re e  su ch  colours.

T h e  values o f th e  v eg e ta tiv e  ind ices (1.66 a n d  1.50) also show  ergo troph ic- 
sy m p a th e tic  tendencies (Table 4).

Table 4

Liischer’s tests: vegetative indices (o. c. =  order of choice)

I n  T ab le  5 th e  m ost fre q u e n t conste lla tio n s o f Szondi’s te s t  a re  p re sen ted . 
O f th e m  th e  P  an d  Sch vec to rs show  on th e  o n e  h a n d  th e  h ig h est ten s io n  o f 
e m o tio n a lity  a n d  on th e  o th e r  th e  w ell a d ju s ta b le  fu n c tio n  o f  p e rso n a lity , 
w hich  is a consequence o f th e  fu n c tio n  o f th e  em o tio n a l an d  m o to ric  con tro l.

Table 5
Szondi’s test: the most frequent constellations

s P Sch c
h s % e hy % k P % d m %

0 22.1 + 17.0 + 27.3 + 0 15.6
+ — 15.6 + ± 12.0 0 + 14.3 — + 14.3
— — 14.3 — — 10.4 ± 0 14.3 0 + 11.7
+ 0 9.1 0 — 10.4 ± + 11.7 + ± 7.8

T h e resu lts  o f  th e  C P I te s t  o f th e  fem ale d rivers (Table 3) f i t  w ell in to  th e  
H u n g a ria n  fem ale  s ta n d a rd  ex cep t dom inance  an d  fem in in ity  w hich  are 
low er (F igure  3).
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_  o.c. of the red (3) colour -j- o.c. of the yellow (4) colour _  
(8 colours) 0iCi 0f  the blue (1) colour +  o.c. of the green (2) colour

score of 0 column 7.3 +  6.8 (score of P column) _ _
(columns) score of I column 4.4 +  4.9 (score of D column)
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Fig. 3: The results of the CPI-tests



I t  is w ell-know n th a t  a bio logical s tru c tu re  also has a psychological d e riv a te , 
o r in te g ra tio n . T herefo re , th e re  also ex ists —  fo r exam ple —  a close re la tio n sh ip  
b e tw een  h u m an  b eh av io u r an d  physique . O n th e  o th e r h an d , also th e  effects 
o f th e  en v iro n m en t on th e  p h y siq u e  an d  on th e  b eh av io u r are  im p o r ta n t. 
A m ong th e  exogenous fac to rs —  hav ing  in fluence  on p h y siq u e  —  th e  m ost 
im p o r ta n t  is n u tr i t io n . B eh av io u r is also u n d e r  th e  in fluence  of exogenous 
fa c to rs  because i t  is a fu n c tio n  o f a d a p ta tio n  th e  dynam ical changes o f  w hich  
d ep en d  on th e  hom eostasis of th e  organism  a n d  th e  effects o f th e  en v iro n m en t.

T h e  m a jo rity  o f th e  fem ale drivers are  endom orph ic  w hich  in d ica tes  th a t  
th e y  possess la rg e  energy  reserves. O ur psychological ex am in a tio n s show  
th a t  ind eed  th e ir  p e rso n a lity  an d  b eh av io u r req u ire  m uch energy . F o r exam ple , 
acco rd ing  to  Furrer (1955) refusing  tw o p rim e colours is pa tho log ic , a n d  th e  
freq u en cy  of th e  refusers of one prim e-co lour in  a h e a lth y  sam ple is 7.7  p er 
cen t. A m ong th e  fem ale d rivers th is  p ro p o rtio n  is m uch h igher (56 .2% ). 
H ow ever, in  ou r op in ion  these  figu res do n o t in d ica te  a patho log ic  psychological 
co n d itio n  of th e  fem ale  d rivers, o n ly  th e  large  in trap sy ch ic  stress w hich  is n o t 
eq u a l to  a signal o f d istress. O ur op in ion  is su p p o rte d  by  Walenofer’s (1968) 
re su lt w ho ex am in ed  his sub jec ts  before an d  a f te r  an  au togen ic  tra in in g . T he 
ra n k  o rd e r of his sub jec ts  in  choosing colours a fte r  tra in in g  (3 4 2 5 1 6 0 7) 
is v e ry  s im ila r to  t h a t  of our sam ple.

S um m ing  i t  u p , we m ay  w ell assum e t h a t  i t  w as n o t b y  chance t h a t  th e  
su b jec ts  in  our sam ple  have chosen a jo b  req u irin g  rich  and  ad eq u a te  m odels 
o f m o tio n  o b ta in ed  genetica lly  an d  developed  b y  learning.
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PRIMARY AND SECONDARY CATECHOLAMINE 
EXCRETION IN NORMAL AND AUTISTIC CHILDREN

b y  H . H elev uo

(Department of Biological Anthropology, Oxford University,
Oxford, England)

A b s t r a c t .  In a study designed to investigate in detail tbe interactions be
tween an individual’s behaviour and physiology, urinary catecholamines were 
used as the endocrinological parameter. In addition to the primary catechola
mines, epinephrine and norepinephrine, the concentrations of the major products 
of their metabolism; metanephrine, normetanephrine and vanillyl mandelic 
acid were measured to establish whether the excretion rates of the primary, 
most commonly measured, catecholamines accurately reflect secretory activity.

It was established that both normal and autistic children have their own 
endocrine “signatures”. Metanephrine and normetanephrine excretion rates 
were found to co-vary with those of their percursors.

Key words: primary catecholamines, secondary catecholamines, normal 
children, autistic children.

Introduction

This s tu d y  com bined  tw o  b ran ch es of science, e th o logy  an d  endo
crinology, to  in v e s tig a te  in  d e ta il th e  in te ra c tio n s  betw een  an  in d iv id u a l’s 
b eh av io u r an d  physio logy . T he re p o rt here  co n cen tra tes  on th e  endochrinologi- 
cal resu lts  as o th e r  aspects  of th e  s tu d y  are re p o rte d  in  th is  vo lum e by  V. 
R e y n o l d s .

The s tu d y  in c lu d ed  a u tis tic  as w ell as no rm al ch ild ren . T he reason  fo r th is  
w as th a t  i f  links w ere to  be e stab lish ed  b e tw een  physio log ical processes an d  
b eh av io u r p a tte rn s , th e n  com parison  of tw o g roups know n to  differ behav iou r- 
a lly  m ig h t show  th e  physio logical differences u p  c learly . A dd itio n a lly , i t  has 
been  suggested  th a t  a u tis tic  ch ild ren ’s a b e rra n t b eh av io u r is a ‘stre ss’ p h e
nom enon. T h is also a rg u ed  fo r th e  inclusion  of an  a u tis tic  g roup , because the  
physio logical m easu re  used  here , ca techo lam ine  ex cre tion , has o ften  been 
used  as an  in d ic a to r  o f ph y sica l an d  m en ta l s tress.

U rin a ry  ra th e r  th a n  p lasm a catecho lam ines w ere m easu red  in  th is  s tu d y  
fo r tw o reasons. F ir s t ly , i t  w as illegal to  ta k e  b lood  sam ples from  ch ild ren  
ex cep t fo r m edical p u rp o ses . Secondly  i t  was know n th a t  th e  draw ing  o f blood 
sam ples could  in  i ts e lf  cause stress  an d  w ould  e lev a te  ca techo lam ine  levels 
(Ca r r u th er s  e t al. 1970). In  an y  case, th e  sh o rt biological half-life of th e  
ca techo lam ines m ad e  u r in a ry  m easu rem en t a t tra c t iv e , since i t  w as possible 
to  devise th e  b e h a v io u r record ing  m eth o d  so t h a t  i t  o v erlapped  th is  half- 
life m any-fo ld .

105



M ost in v estig a to rs  h ith e r to  m easu red  only  th e  u n m etab o lized  u rin a ry  
ca techo lam ines, ep inephrine  (E ) an d  no rep inephrine  (N E ) (F r a n k e n h a e u ser  
1971, B archas e t  al. 1972). H ow ever, over 90%  o f th e  ca techo lam ines secre ted  
in to  th e  b lood h a d  been show n to  be m etabo lized  before th e y  reach ed  th e  urine  
(N agatsu  1973). T herefo re, p revious stud ies h a d  ignored  b y  fa r  th e  larg est 
co m p o n en t of th e  to ta l  u r in a ry  am ine pool.

I t  w as decided th a t  in  th e  p resen t s tu d y  th e  im m ed ia te  b reak d o w n  p ro d u c ts  
of E  an d  N E , m e tan ep h rin e  (MN) a n d  n o rm etan ep h rin e  (NM N) w ould  also 
be m easu red  in  o rder to  o b ta in  m ore accu ra te  in fo rm atio n  a b o u t th e  ra te  a t  
w hich  E  an d  N E  w ere sec re ted  in to  th e  c ircu la tion . F u rth e rm o re , i t  w as decided 
to  m easure  th e  co n cen tra tio n  of th e  f in a l b reakdow n  p ro d u c t of a ll th e  ca te 
cholam ines, van illy l m andelic  acid  (VMA). Such m easu rem en ts m ig h t prov ide 
fu r th e r  co n firm ation  of th e  to ta l  secre tion  ra te .

F iv e  to  seven  year-o ld  ch ild ren  w ere chosen because i t  w as fe lt t h a t  th e y  
w ere like ly  to  d isp lay  n a tu ra l  b eh av io u r p a tte rn s  in  a classroom . T h e  no rm al 
g roup  fo r th e  f ir s t  y ea r o f  s tu d y  consisted  of five  boys an d  fiv e  girls aged 
b e tw een  five  an d  six  a t  O verm ede School. F o r th e  second y e a r o f  s tu d y  te n  
boys an d  te n  girls aged b e tw een  fiv e  a n d  seven  w ere observed  a t  N ew  M arston  
School. T he a u tis tic  g roup  s tu d ied  d u rin g  th e  f i r s t  y e a r  consisted  o f  fo u r boys 
aged  betw een  seven an d  te n , a tte n d in g  S m ith  H o sp ita l School. T h e  au tis tic  
g roups fo r th e  second y e a r  o f s tu d y  consisted  o f one girls an d  n ine  boys aged 
be tw een  fiv e  an d  eleven y ea rs  w ho a tte n d e d  S m ith  H o sp ita l School a n d  e igh t 
boys aged  betw een  five an d  th ir te e n  w ho a tte n d e d  Springhallow  School.

Material and Methods

D ata collection procedure

T h e  f irs t  y e a r’s d a ta  co llection  w as carried  o u t d u ring  sum m er te rm  1974 
a n d  th e  second y e a r’s d a ta  co llection  d u rin g  a u tu m n  te rm  1975. S ligh t m odifica
tio n s  in  th e  m ethods w ere m ade fo r th e  second d a ta  collection  in  th e  lig h t of 
th e  re su lts  o f th e  f irs t  y e a r’s s tu d y .

F irst year sample

I n  th e  sum m er te rm  1974 b eh av io u r record ings w ere m ade an d  u rin e  sam ples 
co llec ted  from  each  of th e  n o rm a l ch ild ren  d u ring  th e  m orn ing  o f tw o  sep a ra te  
th re e  d a y  periods. The d a ta  fo r each  o f th e  a u tis tic  ch ild ren  w ere co llec ted  on 
f iv e  sep a ra te  days in  th e  e a r ly  a fte rn o o n  on every  second M onday a n d  W ednes
d a y  d u rin g  th e  ten-w eek  te rm .

T h e  daily  ro u tin e  was as follow s: T h e  observer a rriv ed  a t  th e  school h a lf  an  
h o u r  before observ a tio n  com m enced  w ith  th e  nu rse  w ho assis ted  w ith  th e  
u rin e  collection. Once th e  ch ild ren  w ere in  th e  classroom , th e y  w ere all sen t 
as a ro u tin e  m easure to  th e  to ile t to  e m p ty  th e ir  b ladders. T he n u rse  recorded  
th e  tim e  of u rin a tio n  fo r each  child  an d  d iscarded  all th e  u rines. W hen  th e  
ch ild ren  w ere b a c k  in  th e  classroom , b eh av io u r record ings w ere m ade c o n tin u o 
u sly  on  th e  tw o  p re-se lec ted  ch ild ren  fo r th e  n e x t 1 to  2 1/4 hou rs.

I f , du ring  th e  o b se rv a tio n  period , a n y  of th e  ch ild ren  w ished to  go to  th e  
to ile t, th e  child  w ould go to  th e  n u rse  and  use h is/her perso n a l p o tty . T he
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o b se rv a tio n  period  w as ended  a t  a con v en ien t p o in t, ju s t  before  th e  lunch  
o r p la y  b reak . A t th is  tim e  th e  ch ild ren  w ere all s e n t to  th e  to ile t  b y  th e  te ach e r 
as p a r t  of th e  n o rm al school ro u tin e . T he ch ild ren  th e n  used  th e ir  p o ttie s  fo r 
th e  la s t  tim e  on th a t  d ay , th is  f in a l tim e  was also reco rded  b y  th e  nu rse .

T he n u rse  knew  w hich  tw o  ch ild ren  w ere being  observed  on ev ery  occasion 
a n d  k e p t  an d  pooled all u rine  sam ples co llected  from  th ese  ch ild ren  d u rin g  the  
o b se rv a tio n  period . T he n u rse  d isca rd ed  u rine  collected  from  th e  ch ild ren  n o t 
u n d e r o b se rv a tio n . T he ch ild ren  d id  n o t know  w ho was b e ing  observed  and  
w hich  urines w ere being collected .

In  th e  f in a l th re e -d a y  perio d  o f th e  s tu d y  on n o rm al ch ild ren  an d  in  th e  
la s t  w eek  of th e  d a ta  co llection  fo r a u tis tic  ch ild ren , all ch ild ren  w ere given 
b o ttle s  an d  collection  in s tru c tio n s  to  ta k e  hom e so th a t  n ig h t sam ples could 
be  collected . T he p a ren ts  he lped  th e ir  child  to  collect o v e rn ig h t sam ples for 
th re e  successive n ig h ts . T h ey  w ere asked  to  reco rd  th e  tim e  of th e  ch ild ’s 
la s t  u r in a tio n  before going to  bed , w h e th e r th e  ch ild  u r in a te d  d u rin g  th e  n ig h t 
a n d  if  so w hen, an d  th e  tim e  o f f i r s t  u r in a tio n  on aw aken ing . T his u rin a tio n  
w as poo led  w ith  an y  th a t  o ccu rred  d u ring  th e  n ig h t an d  b ro u g h t to  school 
w ith  th e  tim e  slip  th e  n e x t m orning .

Second year sample

D u rin g  th e  second  y e a r o f d a ta  co llection  th e  daily  ro u tin e  of co n cu rren t 
b eh av io u r record ings an d  u rin e  co llection  w as ca rried  o u t in  e x a c tly  th e  sam e 
w ay  as in  th e  f i r s t  y e a r  d a ta  co llection . T his tim e , how ever, because o f th e  
possib le e rro r  in tro d u ced  b y  co llecting  th e  n o rm al an d  a u tis tic  ch ild ren ’s 
u rin e  sam ples a t  d iffe ren t tim es o f day , th e  d a ta  fo r both n o rm a l an d  au tis tic  
g roups w ere co llected  in  th e  m orn ings.

O ne o f th e  m ain  aim s of th e  second d a ta  co llection  was to  in crease  th e  sam ple 
size an d , th e re fo re , i t  was decided  to  collect fo u r consecu tive day s’ d a ta  for 
each  ch ild , th u s  reducing  th e  to ta l  tim e  req u ired  fo r d a ta  collection . The 
n ig h t sam ples w ere collected  fo r  th re e  n ig h ts  before  th e  day s on w hich  the  
ch ild  w as to  be observed.

T hese m od ifica tions m ade i t  possib le to  collect th e  d a ta  on th e  tw e n ty  
n o rm a l ch ild ren  in  th e  f ir s t  h a lf  o f  th e  a u tu m n  te rm , a n d  o n  th e  e igh teen  
a u tis tic  ch ild ren  in  th e  second h a lf  o f th e  sam e te rm . T he co llection  re su lted  
in  fo u r d ay  b eh av io u r record ings w ith  fo u r c o n cu rren t u rine  sam ples a n d  th ree  
n ig h t u rine  sam ples fo r each  child .

P relim inary  processing o f  urine sam ples

D u rin g  b o th  d a ta  collections th e  u rin e  sam ples w ere p rocessed  im m ed ia te ly  
as follow s:

T h e  volum es o f u rine  sam ples w ere m easu red  an d  no ted . A liq u o ts  w ere p rese r
v ed  w ith  5 %  sod ium  m e ta b isu lp h ite  fo r th e  E  an d  N E  analyses an d  w ith  
2 .5N  hyd ro ch lo ric  acid  fo r th e  M N, NM N an d  VMA ana lyses. T he aliquo ts 
(now  a t  pH 1— 2) w ere fla sh  frozen  on solid carb o n  dioxide, t r a n s p o r te d  frozen 
to  th e  la b o ra to ry  an d  s to red  a t  — 18 °C u n til  analysis. All analyses w ere carried  
o u t w ith in  six  m o n th s of th e  d a ta  o f  collection.
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Biochem ical methods

1. A n a lys is  o f  u rinary  epinephrine

A sligh t m od ifica tion  o f  th e  m eth o d  o rig inally  described  b y  McCullough  
(1968) using th e  tr ih y d ro x y in d o le  reac tio n  w as used  in  th is  s tu d y .

2. A na lysis  o f  u rin a ry  m etanephrine and norm etanephrine

T he m eth o d  of An to n  an d  Sa y r e  (1966) w as se lec ted  fo r  use in  th is  s tu d y  
a f te r  careful co n sid e ra tio n  an d  com parison  of all possible m ethods. Som e m inor 
m odifica tions to  th e  m e th o d  w ere necessary  because o f th e  d ifferen t fluori- 
m e tric  a p p a ra tu s  av a ilab le  ( th e  A m inco B ow m an SP  125 in s te a d  o f th e  A m inco 
B ow m an S p ec tro p h o to flu o ro m eter) an d  also because o f o th e r  sligh t differences 
in  la b o ra to ry  eq u ip m en t. L a te r , w hen h an d lin g  th e  even  la rg e r n u m b e r o f 
u rin e  sam ples collected  d u rin g  th e  second y e a r  of s tu d y , i t  was necessary  to  
increase th e  n u m b er o f sam ples analysed  p e r d ay . T herefo re, d u ring  th e  
e x tra c tio n  s tep s , a m ix tu re  of acetone an d  solid  ca rb o n  dioxide w as used  fo r 
f la sh  freezing to  allow q u ick er sep a ra tio n  o f o rganic  an d  inorgan ic  phases.

3. A n a lysis  o f  u rinary  van illy l mandelic acid

T he m eth o d  of P isa n o  and  co-w orkers (1962) w as sensitive  enough to  be 
u sed  to  m o n ito r ca techo lam ine  m etabo lism  in  n o rm al su b jec ts , a n d  a sligh t 
m od ifica tion  of th is  m e th o d  was used  to  m easure  u r in a ry  VMA co n cen tra tio n s 
d u rin g  th is s tu d y .

R esults

I. T H E  F IR S T  Y E A R : SM ALL SA M PLE

In ter- and in tra -in d iv id u a l variation in  catecholamine excretion rates

H ierarch al analysis o f  v a rian ce  was used  to  assess in te r-  an d  in tra - in d i
v id u a l v a ria tio n s  in  ca tech o lam in e  excre tion  ra te s . T hese v ariances w ere ca l
cu la ted  b o th  fo r day  an d  n ig h t values of each ca techo l. A com parison  w as also 
m ade betw een  m ean  ex cre tio n  ra te s  during  th e  d a y  a n d  a t  n igh t.

E pinephrine

T hree  po in ts  em erged  fro m  th ese  resu lts:
(1) In tra -in d iv id u a l v a r ia tio n  in  excre tion  ra te s  w as less th a n  th e  in te r 

in d iv id u a l v a ria tio n  d u rin g  th e  d a y  period  (p <C 0.05). I n  o th e r  w ords in d iv id 
uals  ex h ib ited  co n sis tan cy  in  E excre tion . T his confirm s th e  find ings of P I tk a i 
an d  F r a n k e n h a u se r  (1964).

(2) In d iv id u a l consis ten cy  was also fo u n d  to  be s ig n if ican t during  th e  n ig h t 
(p <  0.05).

(3) The d ay  period  m eans w ere genera lly  h ig h er th a n  th e  n ig h t period  m eans. 
I t  w as also a p p a re n t t h a t  th e re  w as a ten d en cy  for in d iv id u a ls  w ith  consist
e n tly  h igher d a y  values also to  ex h ib it h igher n ig h t va lues.
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M etanephrine

MN ex c re t on ra te s  follow ed ex ac tly  th e  sam e p a t te rn  as E  excre tion  ra te s , 
b u t  th e  sign ificance o f in d iv id u a l consistency  d u rin g  th e  d a y  an d  n ig h t periods 
was g re a te r  (p <  0.01 in  b o th  cases).

N orepinephrine

N E  excre tion  ra te s  follow ed a d iffe ten t p a t te rn  from  th a t  o f E  an d  M N:
(1) In tra - in d iv id u a l v a r ia tio n  in  th e  excre tion  ra te s  w as n o t less th a n  th e  

in te r- in d iv id u a l v a r ia tio n  during  th e  d ay  period . I n  o th e r  w ords in d iv idua ls 
d id  n o t ex h ib it consistency  in  N E  excretion .

(2) In tra - in d iv id u a l v a r ia tio n  in  th e  excre tion  ra te s  w as, how ever, less th a n  
th e  in te r- in d iv id u a l v a r ia tio n  during  th e  n ig h t (p < 0 .0 1 ) .

(3) D ay  m eans w ere h ig h er th a n  n ig h t m eans, b u t  th e re  was no ten d en cy  fo r 
an  in d iv id u a l w ith  h igh  d a y  values to  show  h igh  n ig h t values.

Norm etanephrine

NM N excre tion  ra te s  fo llow ed th e  sam e p a t te rn  as tho se  of N E , ex cep t th a t  
fo r NM N th e re  w as no in d iv id u a l consistency  in  th e  n ig h t ex cre tio n  ra te s .

V anilly l m andelic acid

The follow ing po in ts  w ere estab lished :
(1) In tra - in d iv id u a l v a r ia tio n  in  th e  excre tion  ra te s  was less th a n  in te r 

in d iv id u a l v a r ia tio n  d u ring  th e  d ay  period  (p <  0.01).
(2) In d iv id u a l consistency  in  excre tion  ra te s  was also found  to  be sig n ifican t 

during  th e  n ig h t period  (p <  0.05).
(3) D ay  period  m eans w ere h igher th a n  n ig h t period  m eans. T here  was 

a sligh t ten d en cy  fo r  in d iv idua ls w ith  h igh d a y  values to  show  h igh  n ig h t 
values.

S u m m ary  o f  results

A clear p ic tu re  em erged  a fte r  th e  m easu rem en t o f th e  excre tion  ra te s  of 
th e  five  re la te d  ca techo ls. E  an d  its  b reakdow n  p ro d u c t MN follow ed a p a tte rn  
of excre tion  w hich  w as co n sis ten t fo r an  in d iv id u a l, w hile N E  an d  its  b re a k 
dow n p ro d u c t N M N  d id  n o t show  such  consistency . YMA, th e  com m on b re a k 
dow n p ro d u c t o f E an d  N E  w as, like E an d  MN, ex cre ted  in  a con sis ten t 
m an n er b y  an  in d iv id u a l.

Sex differences in  excretion rates

The d a ta  fo r th e  n o rm al g roup  w ere analysed  fo r sex  differences using th e  
M ann-W hitney  U  te s t  (th is w as n o t possible fo r th e  a u tis tic  g roup  as i t  consisted  
en tire ly  of boys). N o sex  differences in  ex cre tio n  ra te s  w ere found  fo r d ay  
period  sam ples. Tw o sex  differences w ere found  in  MN ex cre tio n  ra te s . Boys 
excre ted  s ig n ifican tly  h igher levels th a n  girls du ring  th e  n ig h t period  (p <  0.05) 
while girls show ed la rg e r increases in  ex cre tio n  ra te s  from  n ig h t to  d a y  
(p <  0.05).
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Correlation o f  the excretion rates o f  the p r im a ry  am ines and  their breakdown  
products

T h e  S p ea rm an  ra n k  co rre la tio n  te s t  w as used  to  analyse  th e  ex c re tio n  ra te  
d a ta . T h e  aim  w as to  e s tab lish  w h e th e r th e  excre tion  ra te s  o f  th e  p r im a ry  
ca techo lam ines co -varied  w ith  those  o f th e ir  m etab o lites , w h ich  w ere ex c re ted  
in  m u c h  g rea te r  q u a n tity .

Horm ones
Tim e  

o f day r8
L evel o f  

significance

E -  MN day 0.516 p <  0.05
night 0.499 p <  0.05
day
night 0.231 ns

NE -  NMN day 0.073 ns
night 0.257 ns
day
night 0.129 ns

T he resu lts  are p resen ted  in  T ab le  1. T here  w as a positive  co rre la tio n  betw een  
th e  ex c re tio n  ra te s  of E  an d  its  m e tab o lite  M N b o th  d u ring  th e  d a y  a n d  th e  
n ig h t (p <  0.05 in  each case). T he ra tio s  of d ay  to  n ig h t levels d id  n o t show  
th is  co rre la tion . N o co rre la tio n  was fo u n d  betw een  th e  ex cre tio n  ra te s  o f N E  
and  N M N .

I I .  T H E  SEC O N D  Y E A R : L A R G E  SA M PLE

In ter- and in tra -ind iv idua l varia tion  incatecholamine excretion rates

In te r -  an d  in tra -in d iv id u a l v a ria tio n s  in  ca techo lam ine  ex c re tio n  ra te s  
w ere assessed using a h ie ra rch a l analysis o f v arian ce . V ariances w ere derived  
from  th is  analysis fo r b o th  d a y  an d  n ig h t values of each  ca techo l. T h e  m ean  
d ay  an d  n ig h t excre tion  ra te s  of th e  catecho lam ines w ere also co m p ared .

E pinep h rin e

T h e sam e th ree  po in ts  em erged  fro m  these  resu lts  as h a d  been  n o te d  in  th e  
f ir s t  y e a r :

(1) In tra - in d iv id u a l v a r ia tio n  in  ex cre tio n  ra te s  du ring  th e  d a y  perio d  w as 
less th a n  in te r-in d iv id u a l v a ria tio n  (p < 0 .0 1 ) .

(2) In d iv id u a l consistency  was also fo u n d  to  be sign ifican t d u rin g  th e  n ig h t 
(p <  0.01).
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(3) T he d ay  perio d  m eans w ere genera lly  h igher th a n  th e  n ig h t perio d  m eans. 
I t  w as also a p p a re n t th a t  th e re  w as a ten d en cy  fo r in d iv id u a ls  w ith  co n sis ten tly  
h ig h er d ay  values also to  h a v e  h ig h er n ig h t values.

M etanephrine
♦

M N excre tion  ra te s  fo llow ed e x a c tly  th e  sam e p a tte rn  as E  ex cre tio n  ra te s . 
T he significance o f in d iv id u a l consistency  was th e  sam e fo r b o th  d ay  an d  n ig h t 
values (p <  0.01).

N orepinephrine

N E  excre tion  ra te s  fo llow ed a s lig h tly  d ifferen t p a t te rn  from  th o se  of E  
an d  MN.

(1) In tra - in d iv id u a l v a r ia tio n  in  th e  excre tion  ra te s  w as less th a n  th e  in te r 
in d iv id u a l v a ria tio n  in  th e  d a y  perio d  (p <  0.05). This w as a d iffe ren t find ing  
from  th e  f irs t  y e a r  re su lts , w here such  consistency  w as n o t  de tec ted .

(2) In d iv id u a l consistency  occu rred  also fo r n ig h t ex cre tio n  ra te s  (p <  0.01). 
T he sam e find ing  w as m ade fo r th e  f i r s t  y ea r d a ta .

(3) T he d ay  period  m eans w ere g enera lly  h igher th a n  th e  n ig h t perio d  m eans. 
T here  w as, how ever, no a p p a re n t  ten d e n c y  for in d iv id u a l w ith  h igh  d a y  period  
values to  ra n k  h igh  in  n ig h t perio d  values. This agreed w ith  th e  re su lts  of th e  
f i r s t  y e a r  s tu d y .

Norm etanephrine

N M N  excre tion  ra te s  fo llow ed th e  sam e p a tte rn  as th o se  o f N E , ex cep t in  
th e  levels of significance o f in d iv id u a l consistency  (p 0.01 d u ring  th e  d ay ; 
p  <C 0.05 during  n ig h t). T h is fin d in g  w as n o t m ade in  th e  f i r s t  y e a r  s tu d y .

V anilly l mandelic acid

YM A excre tion  ra te s  fo llow ed th e  sam e p a tte rn  as th o se  o f E  an d  M N, and  
th e  resu lts  w ere in  good ag reem en t w ith  th e  f ir s t  y e a r  s tu d y . T he on ly  differ
ence being  in  th e  levels o f  sign ificance of in d iv id u a l consistency  (p  <C 0.05 
d u rin g  day ; p <  0.01 d u rin g  n ig h t).

S u m m a ry  o f  results

In d iv id u a l consistency  in  ex cre tio n  ra te s  was estab lished  fo r all th e  catechols 
b o th  in  th e  d ay  an d  n ig h t periods. As in  th e  f ir s t  y e a r  s tu d y , th e  excre tion  
ra te s  o f E , MN an d  YM A differed  from  those  o f N E  N M N  in  th e  resp ec t 
t h a t  in d iv idua ls w ith  h igh  d a y tim e  excre tion  levels o f E , M N an d  VM A ten d ed  
also to  h av e  h igh  n ig h t- tim e  levels.

Sex  differences in  excretion rates

T he d a ta  fo r th e  n o rm al g roup  w ere analysed  fo r sex  d ifferences using  th e  
M ann-W hitney  U  te s t  as in  th e  f ir s t  y e a r  sam ple. As th e re  w as on ly  one girl 
in  th e  a u tis tic  g roup  su ch  an  analysis could n o t be m ade fo r a u tis ts .
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N o sex  differences w ere found  in  th e  n ig h t period  ex cre tio n  ra te s . Two 
sex  differences w ere fo u n d  in  VMA excre tion  ra te s . G irls ex c re ted  s ign ifican tly  
h igher levels of VMA d u rin g  th e  d ay  th a n  boys (p <  0.01) an d  also exh ib ited  
s ig n ifican tly  h ig h er increases from  n ig h t to  d ay  (p <  0.05).

Correlation o f  the excretion rates o f  the p r im a ry  am ines and  their breakdown 
products

T he S pearm an  ra n k  co rre la tio n  te s t  w as used, as in  th e  f i r s t  y ea r analysis, 
to  es tab lish  w h e th e r th e  ex c re tio n  ra te s  o f E an d  N E  co -varied  w ith  tho se  of 
MN and  NMN.

Table 2

Correlation of excretion levels of epinephrine to metanephrine and norepinephrine to 
normetanephrine (Spearman rank correlation, N =  38)

H orm ones
T im e 

o f  d ay rs
L ev e l o f 

sign ificance

E — MN day 0.470 p < 0.01
night 0.286 p <  0.05
day
night 0.340 p <  0.05

NE -  NMN day 0.240 ns
night 0.377 p <  0.05
day
night 0.473 p <  0.01

T he resu lts  are  p re sen ted  in  T able 2. T here  w as a p o sitiv e  co rre la tion  be
tw een  th e  excre tion  ra te s  o f E  and  MN during  th e  d ay  an d  n ig h t an d  also in  
th e  increase from  n ig h t to  d a y  (p <  0.01, p <[ 0.05 an d  p  <  0.05 respective ly ). 
T h e  co rre la tion  b e tw een  th e  ex cre tio n  ra te s  of N E  an d  NM N w as on ly  a p p a re n t 
du ring  th e  n ig h t an d  in  th e  increase from  n ig h t to  d ay  (p -< 0.05 an d  p <  0.01 
respective ly ). T hese re su lts  confirm  and  w iden th e  co rre la tions betw een  th e  
p rim a ry  am ines an d  th e ir  m e tabo lites found  in  analysis o f th e  f irs t  y ea r 
re su lts .

I I I .  C O M PA R ISO N  B E T W E E N  AND W IT H IN  T H E  N O RM A L AND
A U T IST IC  G R O U PS

One o f th e  aim s of th is  s tu d y  w as, how ever, to  e s tab lish  to  w h a t degree 
n o rm al an d  a u tis tic  ch ild ren  differed  from  each o th e r  b eh av io u ra lly  an d  endo- 
crinologically , an d  to  w h a t e x te n t th e  au tis tic  syndrom e could  be considered 
an  ex trem e fo rm  o f n o rm al b eh av io u r r a th e r  th a n  a d is tin c t phenom enon.

In  ad d ition , in  view  o f th e  differences betw een  th e  re su lts  of th e  f irs t and  
second y e a r’s w ork, com parisons w ere m ade betw een  th e  tw o  no rm al schools
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a n d  betw een  th e  tw o a u tis tic  schools. T he sim ilarities o r d ifferences arising  
fro m  these  com parisons w ere used  to  de te rm ine  w h e th e r th e  g roups could  be 
d iv id ed  in to  tw o  d is tin c t p o p u la tio n s , fou r d is tin c t popu la tio n s o r a series of 
overlap p in g  p o p u la tions.

Endocrine differences between the norm al and autistic  children

The f ir s t  year sample

T he m ean  ca techo l ex cre tio n  ra te s  fo r th e  no rm al an d  a u tis tic  g roups are 
p re sen ted  in  F ig . 1. T hey  h av e  been  in co rp o ra ted  in to  a d iag ram m atic  rep resen 
ta t io n  of th e  ca tabo lic  p a th w ay s  th a t  degrade catecholam ines.

NORMAL NIGHT

AUTISTIC NIGHT

NORMAL DAY

AUTISTIC DAY

Fig. 1: Flow-diagram of catechol excretion, first year data (means for normals, N =  10; 
means for autistics, N =  4; units =  ng/min/kg body weight) E =  Epinephrine, NE =  Nore
pinephrine, VMA =  Yanillyl mandelic acid, MN =  Matanephrine, NMN =  Normetanephrine.

T he only  sign ifican t d ifference b e tw een  th e  groups w as in  th e  increase in  E 
ex cre tio n  ra te  from  n ig h t to  d a y  (p <] 0.05, t te s t). T he increase w as 3-fold 
in  th e  n o rm al group  an d  7-fold in  th e  au tis tic  group . T he d ay /n ig h t increase 
ra tio s  fo r each  child  are p re sen ted  in  F ig . 2 in  ra n k  order.

T h e  n ig h t an d  d ay  period  ex c re tio n  ra tio s  w ere, how ever, v e ry  sim ilar. 
T herefo re , th e  d ifference was fu r th e r  exam ined  w ith  th e  n o n p a ra m e tric  M ann- 
W h itn e y  U te s t .  This te s t  also show ed th a t  th e  a u tis tic  ch ild ren  h a d  h igher 
d a y /n ig h t ra tio s  (p <[ 0.05).

O n a n u m b er of su b seq u en t occasions b o th  th e  t  te s t  an d  th e  M an n -W h itn ey  
U  te s t  h av e  been  applied  to  th e  sam e d a ta . W hen  th is  has been done i t  has 
been  to  cover th e  possib ility  th a t  th e  b eh av io u r d a ta  w ere n o t n o rm ally  d is tr ib 
u te d  a ro u n d  th e ir  m eans. B o th  te s ts  have  also been app lied  to  th e  eq u iv a len t 
endocrine  d a ta  to  m a in ta in  co m p arab ility  be tw een  th e  tw o  sets o f re su lts .
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Fig. 2: Day/night increase ratios in E excretion, first year sample

The second year sam ple

T he m ean  ca techo l excre tion  ra te s  of th e  second y e a r n o rm al and  a u tis tic  
g roups are  also p re se n te d  as a p a th w a y  flow -d iag ram  (F ig . 3).

N o sign ifican t d ifferences w ere found  betw een  th e  groups. As fo r th e  f ir s t  
y ea r d a ta , th e  E  ex cre tio n  d ay /n ig h t ra tio s  fo r th e  tw o g roups w ere pooled 
and  ra n k  ordered (F ig . 4). Som e au tis tic  ch ild ren  h a d  h igh  ra tio s , b u t  so d id  
som e n o rm al ch ild ren . No s ta tis t ic a l  d ifference w as estab lish ed  betw een  th e  
groups.

NORMAL NIGHT NORMAL DAY

AUTISTIC NIGHT AUTISTIC DAY

Fie. 3: Flow diagram of catechol excretion, second year data (means for normals, N — 20; 
means for autistics, N =  18; units, =  ng/min/kg body weight) Abbreviations as in big. 1.
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Fig. 4: Dav/night increase ratios in E excretion, second year sample

I n  conclusion , one sign ifican t endocrine difference w as found  b e tw een  th e  
n o rm als  an d  a u tis ts  in  y e a r  one: th e  au tis ts  show ed g re a te r  increases in  E  
ex c re tio n  from  n ig h t to  day . T his difference in  E  excre tion  betw een  th e  a u tis tic  
ch ild ren  from  th e  tw o au tis tic  schools or b e tw een  th e  n o rm a l ch ild ren  fro m  th e  
tw o  n o rm a l schools m igh t have  caused  th is  d iscrepancy , b u t  no such  differences 
w ere d e tec ted .

T h e  resu lts  suggest th a t  norm als a n d  au tis ts  do n o t d iffer from  each  o th e r 
in  ca tech o lam in e  excre tion , b u t  p re se n t a co n tin u u m , so th a t  d ifferences only  
becom e a p p a re n t i f  opposite  ends o f th e  p o p u la tio n  sp ec tra  are se lected .

Sum m ary  an d  Conclusions

In d iv id u a ls  w ere found  to  be m ore co n sis ten t in  th e ir  ca techo l ex cre tio n  
ra te s  th a n  th e  g roups to  w hich th e y  belonged . T his has n ev e r been  estab lish ed  
p rev io u sly , a lth o u g h  PÁtk a i an d  F r a n k e n h a u se r  (1964) re p o r te d  w eek- 
to -w eek  ‘c o n s ta n c y ’ in  ca techo lam ine  ex cre tio n  in  in d iv idua ls. T h is find ing  
h as  p ro v id ed  fu r th e r  evidence th a t  in d iv id u a ls  have  un iq u e  endocrine ch a rac 
te ris tic s .

T h is s tu d y  show ed th a t  u n d er all b u t  one se t of conditions (N E  NM N 
d u rin g  th e  day) m easu ring  th e  b reak d o w n  p ro d u c ts  of ca techo lam ines d id  n o t 
change or c o n tra d ic t th e  resu lts  o b ta in ed  from  th e  m easu rem en t o f th e  p rim a ry  
am ines, an d  t h a t  th e  m e tab o lite s’ ex c re tio n  ra te s  co -varied  w ith  th o se  o f th e ir  
a n teced en ts , re flec tin g  th e  orig inal am o u n ts  secre ted . T h u s th e  use o f  u r in a ry  
E  a n d  N E  levels as in d ica to rs  o f physio log ical responses to  en v iro n m en ta l 
an d  psych ic  s tim u li is n o rm ally  ju s tif ie d . T he lack  of co rre la tio n  be tw een  N E  
an d  N M N  ex c re tio n  during  th e  d a y  w as p ro b a b ly  re la te d  to  th e  effects o f 
lo co m o to r a c t iv i ty  on th e  re la tiv e  ra te s  o f ex cre tio n  o f th ese  tw o ca techo ls.
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T he lab ility  of N E /N M N  excre tion  an d  its  dependence p rim arily  on th e  level 
of m uscu la r a c tiv ity  was also reflec ted  in  th e  fin d in g  th a t  th e re  was no co nsist
e n t re la tionsh ip  b e tw een  th e  m ean  N E  or NM N ex cre tio n  ra te s  fo r an  in d iv id 
u a l during  th e  d a y  an d  n ig h t. C onversely, E /M N  excre tion  d id  show  such  a 
re la tionsh ip , u n d erlin in g  th e  fa c t th a t  i t  is these  l a t te r  catechols w hich are th e  
m ost sensitive physio logical m arkers o f ‘in d iv id u a lity ’.

S ign ifican t sex differences in  MN an d  VMA ex cre tio n  were fo u n d  in  th e  f irs t  
an d  second y ea r o f  s tu d y , respective ly . S uch  differences have  n o t been re p o rte d  
prev iously . J ohansson  (1972) h ad  d e tec ted  sex  differences in  E  an d  N E  
excre tion  in  a te s t  s itu a tio n , b u t  h ad  failed  to  f in d  such  differences u n d e r 
n o rm al conditions in  tw elve-year-o ld  ch ildren . T h e  sex  differences fo u n d  in  th e  
fiv e  to  seven -year-o ld  ch ild ren  s tu d ied  could  h av e  been caused  b y  a n u m b e r 
o f fac to rs . F irs tly , th e y  could re flec t sex  d ifferences in  th e  ra te  of m a tu ra tio n  
o f th e  ad renal g land ; secondly , sex differences in  levels of th e  ca tabo lic  enzym es 
th a t  degrade ca techo lam ines; o r th ird ly  an  effect o f th e  gonadal stero ids on 
th e  h y p o th a la m o -p itu ita ry -ad re n a l axis.

A n endocrine difference betw een  n o rm al an d  a u tis tic  ch ild ren  was fo u n d  in  
E  a ro u sa l levels fro m  n ig h t to  d ay  in  th e  f ir s t  y e a r  sam ple. T h is was n o t fo u n d  
in  th e  second y e a r  sam ple. I t  has been suggested  th a t  a u tis tic  ch ild ren  are 
basica lly  tim id  an d , therefo re , u n d er c o n s ta n t ‘s tre s s ’ (T in b e r g e n  an d  T in 
b e r g e n  1972, R ic h e r  1976). This m igh t have  been  re flec ted  in  difference in  
E  excre tion . H ow ever, no differences in  ca techo l ex cre tio n  betw een  th e  n o rm a l 
an d  au tis tic  ch ild ren  seem  to  ex ist. I t  is, th e re fo re , possible, th a t  i t  is n o t th e  
ab so lu te  levels w h ich  d iffe ren tia te  these  groups, b u t  th e ir  la b ility  in  th e  face 
o f e x te rn a l s tim u li.

T he resu lts o f th is  s tu d y  h av e  im plied  th a t  i t  is an  in d iv id u a l’s in te rp re ta 
tio n  ra th e r  th a n  th e  ac tu a l s tim u li from  th e  e n v iro n m en t th a t  will d e te rm in e  
th e  e x te n t of psycho-physio logical arousal, an d  how  he or she ac ts . I f  th e  
perce ived  s tim u li do n o t su rm o u n t a level o f a ro u sa l an  in d iv id u a l accep ts as 
no rm al, th e  sy s tem  rem ains co n stan t. I f  i t  does, physio logical system s resp o n d  
in  given w ays b y  increased  or decreased  a c tiv ity  beyond  th e  no rm al range  
o f  v a ria tio n  fo r t h a t  ind iv id u a l. A series of b eh av io u ra l changes accom panies 
th ese  physio logical changes. T hese changes are fu n c tio n a l if  th e y  serve to  
reduce  th e  im p a c t of th e  perceived  en v iro n m en t. This hyp o th esis  gives to  
b eh av io u r an  a d a p tiv e  role in  th e  re la tio n  o f e n v iro n m en ta lly  p ro d u ced  p h y sio 
logical upsets.

T his hypo thesis also helps to  exp lain  th e  fin d in g  th a t  w hereas au tis tic  ch ild ren  
show  ab e rra n t b eh av io u r p a tte rn s , th e y  are endocrino logically  s im ila r to  
n o rm al ch ildren . Som e genetic  or o rganic m a lfu n c tio n  (F o lstein  a n d  R u t t e r  
1977) in  th e ir  physio logical coping m echan ism  cou ld  give rise to  o ver-a rousa l 
in  s itu a tio n s t h a t  norm als hand le  w ith  co m p ara tiv e  ease. T h e ir b eh av io u r 
m ig h t be th e ir  w ay  o f reducing  th e  im p a c t o f th e  en v iro n m en t.
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EXAMINATION OF PHYSICAL DEVELOPMENT OF 
DOWN’S PATIENTS IN VIEW OF THREE BODY 

MEASUREMENTS -  A FOLLOW-UP STUDY

by L. H orvá th  an d  J .  B u d a y

(Laboratory of Human Genetics, Maternity Care Centre, Budapest, Hungary; Department 
of Pathophysiology, Training College for Teachers of Handicapped Children, Budapest,

Hungary)

A b s t r a c t .  This paper is a report on the growth of three body measurements 
(height, weight and head circumference) of 80 Down’s patients, 49 boys and 
31 girls relying on a longitudinal study. Two examinations of body measure
ments of boys and girls from Budapest were used as controls. The said three 
parameters of the newborn Down’s patients were lower than the ones of the 
controls. The rhythm of growth was somewhat slower and, therefore, the difference 
was accentuated with age. The curve of z values of body weight was the same 
as that of the normal children, but the Down’s patient’s values were greater 
than 0 in both sexes at all ages.

Key words: growth and development, Down’s patients, body measurements.

T h e  ex am in a tio n  of th e  bo d y  d ev e lo p m en t o f persons w ith  an eu p lo id y  is 
one o f th e  m ost im p o r ta n t possib ilities to  s tu d y  th e  genetics of g row th . A u th o rs  
w ere in te re s te d  in  th e  d eve lopm en t o f  ch ild ren  w ith  D ow n’s sy n d ro m e, th e  
la t te r  being  th e  on ly  h u m an  au to so m al an eup lo idy  w here th e  ex am in a tio n s  
are perfo rm ab le . O nly  a few pu b lica tio n s deal w ith  th e  b o d y  d ev e lopm en t as 
a lo n g itu d in a l s tu d y  of D ow n p a tie n ts  (R oche 1965, R arick  an d  Se e f e l d t  
1974, Cro n k  1978).

T h is p a p e r  p resen ts  th e  ex am in a tio n s of 80 ch ild ren  w ith  D ow n’s syndrom e 
(49 boys an d  31 girls). F ro m  tim e  to  tim e  th e se  ch ild ren  w ere ex am in ed  by  
physic ians an d  a t  th e  sam e tim e  th e ir  bo d y  m easu rem en ts (h e ig h t, w eigh t 
an d  h ead  circum ference) w ere ta k e n . A u th o rs  also knew  th e ir  m easu rem en ts  as 
b ir th . T he y o u n g est child  w as one m o n th , th e  o ldest was 28 y ea rs  old. T he 
d is tr ib u tio n  of th e  n u m b er an d  tim e  o f these  observa tions w ere r a th e r  irreg u la r  
w ith in  th is  in te rv a l. A u th o rs  co m p ared  th e ir  re su lts  w ith  tw o ex am in a tio n s  
c o n d u c te d  in  B u d ap est. O ne of th ese  covers th e  d a ta  of ch ild ren  aged  fro m  0 
to  5 y ea rs , th e  o th e r  p resen ts  th e  d a ta  of ch ild ren  aged betw een  6 a n d  18 
years.

F ig u re  1 show s th e  g row th  of th e  b o d y  h e ig h t a n d  its  age dev ia tio n  in  ch ild ren  
aged betw een  0— 18 years. T he resu lts  confirm  th a t  hyposom y belongs to  th e  
o b lig a to ry  sy m p to m s of D ow n’s syndrom e.

I n  F ig u re  2 th e  average  w eigh t an d  its  age d ev ia tio n  can  be seen. T h e  b o d y  
w eigh t o f th e  ch ild ren  w ith  D ow n’s syndrom e is low er th a n  th a t  o f th e  con tro l. 
T h e  backw ardness is increasing  d u rin g  life, b u t  is less considerab le th a n  b o d y  
h e ig h t an d  genera lly  does n o t su rp ass  th e  v alue  o f 1— 1.5 SD. T he d a ta  of 
th e se  tw o  figures a re  in  accordance w ith  th e  experience gained  o f th e  specific
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Fig. 1: Growth and age deviation of the body height

Fig. 2: Growth and age deviation of the body weight

physique  of D ow n’s p a tie n ts . N evertheless, i t  is a m ost im p o r ta n t fa c t th a t  
th e  fa tness o f D ow n’s p a tie n ts  is n o t a consequence o f th e ir  h igher b o d y  w eight, 
b u t  depends on th e  considerab le  backw ardness in  b o d y  heigh t.

This is su p p o rte d  b y  th e  fa c t, th a t  th e  K a u p ’s in d ex  o f th e  p a tie n ts  is gener
a lly  h igher th a n  th a t  o f th e  con tro l (F ig . 3).

T he m eans o f th e  h ead  circum ference an d  th e  age deviations confirm  th e  
observ a tio n  th a t  also m icrocephaly  belongs to  th e  o b liga to ry  sy m ptom s o f 
D ow n’s syndrom e (F ig . 4).

T he above d a ta  on th e  re la tio n s of b o d y  h e ig h t a n d  w eight are  co n co rd an t 
w ith  th e  fa c t th a s  th e  p ro p o rtio n a lity  p ro file  o f p a tie n ts  differs from  th e
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F ig . 3 : K au p  index

Fig. 4: Growth and age deviation of the head circumference

con tro l, an d  th a t  th e  z va lues are positive w ith o u t excep tion . T he z values o f  
th e  head  c ircum ference are also h igher th a n  0 (F ig . 5).

F ina lly , a u th o rs  h a v e  to  sp eak  ab o u t th e  age a t  m enarche . T h ey  n o te d  i t  
according to  th e  p a re n ts ’ rem em brances. I t  follow ed as d em o n stra ted  b y  th e  
au th o rs  a t  12.61 + 0 .9 1  y ea rs  o f  age. T hey  could  ge t d a te  d irec tly  from  12 girls 
on ly . Y et, i t  has to  m en tio n  th a t  th is  average does in  all p ro b a b ility  n o t 
correspond w ith  re a lity . In  fo u r girls th e  m en arch eal age is considerab le low 
(ab o u t 11 years) in  th e  o th e rs  i t  is h igher (ab o u t 13 y ea rs). F u r th e r  ex am in a
tio n s will decide w h e th e r th is  age is only  acc id en ta l o r n o t. M aybe th e re  are  
g re a t differences in  th e  age a t  m enarche o f th e  girls w ith  D ow n’s syndrom e.
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Body w eight Heod c ircu m fe ren ce

z

Fig. 5: Proportionality profile of body weight and head circumference
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PHYSIQUE AND PERFORMANCE

by E. JoKi.

(University of Kentucky, Lexington, U.S.A.)

A b s t r a c t .  The author analyses the theme against the background of the 
world wide improvement of all athletic records during our century, showing 
the extent to which performance growth relates to varieties of the athletes’ 
physiques. Detailed evidence pertaining to the issue has been derived from 
studies of weight-lifters since in the discipline under reference different body 
weight classes as well as different techniques of application of muscle power 
offer themselves for investigation. The fact that body bulk is not an advantage 
in contests such as those requiring powers of endurance allows insight into the 
categorical difference between kinetic and dynamic modalities of specific activity 
displays. Concerning the biological background of the overall performance 
explosion in sport during the preceding decades, the author will enumerate the 
underlying social, nutritional, medical and epidemiological advancements that 
have rendered the phenomenon under review possible. Special attention will 
be paid to exclusive human characteristics of motor capacities, as against 
performance elements that involve physiological mechanisms ubiquitously 
present in the animal world.

Key words: physique, performance, strength, endurance, athletes, weight 
lifting, effects of training, genetic endowments, adaptive responses, cardiac 
adaptation.

V arieties of physiques

P erfo rm ance g ro w th  in  som e sp o rts  —  n o t in  all —  re la te s  to  a v a r ie ty  of 
th e  a th le te s ’ p h y siques. T h e  dete rm in in g  role o f b o d y b u ild  is recognized in  
w restling  an d  w eig h t lif tin g  in  w hich  sep a ra te  com petitions are he ld  in  9 —- 
since 1976 in  10 —- b o d y  w e ig h t classes. In  F igure  1 w inn ing  perfo rm ances in  
th e  A nn u al W eigh t-lifting  W orld  C ham pionships are p lo tte d  fo r th e  years 
1948 to  1972, fo r  th e  b a n ta m , lig h t-a n d  su p er-h eav y -w eig h t classes (46 kg, 
67.5 kg, and  110 kg an d  above). In  th e  f i r s t  tw o , a tre n d  o f th e  curves to  f la t te n  
o u t is no ticeab le ; in  th e  th ird  u n til  re cen tly  a con tinuous rise  due to  th e  ap 
p earan ce  on th e  a th le tic  scene of e x tra o rd in a rily  h eav y  co n te s ta n ts . T h e  tw o 
g re a te s t super-heavy-w eigh ts o f  th e  la s t decade Zhabotinsyi an d  A lexyev  b o th  
O lym pic C ham pions w eighed over 160 kg. H ow ever, save  in  ex cep tio n a l cir
cu m stances like tho se  ju s t  m en tio n ed , eccen tric  body  w eigh t is of no ad v an tag e  
in  sp o rt. T he A m erican  su p er-h eav y -w eig h t w restle r Chris Taylor, w ho w eighed 
440 pounds, com peted  a t  th e  1972 O lym pic Gam es in  M unich. In  one of th e  
g re a te s t a th le tic  perfo rm ances o f all tim es, th e  G erm an w restlin g  cham pion , 
W ilfried  D ietrich  w hose w e ig h t w as alm ost 200 pounds less, th rew  Taylor 
an d  p in n ed  him .
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W eight-lifting

M ost w eight lifte rs  lif t g re a te r  w eights w ith  th e  ‘clean a n d  je rk ’ th a n  w ith  
th e  ‘snatch ). T he reason  is th a t  in  th e  ‘clean an d  je rk ’ th e  ex tension  pow er of 
th e  legs can be b ro u g h t to  b e a r upon  th e  perfo rm ance tw ice ; w ith  th e  ‘sn a tc h ’ 
th e  w eigh t m u st be lifted  in  one u p w ard  m ovem en t w hich  p rec ludes th e  double 
su p p o rt action  o f  th e  low er ex trem ities . A sian  w eig h t-lifte rs  as a group are  
re la tiv e ly  s tro n g  in  th e  ‘s n a tc h ’ an d  re la tiv e ly  w eak in  th e  ‘clean and  je rk ’, 
an  observ a tio n  w hich  po in ts  to  th e ir  g rea t a rm  s tre n g th  w hich  also explains 
in  p a r t  th e  conspicuous excellence of Jap an ese  gym n asts . T h e  above ex p lan a 
tio n  of th e  perfo rm ance d ifferences in  th e  tw o  w eigh t-lifts  is o f special in te re s t 
fo r s tu d en ts  o f b iom echan ics of sp o rt, e.g., fo r  an  analysis  o f th e  techn iques 
o f th e  ski ju m p  a n d  of th e  sh o t p u t  (Table 1).

I  h av e  ca lcu la ted  th e  w inn ing  perform ances p e r  kg b o d y  w eigh t fo r all w eigh t 
classes a t  th e  O lym pic G am es in  M exico C ity  in  1968, a t  th e  w orld  cham p io n 
sh ips in  L im a, P e ru  in  1971, and  a t  th e  O lym pic G am es in  M unich in  1972: 
T he re la tiv e  s tre n g th  o f su p er-heavy-w eigh t cham pions w as m uch  less th a n  th a t  
o f th e  co n te s tan ts  in  th e  lig h te r  bo d y  w eight classes (F ig. 2). O ne of th e  reasons 
fo r th e  re la tiv e  pow er su p e rio rity  of th e  lig h te r  w eight class w eigh t lifte rs  is 
th a t  th e y  are n o t fa t .  B ecause th e  f a t  co n ten t o f  th e  fem ale b o d y  is p ro p o rtio n 
a te ly  g rea te r th a n  th a t  o f m en, w om en genera lly  do n o t e q u a l m en’s perform -
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Fig. 1: Winning performances in the annual Weight-lifting World Championships between 
1948 and 1972 in three weight classes [J



Table 1
Bantam class weight-lifting

(52.6—56.0 kg body weight; Olympic Games Munich, 1972)

Place- Name Body Total
ment and country weight

LBS

( i ) F ö l d i

Hungary
5 5 .7 0 3 7 7 .5 8 3 2 .2 5 2 .6 0

(2 ) N a s s i r i

Iran
5 5 .9 0 370 8 1 5 .7 5 2 .5 0

(3 ) C h e t i n

Russia
5 5 .6 5 3 6 7 .5 8 1 0 .2 5 2 .4 0

(4 ) T r e b i c k i

Poland
5 5 .7 0 365 8 0 4 .5

4-> 2 .3 0

(5 ) K i r o v 5 5 .7 0 3 6 2 .5 7 9 9 .2 5
bß

Bulgaria í 2 .20

(6 ) V a s i l i a d e s 5 5 .6 0 355 7 8 2 .7 5
Australia ffl 2 .1 0

(?) O n o

Japan
5 5 .8 5 355 7 8 2 .7 5 M

2 .0 0
(8 ) T o d o r o v

Bulgaria
5 5 .8 0 350 7 7 1 .7 5

1 .90
(9 ) M c K e n z i e

England
5 5 .2 0 342 .5 7 5 4 .7 5

1 .80
( 1 ) M i k i

Japan
5 5 .8 0 3 4 2 .5 7 5 4 .7 5

P erfo rm an ce  c o m p u ted  o n  k g /B o d y  w eight

S n a tch C lean  a n d  J e rk

# 2.56 Földi
•  2.55 (2)
i  2.52 (3)
•  2.51 (5X8)
•  2.47 (6)

•  2.42 (4)(7)

•  2.36 (9)

-• -2 .2 4  Miki

-•-2 .0 4  Miki
j  (world record)

| Földi
•  1.93 (1)(3)(4)
•  1.89(5)
•  1.88 (7)
•  1.84(6)

•  1-79 (8)(2)
•  1.77 (9)

Som e w e ig h t-lif te rs  w ho p erfo rin  o u s ta n d ia g ly  in th e  s n a tc h  a re  u n a b le  to  do likew ise in  th e  c lean  a n d  je r k .  In so fa r  as th e  
f in a l  p lacem en t o f  co m p e tito rs  is d e te rm in e d  b y  th e  to ta l  score a t ta in e d  w ith  b o th  lif ts ,*  th e  a b o v e  m e n tio n e d  d isc rep an cy  
w as n o t  a lw ays rea lized . A n  ex am p le  is i llu s tra te d  in  f ig u re  3b show ing  th e  n u m erica l seq u en ce  o f  t h e  10 b e s t  p a r t ic ip a n ts  
in  th e  f in a l  p lac e m en t o f  th e  w e ig h t-lif tin g  co n te s t a t  th e  1972 O ly m p ic  G am es in  the  b a n ta m  w e ig h t c lass  (52 .6  =  56.0 kg). 
M iki (Ja p a n )  w ho  ran k e d  1 0 th  to p p ed  th e  lis t  fo r th e  s n a tc h  in  w h ich  h e  e s ta b lish e d  a n ew  w o rld  rec o rd  (114 .0  kg). P e r  k g /b w  
he  lif te d  2 .04  kg  as  a g a in s t th e  G olrl-M edalist’s (F ö ld i, H u n g a ry )  1.93 k g . T h e  la t te r ,  how ever, a t ta in e d  a n  e q u iv a le n t  o f  2.56 
k g /b w  in  th e  c lean  a n d  je rk , w hile M iki’s k g /b w  e q u iv a le n t  fo r  th e  c lean  a n d  je rk  w as o n ly  2.24.

M ost A sian  w e ig h t- lif te rs  do re la tiv e ly  b e t te r  in  th e  s n a tc h  th a n  in  th e  c lean  an d  je rk . T h e  v a lid i ty  o f  th is  s ta te m e n t  is 
b o rn e  o u t  b y  o b se rv a tio n s  o f  c o m p e tito rs  fro m  J a p a n ,  K o re a , T a iw an , B u rm a  an d  o th e r  F a r  E a s te rn  c o u n tr ie s . T h is  p h e n o 
m en o n  is  o f  in te r e s t  also for th e  c la rif ica tio n  o f th e  p ro b lem  o f  th e  “ e th n o lo g ica l en d o w m en t s p e c tru m  fo r a th le tic  p erfo rm en ces”  
in  genera l.

ances in  a th le tic  co n tests  d em and ing  s tre n g th . T he d ifference in  p h y sica l pow er 
b e tw een  m en an d  w om en is le a s t m ark ed  if  one com pares perfo rm an ces of 
a th le te s  o f lig h t physiq u e , e.g., o f w e igh t-lifte rs  of th e  f ly  w eight-class (52 kg). 
H ere  m en as w ell as w om en a th le te s  en te rin g  con tests  are  in v a r ia b ly  lean .

M rs. M eridy  W arden Schm idt o f S e a ttle  w as th e  f irs t  w om an  to  w in  an  open 
S ta te  C ham pionship  in  w eigh t-liftin g  ag a in s t m ale o p ponen ts.

Physique, s tre n g th  and  endurance  j  j

T he re la tiv e  size of th e  h e a r t of th e  w orld ’s b e s t w om en m iddle d is tan ce  ru n 
ners is a lm o st tw ice as g re a t as t h a t  o f th e  cham pion  discus th ro w ers . T he 
in e q u a li ty  o f  th e  physiques o f Olga K orbut a n d  A lexyev, b o th  O lym pic C ham 
pions is e v id en t. A lexyev  w on gold m edals in  w eigh t-lifting , K orbut in  g y m n as
tics . T he te rm  fitn ess  in  as fa r  as i t  re la te s  to  a th le tic  p h ysique  is m eaningless — 
unless i t  is u sed  in  reference to  a specifica lly  id en tified  perfo rm ance  ca teg o ry .
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H eight and weight of cham pion athletes

D uring  th e  p a s t decades m ark ed  increases h av e  been n o te d  in  h e ig h t and  
w eight o f th e  w orld ’s b e s t co m petito rs in  m a n y  —  again  n o t all —  sp o rts . 
F igure 3 shows m easu rem en ts  o b ta in ed  from  th e  f in a lis ts  in  th e  th ro w in g  an d  
long -d istance  ev en ts  a t  th e  O lym pic G am es in  A m ste rd am  in  1928, in  R om e 
in  1960, in  T okyo in  1964 and  in  M ontreal in  1976. C ham pion  a th le te s  to d a y
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Fig. 2: Weight lifted per kg body weight by six best performers in nine weight-classes with 
clean and jerk and with snatch (the 25th World Weight-lifting Championships, 15 —26 September

1971, Lima, Peru)



Fig. 3: Height and weight of Olympic athletes have consistently gone up during the past 
decades. At the 1928 Olympic Games, finalists in running and throwing events were smaller 
and weighed less than they do now. Differences are greatest for the throwers who today are 

far heavier and stronger than they were 50 years ago

are ta lle r  an d  h eav ie r  th a n  th e y  w ere 50 y ea rs  ago, m ost n o ta b ly  so in  th e  case 
of th e  th ro w ers .

F igu re  4 com pares h e ig h t, w eight an d  b o d y  in d ex  of th e  U n iv e rs ity  of 
K e n tu c k y  b a sk e tb a ll team s of 1948 and  1968. T he 1948 p layers w ho w on th e  
NCAA C ham pionsh ip  as w ell as th e  O lym pic G am es to u rn a m e n t in  L ond o n  
w er m uch  sm alle r an d  w eighed less th a n  th e  p layers in  1968. The “ te a m  
s tru c tu re ”  in  as fa r  as i t  is rep resen ted  b y  th e  b o d y  m easu rem en ts of th e  f iv e  
s ta r te rs  has rem a in ed  th e  sam e in  1948 a n d  1968. Good b a sk e tb a ll te a m s  
inc lude  b u t  one or tw o v e ry  ta ll  p layers; th e  o th e r  3 need  n o t be of ex cep tio n a l 
h e ig h t, even  th o u g h  i t  is tru e  th a t  m idgets are  n o t especially  su ited  fo r th e  
sp o rt.

M ajor im p ro v em en ts  o f skill have  ta k e n  p lace co n tinuously  during  th e  p a s t  
30 years  as th e  e v a lu a tio n  of p lay  s ta tis tic s  show s. F ree  th ro w  percen tages fo r  
th e  s ta r te rs  increased  from  63.08%  fo r th e  1948 U n iv e rs ity  of K e n tu c k y  
C ham pions, to  77 .85%  fo r th e ir  successors in  1968; fie ld  goal percen tages from  
33.47%  in  1948 to  55 .97%  in 1968. P la y  tech n iq u e  will go on im prov ing  in  
th e  n e x t  decade; w hile fu r th e r  changes in  p h ysiques are  n o t likely  to  occur.

C ham pion  b a sk e tb a ll p layers are chosen d u rin g  th e ir  h igh school y ears  on
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H E I G H T W E I G H T

Fig. 4: Comparison of height and weight of champion hasketball players today and 25 years 
ago revealed marked differences as shown in a study of measurements taken from members 
of the University of Kentucky teams of 1948 and 1968. Although as a group the 1948 as well 
as the 1968 players were much taller than the average population, mean body length of the 
1968 team was greater than that of the 1948 team. The difference was 2“ ; for the starters 
2%“ (from 1 Yi to 3 %). Likewise, both the 1948 and the 1968 players weighed more than the 
average young men in the United States. However, the 1968 players were much heavier than 
the 1948 players. Team averages were 186.6 pounds in 1948 and 207.3 pounds in 1968; averages 
for the starters, 191 pounds in 1948 and 209.2 pounds in 1968. But individual differences in 
weight between the 1948 and the 1968 starters ranged from 12 to 32 pounds. Notwithstanding 
these differences in height and weight, the overall physical “design” of the two teams’ phys
iques was similarly patterned: The “diagonal” arrangement of the graph presentation of sizes 
and weights of the five starters in 1948 and 1968 illustrates the point. The fact that a good 

team does not consist of equally tall and heavy players was well established in 1948.

th e  basis o f th e ir  endow m en t —  m orphological an d  otherw ise. T all b a sk e tb a ll 
p lay e rs  are  n o t ta l l  because th e y  p lay  b ask e tb a ll; th e y  are a t tra c te d  e a rly  in  
th e ir  lives to  b a sk e tb a ll because th e ir  ta lln ess  renders th e m  su itab le  fo r  th e  
gam e. S u sta in ed  tra in in g  is o f course th e  o th e r p re req u is ite  fo r success in 
b a sk e tb a ll so as i t  is a p re req u is ite  fo r success in  all o th e r  spo rts .
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Fig. 5: 5a s h o w s  t h e  t r i a n g u l a r  d e s ig n  i n t r o d u c e d  by  Sh el d o n , w i t h  “ e n d o m o r p h ”  p h y s iq u e s  
c lu s te r i n g  t o w a r d  t h e  l e f t ,  “ m e s o m o r p h ”  t o w a r d  th e  u p p e r ,  a n d  “ e c t o m o r p h ”  t o w a r d  th e  
r i g h t  a p e x  T h e  r e s u l t s  o f  S h e ld o n ’s s u r v e y  o f  s o m a to t y p e  d i s t r i b u t i o n  o f  4 0 0 0  m a le  A m e r ic a n  
c o lle g e  s t u d e n t s  i n  1 9 4 0  a r e  s h o w n  i n  56 . E a c h  d o t  r e p r e s e n t s  20  s t u d e n t s .  T h e  c o n c e n t r i c  
c lu s te r in g  a r o u n d  t h e  4 4 4  c e n t r a l  c r o s s in g  o f  t h e  t h r e e  h y p o t e n u s e s  o f  t h e  t r i a n g l e  o f  t h e  
m a j o r i t y  o f  t h e  p o in t s ,  a n d  t h e  d e c r e a s in g  d e n s i ty  o f  r e p r e s e n t a t i o n  t o w a r d  t h e  t h r e e  a p ic e s  
is  e v id e n t .  5c s h o w s  t h e  d i s t r i b u t i o n  o f  t h e  s o i n a to t y p e s  o f  t h e  m e m b e r s  o f  t h e  B r i t i s h  t r a c k  
a n d  f i e ld  t e a m  f o r  t h e  1 9 6 0  O ly m p ic  G a m e s  i n  R o m e . C o m p a r is o n  b e tw e e n  t r i a n g l e s  6 a n d  c 

r e v e a ls  t h e  a b s e n c e  a m o n g  t h e  a th l e t e s  o f  f a t  i n d iv i d u a l s .

9 Anthropologiai Közlemények 129



Effects o f tra in in g

In ten s iv e  tra in in g  causes m a jo r changes of bo d y  com position . W e have  
s tu d ie d  a w restling  cham p io n  a t  age 25 w hom  we ex am in ed  again  30 years  
la te r . A t age 55 he looked f a t  and  ug ly  n o t because he h a d  becom e older b u t  
ch iefly  because he h ad  d isco n tin u ed  his tra in in g . H e th u s  lo st “ lean  body  
m ass”  an d  p u t on fa t. T a n n e r  has com pared  th e  p hysiques of an  unselec ted  
sam ple  of 5000 u n iv e rs ity  s tu d e n ts  w ith  those  o f th e  m em bers of th e  B ritish  
O lym pic team  in 1960. T h e  tr ia n g u la r  d o cu m en ta tio n  o f  physiques in tro d u ced  
b y  Sh eld o n  (Fig. 5a) allow s v isu a liza tio n  o f in d iv id u a l “ endo-, meso- and  
ec tom orph ic  fe a tu re s” , o r —  in  th e  te rm s of th e  p ioneering  w ork  o f K r e t sc h 
m er  —  of “ th e  p ykn ic , a th le tic  and  asthen ic  h a b itu s” . A m ong th e  u n iv e rs ity  
s tu d e n ts  (F ig. 5b) all va rie tie s  of physiques w ere rep re sen ted ; w hile th e  trian g le  
in  w hich th e  so m a to ty p es  o f th e  B ritish  O lym pic te a m  are  p lo tte d  reveals 
a com plete  absence o f  f a t  in d iv idua ls (F ig. 5c). M ost to p  a th le te s  are lean . 
E xcep tions confirm  th e  ru le : e.g., channel sw im m ers are  f a t  because of th e  
special th e rm o -reg u la to ry  req u irem en ts  o f th e ir  u n u su a l perfo rm ance; an d  
m ost su p er-h eav y -w eig h t w eigh t-lifte rs  are m u scu la r as well as fa t .  To keep 
bodies o f m ore th a n  160 kg  like th a t  o f Zhabotinski a n d  A lexyev  from  falling  
a p a r t ,  f a t  is needed  as b in d in g  m ateria l. H ow ever, i t  m u s t be rem em bered  
th a t  f a t  people are n o t eo ipso able to  swim fo r a long tim e  n o r capab le  of 
lif tin g  h eavy  w eights.

Table 2

Body weight and fatness of 10 men and 10 women champions in different 
sport disciplines

M en W eigh t B o d y
(kg) F a t

1. Gymnastics 67.6 4.5
2. Marathon runners 61.7 6.1
3. Weight-lifting 77.6 6.2
4. Racing cycling 70.8 6.2
5. Tennis 63.1 7.3
6. Volleyball 79.4 7.9
7. Table tennis 58.5 9.2
8. Basketball 98.1 11.7
9. Ice hockey 67.3 14.8

10. Greco-Roman wrestling 103.2 19.0

W o m en

1. Gymnastics 55.6 8.25
2. Gymnastics 53.5 10.2
3. High jump 62.2 10.3
4. 10 m diving 50.0 12.4
5. Skiing 10 km 54.6 13.5
6. Swimming 69.8 13.8
7. Ice skating 58.3 15.3
8. Tennis 62.5 18.2
9. Table tennis 52.4 18.3

10. Shot put and discus 81.7 19.7
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I n  a classical s tu d y  on C hannel sw im m ers w ho h a d  m ade i t  from  D o v er to  
Calais in  16 ho u rs , P u g h  an d  E d h o l m  fo u n d  th a t  th e ir  su b jec ts  w ere consp icu
ously  obese. F o r th em , th e y  w ro te , “ i t  is good to  be f a t” .

In  1954 I  rep o rted  t h a t  am ong 261 p a r tic ip a n ts  in  a M ara th o n  race  in  P h ila 
delph ia  12 w ere d is tin c tly  fa t ,  a su rp ris in g  fin d ing . T h ey  fin ished  th e  race  in  
poor tim es  (betw een  5 a n d  7 hours) —  b u t  th e y  fin ished . Since th e n  h u n d red s  
o f f a t  m en an d  w om en h av e  ru n  th e  M ara th o n , an  o b se rv a tio n  o f considerab le  
physio logical and  clin ical re levance.

O f in te re s t  are re su lts  o f a s tu d y  con d u cted  b y  N o v o t n y  and  P a r í z k o v a  

w ho assessed th e  f a t  c o n te n t of th e  bodies o f 10 m en an d  10 w om en a th le te s  
w ho h ad  a tta in e d  cham pionsh ip  honors in  th e  co m p e titiv e  d iscip lines en u 
m era ted  in  T ab le  2. T h e  u n ex p ec ted ly  large  range  of p ro p o rtio n a l va lu es  o f 
lean  b o d y  m ass an d  f a t  in  th is  g roup  calls fo r special in te rp re ta tio n .

Fig. 6: U n t r a in e d  ( l e f t )  a n d  t r a i n e d  m u s c le  ( r i g h t ) .  U p p e r  c irc le s  =  a p p e a r a n c e  o f  m u s c le ;  
m id d le  c ir c le s  =  m ic r o s c o p ic  a p p e a r a n c e  o f  f i b e r s  o f  m u s c le s  s h o w n  in  u p p e r  c ir c le s ;  lo w e r  
c ir c le s  =  c a p i l l a r y  s u p p l y  o f  m u s c le s  s h o w n  i n  u p p e r  c irc le s .  H y p e r t r o p h y  e n g e n d e r e d  t h r o u g h  
e x e r c is e s  d e m a n d in g  s t r e n g th .  I n c r e a s e d  c a p i l l a r i z a t i o n  e n g e n d e r e d  t h r o u g h  e x e r c is e s  d e m a n d 

in g  e n d u r a n c e .

9 131



G enetic endow m ent an d  adap tive  responses

As is being p o in ted  o u t elsew here in  th is  book , a categorical d is tin c tio n  m u s t 
be m ade b e tw een  gene tica lly  endow ed design o f physiques, an d  a d a p tiv e  
bod ily  changes due to  tra in in g . T he ta llness o f  b a sk e tb a ll p layers to  w hich  
reference has been  m ade before exem plifies th e  dete rm in in g  role p lay ed  b y  
th e  fo rm er; th e  s ta tu s  o f th e  ske le ta l m u scu la tu re  of w orld  cham pion  b o d y  
b u ild e r A rno ld  Schwarzenegger t h a t  o f th e  la t te r .

F igu re  6 show s th a t  m uscu lar h y p e rtro p h y  b ro u g h t a b o u t b y  pow er tra in  
in g  is due to  increases in  size of in d iv id u a l fib e rs ; w hile g re a te r  d en sity  of th e  
cap illa ry  n e t is engendered  by  endurance  tra in in g . A n o th e r an a to m ica l p re 
req u is ite  fo r perfo rm ances of pow er and  o f en d u ran ce  is th e  p ro p o rtio n a l 
re p re se n ta tio n  o f lig h t an d  d a rk  fibers. T he fo rm er are ‘fa s t  tw itc h in g ’, th e  
la t te r  ‘slow tw itc h in g ’; th e  fo rm er develop considerab le  k in e tic  force fo r a 
sh o r t  tim e ; th e  la t te r  su s ta in  co n trac tio n  pow er o f  lesser in te n s ity  fo r ex ten d ed  
periods. O nly  th e  la t te r  a re  su rro u n d ed  b y  a rin g  o f  capillaries. B o th  th e  fa s t  
an d  slow tw itch in g  fibers increase eq ua lly  in  size w hen  th e  m uscle h y p e rtro p h ie s
(F ig . 7).

T he r ig h t a rm  o f th e  w orld  cham pion  ten n is  p lay e r (show n in  F ig . 8 a) is 
b igger an d  s tro n g e r th a n  th e  left. T he d ifference b e tw een  th e  tw o  ex trem itie s , 
inc lud ing  th e  m ark ed  h y p e rtro p h y  of th e  bones (F ig . 8b) o f th e  r ig h t fo rearm , 
is th e  re su lt o f years  of u n ila te ra l tra in in g .

Fig. 7: Distribution polygons of fibre diameter for the type I (slow) fibres and type II (fast) 
fibres in control (0) and exercised (0) biceps brachii muscles. Each point is the mean of five 

muscles. SEs are given above and below each mean.
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«  b.

Fig. 8: 8a. Right and left arms of professional tennis player. Note generalized hypertrophy 
as well as venous dilation of right arm. 8b: Drawings made from X-rays of hoth arms of world 

champion tennis player. Note osseous hypertrophy of right arm

Fig. 9: Blood volume of athletes is greater than of non-athletes. It is smallest in fat persons.

A n o th e r a d a p tiv e  response to  tra in in g  is th e  h y p e r tro p h y  of th e  liv e r w hich  
accom panies th e  en la rg em en t o f th e  h e a r t an d  of th e  ad ren a l g lands, m o st 
m ark ed ly  b ro u g h t a b o u t b y  ac tiv ities dem an d in g  ph y sica l endurance . A lso 
th e  b o d y  of tra in e d  a th le te s  con ta ins m ore w a te r  th a n  t h a t  of u n tra in e d  people 
(F ig . 9). F a t  tissu e  co n ta in s  v ir tu a lly  no b lood  vessels. T he e x te n t to  w hich  
fitn ess  an d  fa tn ess  are  re la te d  is show n in  F ig u re  10 w hich  ta b u la te s  re su lts
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FAT GROUP MEAN FIT GROUP MEAN

Mean weight 1 
PULL-UPS

56 pounds
3 ------------------

125 pounds 
------------ 9

SIT-UPS 36 ----------------------------- 82
PUSH UP 14 ------------------ ----------- 47
SOFTBALL THROW 125ft---------------- -----------188ft.
STANDING BROAD JUMP 5 ft. 11n.--------------
50 YARD RUN 8.6 sec.-------------------------6.4 sec
SHUTTLE RUN -----------9.4 sec.
600 YARD RUN 2 min. 44 sec.--------- -----------Imin. 59 sec.

Fig. 10: C o m p a r i s o n  b e tw e e n  r e s u l t s  o f  U .S .  P r e s i d e n t ’s  C o u n c il  o f  Y o u t h  F i t n e s s  t e s t  
c o n d u c t e d  w i t h  f a t  a n d  l e a n  s c h o o lb o y s  a g e  13 y e a r s

I H

t t -

Body
Weight 102.5 73.5 - 29.00

( kg)

Lift
(Total) 331.1 242.6 - 88.50

Lift
kg/BW 3.23 3.3 ♦ 0.07

Fig. 11: H e a v y  w e ig h t  w e ig h t - l i f t i n g  c h a m p i o n  t u r n e d  M a r a th o n  r u n n e r  (s e e  t h e  t e x t )

of p h y sica l perfo rm ances te s ts  fo r th e  10 f a t te s t  an d  th e  10 f i t t e s t  boys, aged 
13, se lec ted  from  a class o f 50. T he f a t  are  n o t f i t  an d  th e  f i t  a re  n o t fa t.

E v e n  ex trem e  o besity  can  be d ra s tic a lly  reduced  th ro u g h  exercise. J e a n  
M a y e r  co n d u cted  s tud ies on h e re d ita ry  obese-hyperg lycem ic m ice in  w hom  th e  
b u lk  o f th e  e x tra  calories cam e from  in a c tiv ity  and  n o t fro m  h y p erp h ag ia . 
T h e ir w eigh t gain  could  be p re v e n te d  b y  tread m ill exercise, also b y  b re e d 
ing in to  th e  s tra in  th e  “ w altz ing  gene”  w hich caused  th em  to  be in  c o n s ta n t 
ro ta ry  m ovem en t. T h e ir w eigh t gain  w as less th a n  one te n th  th a t  o f th e  co n tro l
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l i t te r .  Also h y p o th a lam ic  o besity  in  th e  m ouse is due  to  an  e x tra o rd in a ry  
degree of in a c tiv ity .

T he m ag n itu d e  of th e  b o d y ’s a d ju s tib ility  to  tra in in g  in  its  d iffe ren t form s 
is show n b y  th e  follow ing o b serva tion .

A 25-year-o ld  h eav y  w eigh t cham pion  in  w eight lif tin g , a t  th e  tim e  of his 
b e s t perfo rm ances, w eighed  102.5 kg. T he to ta l  o f his tw o  b est lifts am o u n ted  
to  331.1 kg, eq u iv a len t to  3.23 kg p e r kg body  w eight. A t th a t  tim e  he decided 
to  d iscon tinue  w ith  his w e ig h t liftihg  career an d  to o k  u p  long-d istance  runn ing . 
W ith in  3 years he lost 29.0 kg bo d y  w eigh t, w as able to  ru n  th e  26 m ile m a ra 
th o n  in  3 hou rs. His b e s t com bined  lif t w as now  242.6 kg, i.e., 88.5 kg less 
th a n  his fo rm er b est. H ow ever, in  te rm s of pow er c o m p u ted  p er kg  body  
w eigh t he w as slig h tly  s tro n g e r (-(-0.7 kg) (F ig. 11).

Fig. 12: O u t l in e s  o f  h e a r t s  o f  tw o  2 6 - y e a r  o ld  m e n  o f  i d e n t i c a l  w e ig h t  a n d  h e ig h t ,  d r a w n  f r o m  
t o m o g r a p h ic  p l a t e s .  L e f t :  h e a r t  o f  a  w o r ld  c h a m p io n  c y c l i s t ;  r i g h t :  h e a r t  o f  u n t r a i n e d  s u b je c t

Fig. 13: P r o lo n g e d  b e d  r e s t  l e a d s  t o  a  n o t ic e a b le  r e d u c t io n  i n  t h e  s iz e  o f  t h e  h e a r t .  C h a n g e s  
i n  h e a r t  v o lu m e  w i t h  b e d  r e s t  a n d  t r a i n i n g .  I n d i v id u a l  d a t a  b e f o r e  a n d  a f t e r  b e d  r e s t  a n d  a t  

d i f f e r e n t  i n t e r v a l s  d u r in g  t r a i n i n g  ( a f t e r  B .  Saltin)
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Dec 17, 1944

ARE A

Diastole = 114.2 cm2 
Systole = 108.4 cm 2

July 23, 1945

ARE A

Diastole ;  97.3 cm2 
Systole = 91.6 cm2

Fig. 14: L im i t a t i o n  o f  f o o d  i n t a k e  b e lo w  1 5 0 0  c a lo r ie s  p e r  d a y  c a u s e s  a  d e c r e a s e  i n  t h e  s iz e  o f  
t h e  h e a r t .  T h e  e f f e c t  w a s  r e v e r s ib l e  w i t h  r e s u m p t i o n  o f  a  n o r m a l  d ie t .

C ardiac adap ta tion

G ood long d istance  ru n n ers , long d istance  cyclists, long d is tan ce  skiers, 
and  long d istance  sw im m ers h av e  large h ea rts ; w hile u n tra in e d  an d  fa t  people 
h av e  w h a t Raab called “ loafers’ h e a r ts ”  (Fig. 12). I f  good en d u ran ce  a th le te s  
d iscon tinue  th e ir  tra in in g , th e  size of th e ir  h e a rts  decreases. S a l t i n  in  S to ck 
holm  o b ta in ed  th e  consen t o f 5 w ell-tra ined  c ro ss-coun try  ru n n e rs  to  s ta y  
21 days in  bed. T h e ir h ea rts  becam e sm aller d u ring  th is  perio d  (F ig. 13), 
an d  rega ined  th e ir  o rig inal size w hen  tra in in g  w as resum ed .

T ra in in g  is n o t th e  only d e te rm in a n t o f th e  size of th e  h e a r t .  F igure  14 
show s ou tlines of th e  h e a r t of a p a r tic ip a n t in  K e y s ’ fam ous s ta rv a tio n  ex 
p e rim e n t conducted  in  1944— 45 w ith  conscientious o b jec to rs ; on th e  left 
before, on th e  r ig h t 6 m o n th s a f te r  hav ing  ad h ered  to  a d ie t o f 1500 calories 
p e r day . People w ho do n o t h av e  enough to  e a t do n o t perfo rm  well in  sp o rt.

Author's address: P r o f .  D r .  E r n s t  J o k l
U n i v e r s i t y  o f  K e n t u c k y  M e d ic a l  C e n te r
34 0  K i n g s w a y
L e x in g to n
K e n t u c k y  4 0 5 0 2  U .S .A .
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AGING IN THE PAST.
BIOCHEMICAL ASPECTS OF SKELETAL AGING IN 

RECENT AS WELL AS IN ARCHAEOLOGICAL PERIODS

b y  I. A. L e n g y e l

(Central Laboratory of the Polyclinic, Budapest XVIII., Hungary)

A b s t r a c t .  Skeletal aging is a main projection of the developmental proc
esses of the organism: of a synchronized succession of biochemical and morpho
logical events. The molecular biological essence of skeletal aging can be followed 
by quantitative and qualitative changes occurring in the chemical composition 
of the bone tissue. On the basis of these changes the time bounderies of several 
developmental phases can be designated.

— How can the organism’s development from these chemical changes in 
recent and in past populations be explored?

— How can the time boundaries of the consecutive developmental phases in 
these populations be compared?

— How can the time-lags be explored and evaluated?
The aim of the author’s paper is to present plausible answers to these ques

tions.
Key words: paleobiochemistry, biochemical changes, archaeological series, 

bones, phosphorus, carbonate, calcium, collagen, cristal water, skeletal aging.

In tro d u c tio n : The problem

I n  th e  bio logical p a s t  of m an  th e re  w as a period, th e  h is to ry  o f w hich  can  be 
lea rn ed  p rim a rily  from  sk e le ta l rem ains. W hen exam in ing  archaeological 
bones we w a n t to  puzzle o u t th e  aging processes as a b io logical fea tu re  o f our 
ancesto rs b y  a com plex m e th o d  w hich, ag a in s t th e  p rac tice  of h is to rica l an 
th ro p o lo g y , bases its  sy stem  o f g a th e rin g  in fo rm atio n  n o t on th e  m orphological 
pecu lia rities  o f th e  skele ta l rem ains b u t on th e ir  chem ical com position  an d  on 
th e  changes in  th e ir  s tru c tu re .

T he m ain  an d  m ore o r less im p e ra tiv e  reason  o f in tro d u c in g  a new  chem ico- 
a n a ly tic a l p rocedure  arises fro m  th e  g rea t n u m b er of sources o f erro rs w hich 
m ay  u p se t th e  re lia b ility  of th e  m orphological m ethod .

T ouch ing  upon  som e of th e  in ev itab le  d ifficu lties, w hich th e  an th ropo log ists  
h av e  to  face, a u th o r  refers to  th e  follow ing fac ts :

In  ch ildhood (In f. I . -f- In f. I I .  -f- Ju v .)  th e  p rim a ry  age in d ica to rs  are:
—  th e  e ru p tio n  o f deciduous and  p e rm an en t te e th  (G u stafson  1950, 

Ol iv ie r  1960, B alogh  1964);
—  th e  un ion  o f th e  epi- an d  d iaphyses o f th e  long tu b u la r  bones (T odd  

1924, St ew a r t  1957, F l e c k e r  1942, P y l e  an d  H o err  1955, Gr e u l ic h  an d  
P y l e  1959, J ohnston  an d  Snow  1961); and

—  th e  fo rm a tio n  o f th e  b a s ila r  bone of th e  skull (Ma r t in  an d  Sa ller  
1957, Vallo is  1960).
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C onsiderable sex  d ifferences can  be found  in  th e  tim e  o f th e  e ru p tio n  o f th e  
deciduous and  p e rm a n e n t te e th , an d  in  th e  tim e  o f th e  fusion  betw een  th e  epi- 
an d  diaphyses o f th e  long bones (Moyers  1959, T odd  1924, J ohnston  an d  
Snow  1961) as well. T he d e te rm in a tio n  of th e  in d iv id u a ls’ sex, how ever, can  
be carried  ou t on ly  a f te r  th e  accom plishm ent o f th e  seco n d ary  sex  ch a rac ters  
o f th e  skeleton, th u s  i t  is h a rd ly  possible to  d raw  re liab le  conclusions before 
th e  end  of th e  ju v en ile  life period.

T here  are fu r th e r  m in o r differences in  th e  o rd er a n d  chronology  of to o th  
e ru p tio n  and  o f th e  closure of th e  ep iphyseal lines in  th e  various m ain  races 
(G en o v és  1960), b u t  th e  skulls o f children  are  n o t su itab le  fo r taxo n o m ica l 
exam ina tions (Ma r tin  an d  Sa ller  1957).

T here  are severa l pa tho log ic  processes to  w hich  m ay  de lay  th e  developm ent 
o f these  age ind ica to rs  (H ow ells 1960, 1966, J archo  1966).

L a s t, b u t n o t least, as a consequence o f p re se n t-d a y  general accelera tion  
th e  tim e  of d en titio n , as w ell as o f th e  un ion  o f th e  epi- an d  d iaphyses of th e  
long hones has changed , p ro b ab ly  i t  tak es  p lace ea rlie r as com pared  w ith  
th e  h isto rica l periods (M cK er n  1957, Stew a rt  1957, A csá d i an d  N e m e sk é r i 
1970). B u t w ho know s how  m uch  earlier?

I f  besides all these  one considers th a t  th e  m orphologic  m eth o d  requ ires, 
w ith in  th e  b ounds o f p o ssib ility , w hole skele tons (D e m is h  an d  W artm ann  
1956), ju s t  a n o th e r q u estio n  m ark  has to  be p u t  a f te r  its  re su lts , e ith e r  concern 
ing th e  biological reco n stru c tio n  o f th e  aging processes, o r th e  e s tim a tio n  of th e  
palaeodem ograph ic  p a ram e te rs  o f ea rlie r popu la tio n s.

A u th o r’s m ethods used

Since a few  frag m en ts  o f anc ien t bones suffice  fo r ex am in a tio n s carried  o u t 
w ith  a u th o r’s ch em ico -analy tica l m ethod , i t  y ields re liab le  resu lts  even if  th e  
ske le ta l rem ains are s c a n ty  or poorly  p reserved . A pplied  to  th e  ske le ta l rem ains 
o f  a whole g ra v e y a rd , one m ay  gain  in fo rm atio n  n o t o n ly  ab o u t th e  age a t 
d e a th  of each se p a ra te  in d iv id u a l b u t b y  th e  help  o f a p p ro p ria te  s ta tis tic a l 
co m p u ta tio n s also a b o u t th e  dynam ism  of th e  aging processes o f th e  p o p u la 
tio n  frag m en t opened  u p .

R ely ing  on th e  evidence of th e  b iochem ical l i te ra tu re  one know s th a t  w ith  
adv an c in g  age ce rta in  q u a n tita tiv e  an d  q u a lita tiv e  changes can be observed  
in  th e  chem ical com position  of th e  bone tissue  (M it c h e l l  e t  al. 1945, L en g y el  
1976a).

1. W ith the advance o f  age the to ta l phosphorus content dim inishes (F our- 
man 1960, W in a n d  and D a llem ange  1962); while,

2 . in  a c o n tra ry  d irec tio n  th e  p ro p o rtio n  o f  calcium  ca rb o n a te  changes, 
n am ely  increases, w ith in  th e  to ta l  q u a n tity  o f  calcium  (Van  Sly k e  an d  Se n - 
d ro y  1927, Sh ea r  an d  K ram er  1928, B ro w n  1966, P e l l e g r in o , B iltz  
1968).

3. T he abso lu te  calcium  co n ten t grows up  to  a ce rta in  p h ase  o f th e  endocran i- 
al closure of th e  coronal an d  sa g itta l su tu res , th e n  i t  rem ain s on an  unchanged  
level up  to  th e  beg inn ing  o f senile age, th e re a f te r , i t  decreases p ara lle l to  th e  
o ld  age a th ro p h y  o f th e  sk e le ton  (H ansard  e t al. 1954, T e r m in  1966, L e n g y e l  
1968, H ö hling  1969).
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4. T he q u a n ti ty  o f collagen increases u n til  th e  g ro w th  o f th e  skele ton  is 
concluded  an d  a fte rw ard s , i t  begins to  drop  a t  an  ever grow ing ra te  (R ogers 
e t  al. 1952, M il l e r  a n d  Ma r tin  1968).

5. T hese changes are  p a r t ly  caused  an d  p a r t ly  follow ed b y  th e  g ro w th  o f  
th e  h y d ro x y a p a tite  m icro cry sta ls  im p reg n a tin g  th e  m a tr ix  and  th e  collagen 
fib res; fu r th e r  b y  th e  th in n in g  dow n of th e ir  h y d ra ta tio n  shell. In  o th e r  w ords: 
b y  th e  fall in  th e  w a te r  c o n te n t and , co n seq u en tly , b y  th e  slow ing-dow n 
ra te  o f ionic exchange in  th e  bone tissue  (R o b in so n  e t al. 1955, N eu m a n  an d  
N eum an  1958, K ay  e t al. 1964, Zam botti an d  B olognani 1976).

Looking fo r in te rre la tio n s  am ong th e  d a ta  o f  th e  b iochem ical lite ra tu re , of 
th e  anam nensis an d  chem ical com position  of th e  bone tissu e  of th e  in d iv idua ls, 
a u th o r  c o n s tru c te d  his re c e n t s ta n d a rd  series o f  fresh , rou g h ly  1000  d issec t
ing-room  cases, in  w hich he kn/ew th e  various ca len d ar ages, so th a t  he also 
knew  th a t  in  th e  m edical case h is to ry  of none o f th em  could  patho log ic  processes 
be found , liab le  to  in fluence  th e  chem ical com position  o f th e  bones. W hich 
m eans th a t  each  in d iv id u a l o f a u th o r’s s ta n d a rd  series was “ h e a lth y ”  in  
resp ec t o f h is /h e r sk e le to n  (L e n g y e l  1976b).

T he q u a n titie s  p resen ted  b y  th e  five  chem ical age sym ptom s w ere d e te r
m ined  from  th e  spongy  su b stan ce  o f th e  lu m b a r  v e r te b ra l bodies. T h en  th e

Fig. 1: A respective graph demonstrating the changes of the chemical composition of the bone 
tissue in author’s recent, standard series
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a u th o r  a rran g ed  th e  resu lts  in  a line accord ing  to  th e  age p rogression  o f th e  
in d iv id u a l m em bers o f his recen t series n e x t he d iv ided  th e m  in to  age groups. 
In  each  age g roup  he ca lcu la ted  sev era l p a ra m e te rs : m ean , v a rian ce , co rre la
tio n , regression, e tc . (M a t h e r  1960, H o l m a n  1962).

R esu lts  an d  D iscussion

O n th e  basis o f th e  changes in  th e  m ean  va lues, hav in g  ta k e n  p lace  as a 
re su lt o f aging, a respective  g rap h  w as p lo tte d  (F ig . 1).

W h a t one can see in  th is  p ic tu re  a t  th e  f ir s t  s ig h t, is a n e tw o rk  o f  tan g led  
lines ru n n in g  u p  and  dow n, b u t  a f te r  a closer look a t  th e m  we can  recognise 
th a t  th e  d irec tion  o f th e  curves is in  accordance  w ith  th e  g enera l view s re p o rte d  
before.

1. T h e  q u a n ti ty  of phosphorus  co n sis ten tly  dim inishes from  b ir th  to  th e  
h ig h es t age. T he f irs t  s ign ifican t b re a k  o f its  slope betw een  16 an d  20 years 
in d ica tes  th e  end  o f th e  p u b e ra l changes. T he n e x t one is be tw een  21 a n d  25 
years  re ferring  to  th e  com pletion  o f sk e le ta l g row th . T he m ost p ro n o u n ced  
change in  its  slope is be tw een  31 an d  40 years o f age. F ro m  th e re  th e  cu rve

Fig. 2: C h a n g e s  o f  t h e  p h o s p h o r u s  c o n t e n t  i n  c o u r s e  o f  a g e . R e c e n t  s t a n d a r d  s e r ie s
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Fig. 3: C h a n g e s  o f  t h e  c a r b o n a te  c o n t e n t  i n  c o u r s e  o f  a g e .  R e c e n t  s t a n d a r d  s e r ie s

ru n s ho rizo n ta lly  to w ard s  its  la s t  change (betw een  th e  51 an d  60 years). 
T he h o rizo n ta l p o rtio n  in d ica tes  th e  biologically  s tab le  period  of ad u lth o o d , 
w hile its  la s t declining phase  rep resen ts  th e  beginning  o f senile a tro p h y  (F ig . 2).

2. T he carbonate c o n te n t of th e  bone tissue increases in  a m onoton ic  sequence 
from  b ir th  to  th e  h ig h es t age. I ts  f ir s t  b reak  betw een  21 an d  25 years  o f age, 
coincides w ith  th e  second one of th e  phosphorus cu rve. T h e  second b re a k  in  its 
slope follows betw een  th e  2 6 th  an d  3 0 th  years, th e  bio logical m ean ing  o f w hich 
is n o t q u ite  clear. T he la s t  tw o  b reaks can be found  a t  th e  sam e ages as w ith  
th e  phosphorus curve, an d  th e y  re fer to  th e  beg inn ing  an d  to  th e  accom plish 
m en t of th e  bio logically  stab le  period  of our life (F ig . 3).

3. T he d irec tion  o f th e  calcium  curve changes from  a rising  ten d en cy  a t  th e  
beginning , th ro u g h  a re la tiv e ly  s ta g n a n t period in to  a declin ing one a t  th e  end. 
I ts  f ir s t  b reak  betw een  6 th  and  10 th  years of age p ro b a b ly  m eans a change in 
th e  developm en ta l ra te  o f th e  in fan tile  o rganism . T he n e x t b reak  falls be
tw een  11th  an d  1 5 th  y ears , a t  th e  beginning of th e  p u b e ra l period , w hile th e  
su b seq u en t one betw een  th e  16 an d  20 years, in d ica tes  th e  end  of th a t  period. 
T he f irs t peak  of th e  calcium  curve chronologically  coincides w ith  th e  second 
b re a k  o f th e  phosphorus- and  th e  f ir s t  b reak  of th e  ca rb o n a te  curve, to g e th e r 
th e y  refer to  th e  com pletion  o f ske le ta l grow th . T he f i r s t  p eak  of th e  calcium  
curve is follow ed b y  a fa ll. T he e x p lan a tio n  is th a t  th e  re su lts  of th e  ex am in a 
tio n  conducted  in  m ales an d  fem ales are rep resen ted  to g e th e r  in  th e  sam e g rap h  
and , in  case of fem ales, in  th e  rep ro d u c tiv e  period  o f th e ir  life; th e  effects of 
p regnancies an d  la c ta tio n s  are re flec ted  b y  a te m p o ra ry  d im in u tio n  o f th e
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calcium  co n ten t. T he second p eak  o f th e  calcium  curve  is in  accordance  w ith  
th e  la s t b reak  o f th e  p h o sp h o ru s curve. P ro b ab ly  i t  refers to  a h igher degree 
o f ca lc ification  o f th e  bone tissu e  before th e  beg inning  o f senile a tro p h y . T he 
second p eak  is follow ed again  b y  a fall, p roducing  th e  la s t b re a k  o f th e  slope 
be tw een  61 and  70 y ears . T he re g u la r  succession of peaks an d  falls m ay  su s ta in  
th e  physio logical o rig in  of th is  phenom enon , how ever its  p ro p e r ex p lan a tio n  
is s till requ ired . T he la s t  dec lin a tio n  is c e rta in ly  a consequence o f th e  senile 
a tro p h y  o f th e  sk e le to n  (Fig. 4).

4 . T he collagen c o n te n t show s an  irreg u la r f lu c tu a tio n  caused  b y  d ifferen t 
physio logical, p a tho log ica l and  n u tr itio n a l effects. W h a t is obv ious: a f te r  an 
in it ia l  rise  its  curve show s an  irre g u la r  f lu c tu a tio n  follow ed b y  g rad u a l dim inu- 
a tio n , w ith o u t an y  fu r th e r  peaks (F ig . 5).

5. T he q u a n tity  o f th e  chem ically  b ound  an d  c ry s ta l w a te r  show s a stepw ise 
decrease  from  b ir th  to  th e  h ig h es t age. G enerally , th e  slopes o f  th e  w a te r  
cu rv e  correspond  in  tim e  to  th o se  o f th e  phosphorus an d  ca rb o n a te  curves 
(F ig . 6).

As show n b y  th e  experience gained  from  o u r recen t s ta n d a rd  series, th e  
changes in  th e  phosphorus an d  ca rb o n a te  co n te n t are classified  as th e  p rim ary  
chem ical age sym ptom s o f th e  skele ton . T he basis o f th is  c lassifica tion  is th e ir  
m ono ton ic  sequence, th e  n a rro w er range of th e ir  s ta n d a rd  d ev ia tio n , an d  th e ir  
g re a te r  efficiency in  th e  p rac tice  o f age estim atio n .
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Fig. 5: C h a n g e s  o f  t h e  c o l la g e n  c o n t e n t  i n  c o u r s e  o f  a g e . R e c e n t  s t a n d a r d  s e r ie s

Fig. 6: C h a n g e s  o f  t h e  w a t e r  c o n t e n t  i n  c o u r s e  o f  a g e . R e c e n t  s t a n d a r d  s e r ie s
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C alcium , collagen an d  w a te r  co n te n t are less su itab le  as indices o f ske le ta l 
aging; p a r tly  on acco u n t o f th e  w ider range o f th e ir  s ta n d a rd  d ev ia tio n , an d  
p a r t ly  in  view  o f th e  fa c t th a t  th e ir  slopes are f ir s t  increasing , th e n  decreasing 
w ith  age an d  th a t ,  th e re fo re , th e ir  regression values do n o t  lie along a s tra ig h t 
line.

T he s ign ifican t changes in  th e  slope of these  curves m ean  th e  f ir s t  sym ptom s 
o f a new  physiological period  in  th e  in d iv id u a ls’ life. F o r  sa fe ty ’s sake we 
suppose th a t  on ly  changes rep re sen ted  b y  a b re a k  o f th e ir  slope over 10 degrees 
h av e  a significance o f th is  k ind .

D raw ing  th e  lines am ong th e  various sk e le ta l age periods, th e  a u th o r  
accep ts only  tho se  as be ing  w ell founded , w hich  are  in d ic a te d  b y  a t  le a s t tw o 
o f th e  five  chem ical age sym ptom s. T he new  ske le ta l age-periods developed 
on  th e  resu lts  o f o u r chem ico -an aly tica l exam in a tio n s are  th e  follow ing (Table 1).

T a b le  1

P e r io d s  o f  s k e le ta l  a g in g  a s  r e f l e c t e d  b y  t h e  c h a n g e s  i n  t h e  c h e m ic a l  
c o m p o s i t io n  o f  t h e  b o n e  t is s u e

P erio d s S u b u n its
C alendar

age C om m ents

i . 0 - 2 3 P e r io d  o f  f a s t  p ro g r e s s io n  a n d  d e v e lo p m e n t ;  m e ta b o l ic  
i n s t a b i l i t y

l . 0 -  3 T h e  w o v e n  b o n e  is  s u b s t i t u e d  b y  a  la m e l la r  o n e  i n  t h e  
s h a f t  o f  lo n g  b o n e s

2. 4 - 1 2 T h e  C a /P  r a t i o  s h i f t s  f ro m  1 .4 0  to  1 .70
3. 1 3 - 1 7 D e v e lo p m e n t  o f  s e c o n d a r y  s e x u a l  c h a r a c t e r  o f  th e  

s k e le to n
4 . 1 8 - 2 3 T e r m in a t io n  o f  s k e le ta l  g r o w th

i i . - 2 4 - 2 7 T r a n s i t i o n a l  p e r io d ,  d e v e lo p m e n t  h a s  c e a s e d , m e ta b o l ic  
p ro c e s s e s  a r e  r e n d e r e d  s ta b le

h i . - 2 8 - 4 5 P e r io d  o f  b io lo g ic a l  s t a b i l i ty

IV . - 4 6 - 5 5 S y m p to m s  o f  m e ta b o l ic  i n s t a b i l i t y  a p p e a r  a g a in

y. 5 6 — x P e r io d  o f  se n ile  r e g re s s io n
1. 5 6 - 7 0 P o ly m o r p h is m  o f  t h e  o s te o n s  a p p e a r s  a g a in .  C a /P  

r a t i o  =  2 .25
2. 71 x C h a r a c te r iz e d  b y  s e n i le  o s te o p o ro s is  a n d  s k e le ta l  a t r o p h y

(1) T he f irs t  one is th e  period o f  fa s t  progression and developm ent, c h a ra c te r
ized  b y  ra p id  changes an d  a h igh  degree of m etabo lic  in s ta b ility . This period , 
w hich  la s ts  from  b ir th  to  23 y ears , can  be d iv ided  in to  fou r chronological 
subperiods:

a) F rom  b ir th  to  th e  th ird  y e a r of life: d u rin g  w hich b o th  th e  w oven an d  
th e  p rim ary  osteons are s u b s ti tu te d  in  th e  sh a f t o f th e  long bones b y  lam el
la r  s tru c tu re s  an d  b y  secondary  osteons;

b) F ro m  4 to  13 y ea rs : d u ring  th is  subperiod  th e  C a/P  ra tio  sh ifts  from  1.40 
to  1.70;
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c) F ro m  13 to  17 years : th is  is th e  tim e  o f th e  dev e lo p m en t o f secondary  
se x u a l ch arac ters  o f th e  sk e le to n ;

d) F rom  18 to  23 y ears: th e  period o f th e  te rm in a tio n  o f sk e le ta l g row th , 
w h ich  can be read  o ff from  th e  para lle l changes in  th e  p h osphorus-, ca rb o n a te - 
a n d  calcium  slopes.

(2) T he second period  is a transitional one, during  w hich  th e  deve lopm en t 
s to p s an d  th e  m etabo lic  processes are ren d e red  stab le . T h is period  la s ts  from
24 to  27 years o f  age.

(3) T he th ird  period  is th a t  o f biological stability  an d  includes th e  tim e be
tw een  28 and  45 years  o f age.

(4) D uring  th e  fo u r th  period  betw een th e  46 an d  55 y ea rs  th e  sy m ptom s of 
metabolic instab ility  ap p ea r again , and  ev en tu a lly .

(5) T he fifth  period  w hich can  again  be d iv id ed  in to  tw o  subperiods:
a) th e  firs t of th ese  is ch a rac te rized  by  a h istochem ical, t h a t  is metachromatic 

po lym orphism  o f  the osteons a n d  b y  a s lig h t senile regression of th e  skeletal 
tissu e ; i t  lasts from  th e  5 6 th  to  7 0 th  years o f  age;

b) th e  second subp erio d  is d o m in a ted  b y  th e  sy m p to m s o f senile osteoporosis 
an d  expressed  skeletal atrophy. I t  s ta r ts  a t  a b o u t 70 th  years  o f age an d  continues 
to  th e  h ighest age.

So th a t  th e  b io logical age a t  d e a th  of ea rlie r p o p u la tio n s could  be de te rm ined , 
th e  chem ical com position  o f rough ly  8000 h u m an  sk e le ta l rem ains were 
exam ined . T hey  could  be d iv id ed  in to  series accord ing  to  th e ir  h is to rica l age, 
an d  w ith in  th e  single series in to  sam ples accord ing  to  th e  cem eteries from  
w hich  th e y  h ad  been  b ro u g h t to  ligh t (T able  2).

Table 2

The age at death has been determined by the author’s chemico-analytical 
method in the series as follows

Series Inf. I. +  II. + J u v .  
%

Ad. -f- M at. -f- Sen.
% T o g e th er

1. Recent, standard 45 55 965
2. XVth—XIXth centuries A.D. 53 47 915
3. X th—XIVth centuries A. U. 41 59 1692
4. V lth—IXth centuries A.D. 43 57 1651
5. IH th—Vth centuries A.D. 48 52 1082

Sum total - - 6305

In  case of these  series, th e  fa c ts  th a t  the  fac to rs  o f decom position  are  prac- 
tic a lly  uniform , i f  a n a to m ica lly  id en tica l bones are inv o lv ed , w hich  d a ting  
from  th e  sam e chronological period , and  h a d  been in te rre d  in  th e  sam e k ind  
o f  soil an d  e x c a v a ted  from  th e  sam e dep th , th e  a u th o r  is ju s tif ie d  to  in te rp re t 
changes in  th e  chem ical com position  of archaeo log ica l bones accord ing  to  th e  
sam e princip les as th o se  o b serv ed  in  fresh  au to p sy  m a te ria l.

O ne m ay  come to  know  th a t  am ong th e  m em bers o f th e  sam e sam ple  th e  
h ig h es t phosphorus v alue  in d ica tes  th e  in d iv id u a l w ho d ied  a t  his youngest 
age, a n d  th e  low est one w ho d ied  a t  th e  o ld es t age. —  T h e  ca rb o n a te  co n ten t 
changes ju s t  th e  o th e r  w ay  ro u n d : the  low est values in d ica te  th e  y o u n g est
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in d iv id u a l, while th e  h ig h est ones th e  oldest. F o u n d ed  on th ese  considera tions 
we a rran g e  th e  ex am in a tio n  resu lts  gained th e  sam e sam ple , i.e. th e  sam e 
cem ete ry  in  a line accord ing  to  th e  decrease in  phosphorus- a n d  th e  increase  
in  ca rb o n a te  co n ten t. T h is o rd e r o f  succession corresponds, a t  le a s t th eo re tica lly , 
to  th e  age scale of th o se  b u ried  in  th e  exam ined  cem etery .

T hen , w ith  th e  help  o f a m a th e m a tic a l e q u a tio n  th e  age as d e a th  o f th e  
in d iv id u a ls  can  be ca lcu la ted . L e t us te rm  th e  th re sh o ld  co n cen tra tio n  v alues 
o f  th e  chem ical age sym p to m s in  th e  ag e 'g ro u p s:

— fo r 0— 3 years, 
t2 =  fo r  4— 12 years, 
t3 =  fo r 13— 17 y ears , an d  so on.

T h en  le t us tak e  th e  follow ing fu n c tio n , w here th e  index  k refers to  th e  age 
g roup  in  question  (F ig . 7).

Fig. 7: G r a p h  f o r  c a l c u l a t i o n  o f  b io lo g ic a l  a g e  a t  d e a t h

T he figu re  F k(S) m eans th a t  th e  re la tiv e  freq u en cy  o f th e  cases in  w h ich  
th e  q u a n ti ty  of th e  chem ical age sy m p to m  in questio n  is less th a n  o r eq u a l 
to  th e  v alue  of S. —  In  o th e r w ords: m ;i(x) is an  em pirica l d is tr ib u tio n  fu n c tio n  
o f cases, w hich belong to  age g roup  “ k ” .

T he p ro b ab ility  th a t  one o f th e  in d iv idua ls of o u r series d ied  in  th e  age g roup
i t  • *  _

1 v ÍS P i-
T he p (  value can  be ca lcu la ted  w ith  sa tis fac to ry  re la x a tio n , if  we ca lcu la te  

th e  p e rcen tu a l occurrence of th e  cases belonging to  age g roup  “ i”  am ong th e  
in d iv id u a l of th e  series exam ined .

L e t us suppose th a t  in  a concrete  case, th e  q u a n ti ty  o f th e  exam ined  ch em 
ica l age sym ptom s lies be tw een  th e  values a  an d  b. In  such  a case, accord ing  
to  B a y e s ’s proposition , th e  likelihood  th a t  th e  age o f th e  la te  in d iv id u a l is 
w ith in  th e  range o f age g roup  “ k ” , is:

146



D esig n a tin g  th e  ab o v e-m en tio n ed  p ro b a b ility  w ith  qlk, qih. qAk . . . qtk, concern 
ing th e  single age' g roups, in d ex  “ k ”  is eq u a l to  th e  age g roup  soug h t fo r, if 
(qlk) ■ (q2k) ■ • ■ (q9k)  g ives the  h ig h e s t possib le va lue  w hile its  p ro b a b ility  is 
equal to  th e  a p p ro p ria te  p ro d u c t o f th is  m u ltip lica tio n .

W hen  com paring  th e  resu lts o f  ou r chem ical ex am in a tio n  to  those  ach ieved  
b y  th e  m orpho log ical m ethod , w e m ake use o f th e  y? te s t. T he tw o m eth o d s 
in d ica te  th e  sam e age as th e  h ig h es t p e rcen tag e  (83% ) w ith  m ales in  th e  
period  o f  biological s ta b ility . T h e  fem ales o f  th e  sam e period, how ever, show  
sm aller ag reem en t (66% ). A life cycle o f th is  k ind  lies in  th e  m iddle o f th e  age 
scale a n d  if  we m ove aw ay from  i t  e ith e r  upw ards (to  th e  sen ium ), or dow n
w ards (to  in fancy), m ay b e  ju s t  on  acco u n t o f  th e  expansion  of th e  in d iv id u a l 
d ifferences betw een  biological a n d  ca len d ar ages, a n d  because th e  v a rian ces  
show  a w id er d ispersion , there  c a n  be fo u n d  an  ever grow ing d isc rep an cy  b e 
tw een  th e  re su lt o f th e  tw o m eth o d s . —  H ow ever, w hen  com paring  th e ir  
re su lts  in  general, th e re  are no s ig n if ican t d ifferences betw een  th e m  in  e ith e r  
h is to rica l period . O n th e  co n tra ry , g re a te r  v a ria tio n s  in  th e  degree o f th e  ag ree
m en t can  be o bserved  depending on th e  an th ro p o lo g is t who carried  o u t th e  
m orpho log ical ex am in a tio n s (F ig . 8).

As a m ore im p o r ta n t resu lt of th e  chem ical p rocedure , th e  a u th o r  is able to  
com pare th e  tre n d s  a n d  ra te s  of th e  aging processes o f h is chronological series 
or cem eteries. O v erlapp ing  the g ra p h  lines o f  th e  p rim a ry  age sy m p to m s in  
case o f th e  d iffe ren t chronological se ries, one can  com pare th e  tim e o f beg in 
ning, as w ell as th e  d u ra tio n  of th e  sev era l sk e le ta l age periods (Figs 9, 10).

Going back w ard s in  th e  chronological p a s t, th e  follow ing p henom ena can  be 
observed :

1. T he d u ra tio n  of th e  f irs t  chronological subp erio d  genera lly  ta k e s  a longer 
tim e  (from  b ir th  to  4— 5 years);

2. how ever, th e  chem ical changes ch a ra c te ris tic  o f th e  second subperiod  
requ ire  e q u a l leng ths o f  tim e  in each  series (5— 12 years).

10* 147
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o f  1 7  a rc h a e o lo g ic a l  s a m p le s  ( 2 8 6 4  i n d iv id u a l s )



Fig. 9: C h a n g e s  o f  t h e  p h o s p h o r u s  c o n t e n t  o f  t h e  b o n e  t i s s u e  a s  r e f l e c t  t h e  d i f f e r e n c e s  i n  a g in g  
p r o c e s s e s  i n  t h e  p a s t .  R  =  r e c e n t  s e r ie s ,  T  =  p r e h i s to r i c  s e r ie s ,  S  =  s e r ie s  f r o m  t h e  X t h — 
X I V t h  c e n t u r ie s  A .D . ,  A  =  s e r ie s  f r o m  t h e  V l t h — I X t h  c e n tu r ie s  A .D . ;  1 , 2 , 3 , e tc .  c h a n g e s  

o f  t h e  v a r io u s  s lo p e s  w h ic h  r e f e r  t o  t h e  s a m e  k i n d  o f  p h y s io lo g ic a l  e v e n t s

3. T he p u b era l changes an d  th e  d ev e lo p m en t o f th e  secondary  sexual c h a ra c t-  
te rs  o f  th e  skele ton  are fo rm ing  m uch slow er (from  13 to  19—20 yeras).

4. T h e  d e rm in a tio n  o f ske le ta l g ro w th  an d  th e  d ev e lopm en t o f th e  o rgan ism  
ru n  th e ir  course w ith in  a sh o rte r  period  th a n  to d a y  (betw een  21 and  23 y ears).

5. T h e  tra n s itio n a l period  an d  th a t  o f th e  biological s ta b ili ty  un d erg o  th e  
m o st p ro n o u n ced  changes: i t  is likely  t h a t  th e  d u ra tio n s  o f these  tw o periods 
are  m o st responsive to  th e  d iffe ren t en v iro n m en ta l in fluences. A ny a lte ra tio n  
in  th e  en v iro n m en ta l cond itions an d  in  life sty le  m ay  be re flec ted  b y  th e  le n g th  
o f th ese  periods; a n d  because —  in  case of th e  fem ale su b p o p u la tio n  —  th e  
tw o periods to g e th e r  are  m ore o r less id e n tic a l w ith  th e  period  o f fe r ti l i ty , th e ir  
sh o rten in g  m ay  h av e  a serious in fluence  on th e  n u m b er o f th e  offspring in  
th e  follow ing genera tion .

6. T h e  frag m en t o f th e  earlie r p o p u la tio n s  w hich  was able to  live to  a senile 
age b rings a b o u t th e  sam e chem ical a n d  h istochem ica l changes d u rin g  th e  sam e 
period  o f tim e  as o u r recen t p o p u la tio n .
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Fig. 10: Changes of the carbonate content of the bone tissue as reflect the differences in aging 
processes in the past. R =  recent series, T =  prehistoric series, S =  series from the X th— 
XIYth centuries A.D., A =  series from the V lth —IXth centuries A.D.; 1, 2, 3 etc. changes 

of the various slopes which refer to the same kind of physiological events

T he fu tu re  p rospec ts  o f th e  chem ical e x am in a tio n s  seem  to  be prom ising , 
re sp ec tiv e ly  to  g e t to  know  m ore ourse lf, m ore e x a c tly  to  re c o n s tru c t th e  
s tages o f o u r deve lopm en t an d  to  draw  conclusions concerning our b io logical 
fu tu re , too .

S um m ary

T he a u th o r  tr ie s  to  draw  conclusions a b o u t th e  dynam ism  o f ske le ta l aging 
on th e  hasis  o f th e  changes in  th e  chem ica l com position  of th e  bone tissu e . 
A re c e n t s ta n d a rd . (N  =  965) an d  f iv e  archeo log ical (N  =  6305) series a re  
c o n stru c ted  fo r s tu d y in g  th e  reliab ilities o f  such  endeavours. T h e  q u a n tita tiv e  
changes o f th e  P  an d  CO3 co n ten t o f th e  bone tissu e  p roved  to  be th e  m ost 
su itab le  chem ical age sym ptom s, while th e  Ca, collagen and  H 20  c o n te n t could  
be used  on ly  as seco n d ary  indices. The re su lts  of th e  new  ex am in a tio n  m eth o d  
req u ire  a rev ision  o f th e  classical, m orpho log ica l ske le ta l life cycles. W ith  th e  
help  of th e  chem ico -analy tica l m ethod  n o t  on ly  th e  biological age a t  d e a th  of
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the individuals can be determ ined but, on the basis o f the characteristic  
changes o f the slopes o f the prim áry chem ical age sym ptom s, about the len gth  
o f the several life cycles in the past, as com pared w ith  that o f the present days. 
The inferences drawn call attention  to the balance between the changes o f  the  
hum an erosystem  and life style on one hand, and to the in tensity  o f the a d ap ta 
tion  processes as reflected by the changes on the length of the single life cycles, 
on the other.

REFERENCES

A c sá d i, Gy . ,—N e m e s k é r i, J. (1970): History of Human Life Span and Mortality. Akadémiai 
Kiadó, Budapest.

B a lo gh , K. (1964): Fogászat (Textbook of Dentistry 4th ed.) Medicina, Budapest.
B r o w n , W. E. (1966): Crystal growth of bone mineral. — Clin. Orthop., 44; 205 — 220.
Dem isc h , A .—W a rtm an n , P. (1956): Calcification of the mandibular third molar and its 

relation to skeletal and chronological age in children. — Child Development, 27; 459 — 471.
F l e c k e r , H. (1942): Time of appearance and fusion of ossification centers as observed by 

roentgenographic methods. — J. Roentgen, Radium Therapy, 47; 97 —159.
F o urm a n , P. (1960): Calcium Metabolism and the Bone. Blackwell, Oxford.
Ge n o v é s , S. (1960): Reevaluation of age, stature and sex of the Tepexpan remains, Mexico. — 

Am. J. Phys. Anthropol., 18; 205 — 218.
Gr e u l ic h , W. W. —P y l e , S. I. (1959): Radiographic Allas of Skeletal Development of the Hand 

and Wrist. — Stanford University Press, Standford.
Gu sta fso n , G. (1950): Age determinations of teeth. — J. Amer. Dent. Ass., 41; 45 — 54.
H a n sa r d , S. L. —Comar, C. L. —Da v is , G. K. (1954): Effects of ágé upon the physiological 

behavior of calcium in cattle. — Amer. J. Physiol., 177; 383 — 389.
H olm an , H. H. (1962): Biological Research Method. — A practical guide. — Oliver and Boyd, 

Edinburgh, London.
H o w el ls , W. W. (1960): Estimating Population members through archaeological and skeletal 

remains. — In: H e iz e r , R. F. — Cook , S. F. (Eds): The Application of Quantitative Methods 
in Archaeology, pp. 158 — 176. — Quadrangle Books, Chicago.

— (1966): Population distances: biological, linguistic, geographic and environmental. — 
Current Anthropol., 7; 531 — 540.

H ö h l in g , H. J. (1969): Collagen mineralisation in bone, dentine, cementum and cartilage. — 
Naturwissenschaften, 56; 466.

J a rcho , S. (1966): Human Palaeopathology. Yale University Press, New Haven.
J o h n sto n , F. E. —Sn o w , C. E. (1961): The reessessment of the age and sex of the Indian 

Knoll skeletal population. Demographic and methodological aspects. — Am. J. Phys. 
Anthropol., n.s., 19; 237 — 244.

K a y , M. I .—Y o un g , R. A. —P o sn er , A. S. (1964): Crystal structure of the hydroxyapatite. 
Nature (London), 193; 369 — 370.

K r a m er , B. —Sh e a r , M. J. (1928): Composition of bone. II. Pathological calcification. — J. 
Biol. Chem., 79; 121-123.

L e n g y e l , I. (1968): Biochemical aspects of early skeletons. — In: B r o t h w e l l , D. R. (Ed.): 
The Skeletal Biology of Earlier Human Population, pp. 271 — 288. Pergamon Press, Oxford, 
London.

— (1973): Allgemeine Grundprinzipien von Laborversuchen an Knochen. — Mitt. Arch. Inst., 
3; 129-143.

— (1976/a): Determination of biological age in the case of ancient dead. — Mitt. Arch. Inst., 
5; 151-161.

— (1976/b): Osteon — osteon-populáció — a szervezet biológiai kora (Osteon — osteon popula
tion — the biological age of the organism). Anthrop. Közi., 20; 69—79.

Ma r t in , R. —Sa l l e r , K. (1957): Lehrbuch der Anthropologie in systematischer Darstellung. 
(3rd ed.) Fischer Verlag, Stuttgart.

Ma t h e r , K. (1960): Statistical Analysis in Biology. Methen et Co. Ltd., London.
McK e r n , T. W. (1957): Estimation of skeletal age from combined maturation activity. — Am. 

J. Phys. Anthropol., 15; 217 — 230.
Mil e s , A. E. W. (1963): Dentition in the assessment of individual age in skeletal material. — 

In: B r o th w el l , D. R. (Ed.): Dental Anthropology, pp. 191 — 209. Pergamon Press, Oxford, 
London.

150



M il l e r , E. J .—Ma r tin , G. R. (1968): The collagen of bone. — Clin. Orthop., 59; 185—232. 
Mit c h e l l , H. H. —H am ilton , T. S. —H e g g e r d a , F. R.—B e a n , H. W. (1945): The chemical 

composition of the adult human body and its leaning on the biochemistry of growth. — 
J. Biol. Chem., 158; 625-637.

M o y e r s , R. E. (1959): Le stade moyen de calcification est indiqué pour chaque dent selon 
les 10 stades de calcification de la table de Nolla. — Re. Odonto-Stomat., Bordeaux., 9; 
1424-1433.

N e u m a n , W. F .— N eum an , M. W. (1958): The Chemical Dynamics of Bone Mineral. — The 
University of Chicago Press, Chicago.

Ol iv ie r , G. (1960): Practique Anthropologique. — Vigot, Paris.
P e l l e g r in o , E. D. —B iltz , R. M. (1968): Bone carbonate and the Ca to P molar ratio. Nature 

(London), 220; 1335-1336.
P y l e , S. I. — H o e r r , N. L. (1955): Radiographic Atlas of Skeletal Development of the Knee. 

Thomas, Springfield, Illinois.
R o b in so n , R. A. — W atson , R. A. —W a tso n , M. L. (1955): Crystal-collagen relationship in 

bone as observed in the electron microscope. — Ann. N. Y. Acad. Sei., 60; 596—628. 
R o g ers , H. J. — W eid m a n n , S. M. —P a r k in s o n , A. (1952): Studies on skeletal tissues. 2.

The collagen content of bones from rabbits, oxen and humans. — Biochem. J., 50; 537 — 542. 
S h e a r , M. J. — K ram er , B. (1928): Composition of bone. I. Analytical micromethods. — J. 

Biol. Chem. 79; 105 — 120.
St e w a r t , T. D. (1957): Rate of development of vertebral sequence of epiphyseal union hyper- 

trophie arthritis and its utility in age estimation. — Am. J. Phys. Anthrop., 19; 433. 
T e r m in e , J. D. (1966): Amorphus calcium phosphate: the second mineral of bone (Thesis). 

Cornell University Press.
T o d d , T. W. (1924): Thickness of the male white cranium. — Anat. Rec., 27; 245 — 256. 
V a llo is , H. V. (1960): Vital statistics in prehistoric population as determined from archaeolo

gical data. — In: H e iz er , R. F. — Cook , S. F. (Eds): The Application of Quantitative Methods 
in Archaeology, pp. 168—222. Quadrangle Books. Chicago 

V a n  Sl y k e , D. D .—Sen d ro y , J. J r . (1927): Analytical method for the determination of carbo
nates in form of C02 gas. — J. Biol. Chem., 73; 127 —133.

W in a n d , L. — D allem a n ge , M. J. (1962): Hydrogen bonding in the calcium phosphates. 
Nature (London), 193; 369 — 370.

Za m bo tti, V. —B olognani, L. (1967): Chemical composition and metabolism of cartilage 
and bone. Symp. Biol. Hung., 7; 5 — 9.

Author's address: D r. Le n g y e l  I m re
H-1023 Budapest, Árpád fejedelem útja 44.
Hungary

151





Anthrop. Közi. 24; 153 —157. 1980.

A FOUR-YEAR STUDY OF PHYSIQUE IN YOUNG 
BASKETBALL PLAYERS

by J. Mészá ro s , J. Mohá csi and I. Szm odis

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

A b s t r a c t .  A preliminary comparison was made between the growth rates 
of 21 boys selected as talented for basketball at the age of 11 and children with 
normal development and average physical activity. When selected, the basket
ball group had significantly larger body dimensions than the reference ones, 
but the form factor metric index was comparable. In the further observations 
the chest dimensions agreed fully. Dimensional growth ran along the same 
slopes in both groups. The parallel lines of development were, however, mostly 
significantly separated. In view of their larger dimensions, the basketball players 
were close in development to the one year older reference group. This alone, 
however, was not considered fully sufficient for regarding them as biologically 
more advanced.

Key words: physique, growth rate trends, basketball players.

In tro d u c tio n

H ig h er s ta tu re  is an  essen tia l com ponen t o r p reco n d itio n  o f  a th le tic  p ro fi
c iency in  several ev en ts  of sp o rts . B ecause o f th is  fa c t e x p e rts  responsib le  fo r 
ed u ca tin g  young a th le te s  m o stly  p re fe r th e  ch ild ren  who a re  ta lle r  th a n  th e ir  
age-m ates (Szabó 1969). In  th is  e a rly  period  o f dev e lo p m en t one can  h a rd ly  
te ll  i f  th e  ch ild ren  selected  b y  th e  coaches are  ad v an ced  in  m a tu ra tio n  o r else 
th e y  are endow ed w ith  a ta lle r  s ta tu re . T h o u g h  coaches u su a lly  succeed in  
choosing ch ild ren  w ho will e v e n tu a lly  becom e ta ll  ad u lts , assessm ent o f devel
o p m en ta l ra te  m ay  be a k in d  o f o b jec tive  h e lp  to  th em .

I n  a lon g -te rm  observ a tio n  th e  goal of th is  p re lim in ary  re p o r t  w as to  com pare 
th e  g ro w th  ra te  of ch ild ren  w ho w hen selec ted  fo r b a sk e tb a ll a t  11 years  of 
age w ere ta lle r , to  a n o n -a th le tic  reference g roup  w ith  average  s ta tu re . F o u r 
ob se rv a tio n s, i.e. a period  of 2.5 y ea rs  betw een  a u tu m n  1976 an d  sp ring  1979, 
are re p o rte d  on in  th e  p resen t p ap e r.

M ateria l and  M ethods

T he su b jec ts  w ete 21 boys se lec ted  for b a sk e tb a ll. In  ta k in g  w eigh t, s ta tu re , 
chest w id th  an d  d ep th , b iacrom ia l d istance , lo w er-arm  g ir th  an d  h a n d  c ircum 
ference  th e  IB P  suggestions w'ere observed  (W e in e r  an d  L o u r ie  1969). As 
a reference basis, th e  cross sec tio n a l d a ta  o f M észáros a n d  Mohácsi (1978) 
w ere used . B ody  dim ensions served  also to  ca lcu la te  th e  in d ex  p a ir  o f C onrad ’s 
g ro w th  ty p e s  (Conrad  1963, Szm odis e t al. 1976). T he changes in  b o d y  di-
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m ensions and  th e  p la s tic  in d ex  w ere also com pared  b y  regression  analysis , 
in  w hich  th e  in d ep en d en t v a ria b le  w as age. R eference v a lu es  w ere lin ea rly  
e x tra p o la te d  to  ach ieve fu ll correspondence w ith  te s t-g ro u p  age. N one o f th e se  
co rrec tions exceeded a q u a r te r  o f a year.

R esu lts and  D iscussion

A lread y  a t  th e  tim e  o f se lection  th e  bo d y  dim ensions o f th e  te s t  g roup  w ere 
sig n ifican tly  la rger th a n  th e  reference d a ta  (T able 1), a n d  corresponded  to  
th o se  o f th e  one y e a r  o lder reference ch ildren . T h is  re su lt p o in ts  again  to  th e  
fa c t th a t  in  som e sp o rts , as e.g . also in  b a sk e tb a ll ta l l  s ta tu r e  is an  essen tia l 
c rite rio n  in decid ing on th e  a p titu d e  o f th e  c a n d id a te  fo r t h a t  sp o rt or ev en t.

Table 1
Means and standard deviations of basketball players and non-athletic 

subjects: Observation 1 (Oct. 16. 1976)

D im ension
N o n -a th le tic B a sk e tb a ll

l B - N
x 8 X s

Body height 143.63 6.81 148.35 8.80 5.27
Body weight 35.73 6.30 39.70 8.38 4.75
Chest depth 15.16 1.50 15.38 1.43 3.66
Chest width 21.60 1.49 22.20 1.54 3.24
Shoulder width 31.10 1.78 31.79 1.93 3.09
Lower arm girth 19.64 1.51 20.59 1.79 4.90
Hand circumference 17.08 1.01 17.63 1.21 4.23
Metric index — 1.14 0.30 -1 .1 5 0.35 0.15
Plastic index 67.99 3.69 70.01 4.60 4.20

N 316 21

M etric  index , th e  fo rm  fa c to r  o f th e  chest an d  th u s  a m easu re  of body  lin ea rity , 
gave in itia lly  a n o n -sig n ifican t difference. T h is s im ila rity  o f  bo d y  bu ild  can  be 
ex p la ined  w ith  th e  ru les govern ing  spon taneous developm en t.

Table 2
Means and standard deviations of basketball players and non-athletic 

subjects: Observation 2 (Jan. 16. 1978)

Dim ension
N o n -a th le tic B a sk e tb a ll

t ß - N
X 8 X 8

Body height 150.00 6.43 155.89 10.08 6.34
Body weight 41.15 7.02 46.54 11.06 5.30
Chest depth 15.98 1.36 16.18 1.46 0.65
Chest width 22.59 1.45 22.89 1.67 0.91
Shoulder width 32.11 1.79 33.20 2.13 4.65
Lower arm girth 20.55 1.57 21.56 1.97 4.83
Hand circumference 17.84 1.09 18.38 1.23 3.84
Metric index -1 .1 3 0.29 — 1.32 0.41 4.72
Plastic index 70.69 3.75 73.13 5.02 4.82

N 277 21

154



In  th e  course o f  o b se rva tions 2 th ro u g h  4 (T ables 2 to  4) also h e re d ita ry  
tre n d s  m ay  h a v e  becom e m anifest, since  th e  ch est dim ensions h av e  la te r  
co n sis ten tly  ag reed  w ith  th e  reference v a lu es , w hereas th e  difference from  re fe r
ence s ta tu re , w eig h t and  g ir th s  has n o t  ch an g ed ; in  som e in s tan ces  i t  even  
grew. C onsequen tly , th e  m e tric  index  becam e s ig n ifican tly  m ore n eg a tiv e ,

Table 3

Means and standard deviations of basketball players and non-athletic 
(subjects: Observation 3 (Oct. 26. 1978)

D im ension
N on-a th le tic B a sk e tb a ll

* B -N
X S X S

Body height 155.51 6.78 160.32 10.64 4.91
Body weight 44.02 7.92 50.32 10.89 5.80
Chest deptli 16.43 1.42 16.59 1.32 0.50
Chest width 23.30 1.58 23.43 1.80 0.36
Shoulder width 33.51 2.11 34.25 2.21 2.77
Lower arm girth 21.24 1.71 22.21 2.05 4.27
Hand circumference 18.26 1.16 18.82 1.24 3.80
Metric index -1 .21 0.35 — 1.37 0.44 3.43
Plastic index 73.17 3.21 75.29 5.24 4.49

N 278 21

Table 4

Means and standard deviations of basketball players and non-athletic 
subjects: Observation 4 (March 10. 1979)

D im ension
N o n -a th le tic B a sk e tb a ll

‘ B - N
X 9 X S

Body height 158.63 6.78 164.17 10.86 5.61
Body weight 46.55 7.92 54.06 10.52 6.99
Chest depth 16.75 1.42 17.08 1.56 1.02
Chest width 23.81 1.58 24.07 1.81 0.72
Shoulder width 34.25 2.11 35.05 2.28 2.97
Lower arm girth 21.74 1.71 23.02 1.81 5.90
Hand circumference 18.60 1.16 19.41 1.27 5.46
Metric index -1 .22 0.35 — 1.39 0.45 3.62
Plastic index 74.71 3.21 77.47 5.12 5.91

N 278 20

i.e. th e  com plex t r a i t  called lep to m o rp h y  becam e m ore m arked . In  view  o f 
th e  genera l ru les o f  deve lopm en t along g ro w th  channels i t  seem s ju s tif ia b le  
to  assum e th a t  th e se  ch ild ren  will re ta in  th is  m ore lin ea r b u ild  la te r  as well, 
an d  also th e ir  f in a l s ta tu re  w ill be ta lle r th a n  th e  average  a n d  so selecting  th em  
w as correc t.

A sim ilar re su lt w as o b ta in ed  in  th e  reg ression  analysis  o f body  dim ensions 
(Table 5). E x c e p t fo r  chest d iam eters, th e  re sp ec tiv e  lines o f develo p m en ta l 
course are  well sep a ra ted . T h e  id e n tity  o f  g ro w th -ra te  slopes is, a f te r  all,
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su rp ris in g  on ly  to  th e  superfic ia l look. I t  is h a rd ly  conceivable, n am ely , t h a t  
10  to  11 y ears  old ch ild ren  w ith  an  av erag e  s ta tu re  should  becom e ta l l  a d u lts  
7 to  8 y ea rs  la te r . N evertheless, concern ing  ta l l  f in a l s ta tu re  on ly  a c o n tin u a 
tio n  o f  th is  s tu d y  can  su b s ta n tia te  o r d isp rove  th e  asp ira tio n s o f th e  coach  
a n d  th e  assum p tio n s o f th e  researcher.

Table 5

Coefficients of the regression equations of growth

Individual equations A d justed  equations
D im ension Group

Intercept Slope r Intercept Slope ta

Height B 148.33 6.43 .52 148.68 6.17
6.72

N 143.63 6.16 .65 143.35 6.17

Weight B 39.66 6.81 .47 41.52 4.45
5.84

N 35.78 4.36 .49 35.66 4.45

Chest d. B 16.10 0.23 .14 15.56 0.62
2.24

N 15.17 0.65 .41 15.21 0.62

Chest w. B 22.13 0.74 .37 21.92 0.87
1.77

N 21.58 0.90 .50 21.59 0.87

Biacromial B 31.73 1.33 .50 31.78 1.29
3.71

N 30.95 1.29 .53 30.93 1.29

Lower arm B 20.52 0.96 .42 20.20 1.19
2.76

N 19.60 1.21 .32 19.15 1.19

Hand cirf. B 17.59 0.79 .47 17.70 0.62
3.88

N 17.09 0.62 .47 17.08 0.62

P l a s t i c  i . B 69.88 2.99 .49 70.13 2.76
5.77

N 67.82 2.74 .60 67.80 2.76

r : l in e a r  c o rre la tio n  coeffic ien t; ta :  t t e s t  v a lu e  o f in te rc e p ts ;  B : b a sk e tb a ll  p layers; N : n o rm a l n o n -a th le t ic  g ro u p .

T h e increase a f  l in e a r ity  ( lep to m o rp h y ) in  th e  b a sk e tb a ll p lay ers  is n o t  too  
fav o u rab le , desp ite  th e ir  la rg e r d im ensions. E xperience  h as  show n th a t  th o u g h  
th e  gam e dem ands h ig h er s ta tu re , th e  p lay ers  w hose ta ll  s ta tu re  is a sso c ia ted  
w ith  a p ro p o rtio n a te  or ro b u s t b o d y  b u ild  are  c learly  a t  a d v a n ta g e  (S zabó  
1969, Mészáro s an d  E zer  1978). C oaches w ho reduce  th e  se lection  c r ite r ia  of 
p h y sica l a p titu d e  sim ply  to  a ta lle r  s ta tu re  o u g h t to  rev ise  th e ir  v iew .
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SOMATOTYPE AND SELECTED ANTHROPOMETRIC 
COMPARISONS OF CANADIAN AND GUYANESE

CHILDREN

by  D. C. M il n e  and M. Sham ess

(Faculty of Physical Education, University of Western Ontario, London, Ontario, Canada)

A b s t r a c t .  As part of a larger World University Services of Canada project 
dealing with problems of development in Third World countries, this study 
compared the somatotypes and other selected anthropometric measurements 
of 10-year-old Canadian and Guyanese male children.

The Canadian sample consisted of 174 ten-year-old males from the Saskatche
wan Growth Study while the Guyanese sample consisted of 35 ten-year-old 
males representative of the population from Georgetown, Guyana. All anthropo
metric measurements taken followed the proceduresof the Heath—CarterSomato- 
type Method.

The somatotype distribution of the Canadian males displayed an average 
sómat otype rating of 2.5 — 4.0 — 3.6, a mesomorph-ectomorph, with the largest 
identified category, at 30 per cent, being mesomorph-ectomorph.

The somatotype distribution of the Guyanese males displayed an average 
somatotype rating of 2.9 —3.5 — 3.8, a mesomorph-ectomorph, with the largest 
identified category, at 27 per cent, being balanced ectomorph.

Comparison of the average somatotype ratings indicated the Canadian males 
to be significantly higher in the mesomorphic component whereas the Guyanese 
males were significantly higher in the endomorphic component (p <[ .05).

Comparison of selected anthropometric measures indicated the Canadian males 
to have significantly larger calf girths whereas the Guyanese males were signifi
cantly larger in the skinfolds of the triceps and subscapula.

Various factors were speculated to have influenced the growth patterns of 
these children.

Key words: somatotypes, anthropometric, children, Canada, Guyana.

Introduction

T he p h ysica l g row th  and  developm ens of ch ild ren  from  in d u s tr ia liz e d  
co u n trie s  o f  th e  w estern  w orld  has b een  well d ocum en ted  (Ma lin a  1971, 
T a n n e r  e t al. 1966, J ohnston  e t al. 1970, B a il e y  1972). T here  is how ever, 
a v e ry  lim ite d  n u m b e r of an th ro p o m e tric  s tud ies from  developing coun tries 
(F irsa n ch o  e t  al. 1975, Malin a  e t al. 1974, J ohnston  e t al. 1975, G la n v ille  
an d  G e e r d in k  1970).

As p a r t  o f a W orld  U n iv e ts ity  Services o f C anada  p ro jec t to  expose and  
fam iliarize  C anad ians to  developm ent o f T h ird  W orld  coun tries, th is  s tu d y  
w as u n d e rta k e n  to  (a) describe th e  so m ato ty p es  o f a rep re sen ta tiv e  g roup  of 
10-year-o ld  G uyanese  m ales, an d  (b) com pare  th e  so m ato ty p es a n d  selec ted  
a n th ro p o m e tr ic  m easures o f G uyanese a n d  C anad ian  10-year-old  m ales.
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Methodology

T h e o rig inal G uyanese sam ple consisted  o f 69 ten -y ea r-o ld  ch ild ren , 35 m ales 
an d  34 fem ales. F ro m  th is  m ale group  th e re  w ere 18 A fro-G uyanese, 4 In d o - 
G uyanese an d  13 m ixed  G uyanese 10-year-olds all o f w hom  w ere o f s im ila r 
socio-econom ic s ta tu s  an d  a tte n d in g  a co m m u n ity  school in  th e  c a p ita l c ity  
o f G eorgetow n.

T h e  ch ild ren  w ere m easu red  fo r h e ig h t w ith o u t shoes and  w eighed in  l ig h t 
c o tto n  school un ifo rm s on a lever b a lance  scale. A ll an th ro p o m e tric  m eas
u rem en ts  w ere ta k e n  follow ing th e  procedures o u tlin ed  b y  th e  H e a th — C arte r  
S o m a to ty p e  m eth o d  (Ca r ter  1972).

T h e  C anad ian  d a ta  w ere o b ta in ed  from  th e  S aska tchew an  Child G ro w th  
an d  D ev e lo p m en t S tu d y  (B a il e y  1972).

Results and Discussion

Som atotype patterns

T he d is trib u tio n s  o f th e  various so m a to ty p es  fo r th e  G uyanese an d  C an ad ian  
10-year-o ld  m ales w ere p lo tte d  b y  a co m p u te r  p ro g ram  on th e  H e a th —C a rte r  
so m a to c h a rts  an d  are  show n in F igures 1 an d  2.

F igu re  1A d isp lays th e  d is tr ib u tio n  o f so m a to ty p es  of 10-year-old  G uyanese 
m ales hav in g  an  av erag e  so m a to ty p e  ra tin g  o f 2 .9 —3.2— 3.8, a mesomorph- 
ectomorph. T he  la tg e s t id en tified  ca teg o ry  a t  27 p er cen t was b a lan ced  e c to 
m orphs (th e  th ird  co m ponen t is d o m in an t an d  th e  f irs t  and second com po
n en ts  are eq u a l an d  low er or do n o t differ b y  m ore th a n  one-half u n it) . M esoi

Fig. 1: A comparison of somatotype distributions of 10 years old Guyanese and Canadian 
males. — A: Guyanese group, N =  35, B: Canadian group (Saskatchewan Growth and Develop

ment Study) N =  174

160



Fig. 2: A comparison of somatotype distributions of 10 year old Guyanese males by ethnic 
sample. — A: Mixed Guyanese males, N =  13; B: Afro-Guyanese males, N =  18; C: Indo-

Guyanese males, N =  4

m o rp h -ec to m o rp h  (second an d  th ird  com ponents do n o t d iffer b y  m ore th a n  
o n e-h a lf u n i t  an d  th e  f irs t  co m p o n en t is low er) was th e  second la rg e s t c lassifica
tio n  a t  13.5 p e r cen t, follow ed b y  b a lan ced  endom orphs a t  10.8 p e r  cen t.

F igu re  IB  displays th e  so m a to ty p e  d is tr ib u tio n  o f 10-year-o ld  C an ad ian  
m ales in d ica tin g  an  average  so m a to ty p e  ra tin g  of 2 .5— 4.0— 3.6, a mesomorph- 
ectomorph. T he  la rg est id e n tif ie d  ca teg o ry  was th e  m esom orph-ec tom orph  a t
29.3 p e r cen t, follow ed b y  m esom orph ic-ec tom orph  a t  21.8 p e r cen t, b a lan ced  
m esom orphs a t 18.4 p e r cen t an d  ec tom orphic-m esom orphs a t  13.8 p e r cen t.

Table 1

Anthropometric comparisons of Canadian and Guyanese 10 year old males: 
means and standard deviations

Canadian G uyanese
N  =  174 N =  35

X S.D . x S .D .

Age 10.0 .3 10.1 .4
Height (cm) 138.5 6.5 136.7 11.8
Weight (kg) 31.9 5.2 30.9 5.5

Skinfolds (mm)
Triceps 8.9 3.0 10.1* 3.6
Subscapula 6.1 2.7 7.6* 3.6
Suprailiac 5.6 3.1 5.9 4.4
Medial calf — — 12.7 3.8

Bone diameters (cm)
Humerus 5.6 .3 5.4 .7
Femur 8.4 .5 8.2 .4

Girths (cm)
Biceps 19.8 1.9 20.2 2.3
Calf 27.1* 2.0 25.9 4.8

* S ig n ific a n t a t  .05
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Table 2

Anthropometric measurements of Guyanese 10 year old males by ethnic group; means and
standard deviations 

(N =35)

I te m s
A fro-G uyanese 

N =  18
In d o -G u v an ese  

N  =  13
O th e rs  (m ixed) 

N  =  4

X S.D . X S.D . X S.D .

Age 10.1 .4 10.1 .6 9.8 .3
Height (cm) 136.0 15.8 136.6 6.5 136.0 5.1
Weight (kg) 31.5 5.4 30.3 3.9 30.2 9.4

Skinfolds (min)
Triceps 8.9 3.2 11.7 3.6 8.7 2.1
Subscapular 7.3 3.9 7.7 2.1 9.9 6.1
Suprailiac 5.3 3.3 4.9 1.9 9.2 9.3
Medial calf 11.9 4.1 14.6 3.2 11.8 4.0

Bone Diameters (cm)
Humerus 5.36 .27 5.54 1.09 4.98 .38
Femur 8.27 .36 8.07 .39 8.13 .81

Girths (cm)
Biceps 20.7 1.9 19.9 2.1 19.5 3.9
Calf 25.7 6.6 26.4 1.7 25.5 3.4

Somatotype Components
1st (endomorphy) 2.7 1.3 3.1 .9 3.5 2.1
2nd (mesomorphy) 3.8 2.1 3.5 .7 3.0 2.0
3rd (ectomorphy) 3.7 1.4 3.5

1
1.1 4.0 2.3

C om paring th e  average  so m a to ty p e  ra tin g s  of th e  tw o  sam ples in d ica ted  
th a t  th e  C anad ian  m ales w ere sig n ifican tly  h igher (p <  .05) in  th e  m eso
m orphic  com ponen t w hile th e  G uyanese w ere s ig n ifican tly  h ig h er (p <C -05) 
in  th e  endom orph ic  com ponen ts. No differences w ere in d ica ted  in  th e  e c to 
m orph ic  com ponen t.

Since th e  G uyanese sam ple w as com posed of th re e  e th n ic  subgroups, 
F igure  2 d isp lays th e  so m a to ty p e  d is trib u tio n s  of 10-year-o ld  M ixed G uyanese, 
A fro-G uyanese and  In d o  G uyanese m ales, resp ec tiv e ly .

F igure 2A in d ica te s  th a t  th e  average so m a to ty p e  o f M ixed-G uyanese 10- 
year-o ld  m ales w as 3.1— 3.5— 3.5, a mesomorph-ectomorph. T he la rg est id e n ti
f ied  categories w ere m esom orph-ectom orph  an d  c e n tra l (no com ponen t differs 
b y  m ore th a n  one u n it from  th e  o th e r tw o an d  consists of ra tin g s  of 3 a n d  4) 
a t  23.1 p e r cen t each.

In  F igure 2B th e  average  so m ato ty p e  fo r A fro-G uyanese 10-year-old m ales 
was 2.7—4.1— 3.7, a mesomorph-ectomorph. T he  la rg e s t id en tified  ca tego ry  
w as balanced  ec to m o rp h  a t  27.8 p e r cen t, follow ed b y  m esom orph-ectom orph  
an d  m esom orph ic-ectom orphs a t  16.7 p e r cen t each.

F igure 2C in d ica te s  th e  average so m ato ty p e  o f Indo -G uyanese  10-year- 
old m ales to  be 3.5— 3.0— 4.0 a lth o u g h  th e  sam ple size is q u ite  sm all. T h e  
d o m in an t ca teg o ry  w as balanced ectomorphs.

162



F o r a m ore specific a n th ro p o m e tr ic  com parison  b e tw een  C an ad ian  and  
G uyanese 10-year-old m ales, th e  tw o  g roups were com pared  on 9 b o d y  m easu re
m en ts . T ab le  1 ind ica tes  s ig n ifican t differences (p <[ .05) in  fa v o u r  o f th e  
G uyanese in  th e  tricep  a n d  su b scap u la  skinfolds and  th e  C anad ians in  th e  ca lf 
g irth .

A lth o u g h  i t  appears th e  G uyanese ch ildren  m ay  h av e  m ore b o d y  fa t ,  th is  
conclusion  could be m islead ing , due  to  th e  sm all n u m b er of f a t  s ites em ployed  
a n d  th e  confounding of rac ia l f a t  p a t te rn  depositions.

T ab le  2 com pared  th e  th re e  G uyanese e th n ic  g roups on 10 an th ro p o m e tric  
m easu rem en ts . N o sig n ifican t d ifferences w ere id en tified . A lth o u g h  th e re  are 
obv ious rac ia l differences, a com m on d ie t m ay  hide an y  rea l differences.

Anthropometric comparison
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INFLUENCE OF VOLUNTARY WEIGHT REDUCTION 
ON THE SOMATO-SEXUAL DEVELOPMENT OF GIRLS

by J. Ör l e y —K. F r a n k  and M. I stók

(Department of Obstetrics and Gynaecology and Department of Pediatrics, Postgraduate
Medical School, Budapest, Hungary)

A b s t r a c t .  Among 15.462 young girls — who were treated for different 
gynaecological disorders by the author mentioned first, in Budapest 1966— 
1979 — 761 were excessively obese (4.92%). The calculations were correlated 
with the total number of examined patients’ age, thus a peak could be observed 
between ages of 6 — 10, and later between ages of 12 —14 years. The percentage 
of obesity was larger in the quiet period than in the prepuberal—puberal ages. 
Of this sample 101 young obese girls were controlled quarterly by biosomatic 
measurements together with hormonal parameters (as FSH, LH, hPRL, urinary 
oestrogens, 17KS) and cytohormonal smears. An anorexigenic drug (Desopimon 
tbl.) was rarely administred. Most of the observed girls had a regimen of volunt
ary weight reduction. Those who regained the upper normal limit in weight accord
ing to height and age became gynaecologically healthy, free of formal disorders 
and menstrual irregularities (amenorrhoea secundaria, raromenorrhoea).

Key words: somato-sexual development, obese girls, genital diseases and 
disorders, voluntary weight reduction.

Introduction

In  a p e rm a n e n t w ork  of ped ia tric  gynaecology  perfo rm ed  b y  th e  a u th o r  
m en tioned  f irs t  from  O ctober 1966 to  M arch 1979 am ong 15.462 new  p a tie n ts  
i t  w as d iscovered  th a t  o besity  itse lf  caused  a lo t of p roblem s in  th e  f ie ld  of th e  
fem ale sexual o rgans, a lth o u g h  th e  d isorders w ere o f asexual n a tu re . I t  was 
observed  th a t  in  th e  so-called “ ho rm o n ally  q u ie t p e rio d ”  (from  th e  age of 
2 m o n th s u p  to  9— 10 years of age) w hen  physio logically  th e  e x te rn a l a n d  in te r 
n a l sexual organs do n o t ex h ib it a n y  signs o f ho rm onal in fluences, o besity  
p red isposed  fo r re c u rre n t g en ita l in flam m atio n s , b y  th e  vag in a l m ilieu  a lte red  
in  com parison  w ith  th e  non-obese co n tem p o raries  of th e  p a tie n ts . A fte r  
m enarche , as is w ell-know n, o besity  is associa ted  w ith  d ifferen t fo rm s of 
m en stru a l d isorders, m ain ly  w ith  raro m en o rrh o ea .

Material and Methods

T able 1 show s th a t  4.92 p er cen t of th e  p a tie n ts  w ere obese, over 85 percen tile . 
T he ca lcu la tions w ere co rre la ted  w ith  th e  to ta l  n u m b er of exam ined  p a tie n ts  
in  th e  resp ec tiv e  ages.

I t  can  be observed  th a t  th e re  is a p eak  betw een  6— 10 a n d  la te r  betw een  
12— 14 years  of age. T he p ercen tage  o f o b esity  is la rg e r in  th e  q u ie t period
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Table 1

Percentage of obese girls among 15,462 new patients in Budapest, 
1966-1979

Age
(yearg) A ll patients

O bese girls

N %

1 — 11 months 140 l 0.71
1 years 147 — —
2 526 3 0.57-
3 773 7 0.90
4 749 16 2.15
5 745 17 2.28
6 749 45 6.00
7 707 58 8.20
8 840 60 7.14
9 653 44 6.73

10 683 59 8.63
11 822 42 5.10
12 1082 69 6.37
13 1367 86 6.29
14 1546 94 6.00
15 1251 55 4.39
16 948 45 4.74
17 937 34 3.62
18 797 26 3.26

15,462 761 4.92

th a n  in  th e  p rep u b e ra l-p u b era l age (8 .0 % , resp ec tiv e ly  6 .4% ). N a tu ra lly , th e  
h eav ie s t w eigh t observed  (126 kgs =  277.53 ps) w as m an ifested  in  adolescence. 
F ro m  th is  sam ple o f p a tie n ts  we selec ted  an d  se ria lly  follow ed up  101 young  
obese girls (T able 2).

Table 2

Age distribution of 101 obese patients

Age
(years)

Obese girls

N %

6 2 1.98
7 2 1.98
8 3 2.97
9 13 12.87

10 14 13.86
11 10 9.90
12 7 10.89
13 11 6.93
14 13 12.87
15 10 9.90
16 11 10.89
17 4 3.96
18 1 0.99
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The tw o  y o u n g est w ere 6 years, th e  o ldest one w as 18 years  old. T hese girls 
w ere con tro lled  q u a rte r ly . T h e ir su rv ey  inc luded  a b rie f  anam nesis an d  a 
com plete gym naecological ex am in a tio n . A t all tim es  cu ltu re  m ethods were 
used to  de te rm ine  th e  v ag in a l flo ra . A erobic p a th o g en  bac te ria , y east-like  
fung i an d  o th e r p a ra s ite s  like Trichom onas vaginalis  a n d  E nterobius verm icu- 
laris  were searched  fo r. In  th e  o lder girls, th e  e x am in a tio n  w as com pleted  w ith  
ta k in g  th e  basa l b o d y  te m p e ra tu re , b o d y  m easu rem en ts  an d  th e  m e n s tru a l 
irreg u la rities  also w ere v e ry  carefu lly  recorded .

The m en stru a l cycles w ere followed b y  cy tohorm onolog ica l sm ears w ith  
P apan ico laou -dye . T h e  follow ing horm one m easu rem en ts  w ere m ade b y  th e  
rad io im m unoassay  tech n iq u e : F S H , L H , H P R L , T S H , T 3, T 4 an d  som etim es, 
te s to s te ro n e . T he level o f serum  cholesterin  w as m easu red  and  17 K S were 
ca lcu la ted  on a 24 hou rs  collected  sam ple of u rine . T he p ara lle l assessm ent of 
baseline th y ro id  fu n c tio n  w as needed fo r a considerab le  evidence from  b o th  
an im al ex p erim en ts  an d  s tud ies in h y p o th y ro id  p a tie n ts  (B o ro d istk y  and  
F aiman 1973, D is t il l e r  e t al. 1975, K ram er  e t al. 1979, W olf 1977), th a t  
th y ro id  deficiency m ay  d irec tly  lead to  an  im p a irm en t of g onado trop in  secre
tio n . The horm one values w ere w ith in  n o rm al lim its.

R egard ing  th e  b o d y  m easu rem en ts (w eight, h e ig h t, chest circum ference, 
abdom en circum ference , len g th  of th e  u p p e r an d  low er ex trem ities, biceps 
g irth , calf g irth , b ico n d y la r w id th  of th e  hum erus an d  fem ur) were ta k e n  w ith  
Ma r t in ’s te ch n iq u e  (Ma r tin — Saller  1957— 66). T he skinfold th icknesses 
w ere m easured  w ith  a H u n g a rian  ty p e  of L ange sk in fo ld  calipers, by  s ta n d a rd  
techn iques on th e  le f t side o f th e  girls on th e  follow ing places: triceps, su b 
scapu lar, sup ra iliac , um bilical, and  calf. D is tr ib u tio n  b y  w eight and  h e igh t 
o f  these p a tie n ts  w ere re fe rred  to  th e  B u d ap est cross-sectional s ta n d a rd s  of 
E ib e n  e t al. (1971). T h e  p ercen tage  of th e  ideal w eigh t re ferred  to  h e ig h t was 
ca lcu la ted  w ith  E ib e n ’s reference d a ta  fo r each  age. W ith  th is  in d ex  value 
obesity  w as s ta te d  over 120% , overw eight a t  110% — 120% . In  s ta r tin g  of 
th is  s tu d y , o b esity  w as d iagnosed  in  82 girls (81 .1% ), 19 ones w ere overw eighted  
(18.8% ). Also K a u p ’s ind ex  w as ca lcu la ted  fo r th is  sam ple (w eight in  gram s 
d iv ided  b y  h e ig h t in  square), th e n  i t  was re fe rred  to  th is  ind ex  given a t  each 
age, before an d  a f te r  th e  v o lu n ta ry  w eight red u c tio n  (E ib e n  1960).

The p ercen tage  o f  b o d y  f a t  w as ca lcu la ted  on th e  tricep s and  su b scap u la r 
sk infold th icknesses b y  m eans o f P arískovÁ’s follow ing regression  eq u a tio n  
(P arisková  and  R oth  1972):

y  =  41.012 x — 33.684,

w here y  is th e  p ercen tag e  o f b o d y  fa t, x  =  lo g a rith m  o f th e  sum  of tricep s an d  
su b scap u la r skinfolds. T he percen tage  of bo d y  f a t  v a ried  betw een  31.1 to  
41.6 in  a u th o rs ’ sam ple.

T ogether w ith  th e  clinical exam in a tio n s, in  th e  beg inn ing , all p a tie n ts  h ad  
to  undergo te s ts  o f psychological designs, so th a t  obvious deform ities in  
psychic d ev e lopm en t could be excluded. P reced ing  p rep u b era l developm ent 
no  signs of in fan tilism  could be d e tec ted  in  these  designs, y e t in  older girls th e y  
becam e som ew hat p rim itiv e  an d  rigid. T he obese girls ex h ib ited  a ten d en cy  
to  p lay  m asculin  ro les, th a t  is, th e y  w ear tro u se rs  r a th e r  th a n  sk irts  an d  did  
m en ’s spo rts  e.g. th ro w in g  ev en ts  in  a th le tic s , th e y  chose virile professions 
e.g . gen tlem en’s h a ir-d resser. G enerally , each  show ed clear psychic possession 
o f  her physica l force an d  v e ry  often  m isused it. L a te r , w hen  th e y  lost th e
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excess, th e y  becam e qu ite  h a p p y  an d  w ell-balanced , lead ing  a n o rm a l fem ale 
life.

I t  shou ld  be em phasized , th a t  th ese  girls cam e for co n su lta tio n  o f p u re ly  
gynaecological n a tu re . T he d iagnoses of th e ir  com plain ts are e n u m era ted  in  
T ab le  3. A ll h a d  in flam m ato ry  diseases in  th e  ex te rn a l g en ita l a reas; 43 w ere 
befo re  m enarche  (42.5% ) an d  58 w ere a fte r  i t  (57.5% ).

T rea tm en t

T he t re a tm e n t consisted  o f d ie ta ry  re s tr ic tio n  of w eigh t fo rced  p hysica l 
a c tiv itie s , e.g. spo rts . F o r th e  gynaecological diseases th e  co n v en ien t tre a tm e n t 
w as estab lish ed , how ever, w ith o u t an y  use o f horm ones. I f  no re liab le  re su lt 
cou ld  be a tta in e d  d u rin g  th e  f i r s t  th re e  m o n th s o f o b serva tion , o r in  th e  cases 
w here  th e  degree of o besity  w as ex trem e  (over 170% ), an  anorhex igen ic  d rug , 
ch lo rp h en te rm in u m  h y droch lo ricum  D esopim on EG Y T w as a d m in is te red  
tw ice  25 m g daily . A ll o f th e  19 p a tie n ts  go t D esopim on ta b le ts  (18 .8% ), 4 o f 
th e m  used  i t  a fte rw ard s follow ing an  unsuccessful d ie ta ry  regim e.
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F ig . 1 :  W eigh t o f th e  obese girls re fe rred  to  reference d a ta  of E ib e n  e t  al. (1971), before an d
a fte r  t r e a tm e n t



Table 3

Genital diseases and disorders in 101 obese patients

D iagnoses
P a t ie n ts

N %

a) I n f l a m m a t i o n s
Vulvovaginitis ac. 42 41.6

out of them
E. coli vaginitis 21
vaginal mycosis 6
enterobiosis 4
trichomoniasis 3
other 8
Vulvovaginitis ehr. 27 26.7
discharge with prur. 32 31.7

b) M e n s t r u a l
d i s t u r b a n c e s
raromenorrhoea 27 4 6 .6
amenorrhoea sec. 6 10.3
pollakymenorrhoea 4 6.9
polymenorrhoea 2 3.5
metropathia juv. 1 1.7

sine morbo gyn. int. 18 31.0

Before menarche were 43 girls, after menarche were 
58 girls.

Fig. 2: Improvement of the percentage of the Kaup’s index of the obese girls during treatment
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R esults and  D iscussion

T he cessation  o f th e  clinical fea tu res  w en t p a ra lle l w ith  v o lu n ta ry  w eigh t 
red u c tio n . O n th e  occasion of th e  la s t revision , th o se  w ho lo st a considerable 
am o u n t of w eight, becam e free o f sym ptom s an d  com plain ts  as to  gynaeco
logical h ea lth .

T he p ercen tage  o f w eigh t loss is ca lcu la ted  w ith  b o th  reference d a ta  of 
E ib e n  e t al. (1971) an d  K a u p ’s ind ex  re fe rred  to  age.

A g rea t decrease in  th e  value o f K aup is index  (30%  to  60% ) w as p re sen ted  
in  9 p a tie n ts  (8 .91% ), th e  o th e r 24 p a tie n ts  (23 .7% ) show ed a m odera te  de
crease (10%  to  30% ). In  27 (26.7% ) p a tie n ts  no  w eight red u c tio n  could be 
a tta in e d  an d  th e re  w as no im pro v em en t in  th e ir  gynaecological s ta te .

F ro m  th e  angle o f th e  p rac tic ing  p ed ia tric  gynaecologists, o besity  can  be 
considered as a v e ry  serious cond ition  w ith  a view  to  re p e a te d  g en ita l in flam m a
tions or m en stru a l irregu la rities. The in te rp re ta tio n  o f th is  increased  suscep
tib ility  to  p a th o g en  m icroorganism s lies in  th e  a lte red  vag in a l m ilieu, caused  
b y  th e  increase o f f a t  in  th e  tissues, b y  co n co m itan t rise of p ressu re  an d  h u m id 
ity . T he loss o f w eigh t resto res th e  no rm al b io flo ra  of th e  vag in a  w ith  its  
defensive m echanism s. In  case o f m en s tru a l irreg u la ritie s  in  obese p a tie n ts  
w ho a fte r  w eightloss h av e  resum ed  no rm al m en stru a l a c tiv ity , th is  is a w ell- 
know n experience o f th e  p rac tice . T he au th o rs  could  confirm  th is  observ a tio n  
b y  th e  n u m b er of th e ir  healed  p a tie n ts  17 o u t o f 27 rarom enorrhoeic  girls 
s ta r te d  reg u la rly  m e n s tru a tin g  again  a fte r a v o lu n ta ry  w eight red u c tio n . Since 
all our p a tie n ts  w ere eupro lac tinem ic  and  th e  o th e r baseline horm one values 
were w ith in  th e  n o rm a l range, th e  au th o rs  agree w ith  th e  op in ion  of K ra m er  
e t al. (1979) th a t  th e re  m ay  have been a v e ry  su b tle  h y p o th a lam ic  defect in  
these  obese girls w hich  involved  L H R H  as well as T R H . T he au th o rs  in te n d  
to  s tu d y  th is  su b tle  fu n c tio n  in  obese girls in  th e  fu tu re .

Sum m ary

In  a follow -up s tu d y  of 101 obese v irg ins th e  follow ing observa tions w ere 
m ade.

1. F ro m  th e  gynaecological p o in t of v iew , o b esity  is a p red isposing  cond itio n  
for rep ea ted  gen ita l in flam m atio n s, regard less of th e  age or sexual in a c tiv ity  
of th e  p a tien ts .

2. T he increased  su scep tib ility  to  p a th o g en  m icroorganism s is based  on th e  
a lte red  vag in a l m ilieu .

3. O besity  v e ry  o ften  calls fo rth  m en stru a l irreg u la ritie s , w hich  seem s to  be 
reversib le , i.e. th e y  d isap p ear w ith  w eight loss, w ith o u t an y  horm one t r e a t 
m en t.

4. P sychologically  te s te d  obese adolescents ex h ib it a r ig id ity  in  th e  behav iou r), 
have  a sligh t ten d e n c y  to  v irilism  w hich  la te r , a f te r  w eight loss re tu rn s  to  
th e  no rm al fem ale role.
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VARIATIONS OF PHYSIQUE IN FEMALE 
COLLEGE STUDENTS

by  J .  P á pa i

(Teachers’ Training College, Jászberény, Hungary)

A b s t r a c t .  Four groups of female students from Teachers’ Training Colleges: 
in Debrecen (Eastern Hungary, n =  276), in Jászberény (Middle Hungary, 
n =  267), in Kecskemét (Middle Hungary, n =  241), and in Sárospatak (North
ern Hungary, n =  285) were studied. All students were Hungarian and Cau
casian; their age varied between 18 and 21 years. Based on a detailed anthropo
metric program, their body dimension and proportion were analyzed by means 
of R oss—W ilso n ’s (1974) unisex human phantom, and their somatotype de
termined by the Heath—Carter method.

The mean stature of the complete sample was 160.77 cm, the mean somato
type 5.79 — 3.17 — 2.04. Some geographic regional differences among the four 
groups were noted only in length measurements. The Jászberény-group was 
the tallest (161.04 cm). No significant differences were observed in other body 
measurements, proportions or somatotypes.

Key words: physique, body proportions, somatotype, female students, Debre
cen, Jászberény, Kecskemét, Sárospatak.

In tro d u c tio n . M aterial an d  M ethods

E v e r since Sheldon e t al. (1940) carried  ou t h is classical exam ina tions in  u n iv e r
s ity  s tu d e n ts , th e  v a ria tio n s  o f physique of ju ven iles an d  young a d u lts  can 
co u n t up o n  th e  in te re s t of h u m an  biologists.

The a u th o r  o f th e  p re sen t p a p e r co n d u c ted  h e r ex am in a tio n s in  1973 and  
1974 found ing  h e rse lf  on a d e ta iled  a n th ro p o m e tric  p rog ram m e, in  th e  D eb re 
cen (n =  276), S á ro sp a ta k  (n  =  285) an d  Já sz b e ré n y  (n  =  267) T each ers’ 
T ra in in g  Colleges, as well as in  th e  K ecskem et T ra in in g  College fo r K in d e r
g a rten  T eachers an d  N urses (n =  241). T he ages o f th e  1069 fem ale s tu d e n ts  
v a ry  betw een  18 a n d  21 y ears , th e  m ean  of th e ir  ages is 19.58 years. A ll are 
H u n g arian s, E u rop ids.

R esults and  D iscussion

In  F igure  1 th e  p laces are p resen ted  w here th e  ex am in a tio n s to o k  place. 
T he sam ples o rig in a te  from  E a s te rn  H u n g a ry  (D ebrecen), N o rth ern  H u n g a ry  
(S áro sp a tak ) an d  C en tra l H u n g a ry  (Já szb e rén y , K ecskem ét). I t  can  be found  
th a t ,  as co m p ared  w ith  d a ta  of earlie r ex am in a tio n s  co n d u c ted  in  H u n g ary , 
th e  s ta tu re  has increased ; th e  m easure o f th e  secu lar tre n d  is sim ilar to  th e  one
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Fig. 1: Sites of collection of the sample

in  o th e r  E u ro p ean  coun tries (R a jk a i— J ancsó  1955, R a jk a i 1957, 1965, 
E ib e n  1965, B aracs— F arm osi 1976, E v e l e t h —T a n n er  1977, Co l l in s—  
W e in e r  1977).

T he ta lle s t in  th e  sam ples are th e  Já sz b e ré n y  girls (x  =  161.04 cm ). U pon 
th e m  follow  th e  S á ro sp a tak  ones w ith  a m ean  of 160.74 cm , th e  D ebrecen  
ones (x  =  160.50 cm) an d , f in a lly , th e  K ecskem ét ones (x  =  160.29 cm ). 
In  m ean  s ta tu re  th e re  is no sign ifican t d ifference betw een  th e  subgroups. 
O n th e  o th e r h an d , in  th e  m easu rem en ts of s ta tu re  len g th  th e re  are sign ifican t 
d ifferences to  be d em o n stra ted . T he fem ale s tu d e n ts  from  D ebrecen  an d  Sáros
p a ta k , i.e. from  N o rth e a s te rn  H u n g a ry  do n o t sign ifican tly  differ from  each  
o th e r, th e  values o f th e ir  m easu rem en ts are sim ilar. The m eans of th e  J á s z 
b e rén y  girls (C en tra l H u n g ary ) s ig n ifican tly  differ from  th e  fo rm er: th e ir  
va lu es  o f size an d  shape are h igher.

M aking use of th e  un isex  h u m a n  p h a n to m  (R o ss— W ilso n  1974) th e  
a u th o r  conduc ted  p ro p o rtio n a l analysis . T he Já szb e rén y  subgroup  d iffers 
from  th e  o thers also as to  p ro p o rtio n s. A  sim ilitude  in  p ro p o rtio n s of th e  D eb re 
cen a n d  S á ro sp a tak  g roups can  be d em o n stra ted .

F ig u re  2 shows th e  z -tran sfo rm a tio n  values o f th e  m easu rem en ts o f len g th s .
T he differences ap p earin g  in  th e  m easu rem en ts  and  p ro p o rtio n s o f  len g th  

are due to  th e  fa c t th a t  in  th e  exam ined  areas th e  e th n ic  s tru c tu re  o f th e  
p o p u la tio n  is d ifferen t. In te rb re e d in g , th e  d iscon tinuance  o f th e  geographic  
d e te rm in in g  effects could  n o t dissolve th e  differences in  th ese  gen e tica lly  
so closely b ound  m easu rem en ts to  o u r v e ry  days. This difference in  s ta tu re  
o f th e  fem ale college s tu d e n ts  com e from  vario u s regions o f H u n g a ry  can  
be com pared  w ith  th e  re su lts  b ro u g h t b y  a su rv ey  o f m ales liab le  to  conscrip-
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tio n  (K ádár—V éli 1971, 1974, 1977, N em eskéri e t al. 1977). A ccordingly , 
in  H u n g a ry  th e  s ta tu re s  o f young a d u lt pop u la tio n  o f b o th  sexes differ b y  
geograph ic  regions. The d ifferences ap p ea r m ore m ark ed ly  w ith  th e  m ales 
th a n  w ith  th e  fem ales.

In  th e  case o f th e  m easu rem en ts of w id th  an d  circum ference th e  au th o r 
could  n o t fin d  such  a ten d en cy . These ch a rac ters  are m uch  m ore de te rm ined  
b y  th e  en v iro n m en t an d  v a ry  depend ing  on i t  (Table 1).

T he a u th o r  de te rm ined  th e  physique  rely ing upon  H e a th — C arte r’s m ethod  
(Carter 1975). The m ean  values of th e  so m ato ty p e  of th e  w hole sam ple are: 
5.79—3.17—2.04. As i t  ap p ears  from  th e  d is trib u tio n , th e  m a jo rity  of th e

Fig. 3: Somatotype of Sárospatak female students
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Table 1

Selected body measurements of the Hungarian female students

B od y m easurem ents
D ebrecen Sárospatak Jászberény K ecsk em ét Together

X S D X SD X SD X SD * SD

Length measure
ments (cm) 
Stature 160.5 5.9 160.7 5.4 161.0 5.8 160.3 6.0 160.8 5.7
Sitting height 84.2 3.1 84.3 3.2 84.9 2.9 84.9 2.9 84.5 3.0
Upper extremity 68.9 3.0 69.3 3.2 71.0 3.4 70.1 3.5 69.8 3.4
Lower extremity 87.8 4.2 87.5 3.9 88.4 4.5 87.9 4.5 87.9 4.2

Breadth measure
ments (cm) 
Bi-acromial 35.3 1.5 35.4 1.6 35.1 1.7 35.0 1.6 35.2 1.6
Bi-iliocristal 28.5 1.9 29.2 2.0 28.6 1.8 28.4 2.0 28.7 2.0
Bi-epicondylar 

humerus (mm) 59.8 2 . 8 60.8 3.2 60.9 3.4 59.8 3.6 60.3 3.3
Bi-epicondylar

femur 90.8 4.8 92.0 5.3 93.6 5.6 91.6 4.9 92.0 5.3

Girth measurements 
(cm)

Chest 82.0 4.5 83.5 4.5 82.0 4.3 81.1 4.5 82.2 4.5
Abdominal 77.2 5.8 78.2 6.5 76.9 6.4 77.6 6.5 77.5 6.3
Thigh 54.3 3.4 54.9 4.1 54.3 4.0 53.8 4.1 54.4 3.9
Arm (extended) 24.3 1.7 24.7 2.1 24.6 2.0 23.9 2.2 24.4 2.0

Skinfolds (mm) 
Triceps 19.6 5.2 21.4 5.4 22.4 5.3 23.2 5.0 21.6 4.9
Suprailiac 29.0 7.9 28.9 7.3 24.7 6 . 8 24.6 7.5 26.9 7.6

Weight (kg) 54.5 6 . 0 55.9 6.7 57.5 6.9 55.4 7.4 55.9 6 . 8

Somatotype
Endomorphy 5.7 1.1 5.9 1.0 5.7 1.1 5.8 1.1 5.8 1.1
Mesomorphy 3.2 0.9 3.1 1.0 3.2 1.1 3.1 1.1 3.2 1.1
Ectomorphy 2.2 1.0 2.1 1.0 1 . 8 1.0 2.0 1.0 2.0 1.0
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s tu d e n ts  is m esom orph ic-endom orph ic. T h e  m ean  value of th e  1st co m p o n en t 
is h ig h es t am ong th e  S á ro sp a tak  (5.95) an d  K ecskem ét (5.83) girls. T h e  m eans 
o f th e  J á sz b e ré n y  an d  D ebrecen  subgroups agree. Still, th e  id e n tic a l m eans 
cover d iffe ren t b o d y  s tru c tu re s : in  th e  Já sz b e ré n y  girls th e re  is m ore f a t  on th e  
u p p e r  arm es an d  b a c k  (subscapu la ), w hile w ith  th e  D ebrecen  su b g ro u p  i t  is 
th e  f a t  deposits o f th e  pelvic (supra iliac) reg io n  th a t  are m ore m ark ed .

T h e  m eans of th e  U n d  co m p o n en t are  n e a r ly  id en tica l in  each  su b group . 
As to  ab so lu te  va lues, th e  m ean  o f th e  Já sz b e ré n y  group is th e  h ig h es t (3.24). 
T he d a ta  of th e  w rist- and  an k le  c ircum ferences as w ell as th e  b ico n d y la r  
w id th  in d ica te  th a t  th e  bony  sy s tem  of th is  g roup  is s tro n g e r th a n  t h a t  o f th e  
o th e rs . T ru e , as to  m easu rem en ts o f circum ference, th e y  follow  a fte r  th e  Sáros
p a ta k  girls, s till w hile w ith  th e  la t te r  su b cu tan eo u s f a t  occurs in  g re a te r  
q u a n ti ty , th e  low er values o f c ircum ference  cover la rger m asses o f  m uscles.

T h e  v a lu es  of th e  I l l r d  co m p o n en t show  t h a t  th e  D ebrecen  girls a re  th e  m ost 
ec to m o rp h ic  ones of th e  su rv ey ed  in d iv id u a ls  (F igures 3, 4 , 5 an d  6).

Fig. 5: Somatotype of Debrecen female students

Fig. 6: Somatotype of Jászberény female students
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The results o f the surveys taken in H ungary (A bád  1976, Farmosi 1976, 
E ib e n  et al. 1974) indicate th at the means of the som atotypes of the subgroups 
exam ined by the author surpass those o f the other H ungarian college students 
in the first place in  the 1st com ponent, while, as regards the U nd  com ponent 
their mean is lower. This means that the fem ale students o f the Teachers’ 
Colleges are “ more fa tty ” and less muscular than  the fem ale university stu 
dents of nearly identical age.

S u m m in g  u p  w hat has been set forth above: am ong subgroups by geographic  
regions of H ungarian fem ale college students there are differences in body  
m easurem ents, in body proportions and in com ponents of the physique to  be 
dem onstrated. H ow ever, significant differences unam biguously only appear 
in the m easurem ents o f length . In other body m easurem ents the variation  
am ong the subgroups is considerable, and it is difficult to  dem onstrate a ten d 
ency.

The differences are dim m ing, the effect of the im proving environm ental 
factors points toward further levelling-up.
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CHANGES IN BODY COMPOSITION AND PHYSICAL 
WORKING CAPACITY AFTER A HIGH FIBRE DIET AND 

PHYSICAL TRAINING

by M. P e n a , L . B a rta , A. R eg ö l y -Mé r e i , G. S im on  
a n d  É . Ge d e o n

(Higher Institute of Medical Science of Havana, Havana, Cuba; 1st Clinic of Pediatric’s 
Semmelweis University Medical School, Budapest, Hungary; Szabadsághegy Children’s

Sanatorium, Budapest, Hungary)

A b s t r a c t .  The changes in body composition and Physical Working Capacity 
(PWC) were studied in obese children, 7 to 14 years of age, under ward conditions 
during 4 weeks. They received a diet of 115 kJ per kg of body weight for the 
height with a crude fibre content of 12 grams per day, and underwent a controlled 
physical training. Before and after treatment, work test on a bicycle ergometer 
was performed with continous ECG recording, PWC170 and maximum oxygen 
uptake were calculated. Significant reductions in body weight and hody fat— 
percentual and absolute — values were obtained (p <  0.001) after the treat
ment, as well as an evident increase in the PWC170 of the children. Although 
the maximum oxygen uptake remains unaltered in our patients when this vari
able was related to the amount of work performed, significant reductions were 
observed showing an improvement of their fitness and aerobic capacity.

Key words: obesity, fibre diet plus exercise, body composition, physical fitness.

Introduction

T h e th e ra p e u tic  m an ag em en t o f obese ch ild ren  is ex trem e ly  com plex  an d  th e  
re su lts  o b ta in ed  h av e  been  q u ite  d ish ea rten in g . R ed u c tio n  of energy  in tak e  
in  a  m ag n itu d e  th a t  i t  shou ld  n o t d is tu rb  th e  period  o f g ro w th  an d  develop
m e n t, an d  to  increase energy  ex p en d itu re  seem  to  be th e  m o st physio 
logical p rocedure.

R ecen tly  several diseases in c lu d in g  o b esity  have  been  ascribed  to  an  over
co n su m p tio n  o f su g ar an d  f in e  m illed  sta rch es, fu r th e r  to  an  u n d erco n su m p 
tio n  o f  crude  fib re  in  th e  d ie t (B e y e r  and  F ly n n  1978). T h e  a u th o rs ’ purpose 
w as to  use a h igh -fib re  d ie t asso c ia ted  w ith  a physica l tra in in g  p ro g ram  in 
o rd e r to  s tu d y  th e ir  effect upon  b o d y  com position  an d  p hysica l fitn ess  in  
a g roup  of obese ch ild ren .

Material and Methods

F ifte e n  obese ch ild ren  (8 g irls a n d  7 boys), o therw ise h e a lth y , ran g in g  from  
7 to  14 years  of age w ere s tu d ie d  u n d e r w a rd  cond itions d u rin g  4 w eeks. A t 
th e  tim e  o f adm ission  each  of th e m  w as su b je c te d  to  th e  follow ing ex am in a
tions.
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a) B ody composition

B o d y  w eight an d  h e ig h t w ith  an  accu racy  o f 0.1 kg  an d  1 m m , resp ec tiv e ly , 
w ere recorded , an d  th e  p e r c e n t of th e  ideal w eigh t re fe rred  to  th e  h e ig h t 
(I  W /A H ) w as ca lcu la ted . O n th e  r ig h t side o f th e  body , th e  sk in fo ld  th icknesses 
o v er tricep s, b iceps, su b scap u la r, supra iliac , an d  ca lf  w ere m easu red  w ith  
a H o lta in  caliper a t  a s ta n d a rd  pressure  o f  10 g /m m 2. F ro m  th e m  th e  b o d y  f a t  
p e rc e n t w as estim a ted  b y  th e  p red ic tio n  e q u a tio n  of P arízková  (P arízková  an d  
R oth  1972).

b) W ork test

I t  w as perform ed on a b icycle ergom eter w ith  con tinuous e lec tro card io g rap h ic  
reco rd in g  fo r six m in u tes  a t  increasing  loads (1; 1.5; 2 w a tt |k g  o f bo d y  w eigh t). 
T he ex p ired  air w as co llec ted  in  a D ouglas bag  an d  its  vo lum e was m easu red  
w ith  a d ry  gas m eter. Gas sam ples w ere ana ly sed  fo r oxygen  in  a  G o d ard  
rap o x . T he m ax im u m  oxygen  u p ta k e  (V 0 2 m ax) an d  its  v a lu es  re fe rred  to  th e  
lean  b o d y  m ass (LB M ), an d  to  th e  k ilog ram m etres of w ork  perfo rm ed  w ere 
ca lcu la ted .

P h y sica l w ork ing  c a p a c ity  (PW C) w as d e te rm in ed  b y  p lo ttin g  th e  h e a r t  
r a te  ag a in st th e  w ork load  p e r m in u te  in  w a tt  u n its  on g rap h  p ap er. A s tra ig h t  
line w as d raw n th ro u g h  th re e  po in ts  m ak ing  th e  b es t f i t .  T he  e s tim a te d  
a m o u n t of w ork  t h a t  could  p ro d u ce  a h e a r t- ra te  o f 170/m in  w as considered  
P W C 170. This p a ra m e te r  w as re fe rred  to  th e  LBM .

c) Treatment

A ll p a tie n ts  w ere g iven a d ie t o f 115 k j /k g  o f idea l b o d y  w eigh t fo r th e  h e ig h t 
w ith  a crude fib re  c o n te n t o f  12 g p er d ay  a p p ro x im a te ly , using  a H u n g a ria n  
com position  table.

T he tra in in g  p ro g ram  co n sis ted  in  da ily  tw o sessions fiv e  tim es a w eek d u r 
in g  a four-w eek period , follow ing a fix ed  schedule. E ach  session la s te d  20 m in 
u te s  an d  s ta r te d  w ith  an  in it ia l  w arm ing  up  b y  jogg ing . T h e re a fte r  fo llow ed 
a w ork  load  ab o u t 1.5 w a tt/k g  during  10 m inu tes, d e te rm in ed  in d iv id u a lly  
fo r  each  p a tie n t depend ing  on  th e ir  ab ility . T he exercise w as fin ish ed  w ith  jo g 
g ing g rad u a lly  decreased  u p  to  re lax a tio n .

A fte r th e  tre a tm e n t th e  sam e investig a tio n s as m en tio n ed  above w ere 
perfo rm ed  again. S tu d e n t’s t - te s t  for p a ired  series w as used fo r s ta tis t ic a l  
analysis  (R a d h a k r ish n a  R ao 1966).

R esu lts and  D iscussion

F igu re  1 illu s tra te s  th e  v a ria tio n s  in  b o d y  w eigh t an d  th e  IW /A H  o f th e  
obese sub jec ts a f te r  t re a tm e n t, w ith  a s ign ifican t decrease o f p <  0 .0 0 1 . 
T h u s  since, th e  changes in  b o d y  w eight ce rta in ly  do n o t reco rd  th e  changes 
in  b o d y  com position  (L e u s in k  1972, P en a  e t  al. 1979) th e  au th o rs  s tu d ie d  
th e  va ria tio n s o f th e  b o d y  f a t  —  in  p er cen t an d  ab so lu te  va lu es  —  a n d  also 
fo u n d  sign ifican t red u c tio n s  (p <  0.01) (F ig . 2).

T he au th o rs  observed , t h a t  in  th e ir  cases, d iffe ren t in d iv id u a l responses to  
th e  tre a tm e n t. T h e y  consider th a t  th e  ty p e  of o b esity  —  reg ard in g  th e  n u m b e r
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Fig. 1: Changes in body weight and the IW/AH ratio during treatment

Fig. 2: Changes in body fat during treatment

of ad iposites —  p lay s an  im p o r ta n t role in  these  differences as has been  
s tressed  b y  B jö r n t o r p  e t al. 1977).

S ign ifican t increase in  th e  PW C 170 was o b serv ed  a fte r  t re a tm e n t, w hich w as 
slig h tly  h ig h er in  girls (p <  0.01) th a n  in  boys (p <  0.05) (F ig. 3). T he sex  
difference could  be ascribed  to  th e  fac t, t h a t  th e  w ork  perform ed b y  th e  girls 
was re la tiv e ly  h a rd e r  th a n  th a t  done b y  th e  boys, considering  to  th e  d iffe ren t 
a d a p ta b ili ty  o f v eg e ta tiv e  fu n c tio n s (P a r ízk o vÁ 1977), as well as th e  difference 
in  lean  b o d y  m ass p ro p o rtio n . G enerally  th e  la rg e r LBM , th e  g rea te r  th e  w ork-
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Fig. 4: Changes in PWC170/LBM ratio during treatment

1 8 2

Fig. 3: Changes in PWK170 during treatment



ing  c a p a c ity  —  hence, th e  P W C 170 was re fe rred  to  th e  LBM  an d  the  increase 
in  th is  ra tio  w as also sign ifican t (p <[ 0.01), a n d  th e  sex differences d isap p eared  
(F ig . 4).

T he ab so lu te  va lues of V 0 2 m ax  an d  th o se  expressed  p e r kg of LB M  rem ain ed  
th e  sam e a fte r  th e  tr e a tm e n t;  how ever, w h en  re la ted  to  th e  m ag n itu d e  of w ork  
p e rifo rm ed , sign ifican t d ifferences w ere seen  (p <" 0.05) (Fig. 5), re flec tin g  an  
im p ro v em en t o f  th e ir  fitn ess  an d  aerobic capacity". O ur resu lts  a re  in  h a rm o n y  
w ith  th o se  re p o rte d  by  P a rízkovÁ (1977), a n d , as she s ta te d , tw o  fac to rs  are  
invo lved  h ere : progressive a d a p ta tio n  to  in creased  a c tiv ity  and  th e  red u c tio n  
o f w eigh t w hich  are  dynam ica lly  in te rre la te d  a n d  form  a n  in teg ra l p a r t  o f th e  
a d a p ta tio n  consequence of increased  m u scu la r  w ork. These fin d in g s suggest 
th a t  a  fo rm al exercise p rog ram  associa ted  to  a  red u c tio n  of energy  in ta k e  m a y  
com plete  d ie ta ry  in te rv e n tio n  in  th e  t r e a tm e n t  of obesity .

Fig. 5: Differences in aerobic capacity before and after treatment
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THE IMPORTANCE OF RADIAL METAPHYSEAL
BAND WIDTH

by F. P é t e r ,  A. T a r  and I. S z é c s é n y i - N a g y  

(Buda Children’s Hospital and Polyclinic, Budapest, Hungary)

A b s t r a c t .  A radiodense metaphyseal band of diverse width is present at the 
distal end of the radius in children. The individual growth rates in stature can
not be accurately predicted from the width of this band but the mean width is 
related to the velocity of growth in stature.

Of sixty-five children roentgenograms of the wrist were taken (152 rtg) and 
stature was measured at an examination with endocrine disorders, before and 
after Human Growth Hormone (HGH), thyroid or anabolic steroids therapy. 
The diagnosis of the children in this study was hypothyroidism, Graves disease, 
short stature with or without GH deficiency.

The tight metaphyseal band was much larger after thyroid treatment in hypo
thyroidism, but occasionally its width was definitely more considerable, with 
a rapid growth rate in Graves disease. The radiodense band was tight in short 
stature with or without GH deficiency, too; it was much larger also after HGH 
or anabolic steroid therapy.

In these clinical conditions the band width may be a new guide as to whether 
or not the child is growing normally.

Key words: radial metaphyseal band width, dwardism, anabolic steroid.

In troduc tion

E d l in , W h it e h o u s e  an d  T a n n e r  (1976) to o k  sem i-an n u a l m easu rem en ts 
o f th e  w id th  of re la tiv e  rad io d en s ity  a t  th e  d is ta l m e tap h y sis  o f th e  rad iu s  in  
32 girls and  35 boys, an d  com pared  these  w ris t ro en tg en o g ram s (1330 ro e n t
genogram s in  all) w ith  th e  g ro w th  ra te  va lues, ta k in g  th e  m ean  fo r th e  sam e 
age-group as a basis fo r  com parison . T h ey  found  th a t  th e  w id th  of th e  re la tiv 
ely  rad iodense  m e tap h y sea l b a n d  show ed a close co rre la tio n  w ith  th e  grow th- 
ra te . T his is a conclusion  v a lid  fo r th e  m ean  of th e  g roup . A t th e  en d  of th e ir  
re p o r t  th e y  m en tio n  th a t  in  th e  roen tgenogram s th e  h a n d  w as alw ays n a rro w er 
in  ch ild ren  w ith  a defic iency  o f g row th  horm one (G H ) an d  in  h y p o th y ro id ism . 
T h e y  also m en tio n  th a t  in  su b s titu tio n a l tre a tm e n t of one h y p o th y ro id  ch ild  
a n d  one w ith  G H  deficiency  th e  b an d  becam e sig n ifican tly  w ider in  p ara lle l 
to  th e  velo c ity  of th e  increase  in  s ta tu re .

T he aim  o f th e  p re se n t s tu d y  w as to  exam ine th e  ra d ia l b an d s of ch ild ren  
w ith  gro\yth  d is tu rb an ces  as a fu nc tion  of th e  ho rm one  s itu a tio n  an d  th e  
t re a tm e n t p a ram e te rs .
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M aterial and  M ethod

B one age w as de te rm ined  in  th e  s ta n d a rd  w ay  (Ta n n e r , W h it e h o u s e , 
H e a l y  an d  Go l d st e in , 1972) using  w rist roen tgenogram s ta k e n  a t  a d istance  
o f 1 m  an d  b y  m eans of a precision  ca liper to  m easure th e  w id th  o f th e  m ost 
d is ta l com pact lay e r of th e  rad iu s  w ith  an  accu racy  of 0.1 m m . T he au th o rs  
d iv ided  th e  162 roen tgenogram s ta k e n  of 72 ch ild ren  in to  th e  follow ing g roups:

(1) th e  values of ch ildren  being  tre a te d  fo r hy p o th y ro id ism ,
(2) th e  values o f u n tre a te d  ch ild ren  w ith  G raves disease,

. (3) th e  values of d w arf ch ild ren  w ith o u t or during  H u m an  G row th  H orm one 
(H G H ) an d  anabolic  stero id  tre a tm e n t. In  ad d itio n , we in tro d u c e d  w rist 
roen tgenogram s of 18 girls u n d e r th e  age o f th ree  (who h ad  p ro v ed  to  be hea lth y ) 
since th e  T a n n e r ’s group only  gave n o rm al values fo r girls from  th e  age of 
four.

Fig. 1: Thyroxine serum level and ratio of the radial metaphyseal band’s width specific to 
age and sex in hypothyroidism being treated with thyroid

R esults and  D iscussion

F igure  1 shows th e  w id th  o f th e  rad ia l b a n d  in  h y p o th y ro id ism  u n d er t r e a t 
m en t, as a fu n c tio n  of the  th y ro x in e  serum  level. One p a ra m e te r  o f th e  figure 
is th e  abso lu te  value of th e  th y ro x in e , w hile th e  o th e r is th e  va lu e  ra tio  of th e  
w id th  o f th e  rad ia l b an d  specific  to  age an d  sex. (The a u th o rs  saw  i t  possible 
to  consider th e  no rm al values fo r th e  d iffe ren t ages and  sexes b y  d iv id ing  th e  
va lu e  m easured  w ith  th e  n o rm a l m ean  fo r ch ild ren  o f th e  sam e age an d  sex). 
T he tw o series of values show  a close co rre la tio n  (co rre la tion  coeffic ien t =  0.93). 
As i t  appears from  th e  d ispersion  ro u n d  th e  regression line, th e  co rre la tion  is 
v e ry  stro n g ly  sign ifican t (p <[ 0.001).

Tw o of th e  12 in d iv id u a l va lues shou ld  be stressed , fo r th e y  d em o n stra te  
t h a t  in  ce rta in  cases th e  b a n d  m ay  be co m p ara tiv e ly  w ide desp ite  a low 
th y ro x in e  value an d  vice versa .
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Fig. 2: Radial metaphyseal band width and his specific ratio to age and sex in dwarfism 
without and during treatment with anabolic steroid

T herefore, w hen  exam in in g  th e  u n tre a te d  cases of Graves^ disease, th e  au th o rs  
h a d  coun ted  on a w ider th a n  average  rad ia l b an d . T he m ean  o f seven u n tre a te d  
p a tie n ts  suffering  from  G raves disease w ith  bone ages u n d e r 14 was tru ly  
h igh  (1.25), b u t  also s ta n d a rd  d ev ia tio n  w as q u ite  h igh : ± 0 .6 7 6 . In  th e  case 
o f  10 p a tie n ts  w ith  G raves disease th e  ev a lu a tio n  of th e  ro en tg en o g ram s w as 
m ade m ore d ifficu lt b y  th e  fac t th a t  a lm ost w ith o u t ex cep tio n  th e ir  bone ages 
w ere s ig n ifican tly  h ig h er th a n  th e ir  biological ages, an d  a t  a bone age of 14— 
15 y ears  we fo und , as in  T a n n e r ’s group , th a t  th e  b a n d  w id th  could  h a rd ly , 
if  a t  all, be ev a lu a ted . I n  th e  case o f 27 dw arfs w ith  age an d  sex  specific  ra tio s  
o f 0.645 and  a s ta n d a rd  d ev ia tio n  o f ± 0 .2 6 7 , th e re  w as on ly  a single case 
w here th e  ra tio  exceeded  1. A n u m b e r o f p a tie n ts  o f th is  g roup  received  
com bined  horm one tre a tm e n t, som e received  only  H G H  th e ra p y  an d  th e re  
th e  w id th  o f lay e r grew  in  ev e ry  single case.

F igure  2 show s th e  values o f la y e r  th ick n ess  fo r 9 ch ild ren  tre a te d  for 
dw arfism  w ith  anabo lic  ste ro id  (in  am o u n ts  o f 1— 2 m g p e r kg  a m o n th ) 
w ith o u t and  du ring  tre a tm e n t. W e have also show n (on th e  r ig h t h an d  side of 
th e  F igure) th e  values o f th e  age an d  sex  specific ra tio , th e ir  m ean  an d  s ta n d a rd  
d ev ia tio n . T he d ifference is v e ry  s tro n g ly  sig n ifican t ( t8 == 6.721, p  <  0.001).

T he au th o rs  used  th e  fac to rs  n o te d  and  p u b lished  b y  E d l in  e t al. (1976) 
to g e th e r  w ith  th e  one-case s tud ies th e y  p resen ted  fo r each  of th e  tw o horm one 
tre a tm e n ts  (H G H  an d  th y ro x in e ), fo r exam in ing  th e  co rre la tio n  in  a la rger 
p o p u la tion . T h ey  fo u n d  th a t  th e re  w as a v e ry  stro n g ly  sig n ifican t co rre la tion  
betw een  th y ro x in e  an d  th e  re la tiv e ly  rad iodense b an d  w id th  in  th e  tre a te d  
h y p o th y ro id  group . Since i t  ap p ears  th a t ,  in  general, th e  increasing  w id th  of 
th e  b a n d  is re la te d  to  g ro w th  an d  n o t to  an y  horm one, th e y  assum e th a t  
som atom edins m u st h av e  a d irec t role in  th e  m echan ism  o f th e  effect. T his 
a ssum ption  is su p p o rted  b y  th e  ex p erim en ts  on anim als pu b lish ed  b y  H o ld er
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an d  W a llis  (1977). H ere  doses of th y ro x in e  increased  th e  so m ato m ed in  level 
in  a Snell d w arf m ouse s tra in . T h is co rre la tio n  is even  m ore obvious in  th e  case 
o f H G H  tre a tm e n t. W e fo u n d  no  d a ta  in  th e  l i te ra tu re  in d ica tin g  th e  effect 
o f  anabolic  ste ro id  tr e a tm e n t on th e  w id th  o f th e  rad io d en se  b a n d  o r as to  
w h a t h ap p en s to  th e  som ato m ed in  level. A u th o rs ’ re su lts  c learly  show  th a t  
d u ring  anabo lic  s te ro id  t r e a tm e n t  th e re  is a g ro w th  in  th e  th ick n ess  o f th e  
b an d , ju s t  as in  th y ro x in e  o r H G H  tre a tm e n t. A u th o rs  assum e th a t  th e  
anabo lic  stero ids also in fluence  g row th , a t  le a s t p a r tly , th ro u g h  th e  Som ato
m edins.

Sum m ary

T he rad ia l m e tap h y sea l b a n d  w id th  is re la te d  to  th e  ve lo c ity  o f s ta tu re  
g row th , according to  E d l in  e t  al. In  th e  a u th o rs ’ ex am in a tio n s  describ ing 
in  th e  p resen t p a p e r, in  h y p o th y ro id ism  tre a te d  w ith  th y ro id  th e  th y ro x in e  
serum  level show ed a close co rre la tio n  w ith  th e  ra tio  o f th e  ra d ia l m e tap h y sea l 
b a n d  w id th , specific to  age an d  sex. T he m ean  ra tio  in  cases of u n tre a te d  
G raves disease w as h igh (1.25) b u t  also th e  s ta n d a rd  d ev ia tio n  w as q u ite  large. 
I n  dw arfism  th e  au th o rs  fo u n d  v e ry  n a rro w  b an d  w id th ; th e  m ean  v alue  of age 
and  sex  specific ra tio s  w as 0.645. T he increase o f b a n d  w id th  d u ring  anabolic 
s te ro id  tre a tm e n t w as v e ry  s tro n g ly  sign ifican t. O n th e  basis  of l i te ra tu re  d a ta  
an d  ow n experiences th e  a u th o rs  assum e a role o f som atom ed ins in  th e  ac tion  
m echan ism  of th y ro x in e  an d  anabo lic  s te ro id , besides H G H .
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CONTRIBUTION TO THE GENESIS OF OBESITY 
FROM THE ASPECT OF EXERCISE AND NUTRITION 

DURING GROWTH AND DEYEEOPMENT

b y  M. P r o k o pec

(Institute of Hygiene and Epidemiology, Prague, Czechoslovakia)

A b s t r a c t .  The parental influence on the physical and mental development 
of their children can be positive as well as negative. While, apart from the choice 
of partner, parents cannot influence the set of genes they impart to the next 
generation, they do have an influence on the positive development of their 
children by creating favourable ecological conditions the quality of which in
creases with education and with the recognition and development of the child’s 
talents. Love and care alone without the necessary education may have a ne
gative effect (rise of obesity, etc.). Education of the parents acts as a positive 
factor on the child’s mean height, it  has a positive correlation with the per ca- 
pitum income in the family, with the number of inhabitants in the place of li
ving, and a negative correlation with the number of children in the family.

A series of examples of favourable and undesirable impact of family on the 
child’s physical development, given in the paper, were derived from a longitudinal 
follow-up from birth to maturity of a group of 300 Prague children.

Key words: genesis of obesity, exercise, nutrition, growth and development, 
Prague children.

In tro d u c tio n

E sse n tia lly  th e  in fluence of th e  p a re n ts  on th e  physical an d  m e n ta l develop
m e n t o f th e ir  ch ild ren  is tw ofold. O n th e  one h an d , th e y  pass on  a se t o f h e red i
ta r y  ch a ra c te ris tic s  an d  endow m ents in  th e  fo rm  of genom e and , on  th e  o th e r 
h a n d , th e y  crea te  th e  ecological co n d itions in  w hich  th e  child  is rea red , p ro te c t 
i t  fro m  adverse  fac to rs , ensure a d e q u a te  s tim u li for its  p hysica l a n d  m en ta l 
d ev e lo p m en t, se lect th e  ch ild ’s ac tiv itie s  an d  su p p o rt tho se  w hich p ro m o te  its  
ta le n t  b e s t. W hereas in  th e  f ir s t  case th e  ac tiv e  p a r t  o f p a re n ts  is m an ifested  
o n ly  in  th e  choice o f th e  p a r tn e r , in  th e  second case th e  in fluence  o f p a re n ts  
(an d  o f  g ran d p a ren ts )  is abso lu te  w ith in  th e  g iven  social cond itions. T h e  role 
o f  p a re n th o o d , as ou tlin ed  above, c learly  in d ica tes  th e  need  fo r ju d g m e n t 
a n d  know ledge w hich u n d e r n o rm a l cond itions p a ren ts  can  acqu ire  on ly  b y  
ac tiv e  p re p a ra tio n . G ran d p aren ts , to o , exercise a considerab le in fluence  on 
th e  d ev e lo p m en t o f ch ildren .

T h e  a u th o r  do n o t m ean  to  go in to  deta ils  a n d  to  solve th e  p ro b lem  in  its  
e n tire ty . H e m erely  wishes to  d raw  a tte n tio n  to  th e  responsib le  ta sk s  of p a r
e n ts  fo r  th e  ch ild ’s h e a lth y  d ev e lo p m en t a n d  fo r its  la te r  role in  social life.
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Fig. 1: R e la t io n s  o f  th e  m e a n  h e ig h t  o f  p a r e n ts  to  th e  son’s h e ig h t  a t  th e  a g e  o f  6 to  18  y e a r s
(Orig. M. Prokopec)

Fig. 2: H e ig h t  o f  b o y s  a c c o r d in g  to  t h e  d e g r ee  o f  th e  f a t h e r ’s e d u c a t io n  ( P r o k o p e c  et a l.
1 9 7 9 )
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Fig. 3: School marks of the boys according to the father’s education (Prokopec et al. 1979)

T he ecological in fluence  of p a re n ts  rests  on securing h e a lth y  liv ing , feeding, 
reg im en o f d ay , on a sy s te m a tic  d evelopm en t of m e n ta l facu lties  an d  positive 
c h a ra c te r  tra its .

A t th e  analysis o f th e  re su lts  o f th ree  na tion-w ide  in v es tig a tio n s  of y o u th  
in  C zechoslovakia (P r o k o pec  e t  al. 1979) th e re  re p e a te d ly  w as fo u n d  a posi
t iv e  co rre la tio n  b e tw een  th e  p a re n ts ’ ed u ca tio n  level a n d  th e  b o d y  h e ig h t of 
th e ir  ch ild ren . T here  w as a positive  re la tio n  betw een  th e  p a re n ts ’ an d  ch ild ren ’s 
body  heigh t. I f  we ad d e d  th e  school m arks to  these  ch a rac te ris tic s , we found  
a s ign ifican t co rre la tion  betw een  th e  degree o f th e  p a re n ts ’ ed u ca tio n  an d  th e  
school rep o rts  of th e  ch ild ren , especially  in  e lem en ta ry  schools. T he circle 
w as closed i f  to  th e  p a re n ts ’ edu ca tio n , to  th e ir  m ean  h e ig h t a h ig h er incom e 
p e r h ead  in  th e  fam ily , a g rea te r  n u m b er of citizens in  th e  p lace o f living, 
a sm aller n u m b er o f ch ild ren  in  th e  fam ily  and  a low er o rder o f th e  ch ild ’s 
b ir th  in  th e  fam ily  w ere ad d ed  (F igures 1, 2, 3).
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T he en lig h ten m en t of th e  p a re n ts  is re flec ted  in  th e  ch ild ’s d ev e lopm en t 
in so fa r  as i t  is less exposed  to  th e  risks of illness an d  th a t ,  on th e  w hole, its  
liv in g  cond itions are b e tte r . F ro m  childhood on i t  is ta u g h t hyg ien ic  princip les, 
care  is bestow ed  upon  th e  q u a lity  an d  len g th  of sleep, u p o n  a d e q u a te  c lo th ing  
an d  up o n  th e  ad eq u acy  o f w h a tev e r b u rd en . T he child  is ta u g h t  endurance , 
a  po sitiv e  a tt i tu d e  to  sp o rts  and  fresh  air, th e  onset o f an  illness is recognised 
in  tim e  an d  th e  do c to r called  in . T he food corresponds to  sc ien tific  know ledge, 
to  th e  ch ild ’s age an d  p h y sica l ex ertio n ; a h igher sa la ry  u su a lly  associa ted  
w ith  h igher ed u ca tio n  p e rm its  h e a lth y  liv ing  an d  a s tim u la tin g  en v iro n m en t. 
O bv iously  th e  above ch a rac te ris tic s  do n o t app ly  in  ev ery  case.

A nalyzing  m ethods

In  1956 we s ta r te d  o u r f irs t  s tu d y  on th e  som atic  a n d  m e n ta l deve lopm en t 
o f a g roup  o f ch ild ren  from  b ir th  to  m a tu r ity  in  C zechoslovakia (K a pla n  
e t al. 1969). In  c o n tra s t to  th e  above-m en tioned  cross-sec tional stud ies p e r
fo rm ed  alw ays a t  10 y e a r  in te rv a ls , fo r th is  in v es tig a tio n  we selected  300 
ch ild ren  from  th e  P rag u e  d is tr ic t 3 a t  ran d o m . A lth o u g h  we w ere p rim arily  
in te re s te d  in  th e  bio logical deve lopm en t of h e a lth y  ch ild ren , in  th e  course of 
y ears  of sy stem atic  co opera tion  w ith  paren ts,w e  discovered  th a t  i t  was possible^ 
fo r  in v es tig a to rs  to  d e te rm in e  in  re tro sp ec t, from  th e  in fo rm a tio n  accu m u la ted  
in  th e  fie ld  of m orphology , psychology , sociology an d  th e  ch ild ’s h e a lth  
s ta tu s , th e  p recond itions fo r a harm on ic  and  o p tim u m  d eve lopm en t of th e  
in d iv id u a l. W ith  th e  excep tion  of adv iso ry  m edical care we d id  n o t in terfere  
w ith  th e  developm ent o f  these  ch ildren . T he o ldest in  th is  in v es tig a ted  group 
is now  23, and  th e  y o u n g est 18 years  old. T he orig inal n u m b er o f th e  ind iv iduals 
follow ed up sy s tem a tica lly  has been  reduced  to  180. A lm ost 30 o f these  b rin g  
along  th e ir  ow n ch ild ren , s ta r tin g  th u s  th e  s tu d y  o f a second genera tion .

T h e  resu lts  o f th e  tw o in v es tig a tio n  m ethods com plem en t each  o ther. T he 
influence  of th e  fam ily  is m ost in ten siv e  u n til  th e  age of th re e  years. A fte r 
th e  ch ild ’s e n try  to  school its  im p a c t on th e  ch ild ’s dev e lo p m en t reduces th e  
in fluence  of p a re n ts . F ro m  p u b e r ty  onw ards (ab o u t th e  age o f 12 years) th e  
in fluence  of ch ild ren  collectives, out-of-school an d  ou t-o f-fam ily  influences 
(read ing , cinem a, te lev ision , th e a tre , chance aq u a in tan ces , sp o rts  an d  persons 
in  th e  neighbourhood) gain  th e  u p p e rh an d . H ow ever, p a re n ts  should  still 
re ta in  co n tro l of these  in fluences, th e ir  analysis an d  guidance.

R esults: Case studies

W e shall show  on a few  exam ples th e  positive a n d  unconsciously  n eg a tiv e  
e ffec t of p a re n ta l care on th e  som atic  deve lopm en t of th e ir  ch ild ren . In  a sim ilar 
w ay  p a re n ts  can  influence  th e  psychic  developm ent o f th e  ch ild  an d  its  fu tu re  
life.

(1) T he boy  A h a d  a v isu a l defect from  b ir th  w hich  led  to  lesser m o to r 
a c tiv ity . D ue to  th e  ex ag g e ra ted  p a re n ta l care th e  boy  developed  overw eight 
w hich  p ro b ab ly  w ould have  increased  if  he had  n o t been iso la ted  from  th is  
in fluence  b y  en te rin g  a school fo r tra in ees . T here  he jo in ed  a g ro u p  going in  for
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yoga an d  in  th e  course o f  th re e  years  he co rrec ted  his so m a to ty p e  th ro u g h  
exercise an d  an  a d e q u a te  d ie t (P la te  I , A).

(2) The unconsciously  n eg a tiv e  effect of p a ren ts  (in  th e  fo rm  of ex ag g era ted  
care and  excessive feed ing) m an ifested  itse lf  in  th e  b o y  B who a t  th e  age o f 3 
y ea rs  show ed no signs o f  o b esity . C on tinual overfeed ing  to g e th e r w ith  a g rea te r  
a p p e tite  an d  on ly  l i t t le  exercise c o n tr ib u te d  to  th e  syndrom e o f obesity . 
P a re n ta l  in fluence w as n o t  in te r ru p te d , an d  a t  th e  age of 19 years  B is s till 
obese try in g  h a rd  to  lose w eig h t (P la te  I , B).

(3) A t th e  age of 6 y ea rs  th e  girl C w as ta l l  fo r h e r age w ith  a d e q u a te  p ro p o r
tio n s  an d  w ith  ra th e r  an  in c lin a tio n  to  slim ness. A t th e  age o f 8 she s ta r te d  
to  gain  in  w eigh t, from  th e  age of 11 she w as overw eigh t in  re la tio n  to  age an d  
h e ig h t. A t th e  age of 22 y ea rs  she has a lread y  3 ch ild ren  (P la te  I , C).

(4) T he girl D due to  excessive feeding (too  m uch care  in  th e  fam ily , especially  
on th e  p a r t  o f th e  g ran d m o th er) was a lread y  a t  th e  age of 6 years overw eigh t, 
be ing  ta ll fo r h er age. In  th e  g iven en v iro n m en t she could  n o t cope w ith  h e r 
grow ing obesity , especially  since h e r p a re n ts  m ade h e r  choose th e  v o ca tio n  of 
cook because of h er p reference  fo r cooking an d  food. O nly  w hen she m et h er 
boy friend  d id  she m ake a g re a t e ffo rt to  reduce w eigh t. In  th is  she succeeded 
w ith  th e  help  of c lin ical care . T o d ay  she is m arried  a n d  has one ch ild  (P la te
Í- D ).

(5) A positive in fluence  w as exercised  b y  p a re n ts  on th e  som atic  develop
m en t of th e  boy  E  b y  evok ing  an d  su p p o rtin g  h is in te re s t in  sp o rts  (sw im 
m ing, w a te r polo). H is p h y sica l cond ition  and  discip line serve h im  well in  his 
p re sen t o ccupa tion . H e is m arried  w ith  one child (P la te  I. E).

(6 ) The p a re n ts  of th e  girl F  (fa th e r an  active sp o rtsm an ) encouraged  from  
th e  earliest childhood a love fo r exercise. T his in te re s t  led h er to  professional 
dancing , rep resen tin g  h e r c o u n try  also ab ro ad  (P la te  I . F).

One can n o t perfo rm  ex p erim en ts  on h u m an s. T he developm ent of th e  in d iv id 
u a l can n o t be re p e a te d . N e ith e r  is i t  possible to  se p a ra te  th e  n u m b er o f in 
fluences affecting  i t .  N onetheless, th e  above exam ples have d em o n stra ted  th e  
purposefu l in fluence of p a re n ts  in  th e  case of th e  ta le n te d  girl and  on h e r career, 
an d  th e  u n c ritic a l a t t i tu d e  o f p a re n ts  to  m o to r a c tiv itie s  and  n o u rish m en t of 
th e ir  children  w ith  a ten d e n c y  to  obesity . In  cases 1 to  4 a ten d en cy  to  over
w eigh t is in  th e  fam ily . Garn  e t al. (1978) and  also o thers h av e  show n th a t  
life in  a fam ily  w here th e  p a re n ts  are overw eight c rea tes  th e  risk  of o b esity  in  
ch ild ren  (even in  a d o p ted  ch ild ren  an d  o th e r m em bers living in  th e  fam ily).

Before W orld  W ar I I  o b esity  w as to  a ce rta in  degree a sign of p ro sp e rity  
an d  of a good social positio n  in  Czechoslovakia. T h e  fa rm er h ad  to  be f a t te r  
th a n  th e  fa rm h an d , th e  fa c to ry  ow ner or fo rem an  f a t te r  th a n  th e  w orker. 
T o d ay , w hen ev ery  w o rk m an  can  o verea t if  he w an ts  to  a t  least w ith  stap le  
food, and  w hen th e  h a rm  of excessive overw eight is genera lly  know n, o besity  
is r a th e r  a m an ife s ta tio n  o f lack  of d ie ta ry  discipline an d  aversion to  physica l 
exercise. In  c o n tra s t, a d e q u a te  slim ness based  on a co rrec t d ie t (p roper com posi
tion , rich in  p ro tec tiv e  su b stan ces, etc.) an d  e la s tic ity  are th e  signs o f in te lli
gence. This ho lds n o t on ly  fo r p a ren ts  b u t  also fo r th e  ch ildren .
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C onclusion

T h e  p a re n ts ’ in fluence to  th e  som atic  an d  m en ta l d eve lopm en t of th e ir  
ch ild  m ay  be positive  as well as n eg a tiv e . W hereas, a p a r t  from  th e  choice of 
p a r tn e r , th e  p a re n ts  c a n n o t in fluence  th e  se t of genes passed  on  to  th e  n e x t 
gen era tio n , th e y  can  e x e rt an  in fluence  on th e  positive  d ev e lopm en t of th e ir  
ch ild  b y  crea tin g  a d e q u a te  ecological cond itions, th e  q u a lity  o f  w hich in 
creases w ith  ed u ca tio n  an d  by  recognizing an d  developing th e  ch ild ’s skill. 
L ove an d  care alone, w ith o u t co n co m itan t en lig h ten m en t, m a y  also have 
a n eg a tiv e  effect (obesity , e tc .). T h e  ed u ca tio n  of th e  p a re n ts  ac ts  as a positive  
fa c to r  on  th e  ch ild ’s m ean  heig h t, i t  p o sitiv e ly  co rre la tes w ith  p e r c a p ita  incom e 
in  th e  fam ily , w ith  th e  n u m b er o f c itizens in  th e  liv ing  place an d  h as  a n eg a tiv e  
re la tio n  to  th e  n u m b er o f  ch ild ren  in  th e  fam ily .

Science can  fu rn ish  concrete  in fo rm a tio n  fo r th e  req u ired  rea rin g  o f ch ild ren . 
In tro d u c tio n  of th is  know ledge in to  p rac tice  is no less im p o rta n t th a n  sc ien tific  
in v es tig a tio n  itself.
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THE BIOPSYCHOLOGY OF AUTISTIC AND NORMAL
CHILDREN

by  V. R ey n o ld s

(Department of Biological Anthropology, Oxford University,
Oxford, England)

A b s t r a c t .  A three-year-study was made of autistic and normal children. 
Behaviour was studied using ethological methods. Endocrine physiology was 
studied by measuring catecholamine excretion rates. Clear differences in be
haviour were found between the two groups. Endocrine differences did not 
correlate with behaviour differences at the group level, but did so at the individ
ual level. Findings suggest that behaviour functions to stabilise physiological 
systems within normal tolerance limits. The implications of this approach for 
the understanding of the biopsychology of stress are discussed.

Key words: biopsychology, behaviour, endocrine differences, catecholamine 
excretion rate, normal children, autistic children.

In tro d u c tio n

I n  th is  necessarily  sh o rt p a p e r th e  a u th o r  w an ts  to  do th ree  th in g s . F irs t 
to  describe som e of th e  s tu d ies  carried  ou t b y  his d e p a rtm e n t in  th e  fie ld  of 
ca techo lam ines an d  b eh av io u r. Second to  focus on one s tu d y  in  w hich  a co
w o rk er, H . H e l e v u o  a n d  he w ere especially  invo lved  concern ing  no rm al 
an d  a u tis tic  ch ildren . A nd th ird  to  t r y  and  sketch  a th e o re tic a l m odel based  
on th e  research  th e y  have  done to  show  how  b ehav iou r m a y  re la te  to  u n d e rly 
ing  physio logical processes.

B u t f ir s t , th e  a u th o r  shou ld  like to  in tro d u ce  th e  su b jec t o f catecho lam ines 
an d  b eh av io u r as a w hole. C atecholam ines, n o ta b ly  ad renaline*  an d  n o ra d re n a 
line* b u t  also th e ir  m e tab o lite s , can  be s tu d ied  in  th e  se ru m  or th e  u rin e , an d  
ad d itio n a lly  n o rad ren a lin e  can  be s tu d ied  in  th e  CNS w here  i t  is a p len tifu l 
n e u ro tra n sm itte r . A ll our s tu d ies  h av e  been  on u r in a ry  ca techo lam ines. T here  
are good reasons fo r th is . W e h av e  n o t w a n te d  in  p a r tic u la r  to  in v es tig a te  CNS 
(neuro-) physio logy  in  re la tio n  to  b ehav iou r. Such s tu d ies  are  ex ten siv e ly  
p u rsu e d  elsew here an d  p re se n t m a n y  problem s of th e ir  ow n. As reg a rd s  th e  
q u es tio n : “ blood or u r in e ? ” , we are  seeking fo r a m easu re  of secretion ra te s  
(from  th e  ad ren a l m edulla) in  ou r stud ies, b u t  a lth o u g h  th is  w ould  seem  to  
fa v o u r tak in g  m easu rem en ts from  th e  b loodstream  we h av e  n o t in  fa c t done 
so, p re fe rrin g  u r in a ry  excretion  ra te s  fo r a n u m b er of reasons. P rim arily , espe
c ia lly  w ith  ch ild ren , i t  is u p se ttin g fo r  th e m  to  be sub jec t to  b lood  te s tin g  proce-

*The term adrenaline is synonymous with epinephrine, noradrenaline is synonymous with 
norepinephrine etc.
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dureg, le t  alone to  h av in g  an  indw elling  c a th e te r  or a n y th in g  like th a t .  Second, 
i t  is n o t in  fac t p e rm itte d  to  ta k e  b lood sam ples from  ch ild ren  for non-m edical 
reasons and  we could  be tech n ica lly  com m ittin g  an  a ssa u lt on ch ildren  if  we 
d id  so. T h ird , we w a n te d  th e  s itu a tio n s  u n d er s tu d y  to  be as n a tu ra l as possible, 
because our in te re s ts  are m a in ly  in  th e  norm al physio logy  o f behav iou r. T he 
reaso n  for includ ing  sam ples o f  au tis tic  ch ild ren  in  th e  w o rk  w as to  t r y  and  
shed  lig h t on th e  n o rm a l ones b y  inc lud ing  an  ab n o rm al g roup  fo r com parison. 
T he question  does arise, how ever, w h e th e r u r in a ry  ca techo lam ine  levels are 
com parab le  to  b lood  levels, o r how  th e  tw o are  re la ted . I n  th eo ry , i t  could 
be argued  th a t  th e  tw o levels m ig h t v a ry  qu ite  d iffe ren tly  so le t us look a t  th is  
m a tte r . W e can d is tin g u ish  th re e  possib ilities: f ir s t  th a t  if  blood levels are 
h igh , u rin a ry  levels w ould  be low . T hus i t  could  be a rg u ed  th a t  if  th e  bo d y ’s 
needs fo r ad renaline  are g re a t, th e re  will be a h igh  ra te  o f  secre tion  in to  th e  
b loodstream , b u t owing to  a h ig h  ra te  of tak e -u p , use an d  b reak d o w n  excre ted  
levels w ould be low . T he oppo site  could also be argued : t h a t  a h igh secretion  
ra te  w ould be re flec ted  in  a h igh  excre tion  ra te . L as tly  i t  could be argued  
th a t  th e re  can be no clear re la tio n  betw een  th e  tw o because o f th e  com plex ity  
o f  th e  m etabolic  processes invo lved .

O ur stud ies h av e  been  b ased  on th e  second a ssu m p tio n , w hich underlies 
p rev ious w ork in  th e  fie ld  in  th e  USA  an d  in  Sw eden. B u t we have n o t ju s t  
m ade th e  assum ption . W e h a v e  a tte m p te d  to  es tab lish  th e  fac ts  b y  m easu r
in g  n o t ju s t  u r in a ry  ad ren a lin e  an d  n o rad ren a lin e , b u t  also th e ir  chief m e tab o l
ite s , m e tad rena line , n o rm e tad ren a lin e  an d  van il-m andelic  acid  (YMA). W e 
h av e  found  th a t  levels o f th e se  m etabo lites co -vary  w ith  th e  levels of th e  p r i
m a ry  catecholam ines in  th e  u rin e , i.e. w here one is h igh all are high, an d  vice 
v ersa . T his we have  in te rp re te d  to  m ean  th a t  a h igh  ex c re ted  level does indeed  
in d ica te  a h igh secre ted  level since o therw ise we could  ex p ec t to  fin d  a h igher 
or low er re la tiv e  level o f m e tab o lite s  to  p rim a ry  ca techo lam ines depending  
on  th e  e x te n t o f b o d y  ta k e  u p  o f th e  in itia l secretions. O ur fin d in g s also ind ica te  
t h a t  m easurem ents of u r in a ry  ad renaline  and  n o rad ren a lin e  alone are enough 
to  in d ica te  secre tion  levels since th e  m easu rem en t of th e  m etab o lites  does n o t 
ad d  e x tra  in fo rm atio n  a b o u t secretion  levels (besides being  tim e-consum ing  
a n d  ra th e r  d ifficu lt).

A second line o f ev idence in d ica tin g  th a t  u r in a ry  ca techo lam ine  levels are 
an  accu ra te  in d ic a to r  o f secre tio n  levels re la tes to  th e ir  fu n c tio n a l significance 
in  general. The ea rly  w ork  o f Ca n n o n  (1953) in  p a r tic u la r  in d ic a te d  th a t  a d ren a 
line  w as secreted  b y  th e  a d re n a l m edulla a t  tim es of em o tio n a l arousal and  
he suggested  th a t  i t  w as a ho rm one  fu n c tion ing  to  en rich  th e  co n ten t of th e  
b lood  b y  lib e ra tin g  in to  i t  s to re d  glygogen and  o th e r su b stan ces  useful fo r th e  
e ffic ien t fu n c tion ing  of c e n tra l bo d y  organs an d  m u scu la r tissue a t  tim es o f 
‘f ig h t or f lig h t’, e.g. in  em ergency  s itu a tio n s. I t  th u s  ac ts  as a back-up  system  
prolonging th e  im m ed ia te  effects of th e  sy m p a th e tic  n e rv o u s system  w hich 
prov ides an  in itia l boost a n d , in  fac t, a c tiv a tes  th e  ad ren a l m edulla itse lf  v ia 
th e  sp lanchnic nerve , c o n tra c tin g  it  to  discharge its  c o n ten ts  in to  th e  ad renal 
vein .

B ecause Ca n n o n ’s h y p o th es is  has received su p p o rt ev e r since and  been 
am plified  in  v a rious w ays, ad ren a lin e , and  to  some e x te n t n o rad renaline, too , 
h av e  often  been called  ‘s tre ss  horm ones’ an d  i t  is fo r th is  reason th a t  we 
h av e  focussed on th e m  in  o u r research . T here are  o th e r  ‘stress horm ones’, 
n o ta b ly  th e  ad ren a l co rtico -stero ids p roduced  b y  th e  a d re n a l co rtex , b u t  these
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are slow er ac tin g  an d  less sensitive m easu res of em otiona l experience th a n  
adrenaline . F in a lly , to  ro u n d  off these in tro d u c to ry  rem ark s, we shou ld  n o te  
th a t  in  th e  la s t  decade or so i t  has becom e in creasin g ly  possible to  m ake v e ry  
accu ra te  e s tim a tio n s  o f th e  q u a n tity  of ad ren a lin e  an d  n o rad renaline  p re sen t 
in sam ples, an d  we h av e  used  th e  m ost a c c u ra te  m e th o d  availab le a t  th e  tim e  
of s tu d y , n am ely  sp ec tro flu o ro m etry , a te c h n iq u e  based  on th e  f lu o rescen t 
p ro p e rty  of ad ren a lin e  and  noradrenaline  in  su ita b ly  p rep a red  sam ples coupled  
w ith  a c h a r t recorder. F u ll de ta ils  o f th e  m e th o d  used  can be fo u n d  in  D r. 
H elev u o ’s th es is  (1978), availab le  a t th e  B od le ian  L ib rary , O xford.

Other studies

B rief m en tio n  w ill now  be m ade of o th e r  re le v a n t stud ies m ade elsew here, 
and  in  ou r ow n d ep a rtm en t.

E lsew here, ca techo lam ine  stud ies have m a in ly  been  m ade in  th e  U SA an d  
Sweden, b u t  th e re  h av e  been some in  B r ita in , too . F o r  th e  m ost p a r t ,  people 
have been  s tu d ied  in  s itu a tio n s  w here th e re  is a clear e lem ent of psychological 
stress and  th e ir  ca techo lam ine  levels have b een  com pared  before, d u rin g  an d  
a fte r  a so-called  ‘s tre ss’ period. F o r exam ple  s tud ies have  been m ade o f free- 
fall p a ra c h u tis ts , people undergoing  d en ta l tr e a tm e n t,  people w atch ing  various 
k inds of film s, rac ing  d rivers, o rd in ary  d riv e rs , traw le rm en  w orking in d ifficu lt 
cond itions, ch ild ren  undergoing  m a th e m a tic a l te s ts , tra in  com m uters on 
crow ded tra in s , an d  saw m ill w orkers in re p e titiv e , no isy  w orking cond itions. 
Such s tu d ies  all ad d  up  to  a p ic tu re  of in c reased  ca techo lam ine  o u tp u t in  s tre ss 
ful cond itions (see Mason  1968, L ev i 1971).

W e shou ld  n o te , how ever, th a t  while th e  en v iro n m en ta l fac to rs h av e  been  
well described  an d  th e  catecholam ine levels accu ra te ly  m easured  th e  ac tu a l 
b eh av io u r accom pany ing  th e  stressfu l s itu a tio n s  has n o t no rm ally  been  describ 
ed in  any  sy s te m a tic  w ay. B y using th e  m e th o d s  of descrip tion  of e tho logy  we 
have b ro u g h t fa r  m ore accu racy  to  the  b e h a v io u ra l side of th e  s tu d y  in  our 
w ork on ch ild ren .

Besides th e  s tu d y  o f ch ild ren  w hich will be described  n e x t, we have  a t  O xford  
m ade a fu r th e r  series o f stud ies, some sm all-scale , o th e rs  larger. E ach  m e th o d  
(sm all, in d iv id u a l an d  large, pop u la tio n  s tu d ies) co n trib u te s  in  d iffe ren t w ays, 
as will be c lear la te r  in  th is  paper.

O n th e  in d iv id u a l side we h av e  co llected  d a ta  on a percussion ist in  a  rock  
b an d , le c tu re rs  in  o u r d e p a rtm e n t de livering  lec tu res  an d  sem inars, an d  s tu 
den ts  perfo rm ing  a t  exam ina tions. L o n g er-te rm  stu d ies  have in c lu d ed  24- 
h o u r and  one 2 -w eek s tu d y  of ind iv iduals, th u s  giving d a ta  on c ircad ian  rh y th m s  
as well as tim es  o f stress. These longer s tu d ie s  also invo lve  a d ia ry  o f ev en ts  
k e p t b y  th e  su b jec t. In  recen t stud ies we h a v e  ad d ed  d a ta  on h e a r t ra te , re s 
p ira to ry  ra te  a n d  sk in  resistance  to  th e  ca tech o lam in e  d a ta , using a M edilog 
a m b u la to ry  m o n ito rin g  device fo r th e  h e a r t  r a te  d a ta . F in a lly , we are  c u rre n tly  
engaged in  a large-scale  s tu d y  o f th e  h e a lth  an d  life-sty le  of the  a d u lt p o p u la 
tions o f a n u m b e r o f villages to  th e  n o rth  o f  O xford , an d  have co llected  u rine  
sam ples from  th ese  people an d  begun to  re la te  th e ir  catecho lam ine levels to  
aspec ts  o f th e ir  life-sty les such as occu p a tio n .
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The study of children

T his s tu d y  consisted  o f observa tions o f  tw o  ty p e s  of ch ild ren , n o rm a l an d  
a u tis tic , to  com pare  th e ir  beh av io u r an d  see i f  th e re  were a n y  co rre la tio n s  
b e tw een  th e ir  b e h av io u r and  th e ir  ca techo lam ine  excre tion  ra te s . T he a u tis tic  
g roup  w as inc luded  because i t  has been  suggested , n o ta b ly  b y  th e  T in b e r g e n s  
(1972), R ic h e r  (1976) and  o thers, t h a t  th e y  are  u n d er stress. W ould  th e y , 
th e n , show  an  u n d u ly  h igh level of ca techo lam ines?

W e d id  th e  s tu d y  tw ice over, once on a sam ple  of 10 n o rm al ch ild ren  aged 
5— 6 y ears  a t  a p rim a ry  school, an d  4 s lig h tly  o lder au tis tic  ch ild ren  a t te n d in g  
a h o sp ita l school (T able 1).

T a b le  1

Age, sex and weight of children in the first sample

Child
N o rm al o r 

a u tis tic S ex A ge (m onths) Wt(kg)

Anna normal F 6 8 19
Christine normal F 6 8 2 0
Helen normal F 6 8 23
Laura normal F 67 2 2
Linda normal F 65 33
Andrew normal M 67 2 0
Alex normal M 6 6 2 0
Michael normal M 62 18
Peter normal M 70 23
Tom normal M 63 19
Darrell autistic M 118 28
Henry autistic M 112 28
Ken autistic M 8 8 19
Sam autistic M 93 24

B eh av io u r w as reco rd ed  b y  an  observer (H . H e l e v u o ) in  th e  ro o m  w ith  th e  
ch ild ren , w ho w ere observed  in  a ran d o m ised  o rd e r w hich neverth e less  w as 
a d ju s te d  so t h a t  each  child  h ad  th e  sam e to ta l  observ a tio n  tim e . N o rm als  
were observed  over a to ta l  o f 6 m ornings, a u tis ts  could  only be o bserved  o n  5 
occasions an d  th ese  w ere afternoons. A checksheet sy stem  was used , b e h a v io u r  
being reco rd ed  in  th e  fo rm  of occurrence o r  non-occurrence o f specified  u n its  
of b eh av io u r d u rin g  th e  period concerned. T he u n its  are show n in T a b le  2 
to g e th e r  w ith  a se t o f categories in to  w hich  th e  u n its  were g rouped  fo r th e  sak e  
of la te r  analysis an d  com parisons. N ote  th e  ‘L ocom otion’ ca tegories in  th is  
tab le . T hese  w ere inc luded  because n o rad ren a lin e  levels in  p a r t ic u la r  are  
know n to  v a ry  accord ing  to  th e  e x te n t o f locom otor ac tiv ity , an d  we, th e re fo re , 
needed  th is  in fo rm a tio n  in  o rder to  in te rp re t no rad ren a lin e  find ings. T he o th e r  
categories are  m a in ly  descrip tive or m o tiv a tio n a l, an d  are b ased  on e a r lie r  
w ork  b y  m yself a n d  o thers on ch ild ren ’s b ehav iou r.

R egard ing  th e  u rin e  collection p rocedure , b lad d ers  were em p tied  fo r  all 
ch ild ren  before th e  o b se rv a tio n  period  an d  again  afterw ards. T he f ir s t  tim e  
th e  u rine  w as d iscarded , th e  second tim e  i t  w as saved , and  a liq u o ts  p re p a re d  
an d  frozen  fo r su b seq u en t analysis. F in a lly , a series of o v ern ig h t (i.e. f i r s t

198



u rin a tio n  in  th e  m orning) sam ples w as o b ta in ed  fo r each  child  (w ith  p a re n ta l 
help) for com parison  w ith  th e  d ay tim e  sam ples.

T he resu lts  o f the  f ir s t  y ea r 's  w o rk  (sam ple of ch ild ren  ju s t  described) 
w ere as follow s. T aking th e  ca techo lam ines f irs t, th e  c learest re su lts  w ere fo r 
ad rena line , w here there  w as a sign ifican t fin d in g  th a t  au tis ts  w ere excre ting  
m ore ad renaline  th a n  n o rm als  in  re la tio n  to  overn ig h t levels (F ig . 1).

In  fac t, a u tis tic  ch ild ren  seem ed to  h av e  u n u su a lly  low o v ern ig h t levels. 
H ow ever, th e  sam ple size w as too sm all fo r genera lisa tion , an d  we realised  
th e  need fo r a la rger s tu d y  to  confirm  or re jec t th is  find ing . T he ad rena line  
re su lts  are show n in F igu re  2.

R egard ing  behav iour, th e  clearest difference w as, as expected , in  solo b e 
h av io u r (F ig. 3). As th e  fig u re  shows, th e  tw o groups were w holly  sep a ra te  
fo r  these k inds of so lita ry  a c tiv ity . N o te  t h a t  th e  h igh levels o f solo b eh av io u r 
in d ica te  th a t  au tis tic  ch ild ren  are n o t in a c tiv e ; on th e  c o n tra ry  th e y  are doing 
th in g s  b u t tb e  th ings th e y  do are n o t social. I t  goes w ith o u t say ing  th a t  th e ir  
scores on ‘p o s itiv e ’ or ‘f r ie n d ly ’ social b e h a v io u r are low er th a n  th o se  of n o rm a l 
ch ild ren , as F ig . 4 ( In it ia te  A ssociative) show s. Some in d iv id u a l au tis ts  
d id , how ever, show  occasional o u tb u rs ts  o f v e ry  aggressive b eh av io u r.

W e an a lysed  th e  re la tio n  betw een  b eh av io u r and  ca techo lam ines fo r all 
th e  ch ildren , n o rm al and  a u tis tic , to g e th e r . T his show ed a n u m b e r o f co rre la 
tio n s , as show n in  the  T ab le  3. M ost o f  th e  co rre la tions arose, as can  be seen, 
w hen  d ay /n ig h t ra tio s  w ere used  ra th e r  th a n  d ay tim e  levels. P a r t  o f th e  reason  
fo r th is  is doub tless th e  e x te n t of in d iv id u a l v a r ia b ility  in  a c tu a l levels of 
ca techo lam ine  ‘arousal’. As was seen in  th e  overall ad renaline  re su lts , in tra -  
in d iv id u a l va rian ce  was considerab ly  less th a n  in te r-in d iv id u a l v arian ce , i.e. 
th e  ch ildren  show ed d a y -to -d a y  co n stan cy  in  th e ir  ca techo lam ine  levels. T his
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Fig. 1: Ratio of mean daytime epinephrine excretion rates to night-time excretion rates, 
first sample. Normal mean 2.9, autistic mean 8.3. t test, 2.55, P <  0.05



Fig. 2: Individual variation in epinephrine excretion rates, first sample



Fig. 3: Individual variation in solo behaviour, first sample. (For explanation of signs see
Fig. 2)
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2 0 2

Fig. 4: Initiate associative behaviour scores, first sample (signs as in Fig. 2)



Fig. 6: Individual variation (means ±  SE) in Initiative Associative behaviour, second sample
(signs as in Fig. 2)
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Fig. 5: Individual variation in norepinephrine excretion rates, second sample (signs as in
Fig. 2)



Table

Behaviour catalogue used. —Units of behaviour recorded are shown in the body of the

L o com otion
0

(im m obile)

L ocom otion
1

(Minor)

Locom otion
2

(M edium )

L o com otion
3

(M ajor)
Solo

b eh av io u r
Schoo l-o rien ted

b e h av io u r

Sit doing noth
ing

Sit & write Climb Run Self groom Be given task

Stand doing 
nothing

Stand & paint Walk Jump Talk to self Be commanded

Crouch doing 
nothing

Stand & play Crawl Hop Vocalize to 
self

Do task

Lie doing noth
ing

Sit & drink Shrug Swing Self display Play

Kneel Place walk Hang Mouthe Go to teacher

Twist Dance Gaze Talk to teacher

Balance Play heat Look at ob
ject

Shew to teacher

Roll Move heavy 
things

Glance Comply

Any Tremor Stare Non-comply

Watch Listen

Question/ask
permission

Be scolded

Look at teacher

Be talked to by 
teacher

Be praised
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table. Column heads denote names of categories into which units were grouped

In i t ia te  . 
assoc ia tive  R eceive associative 
b e h a v io u r b e h av io u r

In itia tiv e
assertive

b ehav iour

R eceive
a sse rtiv e
b eh av io u r

In it ia te
aggressive
beh av io u r

R ece iv e
aggressive
b e h a v io u r

Smile Be approached Command Be command
ed

Provoke Be provoked

Go to Receive object Try to take Be taken 
from

Hit Be liit

Give object Be helped Akimbo Be pointed 
at

Push Be pushed

Help Be soothed Search Be asserted 
to

Grab Be grabbed

Soothe Be hugged Point Wrestle Be kicked

Hug Be patted Demand Kick Be bitten

Pat Be kissed Take Bite Be schratched

Kiss Receive contact Assert Scratch Be shown ton
gue

Physical con
tact

Receive atten
tion

Tongue out Be banged

Hand in hand Be shown to Bang object 
with object

Be thrown

Seek attention Be asked com
pany

T antrum

Show to X Be talked to 
by peer

Rough and 
tumble

Ask company Be looked at Throw

Talk to peer Be talked to by 
me

Talk to me

Look at peer

Look at me
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Table 3

Correlations between behaviour scores and catecholamine excretion 
rate; first sample

B eh av io u r C atecholam ine r B P<

High initiate associative low E d/n* 0.568 0.05
High initiate aggressive high MN d 0.542 0.02
High solo high ill d/n 0.749 0.01
High receive associative low E d/n 0.547 0.05
High initiate assertive low E d/n 0.640 0.05
High total locomotion high NE d/n 0.644 0.05
High total locomotion high MN d/n 0.532 0.05
High total locomotion high VMA d|n 0.552 0.05

* d , d a y ;  d /n , d ay /n ig h t.
r B: co rre la tio n  co effic ien t b e tw e en  b e h a v io u r  score a n d  c a tech o lam in e  e x c re tio n  level 
(S p earm an  R a n k  C o rre la tio n , N  =  14; 10 n o rm a ls, 4  au tis ts )

confirm s earlie r Sw edish find ings, an d  th e  w ork  of Mo n tagner  e t al. (1978) 
in  co rticoste ro id  levels.

O w ing to  th e  sm all sam ple size, as s ta te d , we re p e a te d  th e  s tu d y  d u rin g  th e  
second y ea r on  a la rg e r n u m b er of ch ild ren . T h ere  w ere 20 n o rm al an d  18 
a u tis tic  ch ild ren . T he n o rm a l ch ild ren  w ere in  a d ifferen t O xford  p r im a ry  
school. T he a u tis ts  w ere m ade up  of th e  4 fro m  th e  f ir s t  sam ple p lus 6 m ore 
from  th a t  H o sp ita l school p lus a fu r th e r  8 fro m  an  au tis tic  school in  E a lin g . 
D a ta  w ere co llected  on  4 consecutive m orn ings, to g e th e r w ith  o v e rn ig h t 
sam ples, fo r all ch ild ren  (Table 4).

R esu lts  o f th e  la rg e r second s tu d y  w ere in  som e respects  in te re s tin g  an d  in  
o thers d isappo in ting .

F igu re  5 show s th e  catecho lam ine resu lts  fo r  th e  second sam ple, show ing 
n o rad ren a lin e  on th is  occasion, m ain ly  to  illu s tra te  once again  th a t  th e  e x te n t  
of in tra - in d iv id u a l v a r ia tio n  is considerab ly  less th a n  th a t  of in te r- in d iv id u a l 
v a ria tio n , i.e. ch ild ren  are  fa irly  co n sis ten t in  th e ir  in d iv id u a l ca techo lam ine  
o u tp u t levels fro m  d ay  to  d ay , b u t  v a ry  co n sid e rab ly  from  one an o th e r. A u tis tic  
ch ild ren  an d  no rm als  d id  n o t  differ co n sis ten tly  fo r an y  of th e  ca techo lam ines 
m easured , e ith e r  w ith  re g a rd  to  d ay tim e  levels o r d ay : n ig h t ra tio s .

In  b eh av io u r th e  sam e differences w ere fo u n d  as before; again  th e re  w as 
a com plete  sep a ra tio n  betw een  th e  a u tis ts  an d  th e  norm als w ith  reg a rd  to  
solo b eh av io u r, a n d  associa tive  b eh av io u r (F ig . 6).

D isa p p o in tm e n t cam e, how ever, w hen  we so u g h t th e  b eh av io u r: c a tech o l
am ine co rre la tions fo u n d  in  th e  f irs t sam ple. N one o f th e  p red ic ted  co rre la tio n s 
were found . W orse s till, no o thers w ere fo u n d  e ith e r. In  o th e r w ords, w iden ing  
the  sam ple size led  to  th e  d isappearance  of all th e  beh av io u r: ca techo lam ine  
corre la tions, a n d  th is  n a tu ra lly  le ft us in  som e bew ilderm en t.

Conclusions

C learly, th e  f i r s t  conclusion we m u st com e to  is th a t  th e re  are  no  one-to - 
one co rre la tions b e tw een  ty p es  of h u m an  b e h av io u r (a t  leas t those  we s tu d ied ) 
and  ca techo lam ine  ex cre tio n  levels (perhaps also o th e r aspects o f physio logy  
co rre la ted  w ith  ‘s tre ss’).
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Table 4

Subjects studied in the second sample

chad N orm al/autistic  • Sex Wt(Vg)

Nora N F 81 26
Margaret N F 65 20
Patricia N F 65 19
Julie N F 62 17
Nina N F 81 21
Suzanna N F 61 19
Rosemary N F 63 24
Elizabeth N F 62 17
Jayne N F 83 23
Carol N F 65 22
Richard N M 82 24
Bob N M 63 20
Shaun N M 66 22
Barry N M 65 21
John N M 63 22
Brian N M 83 23
Tim N M 62 18
Steve N M 82 22
Martin N M 81 28
Jeremy N M 81 24
Cecily A F 125 28
Adam A M 120 35
Sam* A M 111 27
Ken* A M 106 22
Robin A M 69 15
Darrell* A M 135 35
Henry* A M 129 33
Arthur A M 136 25
Colin A M 125 25
Hubert A M 130 29
Terry AS M 101 23
Mel AS M 137 28
Randolph AS M 69 25
William AS M 62 23
George AS M 155 47
Hamilton AS M 118 32
Edward AS M 85 26
Ben AS M 113 42

* N  =  norm al, A =  au tistic  S m ith , A S =  au tistic  Springhallow , J =  age in  m on th s, * =  also stu died  in sam ple I

Second, we can  say  th a t  w hile a u tis tic  an d  n o rm al ch ild ren  differ d ram a tica lly  
from  each  o th e r in  th e ir  b eh av io u r p a tte rn s , physio log ically  th e y  do n o t  differ, 
a t  le a s t n o t w hen  large  sam ples are  considered  to g e th e r.

N evertheless th e re  are o th e r  w ays of looking a t  th e  d a ta , an d  th is  we h av e  
done, lead ing  to  a m ore p ro d u c tiv e  conclusion.

T he sm aller sam ple h ad  y ie lded  a t  le a s t some co rre la tions an d  we, th e re fo re , 
to o k  an  en tire ly  d iffe ren t look a t  th e  d a ta , considering each  in d iv id u a l s e p a ra te 
ly . As a lread y  p o in ted  o u t, ch ild ren  (b o th  no rm al an d  au tis tic ) te n d  to  show  
c h a rac te ris tic  form s of b eh av io u r an d  ch a rac te ris tic  ca techo lam ine  levels. 
Since th e re  is no overall co rre la tio n , we m u st conclude th a t  in d iv id u a l ch ild ren

207



h av e  th e ir  own ch a rac te ris tic  co rre la tio n  p a tte rn . T h a t, how ever, te lls  us 
n o th in g  in  fu n c tio n a l te rm s.

H ow , th e n , m ay  ca techo lam ines be re la te d  fu n c tio n a lly  to  behav iour?  W e 
n o te d  th a t  th e  a u tis ts , b e h av io u ra lly  q u ite  ab n o rm al, w ere physio logically  
no rm al w ith  reg ard  to  ‘s tre ss’ horm one e.g. th e ir  s tress level w as u n d e r con tro l 
a t  th e  physio logical level. I t  cou ld , th ere fo re , be t h a t  th e ir  b eh av io u r has u n d e r
gone a rad ica l a d ju s tm e n t in  o rd e r to  b ring  th e ir  s tress sy s tem  in to  a ‘n o rm a l’ 
region. T h is w ould be  to  reg a rd  b eh av io u r as a ‘coping’ m echan ism . I f  we assum e 
th a t ,  fo r th em , social in te ra c tio n  is physio log ically  stressfu l, th e n  th e ir  w ith 
draw al in to  them selves is a k in d  of ‘bu ffe ring ’ process, keep ing  th em  o u t of 
social s itu a tio n s th a t  m igh t be overarousing  physio log ically  an d  lead  to  rap id  
exhau stio n .

A lthough  our s tu d ies  have  n o t y e t been ad e q u a te ly  designed  to  te s t  th is  
idea  p roperly , a look a t  in d iv id u a l cases in  th e  s tu d y  a lread y  m ade te n d s  to  
confirm  th is  idea. O n a few occasions we w ere observ ing  a u tis tic  ch ild ren  who 
fo r some reason w ere forced  in to  social in te ra c tio n . I n  one case, fo r exam ple , 
a boy  d ropped  a b o ttle  o f m ilk  an d  w as to ld  off fo r i t  d u rin g  o u r s tu d y  period . 
T he re su lt in  te rm s of his ad ren a lin e  level w as d ram a tic  —  i t  rose ex cep tio n 
a lly  h igh.

This to o , of course, ties in  w ith  our o th e r  s tud ies on in d iv id u a ls  m en tio n ed  
a t  th e  o u tse t, and  th e  w ork  of o th ers  re la tin g  ad renaline  to  perceived  s tress. 
B u t m ore im p o r ta n tly  i t  does tw o th ings. F irs t  i t  su p p o rts  th e  idea (w hich 
has been  and  still is challenged) th a t  au tis tic  ch ild ren  are show ing a response 
to  stress. W e suggest th e y  b av e  been  b a d ly  s tressed  an d  h av e  responded  b y  
w ith d raw al. W e do n o t  conclude th a t  th e  stress could  h av e  been  avo ided  or 
th a t  anyone is to  b lam e fo r i t  —  these  ch ild ren  m ay  even be  genetica lly  over
sensitive to  norm al s itu a tio n s .

Second, we can  see th e  genera l re la tio n  b e tw een  b eh av io u r and  physio log
ical levels as one in  w hich th e  fo rm er serves as a k ind  o f a d a p ta tio n  to  th e  
perceived  en v iro n m en t, m ak ing  sure th e  b o d y  system s h av e  th e  b est chance 
of norm al, reg u la r fu n c tio n in g  (only  occasionally  su b jec tin g  i t  to  in su lts , 
e.g. w hen  d rink ing  h eav ily  or engaging in  a th le tic  sports). M ost p a rticu la rly , 
we use our social b eh av io u r to  reg u la te  th e  n ervous stress re su ltin g  from  social 
re la tionsh ips. This is a su b jec t th a t  needs m u ch  fu r th e r  s tu d y .
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ON THE RELATIONSHIP BETWEEN THE NUMBER 
OF SIBS, RANK IN SIBSHIP AND THE WEIGHT 
DEVELOPMENT IN CHILDREN AND JUVENILES

b y  J .  R ic h t e r

(Public Health Office for Children and Juveniles, Görlitz, G. D. R.)

A b s t r a c t .  For a regular consecutive routine examination of 2398 Goerlitz 
children, born in the years from 1957 to 1959 and studied over a 15 years period, 
correlations between weight development and the number of siblings, as well as 
the position in the sibship were observed. Contrary to many statements appear
ing time and again on the anthropological and medical literature during the 
past decades, the author states on the basis of his examination results, that 
neither the number of siblings nor the position in the sibship has any significant 
influence on the development of the body weight of children and juveniles.

Key words: growth and development, weight, number of sibs, rank in sibship, 
Görlitz/GDR.

O f a v a r ie ty  of an th ro p o lo g ica l phenom ena we know  to d a y  fo r su re  th a t  in  
ch ild ren  o f th e  sam e p a ren ts  th e y  show  a d irec t dependence on  th e  n u m b e r of 
sibs or on th e  ra n k  of th e  p ro b a n d  in th e  sibship, respective ly . W e th u s  rep p ea t- 
ed ly  fo und , fo r in stan ce , co rre la tiv e  coherence betw een  age a t  m enarcbe  and  
n u m b e r o f sibs (R ic h t e r  1970). W e are also able to  a sce rta in  t h a t  only  ch ild ren  
experience th e ir  m enarche  s ig n ifican tly  earlie r th a n  ch ild ren  hav ing  one or 
tw o  sibs, an d  in th ese  girls —  again  s ta tis tic a lly  a sce rta in ed  —- i t  appears 
d is tin c tly  earlie r th a n  in ch ild ren  w ith  th ree  or m ore sibs (R ic h t e r  1971).

W ith  reg a rd  to  th e  w eigh t d ev e lopm en t of ch ildren , K n u ssm ann  (1976) 
as well as P u d el  an d  J ung (1974, 1975) claim  th a t  overw eigh t was to  be m ost 
f re q u e n tly  observed  w ith  o n ly  ch ildren . Gossmann an d  S e n d e r —E r pe l t  
(1976) s ta te  th a t  overw eigh t ch ild ren  m ore often  stem  fro m  sm all fam ilies 
an d , in  p a rtic u la r , are  m ore o ften  only  ch ild ren  th a n  th e ir  s lender co n tem p o ra 
ries. F ro m  83 adipose ju ven iles 14 (16.9% ) were only  ch ild ren , while in  a n o th e r 
co n tro l g roup  of 84 non-adipose ju v en iles  th e re  were only 9 (10 .7% ). In  fam ilies 
w ith  one adipose child  th e  average  n u m b er of ch ildren  p e r fam iliy  w as 2 .6  as 
co m p ared  w ith  3.14 ch ildren  in  fam ilies of th e  con tro l g roup . Spr a n g er  (1975) 
p o in ts  o u t th a t  obese ch ildren  are  m ore freq u en tly  only ch ild ren . In  his in 
v e s tig a tio n  on 300 adipose p u p ils , D e h l e r  (1975) found  m ore th a n  50%  only  
o r f irs t ch ildren . O nly  25%  cam e from  large fam ilies. T he au th o rs  a tta c h in g  
im p o rtan ce  to  th e  on ly  child  s itu a tio n  th e  developm ent of overw eigh t, prove 
th is  w ith  slig h t v a ria tio n s  like B ruch  (1970), who po in ts  o u t th a t  p a ren ts  
o ften  te n d  to  consider th e ir  o n ly  child  a p a rticu la rly  precious p ro p e rty  upon  
w hom  th e  b est o f t re a tm e n ts  is bestow ed including  —  w rong ly  th o u g h  —- 
overfeed ing , b u t  d isregard  th e  ac tu a l needs of th e  child . I t  is considered  ra th e r

14 Anthropologin! Közlemények 209



an  o b jec t whose ta s k  is to  m ee t th e  p re tensions o f its  p a re n ts  an d  to  m ake up  
fo r a n y  failures an d  fru s tra tio n s  th e y  m ay  have  su ffered  in  th e ir  own lives. 
S ä lzler  (1964) p o s tu la te s  a re la tio n  betw een  n u m b e r o f ch ild ren  and  bo d y  
developm ent as being h ig h ly  in d ep en d en t o f th e  social su rround ings, i.e. for 
in s tan ce , an  in s ig n ifican tly  low er average w eigh t can  be fo u n d  w ith  fou r or 
m ore children  in  th e  fam ily . W ith  6.6  years old boys th e  a u th o r  could observe 
an  average  w eight o f 21.05 kg . O nly  ch ildren  an d  ch ild ren  w ith  one sib w eighed 
21.31 kg on an average , w hereas th e  m ean  value fo r ch ild ren  w ith  th ree  or m ore 
sibs w as 19.22 kg. W ith  ad ipose 10 years old boys T ie f e n b a c h  (1966) fin d s an  
average  of 1.7 sibs, w ith  n o rm a l w eight boys 1.8, co n seq u en tly  no s ta tis tic a l 
significance. In  h is op in ion  th e  only  child  s itu a tio n  w as b y  no m eans m ore 
f re q u e n t fo r th e  adipose th a n  fo r th e  no rm al w eigh t child .

T h e  position  o f th e  ad ipose child  in  th e  fam ily  is s tr ik tin g ly  often  exposed 
to  d isad v an tag es. In  th e  m a jo rity  of cases th e y  are p am p ered  la te -b o rn  or 
f i r s t  children  w ho have b een  h an d icap p ed  b y  a ra p id  succession of fu r th e r  sibs. 
A ccording to  Gu t e z e it  (1972) only  and  la te -b o rn  ch ild ren  are often  exposed 
to  o v erp ro tec tiv e  m o thers.

A m ong 300 ad ipose ch ild ren  D e h l e r  (1975) fo u n d  51 %  f ir s t  ones. Also 
B o lté  (1975) could  observe o n ly  child  s itu a tio n  w ith  overw eigh t ch ildren  a t  a 
g re a te r  th a n  acc id en ta l freq u en cy  or, c o n tra ry  to  th is , a positio n  as th e  y o u n g 
est child  in th e  sibsh ip . T ie f e n b a c h  (1966), how ever, cou ld  n e ith e r  confirm  
th e  significance o f th e  b ir th  succession fo r th e  fu tu re  deve lopm en t of b o d y  
w e igh t, no r d id  he observe a n y  conspicuities in  th e  p o sitio n  o f th e  overw eight 
ch ild ren  w ith in  th e  sibsh ip . Since th ere  are still ra th e r  c o n tra d ic to ry  opinions 
as to  th e  problem s of th e  re la tio n  betw een  b o d y  w eigh t developm en t, on th e  
one h an d , and  th e  position  in  th e  sibship as w ell as th e  n u m b e r of sibs, on th e  
o th e r, we in co rp o ra ted  th is  se t of problem s in  th e  e v a lu a tio n  of a series of 
lo n g itu d in a l ex am in a tio n s  in  G oerlitz children .

I n  p resen t a b rie f  re p o rt on  th e  resu lts  o f our in v estig a tio n s is as follows.
F ro m  th e  d ay  o f th e ir  b ir th  u p  to  th e ir  g rad u a tio n  fro m  school, all ch ild ren  

b o rn  in  G oerlitz b e tw een  1957 and  1959 w ere su b jec t to  reg u la r long itu d in a l 
series ex am in a tio n  on w hich  we p rev iously  rep o rted  sev era l tim es (G rzeg o rek  
e t  al. 1977, K ir b is  e t al. 1978, 1979, R ic h t e r  1970, 1971, 1977, 1978a, 
1978b, 1979a, 1979b). D u rin g  th e ir  f irs t y e a r  o f life all ch ild ren  w ere e x am 
in ed  a t  least once a m o n th , in  th e ir  second and  th i rd  years a t  least once 
in  th re e  m on ths, th e n  till  school-age a t  le a s t once a y e a r  and , during  th e  
en tire  tim e  of th e ir  school e d u ca tio n , a t  th ree  y ea rs  in te rv a l. The la s t ex am in a
tio n  to o k  place w ith in  th e  m ed ica l ex am in a tio n  a t  leav in g  school w hich, as a 
m a t te r  of p rincip le , is be ing  carried  th ro u g h  in  th e  n in th  class so th a t  th e  
tim e  necessary  fo r  v o ca tio n a l guidance an d  re h a b ilita tiv e  m easures can  be 
ga ined . T hus th e  fin d in g s o f a lto g e th e r 2.398 exam ined  ch ild ren  (1.215 boys 
an d  1.183 girls) w ere av a ilab le  fo r eva lu a tio n . W e to o k  th e  som atogram s of 
Marcusson  (1961) as a basis  fo r  th e  v a lu a tio n  o f th e  b o d y  w eight. T he s ta t is 
t ic a l  ev a lu a tio n  o f  th e  f in d in g s w as perform ed a t  th e  c o m p u ta tio n  cen te r of th e  
M artin  L u th e r U n iv e rs ity , H alle -W itten b erg .

A s to  the  n u m b e r o f sibs an d  th e  body  w eigh t p a tte rn , we could no t f in d  
a n y  s ta tis tic a lly  s ig n ifican t corre la tions. O ur re su lts  are  th u s  in  abso lu te  
co n fo rm ity  w ith  th e  f in d in g s o f  T ie fe n b a c h  (1966). T h e  g lobal s ta te m e n ts  of 
th e  o th e r  au th o rs  on ex is tin g  correlations can n o t be con firm ed  b y  us in  an y  
d e ta il. O f in te re s t is th e  fa c t, t h a t  am ong our p ro b an d s  we fo u n d  17.4%  on ly
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ch ild ren , 35 .5%  ch ild ren  w ith  one sib , 23 .2%  w ith  tw o sibs an d  12%  each 
th re e , fo u r an d  m ore sibs, respective ly .

R egard ing  th e  re la tio n sh ip  betw een  b o d y  w eigh t p a tte rn  and  position  in  
th e  sihsh ip  o u r ex tensive  find ings d id  n o t allow us to  confirm  th e  acco rd an t 
s ta te m e n ts  of th e  a u th o rs  p o stu la tin g  such  a re la tio n sh ip  e ith er. A t no  tim e  of 
th e  in v es tig a tio n  d id  th e  s ta tis tic a l analysis p rove an y  s ign ifican t re la tionsh ip  
be tw een  d ev ia tio n  from  th e  s ta n d a rd  w eigh t an d  th e  positio n  in  th e  sibship , 
n o t  even w hen  th e  sex o f  th e  p ro b an d s  w as ta k e n  in to  considera tion . T hus 
also in  th is  re p o rt our s ta te m e n ts  confirm  th e  find ings o f T ie fe n b a c h  (1966) 
w ho d id  n o t f in d  an y  co rre la tio n  b e tw een  th e  ra n k  in  th e  sibship  an d  la te r  
b o d y  w eigh t developm ent.
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POSTURAL CHANGES DUE TO KYPHOSIS AND 
LORDOSIS IN FEMALES WITH SPECIAL REGARDS TO

SENESCENCE

by L. S. SlDHU and P. SlNGAL

(Department of Human Biology, Punjabi University, Patiala, India)

A b s t r a c t .  The postural changes in the females of two important communities 
of Panjab: Jat Sikh and Bania have been studied in the present paper. These 
two communities are traditionally engaged in different types of occupation. 
The former is an agriculturist, the latter a trading community. Kyphosis and 
lordosis have been measured with a flexicurve on 502 Jat Sikh and 510 Bania 
women. The range of ages of the sample varies from 20 to 80 years. An attempt 
has been made to study the postural changes due to kyphosis in relation to 
occupation, climacterics, spinal length and body weight. Kyphosis was found to 
increase with age, especially after the age of 50. Climacterics and body weight 
seem to play an important role in modifying the shape of the spinal curvature.

Key words: physique, postural changes, aging, kyphosis, lordosis, Jat-Sikh 
women, Banias women, India.

Introduction

A special fe a tu re  of o ld  age is th e  change in  p o stu re . A n increase o f kyphosis 
and  a decrease o f lo rdosis w ith  increasing  age have  been  rep o rted  by  m an y  
in v es tig a to rs  (Ta k a h a sh i an d  A tsum i 1955, Cow an  1965, Abe  1971, U r ist  
e t al. 1970, Mil n e  an d  L a u d a r  1974). T hese changes in  th e  sp inal c u rv a tu re  
have  been a t t r ib u te d  to  d iffe ren t fac to rs  b y  d iffe ren t in v estig a to rs . T a k a h a sh i 
and  A tsum i (1955) a t t r ib u te d  th e m  to  life-long h a b its  o f postu re  an d  o ccu p a
tio n . A b e  (1971) s tu d ie d  tw o  com m unities engaged  in  farm ing  an d  fish ing  
an d  a t t r ib u te d  th e  changes to  th e  d ifferences in  th e  in ta k e  of food  as m ore 
kyphosis w as fo u n d  in  th e  fa rm ing  co m m u n ity . U r ist  e t al. (1970) in d ica ted  
th a t  in  aging w om en osteoporosis led  to  a c c e n tu a tio n  of the  dorsal p o ste rio r 
curve an d  rev e rsa l o f th e  an te rio r  lu m b ar cu rv e  w ith  increasing  age. Mil n e  
and  Lau d a r  (1974) re p o rte d  th e  increase in  kyphosis  an d  decrease in  lordosis 
due to  aging a f te r  50 y ea rs  of age in  fem ales an d  60 years of age in  m ales. 
Bow ed legs w ith  f la t  fe e t due to  aging h av e  also been  rep o rted  b y  H im es  
an d  Mu e l l e r  (1977). T h e  p resen t p ap e r is a p a r t  o f th e  s tu d y  of m orpho log i
cal age changes in  th e  fem ales o f tw o  com m unities. I n  th is  p ap e r only  th e  
changes in  th e  sp ina l c u rv a tu re  w ith  increasing  age h av e  been d ea lt w ith .

Material and Methods

T he resu lts  are  based  on cross sectional d a ta  collected in  1012 sub jec ts  
(502 Ja t-S ik h s  510 B an ias) rang ing  in  age from  20 to  80 years. These tw o  
com m unities are  endogam ous on caste  level. T he J a t-S ik h  is tra d itio n a lly  an
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a g ric u ltu ris t co m m u n ity  w hich lives m o stly  in  villages, w hereas th e  B an ia  is 
tra d itio n a lly  a tra d in g  co m m u n ity  a n d  is m o stly  liv ing in  c ities.

T he sp in a l cu rv a tu re  and  th e  overly ing  f a t ty  tissu e  have been  reco rded  w ith  
th e  help  o f a “ flex icu rve” . T h is in s tru m e n t is a s tr ip  of lead  wires covered  
w ith  p la s tic  and  is ab o u t 60 cm  in  len g th . I t  bends in  one p lane on ly  a n d  re ta in s  
th e  sh ap e  in to  w hich  i t  is b e n t, so i t  c an  be used to  copy a n y  cu rv ed  surface. 
I t  is p laced  on th e  su b jec t’s back , w ith  one end  on  th e  7 th  cerv ica l sp ine  and  
closely app lied  to  th e  m idline o f th e  b ack , th e  su b jec t being  asked  to  s ta n d  
as e rec t as possible. The level o f th e  lu m b o sac ra l jo in t is m ark ed  on th e  f le x i
curve w ith  a grease pencil, a f te r  w hich th e  in s tru m e n t is la id  on  a w h ite  sheet 
o f p a p e r  an d  th e  sp inal curve copied b y  ru n n in g  a pencil along th e  flex icu rv e . 
T he le tte rs  used  in  describ ing th e  cu rve  are  p re sen ted  in  F ig . 1 (a f te r  M il n e  
& La u d a r  1974).

In  F ig . 1 H  rep resen ts  th e  whole le n g th  of th e  curve an d  is called  sp inal 
len g th . T h e  end  o f th e  curve has been jo in e d  w ith  a s tra ig h t line. P e rp en d icu la rs  
B an d  D  d raw n  to  th e  po in ts  fa r th e s t  f ro m  th e  s tra ig h t line show  th e  m easure  
of kyph o sis  and  lordosis, respective ly . D im ension  E  is th a t  p a r t  of th e  s tra ig h t 
line, fro m  th e  cephalic end  o f th e  cu rve  to  th e  p o in t, w here th e  cu rv e  crosses 
th e  s tra ig h t  line. D im ension G is th e  k y p h o tic  p a r t  o f th e  cu rve  w hich  corre
sponds to  E .

Fig. 1: Types of spinal curve recorded with the flexicurve (after M i l n e  and L a u d a r  1974)

K yphosis

T he changes w ith  increasing  age in  p e rp en d icu la r B (kyphosis) are p re sen ted  
in  T ab le  1 an d  Fig. 2. I t  has been o bserved  th a t  th e re  is a genera l t r e n d  of 
increase in  kyphosis up  to  th e  age g roup  o f 35— 39 years. T he co n d itio n  has
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Fig. 2: Distance curves and velocity curves of B (kyphosis) in Jat-Sikh and Bania women

increased  b y  0.19 cm  in  Ja t-S ik h  an d  0.17 cm  in  B an ia  fem ales of t h a t  age 
group . Follow ing th e  age g roup  of 35— 39 th e  k yphosis  decreases b y  0.24 cm 
in  Ja t-S ik h s  an d  0.47 cm  in  B anias. I t  is only  a fte r  th e  age g roup  of 45— 49 
th a t  kyphosis show s a general tre n d  of increase w ith  advancing  age. A to ta l  
increase o f 0.52 cm  in  Ja t-S ik h s  an d  0.75 cm  in B an ias  to o k  place u p  to  70-f- 
years o f age.

As ev id en t from  th e  d istance  an d  ve lo c ity  curves th e  p a t te rn  o f increase an d  
decrease is s im ila r in  th e  tw o  com m unities.

W hile ca lcu la tin g  corre la tions of B w ith  age, sp in a l len g th  an d  w eigh t, i t  
is been  no ticed  th a t  B is also dep en d en t u p o n  these  m easu rem en ts (T ables 2, 
3 an d  4). So th a t  on ly  th e  effect of age on kyphosis  could  be stu d ied , a va riab le  
w as selected , w hich  m easu red  th e  effect o f age on  kyphosis an d  w as least 
affected  b y  sp ina l le n g th  an d  w eight. F o r  th is  pu rpose  v ariab les log B , B /E , 
B /G , an d  B /H  w ere exam ined .
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Table 1
Mean and some other statistical constants of Kyphosis B of Jat-Sikh and Bania females,

classified in age groups

Age group
(yr) N M ean S E SD S E cv V elocity

JAT-SIKH

20 -2 4 49 2.32 0.08 0.55 0.06 23.59 _
25 -2 9 68 2.24 0 . 1 2 0.98 0.08 43.73 -0 .0 8
30 -34 69 2.47 0 . 1 2 0.99 0.08 40.17 0.23
35 -3 9 50 2.51 0.15 1.03 0 . 1 0 41.13 0.04
40 -4 4 57 2.40 0.13 1 .0 0 0.09 41.55 - 0 . 1 1
45 -4 9 52 2.27 0.13 0.90 0.09 39.68 -0 .1 3
50 -54 45 2.60 0.16 1 .1 0 0 . 1 2 42.19 0.33
55 -5 9 35 2.60 0.19 1.13 0.13 43.31 0 . 0 0
60 -6 4 26 2.73 0.25 1.30 0.18 47.62 0.13
6 5 -6 9 25 2.70 0.19 0.96 0.14 35.39 -0 .0 3
70 + 26 2.78 0.29 1.47 0 . 2 0 52.81 0.08

BANIA

20 -2 4 53 2.90 0.17 1.27 0 . 1 2 43.86 _
25-29 45 3.16 0 .1 1 0.75 0.08 23.86 0.26
30 -3 4 55 2.90 0 . 1 1 0.82 0.08 28.21 -0 .2 6
35 -39 44 3.07 0.15 0.97 0 . 1 0 31.73 0.17
40—44 70 2.86 0.13 1.08 0.09 37.57 - 0 . 2 1
4 5 -4 9 59 2.60 0.14 1 .1 0 0 . 1 0 42.35 -0 .2 6
50 -5 4 59 2.76 0.13 0.99 0.09 35.96 0.16
55 -5 9 32 2.81 0.07 0.40 0.05 41.23 0.05
6 0 -6 4 34 2.94 0 . 1 1 0.66 0.08 22.38 0.13
6 5 -6 9 25 3.12 0.18 0.91 0.13 29.33 0.18
70 + 34 3.35 0 .2 1 1 .2 0 0.15 35.80 0.23

Table 2
Regression and correlation coefficients of B and derived indices on age in Jat-Sikh

and Bania females

In d ex
F em ales Fem ales

K r 1 K 1 *

JAT-SIKH
20--49 (N =  344) 4 5 - 7 0 +  (N =  209)

B 0.002 0.022 0.018 0.145
log B —0.000 -0 .002 0.002 0.096
B/H 0.000 0.027 0.000 0.169
B/E 0.000 0.093 0.000 0.134
B/G 0.000 0.112* 0.000 0.128

BANIA
2 0 -4 9  (N =  326) 4 5 -7 0 +  (N =  243)

B -0 .012 -0 .099 0.027 0.277
log B —0.002 —0.081 0.005 0.291
B/H —0.000 —0.008 0.001 0.323
B/E —0.000 —0.060 0.001 0.334
B/G —0.000 —0.056 0.001 0.339

* Statistically significant at 5% level
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Table 3

Regression and correlation coefficients of B and derived indices on spinal
length (H)

JAT-SKIH
20- 4 9  (N =  344) 4 5 -7 0 +  (N == 209)

B 0.111 0.276* 0.118 0.269*
log B 0.024 0.267* 0.021 0.252*
B/H 0.001 0.143* 0.001 0.134
B/E 0.002 0.221* 0.002 0.228*
B/G 0.002 0.210* 0.002 0.224*

BANIA
20—49 (N =  326) 4 5 -7 0 +  (N == 243)

B 0.145 0.335* 0.076 0.199*
log B 0.023 0.296* 0.011 0.174*
B/H 0.002 0.180* 0.000 0.007
B/E 0.003 0.275* 0.000 0.031
B/G 0.003 0.272* 0.000 0.023

* Statistically significant at 5% level

Table 4

Regression and correlation coefficients of B and derived indices on weight in Jat-Sikh
and Bania females

F em ales Fem ales
In d e x

K * * *

20
JAT-SIKH

- 4 9  (N =  344) 4 5 -7 0 +  (N == 209)

B 0.011 0.123* -0 .006 -0.053
log B 0.002 0.121* —  0.000 -0 .004
B/H 0.000 0.076 - 0.000 -0 .096
B/E 0.000 0.152* 0.000 0.006
B/G 0.000 0.155* 0.000 0.004

B
log B 
B/H 
B/E 
B/G

BANIA
2 0 -4 9  (N =  326)

0.021
0.003
0.000
0.001
0.000

4 5 - 7 0 +  (N

0.230* 0.004
0.207* 0.001
0.221* -0 .000
0.234* -0 .000
0.237* -0 .000

243)

0.054
0.065

-0.015
—0.064
-0.067

* Statistically significant at 5% level
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T he effect o f  age, sp ina l len g th  and  w eigh t on  B an d  its  derived  v a riab les 
w ere e s tim a ted  fro m  lin ea r regressions, w ith  B an d  its  derived  v ariab les  as 
d ep en d en t v a riab les ; age, sp inal len g th  an d  w e ig h t as in d ep en d en t v ariab les.

D ue to  d iffe ren t p a tte rn s  o f increase or decrease, th e  regressions w ere app lied  
b y  sp littin g  u p  th e  d a ta  in to  tw o m a jo r groups, i.e. from  20— 24 to  45— 49 
an d  from  45— 49 to  over 70 in  b o th  co m m unities. Age group 45— 49 covers a 
tra n s itio n a l p e rio d  d u ring  w hich  th e  effect o f  age on B begins to  ap p ear.

T he age effect is show n in  T ab le  2, w here  B a n d  th e  indices derived  from  it, 
are d ep en d en t v a riab les , w hich  have been  regressed  w ith  age. No sign ifican t 
age effect has b een  fo u n d  in  younger age g roup  o f 20—49, w hereas in  th e  o lder 
age groups of 45 to  70 over, th e  value o f th e  co rre la tio n  coefficient is s ign ifican t. 
Also th e  v ariab les  derived  from  B beh av e  in  a s im ila r fash ion , since th e y  are

Fig. 3: Distance curves of index B/H and regression lines of index B/H on age in Jat-Sikh
and Bania women
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sim ple fu n c tio n s  o f B , how ever, in  J a t-S ik h  fem ales log B, B /E  an d  B/G 
p resen ted  n o n -sig n ifican t v a lues w ith  age.

V ariab le  B an d  its  derived  indices are  each  regressed  on sp in a l len g th  in  th e  
sam e age g roups as th o se  used  in  th e  regression  on age. T he regression  an d  
co rre la tio n  coeffic ien ts are g iven in  T ab le  3. T he c learest evidence of th e  la rg e r 
dependence o f B an d  th e  derived  v ariab les  on sp inal len g th , is fo u n d  in  yo u n g er 
age g roups b o th  in  th e  Ja t-S ik h  and  th e  B an ia  fem ales, in  w hom  no age effect 
t h a t  could  b ias th e  regression  on sp in a l len g th  w as found . T he in d e x  least 
d ep en d en t on  sp ina l len g th  is B /H .

S im ilarly , va riab le  B an d  its  derived  indices were regressed  on  w eig h t as 
p re sen ted  in  T ab le  4. T he regression an d  co rre la tio n  coefficien ts o f w eigh t w ith  
B an d  its  derived  ind ices in d ica te  a s ig n ifican t effect o f w eight on ly  u p  to  age 
g roup  o f 45— 49 b u t  a f te r  th a t  age w e ig h t is n o t responsib le  fo r increase in  
kyphosis.

T herefo re , an  in d e x  B /H  m inim ally  d ep en d en t on sp inal len g th  an d  w eigh t 
has been  chosen  fo r  s tu d y in g  changes w ith  age in  kyphosis (F ig. 3). In d e x  
B /H  show s a sligh t increase up  to  age g roup  35— 39, follow ed b y  a decrease up  
to  th a t  o f  4 5 — 49 y ea rs  of age in  b o th  com m unities (T able 5, F ig . 3). T h ere  has 
been  o b serv ed  a co n tin u o u s increase fro m  45—49 years  of age u p  to  th e  la s t 
age g roup  o f 70 years  or o lder. T he increase  o f kyphosis d u rin g  th e  period  
from  age g roup  20— 24 to  35— 39 m ay  be  a t t r ib u te d  to  th e  increase o f w eigh t

Table 5
Mean and some other statistical constants of index B/H of Jat-Sikh and Bania 

females classified in age groups

A ge group  
( y ) N M ean S E SD S E cv V elocity

JAT-SIKH

20-24 49 .054 .002 .013 .001 23.64 _
25 -2 9 68 .052 .003 .022 .002 42.29 -0 .002
30-34 69 .057 .003 .023 .002 39.48 0.005
35—39 50 .058 .003 .023 .002 39.88 0.001
40 -4 4 57 .056 .003 .022 .002 39.92 -0 .002
4 5 -4 9 52 .054 .003 .021 .002 38.75 -0 .002
5 0 -5 4 45 .062 .003 .024 .002 38.82 0.008
55-59 35 .061 .004 .026 .003 41.81 -0 .001
60 -6 4 26 .065 .006 .030 .004 46.72 0.004
65 -6 9 25 .066 .005 .024 .003 36.09 0.001
70+ 26 .067 .006 .033 .005 49.50 0.001

BANIA

20-24 53 .071 .004 .028 .003 39.63 _
25 -2 9 45 .078 .003 .019 .002 23.96 0.007
30-34 55 .072 .003 .020 .002 27.49 -0 .006
35-39 44 .077 .004 .024 .003 30.81 0.005
4 0 -4 4 70 .072 .003 .026 .002 36.11 -0 .005
4 5 -4 9 59 .066 .003 .026 .002 39.72 -0 .008
5 0 -5 4 59 .070 .003 .025 .002 35.75 0.004
5 5 -5 9 32 .073 .002 .011 .001 14.42 0.003
6 0 -6 4 34 .077 .003 .017 .002 22.33 0.004
6 5 -6 9 25 .081 .005 .024 .003 29.04 0.004
70 + 34 .087 .005 .029 .003 32.81 0.016
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Fig. 4: Distance curves and velocity curves of D (lordosis) in Jat-Sikh and Bania women

during  th is  period , because a h eav ie r w eight o f th e  b o d y  ten d s to  increase th e  
th o rac ic  cu rve , an d  p ronounced  kyphosis occurs. T he decrease in  kyphosis  
observed  from  age g roup  35— 39 to  45—49 m ay  be a t tr ib u te d  in  b o th  com m uni
ties to  an  increase in  f a t  on th e  abdom en  an d  h ips d u ring  th is  period . In  o rd e r 
to  res to re  th e  cen tre  of g ra v ity  to  an  ap p ro x im a te ly  no rm al position , th e re  is 
an  increase of lordosis (T able 6, Fig. 4) an d  decrease of kyphosis. T a k a h a sh i 
and  Atsum i (1955), Cow an  (1965), A be  (1971) and  Mil n e  and  La u d a r  (1974) 
h av e  also re p o rte d  on an  increase o f kyphosis  an d  decrease o f lordosis w ith  
advanc ing  age in  b o th  sexes.

A t all ages th e  m ean  values of kyphosis are h igher in  th e  B an ia  co m m u n ity  
th a n  in  th e  J a t-S ik h  co m m unity . As a lread y  discussed, th e  B an ia  fem ales 
lead  a very  com fortab le  an d  sed en ta ry  life. T he s ittin g  hours are c e rta in ly  
m ore in  B an ia  fem ales th a n  Ja t-S ik h  ones, w hich  leads to  m ore kyphosis
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because as th e y  w ork  w hile s ittin g , th e re  is a g re a te r  te n d e n c y  fo r th is  condi
tio n . Also h eav ie r w eigh t m ay  be responsible fo r m ore kyphosis in  B an ia  
fem ales.

Table 6

Mean and some other statistical constants of Lordosis D of Jat-Sikh and Bania females
classified in age groups

Age-group
(y) N Mean SE SD SE cv Velocity

JAT-SIKH

2 0 - 2 4 49 1.41 0.09 0.65 0.07 — ___

2 5 - 2 9 68 1.41 0.11 0.87 0.53 — 0.00
3 0 - 3 4 69 1.37 0.09 0.76 0.06 — - 0 .0 4
3 5 - 3 9 50 1.39 0.12 0.79 0.08 — 0.02
4 0 - 4 4 57 1.48 0.09 0.69 0.06 — 0.09
4 5 - 4 9 52 1.52 0.10 0.67 0.07 — 0.04
5 0 - 5 4 45 1.23 0.12 0.78 0.08 — - 0 .2 9
5 5 - 5 9 35 1.22 0.12 0.70 0.09 — - 0 .0 1
6 0 - 6 4 26 1.20 0.15 0.74 0.11 — - 0 .0 2
6 5 - 6 9 25 1.14 0.12 0.58 0.09 — - 0 .0 6
70 + 26 1.12 0.21 0.99 0.15 — - 0 .0 2

BANIA

2 0 - 2 4 53 0.78 0.07 0.47 0.05 _ _
2 5 - 2 9 45 0.78 0.07 0.49 0.05 — 0.00
3 0 - 3 4 55 0.98 0.09 0.64 0.06 — 0.20
3 5 - 3 9 44 0.85 0.09 0.61 0.07 — - 0 .1 3
4 0 - 4 4 70 0.90 0.07 0.61 0.05 — 0.05
4 5 - 4 9 59 1.15 0.07 0.53 0.05 — 0.25
5 0 - 5 4 59 0.97 0.11 0.80 0.07 — - 0 .1 8
5 5 - 5 9 32 0.80 0.11 0.62 0.08 — - 0 .1 7
6 0 - 6 4 34 0.75 0.09 0.51 0.06 — - 0 .0 5
6 5 - 6 9 25 0.56 0.07 0.32 0.05 — - 0 .1 9
70 + 34 0.53 0.10 0.55 0.07 — - 0 .0 3

Lordosis

P erp en d icu la r D w ich m easures lordosis, is a lm ost stab le  up  to  age g roup  
35— 39 w ith  a su b seq u en t increase up  to  4 5 —49 years in  b o th  th e  com m unities 
(T able 6 , F ig . 4). In c id e n ta lly  an  increase in  fa t  on th e  h ips an d  abdom en  was 
also no ticed  du ring  th is  age period . T herefore, in  o rd e r to  res to re  th e  c e n tre  
o f g rav ity  to  an  a p p ro x im a te ly  no rm al position  th e  su rv ey ed  persons d isp lay  
an  increase of lordosis an d  decrease of kyphosis. T h ere  is a con tinuous decline 
in  th e  value of lordosis follow ing age group 45—49 and , in  som e ind iv idua ls, 
lordosis has been  fo u n d  to  be a lto g e th e r ab sen t. T h e  decrease in  lordosis a f te r  
50 and  its  absence in  som e ind iv id u a ls  o f old age m a y  be a re su lt of increasing  
kyphosis, an d  of p u sh ing  th e  cen tre  of g ra v ity  of th e  bo d y  fo rw ards, concom i
ta n t  w ith  decreased  lordosis re su ltin g  from  co m p en sa to ry  s tra ig h ten in g  of th e  
low er sp inal cu rve. Mil n e  an d  L audar  (1974) also re p o rte d  a steep  fall in  
lordosis a f te r  th e  age g roup  55— 64 years. Abe  (1971) also rep o rted  a decrease 
o f lordosis a f te r  th e  age g roup  40— 49.
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T h e m ean  values fo r lo rdosis are  la rg e r in  Ja t-S ik h  fem ales in  a ll age groups 
s tu d ied , w hich m ay  be a t tr ib u te d  to  a m ore stren u o u s an d  ac tiv e  w ay  o f life 
in  th is  com m unity .

Sum m ary

T he p o stu ra l changes in  th e  t ru n k  reg ion  o f th e  fem ales o f th e  tw o  im p o r ta n t 
com m unities of P u n ja b : Ja t-S ik h s  an d  B an ias have  been  s tu d ie d  in  th e  p resen t 
p a p e r. T he tw o com m unities are tra d itio n a lly  engaged  in  d iffe ren t ty p es  
o f occupation . The fo rm er is an  ag ricu ltu ris t and  th e  la t te r  a tra d in g  com m u
n ity . T be resu lts  are based  on a cross sectional d a ta  co llected  on  502 Ja t-S ik h  
a n d  510 B an ia  fem ales ran g in g  from  20 to  80 years  in  age. A  flex icu rve  has 
b een  used  to  m easure k yphosis  an d  lordosis. K ypbosis w as o bserved  to  be 
in fluenced  b y  w eight an d  sp inal len g th . T herefore, v a rious ind ices w ere ex am 
in ed  to  liest th e  su ita b ility  o f th e se  as e s tim a tes  o f m easu ring  k yphosis  due to  
age on ly . L inear regression of th e  B /H  in d ex  on age show ed an  increase w ith  
age in  kyphosis from  age g roup  45— 49 to  70 an d  over. Lordosis h a s  been fo u n d  
to  decrease follow ing age group  45— 49.
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ESTIMATION OF BODY VOLUME AND BODY 
DENSITY FROM LEG DIMENSIONS IN PUNJABI GIRLS

b y  R . S in g h  a n d  C. R a j a

(Department of Anthropology, University of Delhi, Delhi, India)

A b s t r a c t .  Mean values and standard deviations of total body volume, body 
density, leg volume, stature, weight and a battery of 24 leg measurements of 
200 Punjabi girls aged 10 —19 years are presented. Relationships between leg 
volume and total body volume in different age groups are also reported. Highly 
significant and positive correlations exist between leg volume and total body 
volume and the values of correlation coefficients ranged between 0.78 to 0.94 in 
different age groups.

Body volume was also estimated from leg dimensions by selective stepwise 
multiple linear regression analysis. Highly significant multiple correlation 
coefficients were obtained for predicting total body volume from leg dimensions, 
and their values ranged between 0.92 to 0.98 in different age groups with a com
bination of just three or four leg measurements. The most commonly selected 
measurements up to the 4th step in most of the age-groups were maximum thigh 
girth and maximum calf girth.

Body density was estimated from simple leg dimensions again by using selec
tive stepwise multiple linear regression analysis and the multiple ‘R’ ranged 
between 0.64 to 0.91 in different age groups.

In addition, multiple correlation coefficients between leg volume on the one 
hand and different combinations of leg dimensions on the other are presented 
separately in different age groups.

Key words: physique, body composition, body volume, body density, leg 
dimensions, Punjabi girls.

Introduction

A n u m b er o f re p o rts  are  availab le  on body  vo lum e a n d  bo d y  den sity  o f 
ad u lts  an d  adolescents o f d iffren t p o p u la tio n s (P a rízkovÁ and  E is e l t  1968, 
P arízkovÁ 1970, P a rízk o vÁ an d  B uzkova 1971, Go palan  e t al. 1955, K atch 
an d  Mic h a e l  1968, K atch  an d  McA r d l e  1973, K a tch  an d  W eltm an  1975, 
D u r n in  an d  R aham an  1967, W ilm o re  an d  B e h n k e  1969, H aism an  1970, 
W akat e t  al. 1971, P ollock  e t al. 1976, Y oung  e t al. 1968, Sm ith  an d  B oyce 
1977, Se n  and  B a n e r je e  1958, R a ja  e t al. 1977, 1978, R a ja  an d  Singh  
1978a, 1978b, S in g h  an d  R a ja  1979) b u t  in fo rm atio n  o n  th e  re la tio n sh ip  of 
b o d y  volum e and  bo d y  d e n s ity  w ith  leg vo lum e in  In d ia n  girls is sparse . Also 
in fo rm atio n  on th e  re la tio n sh ip  o f sim ple leg d im ensions w ith  b o d y  volum e 
an d  b o d y  d en sity  has b een  ra th e r  scan ty . The aim  o f th e  p re sen t s tu d y  is, 
th ere fo re , to  re p o rt on th e  re la tio n sh ip  of th e  leg v o lu m e  as well as sim ple 
leg d im ensions w ith  to ta l  b o d y  volum e an d  b o d y  d e n s ity  o f In d ia n  girls
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o f d iffe ren t age-groups. Also th e  re la tiv e  im p o rtan ce  of d iffe ren t leg d im ensions 
fo r e s tim a tin g  b o d y  volum e an d  b o d y  d en sity  b y  using selective stepw ise 
m u ltip le  lin ear regression analysis  in  d ifferen t age-groups is s tressed .

Material and Methods

Tw o h u n d red  P u n ja b i (In d ian ) girls aged 10— 19 years  from  th e  c ity  of 
D elh i w ere ex p erim en ta lly  m easu red  fo r to ta l  b o d y  vo lum e, leg  volum e, bo d y  
d e n s ity  and  a series of 24 leg d im ensions.

Body volume measurement

B ody  volum e w as m easu red  in  each  su b jec t w ith  J o n e s ’ (1972) w a te r 
d isp lacem en t tech n iq u e . V ita l c a p a c ity  an d  residual lung  vo lum e were m easured  
while th e  sub jec t was subm erged  ch in-deep  in  w ate r. B o th  v ita l  c a p ac ity  
an d  residua l lung volum e w ere su b tra c te d  from  th e  bo d y  vo lum e so as to  get 
co rrec ted  body volum e (h e rea fte r  called  to ta l  bo d y  volum e).

Table 1

Reliability coefficients of different measurements

V ariables Error in  per cent

Body volume 1.2
Body density 1.4
Body weight 1.3
Stature 0.2
Total leg length 2.7
Height up to gluteus furrow 3.3
Height up to maximum thigh 3.1
Height up to 1/3 subischial thigh 3.0
Height up to lower thigh 4.1
Length of lover leg 2.3
Height up to upper calf 4.0
Height up to maximum calf 2.6
Height up to minimum ankle 1.9
Foot length 1.2
Foot girth 2.6
Gluteal furrow girth 3.3
Maximum thigh girth 2.6
1|3 subischial thigh girth 3.3
Lower thigh girth 3.2
Knee-joint girth 1.2
Upper calf girth 1.8
Maximum calf girth 2.9
Ankle girth 2.9
Knee diameter 2.5
Elbow diameter 2.3
Anterior thigh skinfold 3.1
Posterior thigh skinfold 3.7
Posterior calf skinfold 3.2
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Leg volume measurement

Leg volum e w as m easu red  using a locally  fa b ric a ted  leg v o lu m e te r  (R a ja  
e t  al. 1977).

A nthropom etry. A b a t te ry  of 24 leg d im ensions, n am ely  to ta l  leg len g th , 
h e ig h t u p  to  g lu teus fu rrow , heigh t u p  to  m ax im um  th ig h , h e ig h t u p  to  1/3 
sub-isch ial th ig h , h e ig h t u p  to  low er th ig h , low er leg len g th , h e igh t u p  to  u p p e r 
calf, h e ig h t up  to  m ax im u m  calf, h e ig h t up  to  m in im um  ankle , fo o t len g th , 
fo o t g irth , g lu teus fu rro w  g irth , m ax im u m  th ig h  g irth , h e ig h t up  to  1 13 sub- 
isch ial th ig h  g irth , low er th ig h  g irth , kn ee -jo in t g irth , u p p e r ca lf  g irth , m ax im u m  
ca lf g irth , ank le  g ir th , knee d iam eter, ank le  d iam eter, a n te rio r  th ig h  skinfo ld , 
p o ste rio r th ig h  sk info ld  and  poste rio r ca lf  sk infold w ere ta k e n  of each  su b jec t. 
I n  a d d itio n , also h e ig h t an d  bo d y  w eigh t were reco rd ed  fo r each  su b je c t th e  
tech n iq u es  follow ed fo r  ta k in g  th e  m easu rem en ts  w ere tho se  of T a n n e r  e t al. 
(1969).

R eliab ility  o f  measurem ents. Before s ta r t in g  th e  ex p erim en t, all m easu rem en ts  
w ere s ta n d a rd iz e d  a n d  th e  re liab ility  of b o d y  volum e, leg vo lum e, b o d y  d en sity , 
h e ig h t, w eig h t an d  a ll 24 leg d im ensions w as a sce rta in ed  b y  re p e a tin g  th e  
ex p erim en ts  on 25 su b jec ts  on tw o d iffe ren t occasions. T he e rro r in  p e r  cen t 
in  th e  m easu rem en t o f ev e ry  v ariab le  w as less th a n  5%  (Table 1).

R esults an d  D iscussion

T he m ean  values an d  s ta n d a rd  d ev ia tions of th e  leg d im ensions, leg vo lum e, 
b o d y  vo lum e, an d  b o d y  d en sity  are g iven  in  T ab le  2. Also th e  m eans a n d  SDs 
o f h e ig h t a n d  w eigh t are inc luded  in T ab le  2.

R ela tionsh ip  between leg volume and body volume. S c a tte r  g raphs show ing 
th e  re la tio n sh ip  be tw een  leg volum e an d  bo d y  volum e along w ith  regression  
eq u a tio n s fo r d e te rm in in g  b o d y  volum e from  leg volum e are g iven in  F ig . 1 
to  10. V ery  h igh  an d  positive lin ear re la tio n sh ip  ex is ted  betw een  leg vo lum e 
an d  to ta l  b o d y  vo lum e in  all age g roups an d  th e  v alues of co rre la tio n  coef
fic ien t V  ran g ed  b e tw een  0.78 to  0.94 in  th e  vario u s age groups. In  m ost of 
th e  age groups, th e  va lu e  o f ‘r ’ w as v e ry  h igh , and  in  th e  11 y ea r age g roup , th e  
va lu e  of ‘r ’ w as as h igh  as 0.94. S ta n d a rd  errors o f th e  e s tim a tio n  o f b o d y  
volum e from  leg vo lum e ran g ed  betw een  1.73 to  4.03 litres  in  d iffe ren t age 
groups (T able 3).

E stim ation  o f  leg volume fro m  leg d im ensions. Som etim es leg vo lum e m easu re
m en ts  are n o t  so p ra c tic a l in  th e  field  as in  th e  lab o ra to ry . T herefore, a tte m p ts  
w ere m ade to  e s tim a te  leg volum e from  m ore easily  p rac ticab le  sim ple leg 
d im ensions. Selective stepw ise m u ltip le  lin ea r  regression  analysis w as done for 
th is  purpose . V ery  h igh  an d  h igh ly  sign ifican t m u ltip le  co rre la tion  coefficients 
‘R ’ were o b ta in ed  betw een  leg volum e a n d  d iffe ren t com binations o f leg d i
m ensions a t  d iffe ren t steps in  th e  various age g roups; p re sen tly  only  th e  values 
o f ‘R ’ an d  regression  eq u a tio n s a t  th e  4 th  step  alone are given (T able 4). 
T he values of ‘R ’ a t  th e  4 th  s tep  ran g ed  betw een  0.91 to  0.98 in  th e  various 
age groups. K n ee-jo in t g ir th  an d  m ax im um  calf g ir th  w ere th e  m ost com m only  
selected  m easu rem en ts  in  th e  age g roups (Table 4). T hese observ a tio n s are 
m o st in te re s tin g  a n d  suggest th a t  sim ple leg d im ensions m ay  be used  for 
e s tim a tin g  leg vo lum e.
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226 Table 2

Mean values and standard deviations of different measurements in different age groups 1

Measurements
10 year 
n -  20

11 year
n *= 20

12 year  
n =  20

13 year
n =  20

14 year
u =  20

15 year  
n =  20

16 year  
n =  20

17 year 
n =  20

18 year 
n =  20

19 year  
n =  20

Total body volume (Litres) 23.23
±3.33

26.84
±4.90

29.52
±5.44

37.01
±5.84

41.62
±6.18

40.03
±6.70.

46.30
±6.70

46.30
±8.66

40.49
±5.77

41.73
±5.29

Leg volume (litres) 3.39
±0.72

4.35
±1.10

4.65
±0.91

5.77
±1.98

7.35
±1.41

6.63
±1.26

7.81
±1.81

6.67
±0.89

6.95
±1.34

7.08
±1.45

Body density (g/ml.) 1.018
±0.091

1.080
±0.017

1.070
±0.019

1.053
±0.018

1.049
±0.021

1.061
±0.024

1.051
±0.024

1.058
±0.021

1.056
±0.024

1.049
±0.021

Stature (cm) 131.6
±7.02

136.9
±6.74

141.0
±5.99

148.2
±6.74

154.2
±5.2

153.2
±4.34

146.3
±4.9

154.3
±4.5

151.6
±5.9

151.2
±5.1

Body weight (kg) 25.1
±3.5

28.9
±5.1

31.5
±5.2

38.9
±5.9

43.8
±5.8

42.4
±6.4

48.4
±8.3

42.8
±5.7

44.0
±5.1

44.0
±6.3

Total leg length (cm) 80.2
±5.2

83.6
±4.5

86.1
±3.9

89.6
±4.6

94.0
±4.0

92.9
±3.3

94.6
±3.8

93.0
±3.8

91.2
±3.9

92.2
±3.5

Height up to gluteus fold (cm) 60.7
±4.3

64.0
±3.7

65.2
±3.3

68.4
±4.3

72.0
±3.7

70.4
±3.0

71.0
±3.7

69.6
±3.2

68.3
±3.4

69.4
±3.2

Height up to maximum thigh (cm) 56.6
±3.8

59.3
±3.8

60.5
±3.0

64.0
±4.1

67.3
±3.4

65.8
±2.5

66.2
±4.1

65.0
±2.9

64.5
±3.4

63.7
±3.2

Height up to 1/3 subischial thigh 
(cm)

51.1
±3.2

53.5
±3.6

54.5
±3.1

57.6
±3.6

60.8
±3.9

60.1
±3.3

59.7
±3.5

58.6
±3.5

56.9
±3.1

56.8
±3.4

Height up to lower thigh (cm) 45.2
±3.0

47.5
±3.3

48.1
±2.8

51.5
±3.4

53.7
±3.1

53.2
±2.9

52.7
±3.0

52.1
±2.9

50.4
±2.5

49.8
±2.9

Lower leg length (cm) 37.0
±2.2

38.9
±2.3

39.6
±2.1

42.5
±2.5

43.9
±2.3

43.7
±2.8

44.0
±2.7

43.1
±1.9

42.7
±2.1

42.7
±2.3

Height up to upper calf (cm) 32.0
±2.1

33.4
±2.0

34.6
±2.0

37.0
±2.6

38.7
±2.3

37.7
±2.2

38.4
±2.7

37.7
±2.0

37.2
±2.4

36.6
±2.1

Height up to maximum calf (cm) 26.6
±1.6

27.5
±1.8

28.5
±1.6

31.5
±2.2

32.9
±2.5

32.3
±1.8

31.7
±1.6

31.4
±1.9

30.9
±2.3

31.0
±1.6



227

Height up to minimum ankle (cm) 10.0
±0.7

10.2
±0.6

10.7
±0.8

Foot length (cm) 20.6
±0.9

21.5
±0.8

21.9
±1.1

Knee diameter (cm) 7.9
±0.4

8.3
±0.6

8.4
±0.6

Ankle diameter (cm) 5.6
±0.4

5.8
±0.3

5.8
±0.3

Gluteal girth (cm) 37.5
±2.9

40.2
±4.0

42.2
±4.0

Maximum thigh girth (cm) 36.4
±2.7

39.0
±4.0

40.8
±4.0

1/3 subischial thigh girth (cm) 31.4
±2.6

34.7
±3.6

35.8
±2.6

Lower thigh girth (cm) 26.7
±2.0

29.2
±3.1

29.1
±2.9

Knee-joint girth (cm) 27.1
±1.7

29.1
±2.1

29.2
±2.7

Upper calf girth (cm) 24.1
±2.0

26.2
±3.6

26.0
±1.6

Maximum calf girth (cm) 23.4
±1.8

25.1
±2.2

25.8
±1.4

Ankle girth (cm) 16.5
±1.3

17.9
±1.5

18.1
±1.1

Foot girth (cm) 18.4
±1.0

19.8
±1.1

20.0
±1.1

Anterior thigh skinfold (mm) 15.3
±2.7

16.6
±5.2

19.3
±6.2

Posterior thigh skinfold (mm) 22.4
±7.7

22.3
±5.4

26.2
±6.7

Posterior calf skinfold (mm) 13.1
±2.9

16.6
±4.3

18.0
±5.8

11.5 11.8 10.8 10.8 10.6 10.5 10.6
±0.9 ±1.4 ±0.8 ±0.9 ±0.7 ±0.9 ±0.7
22.7 23.1 22.8 23.6 23.4 23.2 22.9

±0.9 ±1.0 ±1.1 ±1.2 ±0.8 ±1.4 ±1.0

9.3 9.5 9.3 10.0 9.2 9.4 9.3
±0.6 ±0.7 ±0.8 ±1.2 ±0.9 ±0.6 ±0.9

5.1 6.2 6.0 6.1 5.9 6.2 6.0
±0.2 ±0.2 ±0.4 ±0.3 ±3.4 ±0.3 ±0.4

46.4 48.0 47.3 52.5 48.6 49.1 48.6
±4.3 ±5.0 ±4.7 ±5.7 ±3.9 ±4.5 ±5.2
44.5 46.2 45.6 50.9 47.6 47.6 47.3

±4.0 ±5.9 ±4.5 ±6.4 ±4.0 ±4.0 ±5.1
37.8 39.9 39.1 41.9 39.5 40.8 40.9

±3.5 ±4.7 ±3.7 ±5.9 ±3.7 ±3.1 ±4.5
31.9 34.1 32.9 36.3 33.5 33.4 33.9

±2.7 ±3.5 ±2.7 ±4.4 ±3.2 ±2.5 ±3.9
31.1 32.3 32.0 33.8 32.2 32.2 32.0

±2.1 ±2.3 ±1.9 ±2.9 ±2.1 ±1.8 ±3.0
28.1 29.3 28.8 30.7 29.2 28.4 28.6

±1.9 ±2.1 ±2.0 ±2.7 ±2.3 ±2.4 ±2.0
28.3 29.7 29.0 30.7 29.1 29.6 29.2

±2.3 ±2.1 ±2.0 ±3.0 ±2.6 ±1.8 ±2.4

19.0 19.7 19.7 20.3 19.9 19.6 19.3
±1.5 ±1.5 ±1.1 ±1.2 ±2.1 ±1.3 ±1.6
19.9 19.3 19.0 21.5 21.5 22.0 21.6

±2.9 ±3.0 ±3.1 ±1.7 ±1.3 ±1.2 ±1.3
22.0 26.1 23.7 27.9 23.6 24.9 26.3

±6.2 ±5.9 ±7.7 ±8.0 ±5.9 ±7.3 ±6.6
31.2 25.2 32.8 37.0 31.1 33.6 35.9

±7.7 ±7.9 ±9.5 ±11.9 ±7.4 ±7.5 ±7.5
22.4 25.2 19.6 23.8 20.3 17.4 19.5

±5.9 ±7.6 ±6.2 ±7.7 ±6.3 ±5.9 ±6.1



Table 3

Estimation of total body volume (y) from leg volume (x)

Age groups
(y'*r)

Regression equation  for 
predicting b ody volum e (y) 

from  leg  v o lu m e (x)

Correlation
coefficient

M

Standard error 
o f  estim ate  

(litres)

10 y  =  11.083 +  (3.587) x 0.78 2.17
11 y  =  8.587 +  (4.194) x 0.94 1.73
12 y =  5.778 +  (5.111) x 0.86 2.85
13 y  =  16.383 +  (3.262) x 0.91 2.44
14 y =  13.748 +  (3.793) x 0.87 3.16
15 y =  10.198 +  (4.502) x 0.84 3.70
16 y =  12.141 +  (4.373) x 0.91 3.62
17 y =  8.996 +  (4.602) x 0.88 2.80
18 y =  19.006 +  (3.268) x 0.83 3.50
19 y =  15.792 +  (3.701) x 0.81 4.03

E stim a tion  o f  total body volume fro m  leg d im ensions. As th e  m u ltip le  co rre la 
tio n  coefficients ‘R ’ fo r e s tim a tin g  leg volum e from  leg d im ensions were v e ry  
h ig h  (T able 4), also an  a tte m p t w as m ade to  e s tim a te  to ta l  b o d y  volum e from  
leg d im ensions using selective stepw ise m u ltip le  linear reg ression  analysis. 
H ig h ly  sign ifican t m u ltip le  co rre la tio n  coefficients ‘R ’ w ere o b ta in e d  betw een  
th e  to ta l  bo d y  volum e an d  v a rio u s com binations of leg m easu rem en ts a t  
d iffe ren t s teps in  d iffe ren t age g roups, how ever, in  th is  p ap er, va lues of ‘R ’ 
reg ression  equ a tio n s an d  s ta n d a rd  e rro rs  of e s tim a te  are given o n ly  a t  th e  4 th  
s te p  (T able 5). T he values o f ‘R ’ a t  th e  4 th  s tep  ranged  betw een  0.92 to  0.98 in  
th e  d iffe ren t age groups. The m ost com m only  selected  leg d im ensions up  to  
th e  4 th  s tep  in  th e  d iffe ren t age groups w ere m ax im um  th ig h  g ir th  an d  
m ax im u m  ca lf g irth  (Table 5).

I t  is in te re s tin g  to  observe th a t  to ta l  b o d y  volum e can  be e s tim a te d  from  
a se t o f ju s t  tw o to  fo u r leg m easu rem en ts  alone.

O n closer o b se rv a tio n  o f T ables 3 a n d  5 i t  w as n o tew o rth y  th a t  an  ap p ro p ria te  
co m b in a tio n  of ju s t  th ree  or fou r sim ple leg dim ensions gave h ig h er values of 
‘R ’ an d  low er values of s ta n d a rd  e rro r  of e s tim a te  for e s tim a tin g  th e  to ta l  
b o d y  vo lum e th a n  th e  leg vo lum e m easu rem en ts fo r e s tim a tin g  th a t  
vo lum e.

E stim ation  o f  body density  fro m  leg d im ensions. A tte m p ts  w ere also m ade 
to  e s tim a te  bo d y  d en sity  from  leg d im ensions using selective stepw ise m ul
tip le  lin ea r regression analysis. H ig h ly  sign ifican t m u ltip le  ‘R ’ values b e 
tw een  b o d y  d en sity  an d  d ifferen t com b in a tio n s of leg dim ensions w ere o b ta in 
ed  a t  d iffe ren t steps in  d ifferen t age groups b u t  only th e  values of ‘R ’, re 
gression  equ a tio n s an d  s ta n d a rd  e rro r  of e s tim a te  a t  th e  4 th  s te p  are g iven 
here  (T able 6). T he values of m u ltip le  ‘R ’ a t  th e  4 th  step  ran g ed  be tw een  0.64 
to  0.92 in  th e  various age groups. I n  m ost age groups th e  v a lu e  o f ‘R ’ was 
above 0.81. T he m ost f re q u e n tly  se lec ted  m easu rem en t up  to  th e  4 th  step  in  
th e  d iffe ren t age groups was ca lf  g irth . T hus th e  resu lts  p re sen ted  in  th is  
s tu d y  ap p e a r to  be of som e p ra c tic a l im p o rtan ce .
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Table 4

Estimation of leg volume from leg measurements

A g e  groups 
freer) M ultiple regression equation for predicting leg  volum e

M n ltip le
c o r r e la t io n
c o e f f ic ie n t

•R*

S ta n d a r d  
e r r o r  o f  
e s t im a te

T itres*

1 0 Leg volume = 9.381 +  (0.468) Lower thigh girth —(0.173) 
Posterior calf skinfold +(0.488) Foot girth — 
(0.238) Knee joint girth 0.94 0.269

1 1 Leg volume = —8.169 +  (0.453) Knee-joint girth +(0.151) 
1|3 Subischial thigh girth —(0.151) Knee 
diameter 0.94 0.419

1 2 Leg volume = -8 .456  +  (0.077) Gluteal girth +  (0.104) 
Total leg length +  (0.046) Anterior thigh 
skinfold 0.97 0.253

13 Leg volume = — 16.107 +  (0.198) Lower thigh girth +  
(0.405) Upper calf girth +  (0.249) Ankle 
girth 0.98 0.378

14 Leg volume = —10.017 +  (0.160) Maximum calf girth +  
(0.270) Knee-joint girth +  (0.058) Anterior 
thigh skinfold +  (0.050) Maximum thigh 
girth 0.94 0.551

15 Leg volume — — 12.867 +  (0.188) Lower thigh girth +  

(0.035) Posterior calf skinfold +  (0.122) Total 
leg lengh +  (0.551) Anterior thigh skinfold 0.95 0.452

16 Leg volume - — 9.490 +  (0.434) Maximum calf girth -f- 
(0.395) Knee diameter 0.97 0.316

17 Leg volume = — 4.157 +  (0.082) Lower thigh girth +(0.881) 
Knee diameter —(0.120) Maximum calf 
girth +  (0.091) 1/3 Subischial thigh girth 0.97 0.316

18 Leg volume = —17.855 +  (0.400) Lower thigh girth+(0.253) 
Height up to gluteus furrow —(0.258) Height 
up to upper calf +(0.126) Maximum calf 
girth 0.97 0.353

19 Leg volume = —13.976 +  (0.440) Maximum calf girth 
+(0.395) Minimum ankle girth —(0.115) 
1/3 Subischial thigh girth +(0.106) Height 
up to lower thigh 0.91 0.689
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TabU  5

Estimation of total body volume from leg meásuréménts in different age groups

Age groups 
(year) M ultiple regression equations for estim atin g body volum e

M ultiple
correlation
coefficient

‘R*

Standard  
error o f  
estim ate  

‘litres*

10 Total body volume = — 45.864 +  (1.144) Knee-joint girth 
+(2.364) Foot length —(0.609) Height 
up to lower thigh +(0.304) Height 
up to maximum thigh 0.98 0.824

11 Total body volume = —43.958 +  (1.173) Knee-joint girth 
+(0.399) 1/3 Subischial thigh girth 
+(0.803) Total leg length —(1.266) 
Height up to upper calf 0.97 1.322

12 Total body volume = —55.248 +  (0.631) Gluteus furrow 
girth +(1.312) Foot length +(0.463) 
Lower thigh girth +(0.555) Height 
up to maximum calf 0.94 2.078

13 Total body volume = —49.232 +  (0.597) Lower thigh girth 
+(1.569) Maximum calf girth +(0.687) 
Total leg length —(0.911) Lower leg 
length 0.97 1.494

14 Total body volume = —34.973 +  (1.928) Upper calf girth 
+(0.181) Anterior thigh skinfold 
—(0.434) Foot girth +(1.202) Ankle 
girth 0.92 2.695

15 Total body volume = — 24.172 +  (1.292) Maximum thigh 
girth +(0.699) Maximum calf girth 
—(0.696) Height up to upper calf 
+(1.054) Height up to minimum 
ankle 0.98 1.592

16 Total body volume = —44.832 +  (2.800) Knee diameter 
+(0.691) Maximum thigh girth 
+(4.618) Ankle diameter 0.98 1.792

17 Total body volume = —24.022 +  (0.577) Lower thigh girth 
+(2.693) Knee diameter +(0.426) 
Maximum thigh girth 0.97 1.482

18 Total body volume = —25.224 +(2.483) Lower thigh girth 
—(5.008) Knee diameter +(0.893) 
Hieght up to maximum calf +(0.206) 
Posterior calf skinfold 0.98 1.213

19 Total body volume = — 10.782+(1.394) Maximum calf 
girth +(0.364) Posterior thigh skin
fold +(0.487) Height up to lower thigh 
—(0.374) Height up to gluteus furrow 0.94 2.586
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E s t im a t io n  o f  b o d y  d e n s ity  fro m  le g  d im en sio n s  in  d if fe r e n t a g e -g ro u p s

Table 6

A ge-group
(year)

10

11

12

13

M ultip le  regression  eq u a tio n  for e s tim a tin g  bod y  d en sity

Body density =  +1.2056 —(0.010) Upper calf girth +(0.006) 
Maximum calf girth —(0.004) Anterior thigh 
skinfold+(0.003) Posterior calf skinfold

Body density =  +1.0735 —(0.011) Knee-joint girth+(0.004) 
Total leg length +(0.006) Minimum 
ankle girth —(0.003) Height up to lower 
thigh

Body density =  +1.2504—(0.013) Upper calf girth +(0.004) 
Maximum calf girth —(0.008) Height up 
to minimum ankle +(0.003) Lower leg 
length

Body density =  0.9592 —(0.004) Gluteal girth +(0.003) 
Height up to gluteus furrow —(0.007) 1/3 
subischial thigh girth +(0.002) Foot 
length

Body density =  1.3176 - (0.001) Upper calf girth —(0.006) 
Ankle girth —(0.005) Gluteus furrow girth 
+(0.003) Maximum thigh girth

Body density =  1.1339 —(0.001) Maximum thigh girth 
+(0.009) Height up to minimum ankle 
—(0.008) Posterior thigh skinfold —(0.004) 
Ankle girth

Body density =  1.0879 —(0.002) Maximum thigh girth
—(0.015) Posterior calf skinfold +(0.008) 
Height up to maximum calf —(0.004) 
Lower thigh girth

Body density =  1.1293 —(0.004) Posterior thigh skinfold 
—(0.010) Lower thigh girth +(0.004) Height 
up to 1/3 Subischial thigh +(0.004) Gluteus 
furrow girth

Body density =  1.0776 —(0.001) Anterior thigh skinfold 
+(0.006) Knee-joint girth —(0.001) 1|3 Sub
ischial thigh girth +(0.004) Height up to 
gluteus furrow girth

Body density =  1.0948 —(0.013) Upper calf girth +(0.004) 
Foot length +(0.002) Posterior calf skinfold 
+(0.002) Total leg length

16

17

18

19

M ultiple
co rre la tio n
coefficient

*R’

S ta n d a rd  
e rro r  o f 
e s tim a te

0.64 0.016

0 . 6 8 0.014

0.81 0 . 0 1 2

0.79 0.013

0.84 0.013

0.77 0.016

0.85 0.013

0.92 0.0093

0.84 0.014

0.91 0.0099
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THE MUSCULO-SKELETAL INDEX AS A METHOD OF 
CHARACTERIZING THE PHYSIQUE OF ATHLETES

by M. H. Sl a u g h te r  and T. G. L ohman

(Physical Fitness Research Laboratory, Department of Physical Education, College of Applied 
Life Studies, University of Illinois at Urbana, Urbana, Illinois, USA)

A b s t r a c t .  The purpose of this paper is to present an objective method for 
estimating the musculo-skeletal mass in relation to height for use in the study 
of body physique in athletes. The method can be applied to various male and 
female athletic groups and indicates the relative musculo-skeletal development 
by the extent to which each group falls above or below the regression of FFB 
on height as derived from the non-athletic male and female populations. Athletes 
within both sexes are found to differ greatly among performance events in this 
aspect of physique with track runners having the least amount of FFB related 
to height (within 1 standard error of the non-athletic population regression line) 
and professional football players having the most (2 to 3 standard errors above 
the non-athletic population line). Measurement of FFB can be obtained by 
underwater weighing or anthropometric dimensions and thus this approach 
offers application to the study and assessment of relative musculo-skeletal devel
opment in a variety of laboratory and field settings.

The authors in tend to p u b lish  their paper elsewhere.
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SECULAR CHANGE OF BODY SIZE AND FORM 
OF BLACK AMERICAN CHILDREN AND YOUTHS LIVING 

IN THE UNITED STATES

by J .  H. S p u r g e o n  and H. V. M e r e d i t h

(College of Health and Physical Education, University of South Carolina,
Columbia, South Carolina, USA)

A b s t r a c t .  During 1974 —1977, 1.500 black children and youths of Richland 
County, South Carolina were measured for standing height, sitting height, hip 
width, arm girth, calf girth, and body weight. These data were obtained to (a) 
provide descriptive statistics on body size and body form of United States 
Southern blacks, and (b) allow comparison of Southern blacks with other groups 
studied about 1900 in the United States, and since 1960 in many parts of the 
world.

Compared with black youths measured in the United States at about the turn 
of the century, present-day youths are considerably larger: girls age 13 years 
are 10.9 cm taller and 9.9 kg heavier; boys age 15 years, taller by 14.5 cm and 
heavier by 12.3 kg. These increases closely approximate those of their white 
peers over the same period.

Richland County black youths have longer lower limbs relative to sitting 
height than their white peers. Undoubtedly, this relates to the success experi
enced by black youths in some athletic events.

Key icords: Secular change, racial differences, skelie index.

In tro d u c tio n

B etw een  1974 an d  1977, physica l m easu rem en ts  w ere ta k e n  on n ea rly  th ree  
th o u sa n d  b lack  an d  w h ite  ch ild ren  and  y o u th s  in  R ich lan d  C oun ty , S ou th  
C arolina. Tw o o f o u r o b jec tiv es  w ere (1) revision  o f A m erican  w h ite  height- 
w eigh t school an d  clinic c h a r ts  fo r th e  N a tio n a l E d u c a tio n  A ssociation  an d  th e  
A m erican  M edical A ssocia tion , an d  (2 ) d eve lopm en t of sim ilar ch a rts  fo r 
A m erican  b lack  ch ild ren  an d  y o u th s . A d d itio n a lly , we aim ed  to  secure descrip
tiv e  s ta tis tic s  on b o d y  size an d  bo d y  fo rm  o f U n ited  S ta te s  S o u th e rn  b lacks, 
a n d  com pare these  w ith  s ta tis tic s  of g roups s tu d ied  a b o u t 1900 in  th e  U n ited  
S ta te s  an d  since 1960 in  o th e r  p a r ts  of th e  w orld (M e r e d it h  1976, Me r e d it h  
an d  Spu r g eo n  1976, Spu r g e o n  and  Me r e d it h  1979).

M ethods and  M aterials

T h e  m ateria ls  used  in  th is  p ap e r are m easures o f s ta n d in g  heig h t, s ittin g  
h e ig h t, and  b o d y  w eigh t o b ta in e d  d u rin g  1974— 1977 o n  S ou th  C arolina b lack  
an d  w h ite  fem ale y o u th s  age 13 y ears , b lack  an d  w h ite  m ale y o u th s  age 15 
y ears , an d  b lack  m ale y o u th s  age 19 years. The m easu res of s tan d in g  h e igh t 
an d  s ittin g  h e ig h t w ere used  to  derive  an  in d ex  o f b o d y  form , i.e. th e  skelie
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index. I n  deriv ing  th is  in d ex  (1) low er lim b h e igh t w as o b ta in e d  as s tan d in g  
h e ig h t m inus s ittin g  h e ig h t, an d  (2) low er lim b h e igh t X 1 0 0 /s ittin g  h e ig h t 
w as com p u ted  fo r each  sub jec t.

T he m e th o d  is b o th  descrip tive  a n d  co m p ara tiv e . M eans fo r s ta n d in g  he ig h t, 
b o d y  w eigh t, and  th e  skelic in d e x  are  p re sen ted  fo r  S ou th  C aro lina  b lack  and  
w h ite  fem ales age 13 y ea rs  an d  b lack  an d  w hite  m ales age 15 y ea rs . C om parison 
o f  m eans fo r s tan d in g  h e ig h t an d  b o d y  w eight are m ade w ith  m eans from  
stu d ies  re p o rte d  n e a r 1900. Skelic in d ex  com parisons are m ad e  fo r  b lack  and  
w h ite  groups.

R esu lts  an d  D iscussion

A  com m only  h ea rd  o b se rv a tio n  is th a t  ad u lts  h av e  been g e ttin g  ta lle r  an d  
h eav ie r  d u rin g  th e  la s t  several gen era tio n s. This is tru e  to  som e e x te n t, b u t  th e  
increases are  m uch m ore d ra m a tic  in  la te  ch ildhood an d  ea rly  adolescence th a n  
in  ad u lth o o d . T able 1 com pares th e  b lack  an d  w hite  y o u th s  s tu d ie d  in  S o u th  
C arolina w ith  b lack  an d  w hite  y o u th s  s tu d ied  in  th e  U n ited  S ta te s  in  th e  
1890’s.

Table 1

Average height and weight of United States youths in two secular periods

D a te
H e ig h t
(cm)

W e ig h t
(kg)

D a te
H eig h t

(cm)
W eigh t

(kg)

Black Females Age 13 Yrs. White Females Age 13 Yrs.
1896-97 145.8 39.0 1875-80 145.3 36.7
1974-77 156.7 48.9 1974-77 156.4 47.3

Increase 10.9 9.9 11.1 10.6

Black Males Age 15 Yrs. While Males Age 15 Yrs.
1896-98 152.7 44.3 1892 154.9 45.4
1974-77 167.2 56.6 1974-77 169.4 57.1

Increase 14.5 12.3 14.5 11.7

U tiliz ing  tw o  age g roups, th e  b lack  girls m easu red  in  1974— 1977 are 10.9 cm  
ta lle r  an d  9.9 kg h eav ie r th a n  th o se  m easu red  d u rin g  1896— 1897. T he w hite  
girls o f 1974— 77 are  11.1 cm  ta l le r  an d  10.6 kg  heav ie r th a n  th o se  m easured  
be tw een  90 and  100 y ears  ea rlie r. T he b lack  boys m easu red  in  1974— 1977 
are  14.5 cm  ta lle r  an d  12.3 kg h eav ie r  th a n  tho se  m easu red  n e a r  th e  tu rn  of 
th e  c e n tu ry  an d  th e  w h ite  boys m easu red  in  1974— 1977 a re  14.5 cm  ta lle r  
a n d  11.7 kg h eav ier th a n  tho se  m easu red  83 years earlier. O bv iously  th e  in 
creases a re  qu ite  sim ilar over ap p ro x im a te ly  th e  sam e period .

O f in te re s t  is w h a t has caused  th e se  increases. T he answ ers m o s t o ften  h ea rd  
are  b e t te r  n u tr itio n , v itam in s , b e t te r  p re n a ta l an d  p o s tn a ta l  m edical care, 
im p ro v ed  housing, ad eq u a te  c lo th ing , e tc . H ow ever, th e se  responses pose 
p rob lem s. Q u a n tita tiv e ly  i t  is n o t  possible to  de term ine  w here  th e  effect of 
b e tte r  n u tr i t io n  leaves off an d  im p ro v ed  m edical care begins. A lso no d is in te r
ested  observer w ould suggest th a t  b lack  ch ild ren  have  h ad  as good a “ g row th
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en v iro n m en t”  in  R ich land  C oun ty  d u ring  th e  la s t 75 years as h av e  w h ite  
ch ild ren , y e t th e ir  increases in  h e igh t an d  w eigh t are  q u ite  sim ilar.

I t  has been  suggested  th a t  these  en v iro n m en ta l in fluences have been  cu m u 
la tiv e . T h is sounds reasonab le  excep t t h a t  secu lar increases are now  being  
observed  in  m an y  of th e  developing n a tio n s  o f th e  w orld  w here liv ing  cond i
tio n s are fa r  from  op tim al. T he fac t is, as c u rre n t au th o ritie s  h av e  s ta te d , 
th e  reasons fo r secu lar increases are n o t  w ell u n d ers to o d  (Cone 1961, Me r e 
d it h  1976, T a n n e r  1966, Y lastovsky  1966).

A phenom enon  of th e  A m erican  sp o rts  w orld since W orld  W ar I I  h as  been  
th e  em ergence of th e  b lack  a th le te . M any reasons fo r his success h a v e  been 
suggested , am ong th e m  social, cu ltu ra l, econom ic, an d  even  an th ro p o m e tric  
d ifferences. U n q u estio n ab ly  th e re  are a n th ro p o m e tric  differences th a t  are  
ad v an tag eo u s  in  ce rta in  spo rts  such as b a sk e tb a ll an d  tra c k  and  fie ld , an d  one 
d ifference is th e  re la tio n  of low er lim b le n g th  to  s ittin g  h e igh t i.e ., th e  skelic 
index . I f  e v e ry th in g  else is equal in  tw o m en o f th e  sam e h e igh t th e  m an  w ith  
th e  h ig h est skelic index  will ju m p  h ighest because his c ro tch  is h ig h er off th e  
g round . W e found  th is  re la tionsh ip  to  ex is t be tw een  th e  13 y ea r o ld  girls and  
15 y e a r old boys.

The b lack  girls have  ab o u t a 5 p e rcen tag e  p o in t ad v an tag e  an d  th e  b lack  
boys a 6 to  7 p ercen tage  p o in t ad v an tag e .

A m ong th e  w h ite  fem ales one su b jec t on ly  h a d  a skelic index  above 1 0 0 , 
15 of th e  b lack  fem ales exceeded  100. A m ong th e  w h ite  m ales, 4 su b jec ts  
h a d  skelic indexes above 100, 74 of th e  b lack  m ales exceeded  100 (T able  2).

Table 2

Skelic index statistics (%) for United States black and white youths 
measured 1974—1977

13 y e a r  o ld  girls

N M ean p. p„ P,. P»

Black 201 93.2 85.5 89.9 96.7 100.7
White 185 88.0 80.0 84.7 90.7 95.9

15 y e a r  old boys

N M ean P. ps. P„ P..

Black 219 97.7 88.7 94.4 101.5 105.7
White 186 91.1 82.3 87.3 94.4 98.7

Some y ea rs  ago, we m easured  15 b lack  m em bers of th e  s ta te  24-m an  a ll-s ta r  
b a sk e tb a ll te a m . T hese p layers h a d  been ra te d  b y  th e  coaches an d  considered  
to  be th e  s ta te s ’ b est.

As n o te d  in  T ab le  3, 8 of th e  15 y oung  m en m a tric u la te d  a t  tw o- o r four- 
y e a r colleges. P la y e r  n u m b er one becam e an  o u ts ta n d in g  m em ber of one o f th e  
n a tio n ’s b e s t team s.

One o f  o u r f in e s t professional b a sk e tb a ll p layers is D av id  T hom pson  who 
is 193 cm . an d  has a skelic index  of 115. One can  well u n d e rs ta n d  w h y  he has 
such  g re a t ju m p in g  ab ility . Some observers h av e  suggested  th a t  th e  b lack
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Table 3

Skelic indicies of 15 black high school all-star basketball players

S u b jec t Skelic In d e x S u b jec t Skelic In d e x

*i 114 9 99
*2 107 10 99
*3 105 11 98
*4 104 12 97
*5 101 13 95
*6 100 14 95
*7 100 15 95
*8 100

Average for group =  101
* Matriculated at two and four year colleges

a th le te ’s success in  sp o rts  is b ased  a lm o st e n tire ly  up o n  desire. W e w ould  
suggest th a t  in  ad d itio n  to  desire, a b ility  an d  a p p ro p ria te  p h y siq u e  are also 
im p o rta n t.
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COMPARISON OF THE BLAZEK AND HEATH 
CARTER METHODS OF SOMATOTYPING CHILDREN

by J. Stepnicka

Faculty of Physical Education and Sport, Charles University, Prague,
Czechoslovakia)

A b s t r a c t .  For somatotyping children, the following two methods are often 
used in Czechoslovakia; Blazek’s method characterized by width and robustness 
of physique as well as by nutritional status and expressed by three numerals, 
further the Heath—Carter method often described in the literature. The author 
has compared the two methods as he wanted to find out the advantages and/or 
disadvantages of each. Both methods have been applied with a group of 10 year 
old boys. The Blazek method is applicable with children up to the age of 18. 
The advantages of this method lie in the simplicity of measurement so that the 
results can be calculated very quickly. Blazek intended to use his method first 
of all in pediatric practice. The author found the following disadvantages: rating of 
the third characteristic (nutritional status) rests on a subjective evaluation and 
there is only a five degree scale at disposal. Heath—Carter’s anthropometric 
method is more accurate, fit for being used with young people. There are prob
lems in the Heath—Carter method especially in evaluating the biepicondylar dia
meter of the femur of small boys (aged 3 — 6) and the skinfolds.

According to the author’s findings the Blazek method lends itself to be used 
with small children up to the age of 6 — 8, for rough and quick information, while 
the Heath — Carter method is applicable with older children (from the age of 7) 
and for more accurate rating.

Key words: somatotype, Blazek’s somatotype method, Heath — Carter’s soma- 
totype method.

In tro d u c tio n

B io typological app roaches have b een  less e lab o ra ted  w ith  ch ildren  th a n  w ith  
ad u lts . This fa c t has been su b s ta n tia te d  b y  th e  u n a b ility  to  ca rry  o u t ty p o lo g 
ical ca teg o riza tio n  because of u n su ffic ien t ripeness o f th e  tissue system s; 
a fu r th e r  d ifficu lty  was fo u n d  in th e  changes w hich th e  child  organ ism  goes 
th ro u g h  in  th e  course of i ts  developm en t. H ow ever, if  we proceed  from  th e  fa c t 
th a t  i t  is p h en o ty p e  w h a t we find  o u t w ith  ch ildren , th e  m en tioned  objec tions 
are  u n su b s ta n tia l.

A n u m b er of au tho rs h av e  dealt w ith  th e  p ro p o rtio n s of th e  ch ild , w ith  
num erous indices ra te d  fro m  an th ro p o m e try  or in  p h en o ty p ica l approaches, 
still, th e  n u m b er of these au th o rs  is low er th a n  th a t  o f th o se  dealing  w ith  th e  
b io ty p o lo g y  of th e  a d u lt po p u la tio n . As an  exam ple Stra tz , Sc h l e sin g e r , 
L ie f m a n , P e t e r so n , K o tu lá n , B l a z e k , H ea th  and  Ca r ter  e tc . could  be 
m en tioned .

T he au th o r has concerned  h im self r a th e r  deeply  w ith  the  approaches 
m en tioned  la s t and , th e re fo re , has d ecided  to  w ork  ou t a co m p ara tiv e  s tu d y
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of th e  m ethods of th ese  au th o rs . T h u s h is ta s k  was to  com pare B l a zer ’s m eth o d  
o f ra tin g  ch ild ren ’s ty p e s  an d  an th ro p o m e tric  so m a to ty p in g  according to  
H ea th — Ca r t e r , so t h a t  th e  ad v an tag es  a n d /o r d isad v an tag es o f these  
m eth o d s can be p resen ted .

Material and Methods

A n th ro p o m etric  so m a to ty p e  accord ing  to  H e a t h — Ca r t e r  w hich is being 
co m p ared  w ith  B l a z e r ’s m eth o d  here , need n o t be described , as i t  has been 
su ffic ien tly  ch a rac te rized  b o th  in  o rig inal (H e a t h — Ca r t e r  1967, Ca rter  
1975) an d  in  th e  C zechoslovak li te ra tu re  (St é p n ic r a  e t al. 1976, 1979).

B l a z e r ’s m eth o d  o f ch ild ren ’s b io ty p e  m easu rem en t h as  been described  
o n ly  in  C zechoslovak l i te ra tu re  (B la z e r  1970a, 1970b, 1971) and, th ere fo re , 
th e  a u th o r  seems i t  n ecessary  to  in tro d u ce  i t  to  th e  read er. D r. B la zer  was 
a professor of p e d ia try  a t  C harles U n iv e rs ity , P rag u e ; his m e th o d  lies in  m easu r
in g  b o d y  w id th , b o d y  ro b u s tic ity  an d  d e te rm in in g  th e  n u tr i t io n a l s ta te . H e 
recom m ended  th e  use o f  his m e th o d  especially  in  clinical and  p rev en tiv e  
m edicine.

A ccording to  B la zer  so m a to ty p e  is defined  as “ a spacial com position  o f th e  
b o d y  given b y  len g th , w id th  an d  d ep th  m easures. In  i ts  c o n s titu tio n  th e  
skeleton , sub cu tan eo u s fa t ,  th e  size o f th e  b o d y  cavities a n d  of th e  organs 
s itu a te d  in  th em  ta k e  p a r t“  (B la zer  1971).

B l a zer ’s child  so m a to ty p e  is de te rm in ed  b y  th e  follow ing th ree  c h a ra c 
te ris tic s : body  w id th , b o d y  ro b u s tic ity  and  n u tr i t io n a l s ta te . F o r ra tin g  th e  
f i r s t  ch a rac te ris tic  (body  w id th ), an  index  is u sed  w hich is expressed  b y  th e  
re la tio n  of distan tia  bideltoidea to  b o d y  heigh t. B id e lto ida l w id th  is m easu red  
w ith  th e  low er p a r t  o f th e  a n th ro p o m e te r. The index  is ca lcu la ted  as fo llow s:

d is ta n tia  b ide lto idea  x  loo 
b o d y  heigh t

As fo r th e  second c h a rac te ris tic , i.e. body  ro b u stic ity , th ig h  circum ference 
i s m easured  b y  m eans o f m e ta l an th ro p o m e tric  tap e . The index  is ca lcu la ted  
accord ing  to  th e  follow ing fo rm u la :

th ig h  circum ference X 100 

bo d y  heigh t

T he th ird  ch a ra c te ris tic  expresses n u tr itio n a l s ta te . W hile th e  f ir s t  tw o  
ch arac teris tics  are o b jec tiv e ly  ra te d , th e  th ird  one is of a ra th e r  su b jec tiv e  
n a tu re  as i t  approaches th e  e v a lu a tio n  of n u tr itio n a l s ta te  b y  m eans o f aspexis. 
N u tr itio n a l s ta te  is e v a lu a te d  accord ing  to  th e  am o u n t a n d  d ispersion  of su b 
cu taneous fa t. T he ev a lu a tio n  o f subcu tan eo u s f a t  gives in fo rm atio n  on th e  
n u tr itio n a l cond ition  o f th e  child , on th e  balance  of its  caloric  and  m o to r b a l
ance. F o r th e  e v a lu a tio n  of th e  share  o f fa t, th e  a u th o r  w orked  ou t a d iagnostic  
m ethod , w hich has p ro v ed  to  be useful in  p rac tice . I t  is e v a lu a ted  accord ing  
to  th e  following resp ec ts :

A new born  b a b y  has th e  lay e r of fa t  even ly  d ispersed  all over its  body . 
F ro m  its  f ir s t  y e a r  w hen  th e  m o to r a c tiv ity  o f th e  child  increases, th e  lay e r
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Fig. 1: The first characteristic of B l a z e r ’s method

Fig. 2: The second characteristic of B la ze r ’s method



of f a t  on  th e  chest grows th in n e r  a n d  th e  ribs begin  to  be n o ticeab le . T his 
s ta te  is considered  to  be a sign o f e u t r o p h y , in  th e  to d d le r-, preschool- an d  
school age. I f  th e re  still rem ains a th ic k e r  lay e r of fa t  on th e  ch est, th e  ribs 
are  n o t  no ticeab le , and  th e  child  has a ro u n d ed , cy linder-like shape , th e n  th is  
s ta te  is described  as p l u m p n e s s . A fu r th e r  increase of th e  lay e r o f f a t ,  especially  
on th e  b rea s t, h ips and th ig h s w here th e  f a t  form s rolls, is considered  o b e s i t y  

accord ing  to  B la zek . O n th e  o th e r h a n d , th e  f irs t stage  of h y p o t r o p h y  m an ifests 
itse lf  b y  m ore m arked  in te rco s ta l spaces an d  s p i n a  i l i a c a  a n t . s u p . A t th e  sam e 
tim e  th e  fa t  lay e r on th e  lim bs grow s th in n e r, a space be tw een  th e  th ighs 
ap p ears . I f  losing w eight goes on, th e  bone prom inences becom e even  m ore 
a p p a re n t. A p a rt from  th e  sunk  in te rc o s ta l spaces and  s ta n d in g  o u t s p i n a  

i l i a c a  a n t . s u p ., s p i n a  i l i a c a  p o s t , s u p ., p r o c e s s i  s p i p o s i  an d  j o i n t  s h a p e s  can  be 
observed . F a t  d isappears from  th e  face, subcu tan eo u s fa t  on th e  tru n k  and  
lim bs is th in n e d  to  a m ax im um  degree. T h is  is grave d y s t r o p h y .

G rap h s have  been  w orked  o u t fo r th e  f irs t  an d  second c h a rac te ris tic s  (body  
w id th  an d  ro b u stic ity ), fo r b o th  boys an d  girls. As th e  a u th o r  in v es tig a ted  
o n ly  a group of boys, he on ly  p re sen ts  g rap h s fo r boys (F ig. 1, 2). T he m ark ed  
zones in  th e  g rap h s d iffe ren tia te  ch ild ren  in to  m edium , s tro n g , ro b u s t an d  
g racile  ty p es , in te rm ed ia te  ty p es  can  be found  as well. I t  is a percen tile  d is tr i
b u tio n , w here th e  ch ild ren  b e tw een  th e  16th  an d  8 4 th  p e rcen tile s  (i.e. in  
F ig u re  1 th e  zone A3, in  F igu re  2 th e  zone B3) are  considered  to  be a t  m e d i u m  

p r o p o r t i o n s . T he  ch ildren  betw een  th e  8 4 th  an d  9 8 th  percen tiles (in  th e  g raphs 
th e  zones A 2, B 2) are considered  to  be m e s o s o m e s  w ith  signs o f b r a c h y t y p e s . 
T h e  ch ild ren  betw een  th e  2nd  an d  16 th  percen tiles are m e s o s o m e s  w ith  signs 
o f l o n g i t y p e s . T he ch ild ren  s itu a te d  above 9 8 th  percen tile  (zone A 1, B 1) 
are  ex trem e  b r a c h y t y p e s , th o se  u n d e r  2nd  percen tile  (zone A 5, B 5) are ex trem e

Table 1

Child ty p es according to  B lazek

Body width — the f irs t characteristic

1 2 3 4 5
hrachy- m esobrachy- meso- m esolongi- longi-

type type type type type

Body robusticity — the  second characteris tic

i 2 3 4 5
hyperp lastic s em ihy p  er pl as tic norm oplastic sem ihypo- hypoplastic

type type type p lastic  type type

Nutrition state — th e  th ird  ch aracteris tic

1 2 3 4 5
obese plum p eutrophic hypotrophic dystrophic
type type type type type
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longitypes. F ounded  on  ra tin g  th e  th re e  ch a rac te ris tic s , th e  ch ild ren  are in 
cluded  in  a  ce rta in  ty p e  as p resen ted  in  T able 1. A ll th ree  ch a rac te ris tic s  are 
d iv ided  on  a five-po in t scale and  exp ressed  b y  A rab ic  n u m era ls , so th a t  various 
num eric  com binations (e.g. 3—4— 3) could  be expressed.

B o th  m ethods were ap p lied  in  a g ro u p  of ten -y ea r-o ld  boys (n  =  17). In d iv id 
uals (boys) of various age-groups w ere  m easured  besides b y  m eans of b o th  
m ethods, so as to  v e rify  th e  a u th o r’s conclusions.

R esults a n d  D iscussion

In  th is  ra th e r  b rie f p a p e r  th e  a u th o r  h im self lim its  on ly  to  a genera l com pari
son of b o th  applied m eth o d s and  to  p o in t ou t th e ir  ad v an tag es  or d isad v an 
tages.

W ith  boys of ten  i t  ap p eared  in  sev era l cases t h a t  th e  low er w as th e  f irs t  
ch a rac te ris tic  of Bla zek ’s m ethod , th e  h ig h er was th e  en d o m o rp h y  com ponen t 
of th e  H e a t h — Ca r t e r ’s m ethod . T h e  second ch a rac te ris tic  o f B la zek ’s 
m ethod  (robustic ity ) is n o t  a single re p re se n ta tiv e  of m esom orphy , th e  m edium  
ty p e s  of B lazek  (norm oplastics) h av e  m edium  ra tin g s  is m esom orphy  accord
ing  to  th e  H eath— Ca r t e r ’s m eth o d . H ypop lastics  have  low  m esom orphy  
ra tin g . S ta te  of n u tr itio n  p a r tly  ag rees w ith  ec to m o rp h y  ra tin g . T he low er 
th e  n u tr i t io n a l s ta te , i.e . th e  f a t te r  th e  child , th e  low er is th e  ec to m o rp h y  
ra tin g .

F ro m  th e  analysis i t  can  be concluded  th a t  th e  tw o  m ethods d iffer consider
ab ly . W hile w ith  th e  H e a t h — Ca r t e r ’s m eth o d  th e  en d o m o rp h y  and  ec to 
m o rp h y  com ponen t co rre la te  n eg a tiv e ly , w ith  th e  B la zek ’s m eth o d  the  
m en tio n ed  ch arac te ris tic s  com plem ent each  o th e r an d  co rre la te  positive ly . 
T he slim m er th e  child is th e  h igher th e  ch a rac te ris tic s  are n um erica lly , an d  th e  
o th e r w ay  ro u n d . T hus i t  seem s th a t  i t  w ould  be su ffic ien t to  m easure  ju s t  one 
o f th e  f irs t  tw o ch arac teris tics , or to  r a te  n u tr itio n  s ta te  fo r a m ore de ta iled  
ch a rac te ris tic s . Or again , i t  w ould be possib le to  express th e  B la zek ’s ty p e  
b y  one n u m era l or expression  only. F o r  exam ple am ong th e  g roups o f ch ildren  
we never fo u n d  a ty p e  5— 1— 1 (lo n g ity p e  h y p erp las tic  obese) or 1— 5— 5 
(b ra c h y ty p e  h y p o p lastic  h y p o tro p h ic ). T he m ost f req u en t ty p e s  (according 
to  B lazek ) found  w ere 3— 3— 3 (29 .4% ), 2— 3— 3 an d  1— 2— 2. O n th e  o th e r 
h an d , in  th e  sam e group we found th e  follow ing ty p es  (accord ing  to  H e a t h — 
Ca r t e r ’s m eth o d ): th e  m o st fre q u e n t so m ato ty p e  w as 1— 4.5— 4 (17.7% ), 
as well as 2— 4.5— 3.5.

T he ad v an tag es  of B l a z e k ’s m eth o d  lie in  th e  s im p lic ity  of m easu rem en t. 
T h e  m eth o d  is su itab le  fo r  p ed ia tric ian s  and , accord ing  to  B l a zek , its  ap p li
ca tio n  can  h av e  good re su lts  in  th e  p re v e n tio n  of obesity . A fu r th e r  a d v an tag e : 
th is  m ethod  is detailed  fo r  ch ildren  fro m  th e  tim e of b ir th  till  10  years of age. 
T h e  ra tin g  o f th e  f in a l ty p e  is, how ever, as com pared  to  th e  H e a t h —Ca r t e r ’s 
m e th o d , r a th e r  ap p ro x im ate  and  less e x a c t. Besides especially  as reg a rd s  th e  
th ird  ch a rac te ris tic , m istak es can n o t be excluded  (re liab ility  is low).

In  c o n trad is tin c tio n  to  B la zek ’s m e th o d , th e  H ea th — Ca r ter  a n th ro p o 
m etric  m e th o d  has th e  a d v a n ta g e  of e lim in a tin g  th e  su b jec tiv e  fa c to r  as fa r  as 
possible, w ith  its  use th e  expression  o f so m a to ty p e  b y  m eans of th re e  num erals  
is qu ite  clear, well expressib le  in  a so m a to c h a rt an d  w ith  su ffic ien t accu racy
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to  cover th e  w hole ran g e  of m orphological v a ria tio n s . A fu r th e r  w ell-know n 
ad v an tag e  is th a t  th e  ra tin g  scales are  n o t lim ited , w hich  p e rm its  a m ore 
accu ra te  ra tin g  of th e  so m a to ty p e  o f even  ex trem ely  developed  sub jec ts .

B l a z e k ’s in te n tio n  w as to  m ake th e  ty p e  ra tin g  of ch ild ren  p a r t  o f th e  clinical 
ex am in a tio n  in  child  w elfare cen tres, h e a lth  cen tres a n d  to  ap p ly  i t  w ith  sick 
ch ildren . T herefore, he d e lib era te ly  chose a sim ple an d  easy  m eth o d  th a t  could  
be used  b y  all ped ia tric ian s .

A ccording to  ou r fin d in g s, th e  Blazek method  is su itab le  to  be used  w ith  
sm all ch ild ren  u p  to  th e  age of 6— 8 fo r a rough  qu ick  o rien ta tio n , th e  H e a t h —  
Ca r t e r ’s m eth o d  for a m ore accu ra te  ra tin g .
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EARLY FEEDING PATTERNS, GROWTH AND THE AGING
PROCESS

by W. A. Stini

(Department of Anthropology, University of Arizona, Tucson, 
Arizona, USA)

A b s t r a c t .  In recent years, significant increases in life expectancy have 
occurred. This increase has been most pronounced among females. As a result, 
there were 156 women for every 100 men over age 75 years in the U.S.A. in 
1970. The sexual disparity in life expectancies has increased throughout this 
century. The reasons for this trend are unknown.

Males experience higher mortality rates to both infectious and degenerative 
diseases. The prognosis for a male patient is generally poorer no matter what 
stage of the disease at the time of diagnosis or the course of treatment.

It has been shown that the early stages of male growth and development are 
more susceptible to external perturbations. Thus, growth-maximizing diets have 
their greatest impact on male children. The connection between male responsive
ness to environmental influences during early growth and vulnerability in the 
later years is significant to the understanding of the aging process.

Key ivords: Nutrition, growth, aging.

In tro d u c tio n : In c reasin g  lifespan: A w orldw ide phenom enon

Im p o rta n t changes in th e  dem ographic  s tru c tu re  of th e  w orld ’s p o p u la tio n  
are  occurring. Increases in  life ex p ec tan cy , m ost p ro n o u n ced  in  th e  in d u s tr ia l
ized  nations, are  being experienced  in m o st p a r ts  o f th e  w orld . Ice lan d , w here 
a new born  fem ale had  a life ex p ec tan cy  of 79.2 y ea rs  an d  a new born  m ale 
73 y ea rs  in 1976, have experienced  the  g re a te s t increase (U .N . S ta tis tic a l Y ear
book, 1977). C itizens of seven  o ther co u n trie s  h ad  life expec tancies equal to  
o r g rea te r  th a n  those p reva iling  th a t  y e a r  in  th e  U .S .A ., w here fem ales could 
ex p ec t to  live 76.5. years an d  m ales 68.7 years. All o f th ese  coun tries were 
ch arac terized  b y  a high leve l o f affluence.

H ow ever, increases in  life ex p ec tan cy  h av e  o ccu rred  in  a n u m b e r of th e  
developing coun tries, w hile in  some, 30 to  40 years is s till th e  average. (F or 
in s tan ce , U pper V olta  m ales had  a life ex p ec tan cy  o f  32.1 y ears , fem ales 
31.1 years in  1975 and  in  B ang ladesh  b o th  sexes h ad  life expec tancies a t  b ir th  
o f 35.8 years in  1976.) R a p id  increases in  life e x p e c ta n cy  have  occurred  in  
a n u m b er of L a tin  A m erican  countries since W orld W a r I I .  In  Colom bia, in  
1976 m ale life ex p ec tan cy  w as 59.2 a n d  fem ale 62.7 y ea rs  an d  in  Mexico, 
62.76 and  66.57, re spec tive ly . P erhaps th e  m ost im pressive  change has ta k e n  
place in  Ja p a n  w here the  1976 life expec tancies were 72.15 years fo r m ales and  
77.35 for fem ales. These life expectancies a re  associa ted  w ith  one of th e  w orld’s
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low est c rude  dea th  ra te s , 6.3 p e r th o u san d . In  com parison , c ru d e  d ea th  ra te s  
o f 8.9 in  th e  U .S.A ., 7.2 in  C an ad a  an d  10.5 in  F ran ce  are  su rp ris in g ly  h igh . 
P e rh ap s  less surprising  b u t  none the less n o tew o rth y  are c ru d e  d e a th  ra te s  o f 
28.1 in  B angladesh , 25.8 in  U p p er V olta  and  22.7 in  N igeria.

F ro m  th ese  figures, i t  w ould  a p p ea r th a t  in d u str ia liz a tio n  w ith  its  assoc ia ted  
b en efits  o f im proved  n u tr itio n , public  h ea lth  facilities an d  life-long m edical 
care  has been  in s tru m e n ta l in  c rea tin g  an  en v iro n m en t capab le  o f m ax im izing  
th e  h u m an  life span. T here are  claim s o f g rea te r life e x p e c ta n cy  occurring  in  
ce rta in  sm all, rem ote p o p u la tio n s  in  S ou th  A m erica an d  th e  Soviet U nion , 
b u t  in  th e  absence o f re liab le  records, these  claim s rem ain  u n su b s ta n tia te d  
(Mazess an d  F orman 1979). I t  sho idd  also be em phasized  th a t  desp ite  w ide
sp read  increases in  life e x p e c ta n cy  a t  b ir th  th e re  has been  re la tiv e ly  l i t t le  
change in  longev ity , even in  th e  m ost afflu en t p o p u la tio n s. T hus, a 65— 70 
y ear-o ld  m ale in  th e  U .S.A . has a life ex p ec tan cy  no longer th a n  w ould h av e  
p rev a iled  in  the  y ea r 1900 (H a y fl ic k  1974).

T he lack  of sign ifican t increase  in  lo n g ev ity  re flec ts  th e  fa c t  th a t  increased  
life expectancies are th e  p ro d u c t of reduc tions in  th e  n u m b e r of “ u n tim e ly ”  
d ea th s . A m ajo r cause of u n tim e ly  d ea th s  in  h u m an  p o p u la tio n s  has fo r som e 
tim e  been  infectious disease. R ed u c tio n  in  m orta lities  a t tr ib u ta b le  to  tu b e rc u 
losis, sm allpox , scarle t fever an d  a v a r ie ty  of o th e r diseases o f  ea rly  onset has 
m ean t th a t  more people su rv iv e  in to  an d  th ro u g h  m iddle age. W e can  on ly  
specu la te  on the  likelihood th a t  an  in d iv id u a l su rv iv ing  to  age 50 b y  v ir tu e  o f 
m edical con tro l of an  in fectious disease will live to  an ad v a n c e d  age. W e do 
n o t know , fo r in stan ce , if  in n a te  ch a rac teris tic s  th a t  en h an ce  su rv iva l of a 
y oung  in d iv id u a l exposed  to  in fec tious disease, h av e  sim ilar p ro p erties  la te r  
in  life. T he p a tte rn  is obscured  in  p a r t  because th e  ch ief causes of m o rb id ity  
in  th e  la te r  years have  been  th e  so-called degenera tive  cond itions. M uch 
rem ains to  be lea rn ed  ab o u t th e  role o f th e  im m une system  in  th e  la te r  y ea rs  
o f life (Mak in o d a n  1976, 1978, 1979) b u t  i t  is en tire ly  possible th e  segm ent o f 
to d a y ’s pop u la tio n  reach ing  age 50 is o f a d ifferen t genetic  com position  th a n  
th e  one reaching  age 50 in  th e  y e a r 1900. T hus, we are s till unab le  to  assess 
th e  tru e  dim ensions of h u m a n  longev ity .

W hile u n ab le  to  d e te rm in e  th e  tru e  p o te n tia l o f  th e  h u m a n  life sp an , we 
are nonetheless con fron ted  w ith  con sis ten t evidence th a t  th e  fem ale p o te n tia l 
is g rea te r  th a n  th a t  o f th e  m ale . T he d isp a rity  appears g re a te s t in  th e  co u n trie s  
w here th e  life expectancies are  g rea te s t, a lth o u g h  th e re  is no c lear co rre la tio n  
betw een  th e  tw o variab les . F o r in stan ce , th e  m ost recen t figu res show  life 
ex p ec tan cy  for fem ales an  av erag e  of 6.4 years g re a te r  th a n  th a t  o f m ales in  th e  
n ine coun tries w here life expec tancies are g rea te s t. In  a t  le a s t 10 co u n tries , 
m ale life expectancies are eq u a l to  or g rea te r th a n  fem ale. T hese are  all cou n tries  
w here life expectancies are s till sh o rt (L iberia , N igeria, U p p e r V olta , B a n g la 
desh, K am puchea , In d ia , In d o n esia , Jo rd o n , S ab ah  M alaysia , P a k is ta n ) . 
T ab le  1 gives a b reakdow n  o f th ese  figures an d  T ab le  2 p ro v id es  sim ilar co m p a
risons fo r th e  m ost a ff lu en t p o p u la tio n s. The g re a te r  risk  o f ch ildbearing  in  
th e  developing coun tries c e rta in ly  influences th ese  figu res, as m ay  be seen 
b y  in spec tion  of th e  “ b ir th  r a te ”  and  “ fe r tility ”  colum ns o f  T ab les 1 an d  2. 
B u t i t  is un like ly  t h a t  th e  s tress of ch ildbearing  is th e  sole reaso n  fo r re la tiv e  
s im ila rity  of m ale an d  fem ale life expectancies in  m ost develop ing  coun tries. 
O th e r fac to rs  are u n d o u b te d ly  a t  w ork  in  th e  tra d itio n a l societies w here w om en 
are  freq u en tly  d isc rim ina ted  ag a in st in  m any  w ays.
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Life expectancies at birth, birth rates, fertility, death rates and infant mortalities in nations 
where male life expectancy equals or exceeds female life expectancy at birth

Table 1

N ation
Li

cxpec

Male

:e
tancy

Fem ale

B irth s/1000 Fertility D ea th /1000 Infant
m orta lity /1000

Upper Volta 32.10 31.10 48.5 197.0 25.8 182.0
Bangladesh 35.80 35.80 49.5 231.7 28.0 9

Nigeria 37.20 36.70 49.3 217.8 22.7 9

India 41.89 40.55 34.5 136.7 14.4 122.0
Kampuchea 44.20 43.30 46.7 143.1 19.0 127.0
Liberia 45.80 44.00 49.8 161.2 20.9 159.2
Sabah Malaysia 48.79 45.43 35.0 179.4 14.4 31.6
Indonesia 47.50 47.50 42.9 175.7 16.9 125.0
Pakistan 53.72 48.80 36.0 174.8 12.0 124.0
Jordan 52.60 52.00 47.6 206.6 14.7 36.3

Source: S ta tistica l Yearbook: 1977. N ew  Y ork, U nited N ations D epartm en t o f Econom ic and Social A ffairs. 1978

Table 2
Life expectancies at birth, birth rates, fertility, death rates and infant mortalities 

in industrial nations of high life expectancy

N ation
Life

expectancy B irth s/1000 F ertility D ea th /1000 Infant
m ortality /1000

Male Fem ale

Canada 69.34 76.36 15.8 61.6 7.2 15.0
U.S.A. 68.70 76.50 14.7 58.5 8.9 15.1
Denmark 71.10 76.80 12.9 61.3 10.7 10.3
France 69.00 76.90 13.6 72.0 10.5 10.4
JNetherlands 71.20 77.20 12.9 53.9 8.3 10.5
Japan 72.15 77.35 16.4 62.6 6.3 9.3
Sweden 72.07 77.65 11.9 56.4 11.0 8.7
Norway 71.50 77.83 13.3 64.1 9.9 11.1
Iceland 73.00 79.20 19.4 81.9 6.9 11.7

Source: S ta tistica l Yearbook; 1977. N ew  Y ork, U n ited  N ations D epartm en t o f  E conom ic and Social Affairs. 1978

Relationships o f growth performance, environm ent and longevity

Larger body size

Increases in  life ex p ec tan cy  have  been para lle led  b y  increases in  b o d y  size. 
T he m ost p ro n o u n ced  changes have again  o ccu rred  in  th e  in d u stria lized  
co u n tries . T he m ost recen t s ta tis tic s  (E v e l e t h  a n d  T a n n e r  1976) in d ica te  th a t  
in  th e  U .S.A . th e  t r e n d  to w ard  increased  b o d y  size h as  peaked , w ith  m ean  
s ta tu re s  rem ain in g  u n ch an g ed  for th e  p a s t tw o  decades. A sim ilar p a tte rn  
appears to  be em erg ing  in  th e  o th e r in d u stria lized  cou n tries  inc lud ing  Ja p a n . 
In te re s tin g ly , th e  “ secu lar tre n d ”  to w ard  increased  b o d y  size occurred  over 
a m uch  sh o rte r  p e rio d  in  J a p a n , being largely  a p o s t W orld  W ar I I  ph en o m e
non  th e re . I f  it  h as  ind eed  peaked , i t  w ould  h av e  ta k e n  on ly  35 years as com 
p a re d  to  th e  a p p ro x im a te ly  100 years e s tim a ted  fo r th e  U .S.A . an d  W este rn  
E urope.
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P erh ap s  m ore sign ifican t th a n  changes in  s ta tu re  are th e  observed  increases 
in  b o d y  w eight associa ted  w ith  th e  secu la r tre n d . T able 3 show s som e of th e  
changes w hich have  occurred  betw een  1883 an d  1971 in  Sw eden (B e n g t —  
Olov  e t al. 1974). W hile th e re  is u n d o u b te d ly  an  increase in  adipose f a t  inc luded

T a b le  3

The secular trend for body weight in Sweden 1883 —1971

Age Center 
(Yr.)

1883 M ean (kg) 1938— 39 Mean (kg) 1965— 71 Mean (kg)

Male Fem ale M ale Fem ale Male Fem ale

7.0 21.7 21.2 23.5 23.0
8.0 24.5 23.3 25.9 25.1
9.0 27.5 26.0 28.3 28.2

10.0 29.8 28.2 31.5 31.2 32.3 32.0
11.0 31.3 30.7 34.7 34.8 35.3 35.9
12.0 33.4 33.1 38.3 39.3 39.1 40.9
13.0 36.1 37.8 42.7 44.3 43.6 46.0
14.0 40.0 42.2 48.2 49.2 49.5 49.7
15.0 44.6 46.9 54.2 53.5 55.6 52.5
16.0 49.6 50.3 60.0 56.0 60.4 54.4
17.0 55.0 53.1 63.9 57.6 65.4
18.0 59.5 55.5 66.2 58.5

in  th ese  w eight increases, m uch is a ttr ib u ta b le  to  lean  b o d y  m ass. T h e  fac t is 
t h a t  m uch  of th e  increase in  young a d u lt  body  w eight observed  in  th e  in d u s tr i
alized n a tio n s  is in  th e  fo rm  o f ske le ta l m uscle. T hus, su b s ta n tia l increases in  
th e  a m o u n t of m e tabo lica lly  ac tive  tissu e  have  occurred . T he increase in  th e  
n e t m etabo lic  a c tiv ity  p revailing  on a su s ta in ed  basis is considerab le , espe
c ially  w hen  ca lcu la ted  over th e  course o f a life tim e. C om parison of a 70 kg  m ale 
w ith  a 60 kg m ale over a d a y ’s ac tiv itie s  (Table 4) shows th a t  th e  heav ie r m ale 
w ould  requ ire  n ea rly  500 kcal. (2092 kilojoules) m ore p er day . These figures 
are , o f course, only  ap p ro x im atio n s an d  are based  on an  average fo r y oung  adu lts . 
C hanging  body  com position  w ith  increasing  age will reduce to ta l  energy 
dem an d , w ith  th e  ra te  o f decrem en t in  th e  b asa l ra te  being n ea rly  lin ea r  a fte r  
age 20 ( F orbes  1976).

U .S .A . Colombia

Mean body weight (kg) 70 60
Caloric costs (kcal)

Resting (8 hours) 570 480
Very light activity (6 hours) 630 540
Light labor (8 hours) 1624 1392
Moderate labor (2 hours) 602 516
Total 3426 2918
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T a b le  4

Comparison of caloric requirements of a 70 kg U.S. male with those of a 60 kg 
Colombian male at similar activity levels



A d u lt fem ale b o d y  com position  differs from  m ale su ffic ien tly  so th a t  basal 
m etab o lic  ra te s  are s ig n ifican tly  d iffe ren t (Table 5). B ody  size an d  b o d y  com 
p o sitio n  are  im p lica ted  in  th e  low er caloric req u irem en ts  o f fem ales. Sexual 
d im orph ism  in  h u m an  p o p u la tio n s re flec ts  these  differences in  v a ry in g  w ays. 
F o r  in s tan ce , m ale s ta tu re s  average  as m uch  as 110%  of fem ale in  som e p o p u 
la tio n s  an d  as little  as 104%  in  o th e rs  (St in i  1972a). I t  is n o te w o rth y  th a t

Sex differences in body composition

Age
(years)

R atio adipose 
body

tissue mass: 
m ass

Male Female

25 0.14 0.26
40 0.22 0.32
55 0.25 0.38

g re a te r  d ifferences b e tw een  th e  sexes occur am ong th e  m ore a ff lu en t p o p u la 
tio n s . E v en  w ith in  p o p u la tions, th e  m ore a fflu en t segm ents e x h ib it g rea te r  
sex u a l d im orph ism  fo r s ta tu re , as seen in  Ja m a ic a  (A sh c r o ft , H in e a g e  and  
L ov ell  1966) an d  E th io p ia  (D ella po rta s  1969). Some cau tio n  m u s t be exer 
cised  in  in te rp re tin g  these  find ings, how ever, since m easu rem en ts o f young- 
a d u lts  f re q u e n tly  involve fem ales who have all com pleted  g row th  w hile m an y  
o f th e  m ales are s till grow ing. E v en  u n d e r op tim al c ircum stances, fem ales 
are  ab o u t 10%  ah ead  of m ales in  g row th  an d  m a tu ra tio n . W hen  cond itions 
are  stressfu l, th e  d isp a rity  is genera lly  g rea te r. F o r a v a r ie ty  o f reasons, fem ale 
g ro w th  is m ore canalized  th a n  m ale. T he significance o f th is  becom es qu ite  
a p p a re n t w hen  well nourished  an d  undern o u rish ed  p opu la tions are com pared  
w ith  reference to  specific sexually  d im orph ic  ch aracteristics.

F o r in s tan ce , rad iog raph ic  d e te rm in a tio n s  o f skeletal m a tu r ity  rev ea l m ore 
de lay  in  th e  appearances o f o ssifica tion  cen ters and  th e  closure o f ep iphyses 
o f  th e  h an d  an d  w ris t o f u n d ern o u rish ed  m ale ch ild ren  an d  adolescen ts th a n  
in  th e  case fo r age-m atched  fem ales in  th e  sam e p opu la tions (St in i  1969). 
L ean  tissue as e s tim a ted  from  m easu rem en t of arm  circum ference an d  skin- 
fo lds ex h ib its  a sim ilar p a tte rn  o f m ale la b ility  in  g row th  w hen co m p ared  to  
th e  re la tiv e  s ta b ili ty  o f th e  fem ale (St in i 1972b). T able  6 shows values fo r arm  
m uscle circum ference in  ad u lts  in  a poorly  nou rished  S ou th  A m erican  p o p u la 
tio n  co m p ared  to  average  values fo r  m ales in  th e  U .S.A. N ote  th e  red u c tio n  
in  sexual d im orph ism  in  th e  C olom bian p o p u la tion , fem ales averg ing  81%  
o f m ale va lu es  fo r m uscle c ircum ference. In  U.S. p o p u la tio n s fem ale values 
are  only  ab o u t 66%  of fem ale. M uscle c ircum ference of C olom bian m ales is 
a b o u t 66%  o f th a t  in  U .S. m ales w hile C olom bian fem ales have  a b o u t 81%  
th e  m uscle c ircum ference of U .S. fem ales (St in i  1975).

E v o lu tio n a ry  h y po theses seeking an  e x p lan a tio n  for th e  a p p a re n t s ta b ility  
o f fem ale g ro w th  com pared  to  th a t  of m ales in  ou r species h av e  been  p resen ted  
elsew here (St in i  1971, 1975, 1977a, 1977b, 1978a, 1978b). H ere th e  em phasis
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Table 5

Relationship of adipose tissue to body weight in adult humans 
(from M a s o r o  1975)



will be p rim arily  on  th e  re la tio n sh ip  betw een  ea rly  g row th  p a tte rn s  a n d  
longev ity .

T a b le  6

Mean upper arm muscle area of adults of both sexes: U.S.A. and Colombian values
(from Stini 1975)

Colombia U .S .A . Colombia % o f  U .S .A .

Arm  m uscle  
area (mm2)

B od y w t. Arm  m uscle 
area (mm 2)

B od y w t. 
k g M uscle area B od y w eig h t

Male 4267 60 6464 70 66 85
Female 3450 51 4272 58 81 88
Female % of male 81 85 6 6 83

H u m a n  longevity: A c tu a l and potentia l

T he tru e  d im ensions of h u m a n  lo n gev ity  rem a in  unknow n. N onetheless 
th e re  has been  considerab le  progress to w ard  a p o in t w here ex trinsic  fac to rs  
such  as disease, t r a u m a  an d  s ta rv a tio n  no longer a c t as th e  m a jo r causes of 
m o rta lity . F ro m  th is  p o in t on, th e  in trin sic  fac to rs  serv ing  to  lim it th e  life 
sp an  w ill increasing ly  a c t as th e  d e te rm in an ts  o f longev ity . W here cancer 
a n d  ca rd io v ascu lar disease are  now  th e  p re d o m in a n t causes of m o rta lity , th e  
in trin s ic  lim its  o f th e  h u m a n  life sp an  m ay  a lread y  be discernible. I t  is possible 
th a t  th e  ev o lu tio n a ry  process has endow ed th e  species w ith  a genetically  d e te r
m ined  lim it to  th e  le n g th  of life (K rooth  1974, Cu tler  1975, 1979, D en ck la  
1975, K anungo  1975, Ma n n in g  1976, Sa ch er  1978). I f  so, i t  could he th a t  th e  
life sp an  in  co n tem p o ra ry  a fflu en t p opu la tions is a t , or close to , th e  species 
lim it, an d  th a t  an y  fu tu re  increases in  h u m an  lo n g ev ity  could be achieved on ly  
th ro u g h  m a n ip u la tio n  of in trin sic  facto rs.

B u t i t  is also possib le , th a t  even in  th e  m ost a fflu en t, longest-lived  p o p u la 
tions p resen tly  liv ing , th e  env iro n m en t is n o t op tim al. I t  is, fo r in stan ce , 
possible th a t  a t  th e  sam e tim e  th e  con tro l of in fec tious disease has allow ed m ore 
in d iv id u a ls  to  live long  enough to  be suscep tib le  to  degenera tive  diseases, 
th e re  is also a tre n d  to w ard  g rea te r su scep tib ility  to  degenera tive  diseases. 
T h e  in fo rm atio n  need ed  to  id en tify  such a tre n d  is n o t easily  ob ta in ed . T his 
is because in d iv id u a ls  susceptib le  to  early  m o rta lity  to  in fectious disease 
w ould  n o t necessarily  be th e  sam e ind iv iduals suscep tib le  to  degenera tive  disease. 
Too m an y  fac to rs  re m a in  unknow n  to  p e rm it usefu l specu la tion  a b o u t th e  
re la tiv e  effectiveness o f  th e  im m une response a t  vario u s stages of th e  life cycle 
in  p a s t p o p u la tio n s. T h e  search  fo r clues to  th e  tru e  dim ensions of h u m an  
lo n g ev ity  m u st re ly  p rim a rly  on d a ta  from  liv ing  p o p u la tio n s. E v en  in  these  
p o p u la tio n s, i t  is im possib le  to  e s tim a te  how  m an y  ind iv id u a ls  dy ing  of m alaria , 
cholera  or in flu en za  m ig h t have  lived  to  g rea t age if  th e y  h ad  been spared .

D esp ite  th e  need  fo r  cau tion  in  in te rp re tin g  th e  in fo rm atio n  we hav e , it  
is possible th a t  fa c to rs  reducing  life ex p ec tan cy  in  o lder in d iv idua ls can  be 
id en tified  and , in  som e case, am elio ra ted . Im p ro v e d  u n d e rs tan d in g  o f th e  
etiologies of cancer a n d  of ca rd iovascu lar disease has p e rm itte d  tre a tm e n t and  
some p ro loga tion  o f life. A verage life ex p ec tan cy  in  th e  U .S.A . m ig h t be 
increased  b y  as m u ch  as 10— 15 years if  ca rd io v ascu la r disease an d  cancer 
w ere e lim in a ted  (S ie g e l  1975).
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O ver th e  p a s t  60 years, various an im al ex p erim en ts  h av e  show n th a t  ce rta in  
k inds o f d ie ta ry  re s tric tio n s  can  h av e  th e  e ffec t of increasing  life ex p ec tan cy . 
B eginning w ith  th e  w ork  of Osbo rn e  e t al. (1917), follow ed b y  th a t  o f McK a y , 
Cro w ell  an d  Ma y nard  (1935), an d  con tin u in g  th ro u g h  th e  40’s and  50’s 
w ith  th e  w ork  o f T a n n en ba u m  (1945, 1959), evidence o f beneficial effects o f 
a g ro w th -re s tric tin g  d ie t has accum ulated . O th e r  in v es tig a to rs  have  co n tin u ed  
th is  w ork, p ro d u c in g  a considerable body  o f evidence su p p o rtin g  th e  a rg u m en t 
th a t  d ie ta ry  re s tr ic tio n  an d  reduced  g row th  a re  associa ted  w ith  low er incidence 
o f tu m o rs  a n d  g rea te r  life expectancies in  a n u m b er o f species (K r a y b il l  
1963, R o ss  a n d  B ras 1971, P a y n e  1972, W a l fo r d , L iu  an d  G e r b a s e - 
D elim a  1973, J ose an d  Good 1973, J o se , Stutm an  a n d  Good 1973, D r o r i 
an d  F olman  1976, Ca ster  1976, H azzard 1976, R o ss  1976). R ecen t review s 
h av e  sum m arized  aspects  o f th e  find ings of th e se  stud ies from  severa l p erspec
tiv e s  (L ea f  1973, N a tio n a l  D a ir y  Co u n cil  1975, H a y fl ic k  1975, W a tk in s  
1976, W in ic k  1976, Sto ltzn er  1977, B arrow s  an d  K o k k o n en  1978, H o uck  
1979) re flec tin g  co n tin u ed  in te re s t in  th e  top ic .

Go o d rick  (1973, 1977a, 1977b, 1978) has w orked  w ith  no rm al an d  m u ta n t  
s tra in s  of m ice u n d e r d ie ta ry  regim es invo lv ing  re s tr ic tio n  o f p ro te in  an d  energy  
in tak es. O f p a r tic u la r  in te re s t here is h is conclusion (1978) th a t :  “ T he d u ra tio n  
an d  ra te  of b o d y  w eight in c rem en t . . . ap p e a r to  be m ore im p o r ta n t p red ic to rs  
o f lo n g ev ity  th a n  m ean  bo d y  w eight or food  in ta k e ” . P h ra sed  a n o th e r w ay, 
th e  longer th e  an im al grows before a t ta in m e n t o f m ax im um  size, th e  longer i t  
will li ve. S ta te d  in  y e t a n o th e r w ay, g row th  ra te  an d  lo n g ev ity  are  n eg a tiv e ly  
co rre la ted . T ab le  7 ( tak en  from  Goodrick  1977a) show s some o f th e  re su lts  
u n d erly in g  th is  conclusion. In  a d d itio n  to  th e  conclusion of G o o d r ic k , i t  
m igh t also be p o in ted  o u t th a t  th e  loss of b o d y  w eight occurring  b e tw een  th e  
a tta in m e n t o f p e a k  w eight and  w eight during  th e  la s t m o n th  of life w as m ost 
p ronounced  in  th e  fa s te s t grow ing, sh o rte s t-liv ed  sub jec ts .

Slowing o f th e  ra te  o f g row th  early  in  life will, if  su ffic ien tly  p ro longed , 
p rev en t th e  a t ta in m e n t o f th e  full genetic  p o te n tia l for body  size. T he red u c 
tio n  in  body  size u n d e r m ost c ircum stances is a llom etric . T hus, i t  m ay  be q u ite  
p ronounced  w ith o u t im p a irm en t o f fu n c tio n a l c a p ac ity  (P a rízk o vÁ an d

What can be learned from animal experiments?

Strain L(M onths) B W -P  (g) BW -LM  (g) GD (M onths)

Beige (bg) 23.4±1.08 30.4±0.18 27.6±0.47 17.4±1.09
Albino (c3) 24.4±1.52 32.5 ±0.31 32.0±0.40 22.3±1.67
Control (C57B1/6J) 27.9±0.93 35.3±0.42 30.6 ±0.34 21.3±1.60
Yellow (A) 22.2±0.84 53.7±1.61 35.5 ±5.01 16.3 ±0.47
Obese (ob) 13.0±1.89 55.2±5.76 27.3±6.56 7.6±0.62

Abbrevia tions:  L  =  L ife Span
BW -P =  P eak  B od y W eight
BW -LM  =  B od y  W eight at L ast M onth o f  Life Span  
G D =  G row th  Duration
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Table 7

Mean and standard error of the mean for measures of longevity, peak body weight, body weight 
at last month of life span and month of peak body weight (growth duration) for mutant and

control mice (from G o o d r i c k  1977a)



Merh a u to v a  1970). W hen  i t  occurs, th e  effect is a red u c tio n  of b o th  p ro te in  
and  energy  req u irem en ts , especially  th e  la t te r  (N ich o ls  e t al. 1972). M oreover, 
th e  o rganism  genera lly  a d ju s ts  its  a p p e tite  to  th e  level of its  needs (W id d o w so n  
and  McCa nce  1975). T he resu lt m ay  be lifelong red u c tio n  in  n u tr ie n t re q u ire 
m ents. I f  a low er level of to ta l  energy  co n su m p tio n  sum m ed over a life tim e 
influences tissue changes associated  w ith  aging, one of th e  beneficial effects 
of re s tr ic te d  diets on lo n g ev ity  m ay  be so derived . O th er fac to rs  w hich m igh t 
be im p lica ted  are th e  red u c tio n  of th e  ra te  of tu m o r g row th  u n d e r cond itions 
of low p ro te in  in ta k e  (Shils  1975) and , possib ly  in  o th e r  cases, tu m o r in h ib itio n  
associa ted  w ith  ad ren a l h y p erfu n c tio n  (A lcantara  and  Spec k m a n n  1976). 
A v a r ie ty  of changes in  im m une fu n c tio n  can  arise from  d ie ta ry  m odifica tions 
(Good 1977, T yan  1979) so th a t  th e  p e rm u ta tio n s  an d  com binations possible 
in  th e  in te ra c tio n  o f  d ie t, g row th  an d  disease are  m any . B u t i t  does ap p ea r 
qu ite  possible fo r an  organism  to  a t ta in  a bo d y  size considerab ly  sm aller th a n  
its  genetic  p o ten tia l, rem ain  v iab le  an d  achieve a g rea te r life sp an  th a n  its  
la rger conspecifics u n d e r la b o ra to ry  cond itions. W h e th e r th is  is th e  case in  
w ild p o p u la tio n s h as  n o t been  show n. B u t, in  m o st of th e  species u sed  as 
ex p erim en ta l an im als, in d iv idua ls from  w ild p o p u la tio n s a re , on th e  average , 
sm aller th a n  d o m estica ted  s tra in s . W ith o u t m ore in fo rm a tio n  concern ing  
o n g ev ity  in  th e  w ild  s ta te , little  m ore can  be sa id .

A ging  and body com position

In  h u m an s, as in  la b o ra to ry  an im als, th e  process of aging is one in  w hich 
cell n u m b e r  decreases and  m etabo lic  r a te , th ere fo re , declines (F o r b es  1974, 
1976, Malina  1969, T za nkoff  and  N o rris  1978). T his does n o t m ean  th a t  th e  
ra te  o f energy  conversion  in  th e  in d iv id u a l cells has slowed. R a th e r , th e  red u c 
tio n  in  th e  n u m b er o f ac tiv e ly  m etabo lising  cells leads to  a n e t re d u c tio n  in  
th e  to ta l  n u m b er o f reac tions req u irin g  energy . T he m ain ten an ce  req u irem en ts  
of m ost tissues, d ep en d en t u p o n  a su p p ly  of am ino acids, do n o t decrease as 
ra p id ly  as do to ta l  energy  req u irem en ts  (M unro  an d  Y oung  1978, Masoro  et 
al. 1979). T hus, an  across-the-board  red u c tio n  in  food in tak e  to  a level a p p ro p ri
ate  to  th e  in d iv id u a l’s reduced  energy  req u irem en ts  m ay  lead  to  in a d e q u a te  
p ro te in  in ta k e  (Y oun g  and  Gerso v itz  1978). O nly  recen tly  have som e o f th e  
p h en o m en a  associa ted  w ith  th e  decline of h u m an  body  size w ith  age begun 
to  be u n d ersto o d . M uscle m akes a sm aller co n tr ib u tio n  to  to ta l  bo d y  p ro te in  
m etab o lism  in  o lder people th a n  in  y o u n g er ones (U any  e t al. 1978, Y oung  
1968, Y oung  e t al. 1963, Y oung  an d  G erso v itz  1978, Y oung  an d  M unro  
1978). U sually  b o d y  com position  is a lte re d  fav o rin g  th e  acqu is itio n  o f fa t  
(R o b e r t s , A n d r ew s  and  Ca ir d  1975, Masoro  1977). T hus, even w hen w eight 
s tay s  th e  sam e, m etabo lic  ra te , s tre n g th  and  speed  of reac tio n  all decline 
(Cl e m e n t  1974, L a m ph ea r e  an d  Mo n to y e  1976, Malina  1975, Masoro  1975). 
B o th  m ales and  fem ales are su b jec t to  th ese  changes (N ovak  1972) b u t  fem ales 
begin th e  aging process w ith  a h ig h er p ro p o rtio n  of f a t  an d  a low er basal 
m etabo lic  ra te  th a n  m ales an d  th e ir  fa te  of decline is th u s  n o t as p ronounced  
(B u r m e ist e r  1965, F lynn  e t al. 1970, N ovak  1973, N o ppa  e t al. 1979).

T he role of exercise in  age-associated  changes in  body  com position  is of 
considerab le  significance, as has been show n b y  s tud ies of h o sp ita lized  in d iv idua ls 
(MacL e n n a n , Ma r t in  and  Mason  1975) an d  b y  lo n g itu d in a l s tud ies o f in d iv id 
uals follow ing th e ir  no rm al ro u tin e  o f  a c tiv ity  (R obin so n  e t al. 1975). The
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beneficial effects o f exercise p rog ram s, ev en  w hen in s ti tu te d  in  th e  la te r  years 
of life, in d ica te  th a t  som e of th e  changes seen  in  th e  underexercised  and  overfed  
p o p u la tio n s  o f ind u stria lized  n a tio n s  are n o t  en tire ly  irreversib le  (Su o m in e n , 
H e ik k in e n  and  P a rk a tti 1977, P a rízková  1977, P arízková  an d  E is e l t  
1971, P arízková  e t al. 1971). Exercise, im p ro v ed  aerobic cap ac ity  an d  th e  
general im p ro v em en t in  cond ition  th ey  in d u ce  give evidence th a t  one im p o r
t a n t  face t of aging is a tre n d  to w a rd  chronic h y p o x em ia  (Ch e b t a r e v , K o r k u sh - 
ko an d  I vanov  1974). C erta in ly , perfo rm ance  of ex cep tiona l a th le te s  60 y ears  
old (P o lla ck , Mil l e r  and  W ilm o r e  1974a) an d  even up  to  age 75 (P o lla ck , 
M il l e r  an d  W ilm o r e  1974b) give ev idence th a t  th e  decline in  p h ysica l p e r 
fo rm ance need  n o t resem ble th e  p a tte rn  p re d o m in a n t in  th e  in d u stria lized  
n a tio n s  (Ca n tw ell  an d  W att 1974).

E arly  groicth , aging and death

I t  w as p o in ted  o u t earlier t h a t  life e x p e c ta n cy  a t  b ir th  has increased  th e  
m ost in  a reas w here th e  secular increase in  b o d y  size has been m ost p ro n o u n ced  
(Van  W ie r in g e n  1978). M oreover, these  a re  th e  sam e areas in  w hich m en ar- 
cheal age has also been  reduced  to  w hat n o w  appears to  be its  m in im um  (T a n 
n e r  1975). A lso, th e  p o p u la tio n s invo lved  a re  those  in  w hich sexual d im orph ism  
fo r b o d y  size is m ost p ronounced  and  w here  th e  difference in  m ale an d  fem ale 
life ex p ec tan cy  is g rea test.

A n u m b e r of, fac to rs  are im p lica ted  in  th e  p a tte rn  of g row th  p re v a le n t in  
co n tem p o ra ry  in d u stria lized  societies. Im p ro v e d  m edical care an d  d iets 
a b u n d a n t in  b o th  p ro te in  an d  energy sources are essen tia l e lem ents. I t  is 
u n ce rta in , how ever, w h e th e r th e  increase in  body  size, d im orph ism  an d  life 
e x p ec tan cy  can  all be a t tr ib u te d  to  th e  sam e d ie ta ry  co n stitu en ts . T he u n 
c e r ta in ty  is h e ig h ten ed  b y  a la ck  of p o p u la tio n s  w here W este rn  m edical care 
has been  a d o p ted  w hile n o n -W este rn  d ie ta ry  h a b its  h av e  been re ta in ed . L ack 
ing ev idence to  th e  co n tra ry , i t  could be a rg u ed  th a t  d ie ta ry  p rac tices th a t  
m axim ize g row th  m ay  also lim it life e x p e c ta n cy  (K agawa  1978, D ock  an d  
F u k u sh im a  1979).

M ale g ro w th  is m ore affected  th a n  fem ale  b y  en v iro n m en ta l fac to rs .T h ere  
is a g re a te r  increase of m ale b o d y  size th a n  fem ale arising  from  n u tr it io n a l 
ab u n d an ce . This ra ises th e  q u es tio n  of w h e th e r  en h an cem en t an d  accelera tion  
of m ale g ro w th  are  im p lica ted  in  th e  w iden ing  d isp a rity  betw een  m ale and  
fem ale life expectancies. O besity  has g en era lly  (if n o t alw ays accu ra te ly ) 
been conceded  to  have  a role in  pred isposing  th e  in d iv id u a l to  h e a r t  disease 
an d  cancer. B u t w here fa t  is increasing , i t  is o ften  th e  case th a t  lean  b o d y  
m ass is increasing  sim u ltan eo u sly  (F o r b e s  1964). E a rly  n u tr itio n a l in ta k e  
appears to  have  long -te rm  effects on b o d y  com position  (Sv eg er  e t al. 1975, 
Ch a r n e y  e t al., 1976, Me l b in  a n d  V u il l e  1976). I t  m ay  endow  th e  o rgan ism  
w ith  a m etabo lic  d em an d  th a t  is n o t only co s tly  to  sa tisfy  b u t  also p o te n tia lly  
d e tr im e n ta l to  th e  a tta in m e n t o f  m ax im u m  longev ity .

I t  has long been believed th a t  skeletal m uscle, like n ervous tissue , a tta in e d  
th e  a d u lt  com plem en t of cells a t  or before b ir th  (O l iv ie r  1869, H a y e r n  1875, 
B ompar  1887, MacCallum  1898, D u ra n te  1902, B ram w ell  and  Mu ir  1907, 
B a b let  an d  N orm et  1937). H ow ever, d a ta  from  o th e r stud ies in d ica te  a 
cap ac ity  fo r th e  a d d itio n  of ske le ta l m uscle cells ea rly  in  p o s tn a ta l life (Ch e e k  
1968, Ch e e k , B r a se l  and  Gra y sto n e  1968, Montgom ery  1962a), and  even
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as la te  as th e  f if th  decade of life (A dams an d  D e R u ec k  1973). W ork  w ith  
a u to p sy  m ate ria l from  severely  m alnourished  ind iv iduals (Montgom ery  1962b) 
gives evidence o f loss of fibers a lread y  p resen t a t  b ir th  ra th e r  th a n  a re d u c tio n  
in  th e  n u m b er o f new  fibers app earin g  in  th e  p o s tp a r tu m  period . T he re su lt  
is a sm aller com plem ent of m uscle fibers, each  of w hich appears to  be of n o rm a l 
size. E x p e rim e n ta l w ork  w ith  pigs sw itched  to  low p ro te in  d ie ts  im m ed ia te ly  
a fte r  w eaning (St in i  1972c) has y ielded  ev idence th a t  in  th a t  species, th e  
m echan ism  is m ost likely  one of f ib e r  loss. O th e r w ork  w ith  r a ts  (S id r a n s k y  
an d  Y e r n e y  1970) su p p o rts  t h a t  conclusion.

A lth o u g h  i t  is n o t know n w h e th e r m ild  u n d e rn u tr itio n  induces m uscle f ib e r  
loss, th e re  is su b s ta n tia l ev idence th a t  n u tr i t io n a l ab u n d an ce  s tim u la tes  le an  
b o d y  m ass g ro w th  th ro u g h  h y p e rtro p h y , h y p erp lasia , or possib ly  b o th . W o rk  
w ith  ex p erim en ta l anim als has show n th a t  forced  excess of n itro g en  in  th e  d ie t 
o f young  an im als will lead  to  re te n tio n  o f u p  to  90%  of th e  excess (A d o l ph  
1972). W in ic k , B rasel  an d  Rosso (1972), a t tr ib u te d  th is  re ten sio n  to  non- 
h y p e rp la s tic  fac to rs . L ow ry  (1973) has fo u n d  sim ilar re te n tio n  levels in  h u m a n  
in fan ts .

Chavez  and  his colleagues, w ork ing  in  a po o r ru ra l p o p u la tio n  in  M exico, 
reco rded  g rea te r  efficiency o f p ro te in  in ta k e  in  m ale ch ild ren  d u ring  b re a s t
feed ing  (Chavez  e t  al. 1973). I n  th e ir  s tu d y , m ale in fan ts  consum ed e sse n tia lly  
th e  sam e a m o u n t of b re a s t m ilk  d u ring  th e ir  f ir s t  y ea r of life b u t  gained  m o re  
w eigh t (5.13 kg in  m ales on th e  average an d  4.28 kg in  fem ales). Ch a v e z  
ca lcu la ted  a w eigh t increase o f 4.9  gram s p e r gram  of p ro te in  in gested  b y  m a le  
in fa n ts  and  3.7 gram s p er g ram  for fem ales. F ro m  these  d a ta , Chavez  c o n 
c luded  th a t  m ales are m ore e ffic ien t syn thesizers of carcass p ro te in  in  c irc u m 
stan ces of low p ro te in  in tak e . S im ilar sex differences have been reco rd ed  in  
b aboons (a species of p ronounced  sexual d im orph ism  fo r body  size), w here  
m ale efficiency o f w eight gain m easured  4.7 gram s p er gram  of p ro te in  a n d  
fem ale  3.7 gram s p er gram . In  adolescence, th e  h u m an  m ale grow s m uch m o re  
v igo rously  th a n  th e  fem ale (Ta n n er  1975, Zorab 1969) a lth o u g h  th e  fem ale  
m a y  possess slig h tly  m ore m uscle in  th e  low er lim b a t  ages 10 or 11 y e a rs  
(Ma r esh  1970). C erta in ly , m ale increase in  s tre n g th  is d isp ro p o rtio n a te ly  
la rg e  a fte r  adolescence (Carron  an d  Ba il e y  1974).

Conclusions

I t  w ould be p re m a tu re  to  claim  a d irec t cause-and-effect re la tio n sh ip  b e 
tw een  th e  en h an cem en t of m ale grow th , increased  sexual d im orph ism  fo r b o d y  
size an d  th e  increased  d isp a rity  be tw een  th e  life expectancies of m ales an d  
fem ales in  in d u stria lized  societies. N or w ould  i t  be possible to  assert s im p ly  
th a t  body  size increases are d e tr im e n ta l to  h u m an  longev ity . B u t, th e  fa c t 
rem ain s th a t  m ales have  h igher m o rta lity  ra te s  th ro u g h o u t m ost of th e  life 
cycle (w ith  th e  ex cep tion  of ages over 75 years) (Má d a i 1978, O machi 1978). 
M ale m o rta litie s  are h igher fo r m ost k inds o f cancer an d  th e  prognosis fo r  th e  
m ale p a tie n t is poo rer th a n  fo r th e  fem ale p a tie n t  upon  th e  diagnosis o f can ce r, 
w h a tev e r th e  stag e  of th e  disease or ty p e  of tre a tm e n t (Co rrea  an d  H a e n sz e l  
1975).

T he slow dow n of increases in  body  size in  th e  ind u stria lized  coun tries g ives 
ev idence th a t  m ax im um  bo d y  size is being  a tta in e d . A long w ith  increases in  
b o d y  size, th e re  has been earlie r a tta in m e n t o f a d u lt size an d  sexual m a tu r i ty
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in  b o th  sexes. In  Go o d r ic k ’s an im al exp erim en ts , red u c tio n s in  th e  tim e  tak en  
to  a t ta in  a d u lt body  size are c o rre la ted  w ith  red u c tio n s in  life sp an . W hile 
no co rre la tio n s of th is  n a tu re  have  y e t  been  id en tified  in  h u m a n  p o p u la tions, 
i t  is n o t possible to  ru le o u t th e  p o ss ib ility  th a t  accelera tion  o f g ro w th , m ax im i
za tio n  of b o d y  size an d  e a rly  a t ta in m e n t of sexual m a tu r ity  is n o t an  o p tim a l 
ou tcom e (St in i 1979). T h e  h u m an  g ro w th  curve is un ique  in  t h a t  i t  co n ta in s 
an  ado lescen t grow th s p u r t  follow ing 10 to  15 years o f slow b u t s te a d y  g row th . 
H u m a n  lo n g ev ity  is re la tiv e ly  g re a t co m p ared  to  th a t  of o th e r  m am m als and , 
in  general, la te  m a tu r ity  an d  g re a te r  lo n g ev ity  are co rre la ted  in  m am m alian  
species. I t  does ap p ear t h a t  h u m an s live longer th a n  w ould be p re d ic te d  on 
th e  basis o f to ta l  caloric a c tiv ity  p e r  k ilogram  of b o d y  w eight ca lc u la ted  over 
a life tim e (Cu t l e r  1979). W h e th e r th e  n u tr itio n a l h ab its  th a t  p rev a il in  m odern  
in d u s tr ia liz ed  nations h av e  th e  p o te n tia l  of a lte ring  th a t  re la tio n sh ip  is an  
open  qu estio n . The “ n a tu ra l”  d iet o f h u m an s is n o t know n fo r c e r ta in  (G ä u l e n  
an d  K o n n e r  1977). B u t i t  is h igh ly  u n lik e ly  th a t  i t  resem bled  th e  h ig h  p ro te in , 
h igh  fa t ,  h igh  energy, h igh  d ensity  one p rev a len t in  m uch of th e  w orld  to d a y . 
I t  m ay  be t h a t  d ie ta ry  fac to rs  responsib le  fo r th e  accelera tion  o f g ro w th  are 
also im p lica ted  in  th e  fa ilu re  of th e  a ff lu en t m em bers of th e  h u m a n  species 
to  a t ta in  th e ir  full longev ity .
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RELATIONSHIPS OF BONE AGE, PHYSICAL 
DEVELOPMENT AND ATHLETIC PERFORMANCE 

AT THE AGE OF 11 TO 12 YEARS

b y  T . Szabó and J .  Mészáros

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

A b s t r a c t .  Performance in five athletic tests and seven body dimensions 
were measured, Conrad’s two indices of growth type and wrist bone age were 
assessed in 26 girls and 16 boys engaged in track and field events. The chrono
logical age of the subjects ranged from 10.9 to 12.9; their bone age showed a 
mean acceleration of 6 to 8 months (about 7%). The purpose of the study was 
to see if physique and performance were related to biological age. The girls 
were less robust and more leptomorphic than the non-athletic reference group, 
but had a similar stature and minimally lighter weight. The boys were taller, 
heavier and more robust than their nonathletic age-mates. Bone age was signifi
cantly related in both sexes to all body dimensions and the plastic index, to three 
performance items in the boys and to four in the girls. In order to help estima
tion of biological age in a simple way, prediction formulae were developed for 
the two sexes from stature, hand circumference and calendar age. These may 
help the coach to avoid mistaking accelerated youths for talented ones, and to 
assign training exercise more adequately.

Key words: biological age and performance, estimation of bone age, track and 
field athletes.

Introduction

Coaches are a lw ays on th e  h u n t fo r ind iv id u a ls  ta le n te d  in  a th le tic  ac tiv itie s . 
I n  selecting  tra in ees  from  am ong th e  ch ild ren  who v o lu n tee r fo r lo n g -te rm  
tra in in g  th e  risk  of m istakes is p a rtic u la r ly  g rea t. This led  th e  coaches to  p refer 
phy sica lly  w ell-developed pup ils, because these  are like ly  to  p erfo rm  b e tte r  
a t  an  earlie r age. I t  is a com m on erro r of th e  coaches, how ever, th a t  th e y  te n d  
to  consider ch ildren  w ith  an  advanced  m a tu ra tio n  being  m ore ta le n te d  th a n  
th e  ones follow ing th e  no rm al course o f developm ent.

T he p re se n t s tu d y  was in it ia te d  to  see i f  in  m o to r te s ts  com m only  em ployed  
in  th e  selection  procedure  perfo rm ance w as re la te d  to  biological age, a n d  how  
p h ysique  re la te d  to  th e  sam e.

Material and Methods

Tw elve m in  run -w alk , 60 m  dash, long an d  high ju m p , f is tb a ll th ro w  an d  
seven  b o d y  dim ensions w ere m easu red  in  42 tra c k  an d  fie ld  a th le te s  be tw een  
10.9 an d  12.9 y ears , 26 girls an d  16 boys. T es t perfo rm ance was reg is te red  
accord ing  to  a th le tic  p rincip les. In  reco rd ing  bo d y  dim ensions IB P  suggestions
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(W e in e r  and  L o u r ie  1969) w ere observed . B one age w as e s tim a te d  b y  co m p ar
ing  w ris t X -ray s  to  a s ta n d a rd  a tla s  (G r e u l ic h  an d  P y le  1959). B ody  d im en 
sions w ere used  also to  ca lcu la te  Co n r a d ’s m etric  an d  p lastic  indices (Conrad  
1963) w hich p rev iously  w ere ev idenced  to  follow  a ch a rac te ris tic  p a t te rn  d u r 
ing  d eve lopm en t (Szmodis e t al. 1976). W here av ailab le , a com parison  w ith  
h e a lth y  n o n -a th le tic  reference groups w as also m ade (Mészáros and  Mohácsi 
1978). F o rm ulae  developed fo r bone age e s tim a tio n  were derived  b y  m u lt i 
v a r ia te  regression equations.

R esults an d  D iscussion

D ev e lo p m en ta l s ta tu s  o f th e  su b jec ts  is show n in  Fig. 1. T he boys were ta lle r  
th a n , an d  th e  girls agreed w ith  th e  reference  s ta tu re . T he boys were heav ie r 
w hile th e  girls w ere m in im ally  lig h te r an d  less ro b u s t (p lastic  index) th a n  th e ir  
ag e -m ates . T he b o y ’s m etric  index  ag reed  w ith  th e  reference d a ta . G irl a th le te s

Fig. 1: Physique of adolescent track and field athletes. The arrows denote non-athletic refer
ence means. Presence and number of bold circles indicate significant differences on the 5% 
(single circle) or 1% (double circle) level. — Bone/chron age: ratio of bone age to chronological 

age; C.U.: Conrad units of leptomorphy—pyknomorphy scale
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Fig. 2: Performance in adolescent track and field athletes. Except the bars of bone age 
where they refer to the subjects’ own chronological age, the arrows denote non-athletic reference 

means. Variability is standard deviation

show ed m ark ed  lep to m o rp h y  (m etric  index), exceeding  in  lin ea rity  n o t only  
th e  boys (as u su a l before p u b e rty ) , b u t  also th e  reference group. B o th  sexes 
d isp layed  a m ean  acce lera tio n  of a b o u t 7%  in  bone age.

P erfo rm ance  o f  th e  te s t  g roup  (Fig. 2) in  th e  12-m in ru n -w a lk  th o u g h  h igher, 
fa iled  to  exceed reference  values s ig n ifican tly  because o f th e  v e ry  w ide range 
of v a r ia b ility  in  th e  n o n -a th le tic  group . All perfo rm an ce  item s show ed a su 
p e rio rity  o f th e  boys desp ite  th a t  in  girls th is  is u su a lly  a period  of ra p id  g row th  
b o th  s tru c tu ra lly  an d  fu n c tio n a lly . As a p p a re n t in  f is tb a ll th ro w  w here re fe r
ence v alues w ere ava ilab le , b o th  te s t  g roups d isp lay ed  m uch  g rea te r explosive 
s tre n g th  th a n  n o n -a th le tic  ch ild ren . A p a r t  of th is  h ig h er perfo rm ance is a p p a r
e n tly  also due to  th e ir  acce lera ted  m a tu ra tio n  w hich  w as b y  ab o u t 8 m o n ths 
ahead  o f ca len d ar age.

To f in d  o u t i f  i t  w as th is  accelera tion  in d eed  th a t  c o n tr ib u te d  to  b e tte r  
perfo rm ance and , in  som e dim ensions o f p h y siq u e , to  la rg e r values, we re la ted  
all m easu rem en ts  an d  th e  p las tic  in d ex  to  bone age. As seen in  T ab le  1, a ll th e  
physica l d im ensions an d  also severa l o f th e  perfo rm ance  item s h ad  a sign ifican t 
connection  w ith  sk e le ta l age. T h is challenged us to  look fo r a m eans of e s tim a t-
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ing  bone age fo r th is  age-group o f a th le tic  ch ild ren  b y  inc lud ing  these  p a ra m 
eters in  a m u ltiv a ria te  regression. I t  tu rn e d  o u t, how ever, th a t  b eh in d  a g re a t 
n u m b er o f  re la tions a com m on fa c to r  w as o p era tiv e . The m ain  c o n tr ib u to r  to  
th is  com m on effect w as th e  re la tio n  be tw een  bone age and  s ta tu re . As show n 
b y  th e  resp ec tiv e  r ig h t side co lum ns in  T ab le  1, th e  exclusion o f  th e  effect 
m ed ia ted  th ro u g h  b o d y  h e igh t m ark ed ly  red u ced  th e  coefficien ts fo r b o th  
m o to r perfo rm ance  an d  body  d im ensions.

Table 1

Full and partial correlation coefficients of measured parameters with bone age*

B o y s (N  =  16)
D im en sio n s

G irls  (N  = 26)

fu ll p a rt ia l fu ll p a r t ia l

.45 .42 Decimal age .46 .23

.59 .33 Cooper test .27 .04
— .45 -  .09 60 m run - .6 0 - .4 1

.54 .08 Long jump .68 .45

.62 .23 High jump .82 .54

.47 - . 0 2 Fistball .54 . 2 0

.83 — Height .80 —

.77 .39 Weight .78 .34

.77 .34 Chest width .66 .27

.75 .16 Chest depth .67 .18

.77 .18 Biacromial width .75 .39

.82 .55 Forearm girth .72 .44

.78 .41 Hand circumference .86 .61

.85 .47 Plastic index .83 .54

.50 .51 r (  5%) .39 .40

.62 .64 r (1%) .49 .50

* I'artial correlation exclud ed the variab ility in  stature. B ottom  row s indicate tabular values o f  the linear correlation  
coefficient on  th e  5 and 1 per cen t levels o f  sign ificance w ith  degrees o f  freedom  n-2 (full) and n-3 (partial).

W h en  v a riab ility  o f s ta tu re , as one of th e  m ain  signs o f d ev e lo p m en ta l 
s ta tu s , is held  co n s tan t, low er a rm  g ir th  in  th e  boys and  h a n d  circum ference 
in  th e  girls rem ain ed  qualified  fo r p red ic tin g  bone age b y  non-rad io log ica l 
m eans. Since low er a rm  g irth  as a p re d ic to r  fo r th e  boys w as on ly  s ligh tly  
b e tte r  a n d  th e  gain  in  accu racy  b y  using  i t  in  p lace of h an d  c ircum ference  was 
neglig ib le , we em ployed  th e  la t te r  fo r b o th  sexes (Table 2). A ccord ingly , to  
p ro v id e  th e  possib ly  sim plest a n d  easiest w ay  fo r assessing bio logical age, 
s ta tu re , h a n d  circum ference an d  chronological age expressed  in  decim al years 
w ere e v e n tu a lly  in c lu d ed  in  th e  m u ltiv a r ia te  p red ic tion  eq u a tio n s . A ll th e  
th re e  p re d ic to r  v ariab les  are easily  m easu rab le , an d  m ay be u sed  to  ad v an tag e  
b y  coaches, too.

T he d ra s tic  d rop  in  th e  co rre la tions be tw een  bone age an d  m o to r perfo rm ance 
due to  th e  exclusion  of v a r ia b ili ty  in  s ta tu re  supp o rts  th e  a ssu m p tio n  th a t  
fu n c tio n a l im p ro v em en t re su ltin g  fro m  reg u la r  tra in in g  in  m o to r skills m ay  
h av e  a la rg e r share  am ong th e  fac to rs  c o n tr ib u tin g  to  a th le tic  p ro fic ien cy  th a n  
m ere ly  s tru c tu ra l ad v an tag e . A cce le ra ted  m a tu ra tio n  will an y w ay  com e to  an
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Table 2

Estimation of bone age in track and field athletes of 10 to 13 years of age: Sex- 
dependent formulae to predict bone age

BOYS
Y =  0.084ST +  0.608HC +  0.498DA -  17.496 ±  0.508; R =  0.980

GIRLS
Y =  0.034ST +  0.562HC +  0.362DA -  6.720 ±  0.481; R =  0.888

where
Y =  bone age in yrs;
ST =  body height in cm;
HC =  hand circumference in cm;
DA =  chronological age in decimal yrs.;

variability is scatter around regression line, and 
R =  multiple linear correlation coefficient.

en d  in  th e  long ru n . U n til b e t te r  m eans o f p red ic tion  are developed , such  sim ple 
w ays of assessing d ev e lo p m en ta l age m ay  serve coach  an d  co n su lting  k in an th ro - 
p o m e tris t alike in  avo id ing  m is tak es  w hen  ch ild ren  are  se lec ted  fo r com petitive  
a th le tic s .

Acknow ledgem ent: F o r th e  w ris t X -ray s  a n d  th e ir  e v a lu a tio n  we are in d e b t
ed  to  th e  R adio logical D e p a r tm e n t o f th e  T o ln a  C o u n ty  H o sp ita l, Szekszárd .

REFERENCES

C o n r a d , K. (1963): Der Konstitutionstypus. Springer, Berlin.
G r e u l i c h , W.— P y l e , S. (1959): Radiographic Atlas of Skeletal Development of the Hand and 

Wrist. — Stanford University Press, Stanford, Calif.
M é s z á r o s , J .—M o h á c s i ,  J. (1978): A gyermekek és serdülőkorúak fejlődésének összefüggései 

az iskolai testneveléssel. — (Rektori pályázat.) Magyar Testnevelési Főiskola, Budapest. 
S z m o d i s ,  I. —M é s z á r o s , J .—S z a b ó , T. (1976): Alkati és működési mutatók kapcsolata gyer

mek-, serdülő és ifjúkorban. — Testnevelés- és Sportegészségügyi Szemle, 17; 255—272. 
W e i n e r ,  J. S. — L o u r i e ,  J. A. (Eds) (1969): Human Biology — A Guide to Field Methods. 

IBP Handbook 9. Blackwell, Oxford.

Authors' addresses: S z a b ó  T a m á s

Central School of Sports
H-1146 Budapest, Istvánmezei út 3.
Hungary

Dr. M é s z á r o s  J á n o s

Dept. Medicine, Hungarian University of Physical Education 
H-1123 Budapest, Alkotás u. 44.
Hungary

267





Anthrop. Közi. 24; 269 — 275. 1980.

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

272



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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CORRELATION BETWEEN SOME PHYSICAL 
CHARACTERISTICS AND HAND STRENGTH OF 

HIGH-SCHOOL STUDENTS

by E. S z ö i x ő s i  a n d  M. J ó k a y

(Institute of Hygiene and Epidemiology, Debrecen University Medical School, Debrecen, 
Hungary; Debrecen City Health Department, Debrecen, Hungary)

A b s t r a c t .  The authors investigated the correlation between the arm circum
ference, mid-upper-arm muscle-circumference, some somatic indices, lean body 
mass and hand strength of 209 (115 boys and 94 girls) high-school students. 
They established that the arm circumference of boys correlated only slightly 
(positive) with the hand strength. The coefficient of correlation (r) of the mid
upper-arm muscle circumference is a little higher than the above mentioned 
one, however, with the right hand, “r” is only slightly different from that of 
arm circumference ( S t u d e n t ’s  t-tests: significant).

There is no significant correlation between the arm circumference and hand 
strength in the girls. The mid-upper-arm muscle circumference correlated weak- 
moderate positive with the hand strength.

These data are compared with the “r” of 4 constitutional index — hand 
strength and with the “r” of lean body mass (which was calculated from skin
fold data) — hand strength, where the correlations are closer. The authors 
discute the possible reasons of the difference.
Key words: body measurements, hand strength, university students.

Introduction

I t  is a p rob lem  of c u rre n t in te re s t in  o u r c o u n try  th a t  th e  chest d ev e lopm en t 
of y o u th  has n o t gone in  para lle l w ith  th e  increase of th e  h e igh t m easu rem en ts . 
O ne o f th e  causes fo r th is  m ay  be decreased  physica l a c tiv ity . U nder th e  p resen t 
c ircu m stan ces th is  effect m ay  be com p en sa ted  b y  reg u la r p h ysica l tra in in g  
( R a j k a i  an d  J a n c s ó  1955). R ecen tly  also in  o u r c o u n try  num erous p ap ers  are 
concerned  ab o u t th e  question , n am ely  th e  physica l s ta te  of th e  u n iv e rs ity - 
an d  h igh-schoo l s tu d e n ts  even  w eakens d u rin g  th e  s tu d y  years ( F u c i k  1975, 
F r e n k l  an d  M é s z á r o s  1979). In  th e  p re sen t p a p e r  we strove  to  o b ta in  in fo r
m a tio n  w ith  sim ple m e th o d s on th e  follow ing q u e s tio n s : 1. W h a t is th e  develop
m en t an d  th e  p h y sica l cond itio n  o f th e  h igh-school s tu d e n ts  like in  D ebrecen? 
2. C an h a n d  s tre n g th  be b ro u g h t in to  re la tio n  w ith  th e  p a ram e te rs  m easu red  
b y  us an d  w ith  th o se  w hich  can  be ca lcu la ted  from  th e m , respective ly?

Material and Methods

In  sp ring  o f th e  y e a r  1978 an d  1979 we m easu red  th e  m a jo r body  m easu re
m en ts  o f 115 boys an d  94 girls who w ere s tu d e n ts  of th ree  u n iversities a n d  tw o 
high-schools in  D ebrecen  an d  on w hom  otherw ise a lo n g itu d in a l g ro w th  s tu d y  
is perfo rm ed . T he m easu rem en ts  w ere as follows: b o d y  heig h t, w eig h t, chest
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circum ference in  n o rm a l position , a t  m ax im um  in sp ira tio n , m ax im um  e x p ira 
tio n , as w ell as arm  circum ference. We to o k  th e  m easu rem en ts  o f th e  sk info ld  
th ickness on th e  tr ic ep s , on th e  su b scap u la r, an d  th e  abdom ina l po in ts  w ith  
a H a rp en d en  caliper, as well as also th e  grip  s tre n g th  of th e  r ig h t an d  th e  le ft 
h an d  w ith  d y n am o m ete r. T he age of th e  m easu red  s tu d e n ts  w as 19— 25 years. 
F rom  th e  above d a ta  v a rious c o n s titu tio n a l ind ices were ca lcu la ted : K a u p ’s, 
R o h r er ’s, P ig n e t ’s indices an d  th e  p ro p o rtio n a l ch est-c ircu m feren tia l ones. 
F rom  th e  arm  circum ference w ith  th e  help  of th e  tric ep s  sk info ld  w ere ca lcu 
la ted  th e  “ m id -u p p er-a rm  circum ference”  called so b y  J e l l if f e  (1966) (MUAC) 
th e n  th e  bo d y  f a t  c o n te n t an d  th e  lean  bo d y  m ass (LBM ) b y  m eans of P a r iz - 
ková  (1977). T he o b ta in e d  resu lts  were p u t  in  co rre la tio n  w ith  h a n d  s tre n g th  
(H S). W e follow ed w ith  a tte n tio n  w h e th e r th e re  w as an y  difference in  th e  
resu lts  i f  th e  in v e s tig a te d  persons w ere d iv ided  in  to  tw o g roups accord ing  to  
th e  perfo rm ance  in  sp o rts . O th e r k inds of g roup ing  were also m ade, if  th is  
seem ed necessary .

R esults

T he b o d y  m easu rem en ts  are d e m o n s tra te d  in  T ab le  1. T he s ta tu re  an d  th e  
w eight o f th e  boys are  h igher th a n  show ed b y  th e  d a ta  of D ebrecen  30—-40 
years ago ( J e n e y  1938—39, 1939— 40, 1940—4 1 , 1941—42) b u t  th e  ch es t 
an d  a rm  circum ference are n o t (B alogh  1942, R a jk a i 1952). A m ong th e  girls 
only th e  s ta tu re  increased , th e  chest c ircum ference rem ained  th e  sam e, sim i
larly , also body  w eig h t is th e  sam e or low er, a rm  circum ference decreased  
( J e n e y  1940—41, 1941— 42, R a jk a i 1952, 1957). O u t of th e  recen t p u b lica 
tio n s, o u r d a ta  are  m ost sim ilar to  tho se  co n d u c ted  in  th e  s tu d e n ts  of th e  N ovi 
Sad U n iv e rs ity  (G a v r ilo v ié  1974) as w ell as B u d a p e s t T echn ica l U n iv e rs ity  
(T il l  an d  Gy e n is  1977). In  every  m easu rem en t th e  boys observed  b y  us 
su rpass th e  m eans o f th e  H u n g a rian  m ale p o p u la tio n  of th e  age o f 18— 20 
years as p u b lished  b y  K ádár  and  V é l i (1971, 1977) m easu rem en t.

Table 1

Body measurements of the students

C roup S ta tu re
cm

W eight
C hest c ircum ference  

cm A rm
circum ference

cm
n o rm a l in sp ira tio n

.
ex p ira tio n

Boys x 176.86 68.81 89.30 95.17 87.38 26.68
SD ±6.28 ±8.78 ±5.73 ±5.63 ±5.57 ±2.18

Girls x 163.29 54.98 82.84 88.14 80.78 23.61
SD ±5.73 ±7.33 ±5.40 ±5.51 ±5.54 ±1.95

H a n d  s tre n g th  (H S) is show n in T ab le  2. T h e  r ig h t h an d  is s tro n g er th a n  
th e  le f t in  b o th  sexes. T he m eans ca lcu la ted  b y  us are h igher th a n  th e  d a ta  
genera lly  p u b lish ed  fo r th is  age-group an d  fo r u n iv e rs ity  s tu d e n ts  in  th is  
c o u n try  (A llo d ia to ris  1952, E ib e n  1956, R a jk a i 1969, N ém eth  1969,
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Farmosi 1972). I t  is tru e  th a t  th e  s ta tu re  a n d  bo d y  w eigh t averages are  h igher 
now  th a n  th o se  m easured  before. T he girls are excep tions to  th is : th e  bo d y  
w eigh t an d  a rm  circum ference averages m easu red  b y  Allodiatoris exceed 
ours. T he w eigh t, ch est circum ference a n d  H S  of th e  girls rep o rted  b y  NÉM ETH,

Table 2

Hand strength of the students

B oys H a n d  s tr e n g th  
(kpond)

G irls

X S.D . X S.D .

48.21 8.42 right hand 27.08 5.14
44.30 7.63 left hand 25.09 4.67
46.25 7.40 mean 26.08 4.76
46.78 5.46 mean sporting 29.03 4.43
45.98 8.15 mean non-sporting 25.27 4.66

how ever, a re  a lm o st th e  sam e as tho se  m easu red  b y  us, w hereas th e  a rm  c ircum 
ference is la rg e r th a n  th a t  o f th e  girls o f  D ebrecen . The b o y s’ HS is a b o u t th e  
sam e as t h a t  o f th e  th ird -co u rse  s tu d e n ts  fo u n d  b y  Belchenko an d  co-w orkers 
(1979) an d  th e ir  s ta tu re  an d  w eigh t are s im ila rly  id en tica l w ith  th o se  o f th e  
s tu d e n ts  in  D ebrecen . T he b o d y  m easu rem en ts  of our girls are less; b u t  th e ir  
H S is g re a te r  th a n  th e  one described  in  th e  p ap er m en tio n ed  befo re . T he 
a r ith m e tic  m ean  of th e  H S of th e  r ig h t an d  le ft h an d  is m ean  h a n d  s tre n g th  
(M H S). T h is w as also ca lcu la ted  fo r th e  a c tiv ity  p roduced  in  spo rts . M H S w as 
fo u n d  to  d e te c t an  increase p a r tic u la r ly  am ong th e  spo rtin g  girls.

I n  reg ression  ca lcu la tions th e  co rre la tio n  coefficients of th e  g irls’ arm  
circum ference d id  n o t p roduce  a s ig n ifican t re la tio n sh ip  w ith  HS (r =  -|-0.139). 
In  th e  b oys, how ever, a s ig n ifican t po sitiv e  co rre la tion  could  be d e te c te d  al
th o u g h  th e  value  of V  was low (0.316). W ith  th e  MUAC, th e  positive  co rre la 
tio n  can  a lread y  be revealed  in b o th  sexes. T h is can  be observed  in  T ab le  3

Table 3

Correlation of hand strength with MUAC and LBM

B oys
C h arac te ris tic s

Girls

i ± S D r P < i  ±  SD r P <

234.66 ±20.99 +0.394 0.001 MUAC mm 195.97 +  15.28 +0.294 0.01
236.48±20.24 +0.337 0.10 MUAC mm sporting 196.68 +  13.58 +0.271 n. s.
234.14±21.30 +0.406 0.001 MUAC mm non- 

sporting 195.93 +  15.74 +0.311 0.01
57.02 ±  5.95 +0.452 0.001 LBM kg 42.89+ 4.34 +0.457 0.001
56.98 ±  6.06 +0.560 0.01 LBM kg sporting 44.91+ 3.40 +  0.315 n. s.
57.04 ±  5.95 +0.437 0.001 LBM kg non-sporting 42.34+ 4.42 +0.432 0.001
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C orrelation  c a n n o t be d e m o n s tra te d  in  p er cen t of b o d y  fa t  an d  LBM . 
A llo d ia to ris  (1952) an d  K r ie s e l  (1977), how ever, re fer to  a re la tio n  betw een  
th e  H S and  th e  b o d y  w eigh t. T herefo re, we s tu d ie d  th e  co rre la tio n  of th e  LBM  
va lu e  expressed  in  kg  w ith  H S. As i t  can  be seen  in  T able 3 th e  LBM  in  kg  is 
g re a te r  only in  th e  girls am ong sp o rtin g  s tu d e n ts  th a n  n o n -sp o rtin g  ones. 
D esp ite  th is , th e  r-value  is h ighest in  sp o rtin g  boys, w hile th e  co rre la tio n  in  
sp o rtin g  girls is n o t  s ign ifican t. A p a rt from  i t  th e  M HS p re sen ts  g en era lly  
h ig h er r-value w ith  th e  LB M  in  kg in  b o th  sexes, th a n  w ith  th e  MUAC.

Table 4

Correlation between mean band strength and Kaup’s index

K au p ’s in d ex x ± S D
H a n d  s tre n g th  

x  ±  SD I P <

Boys
Kaup’s index 2.19±0.27 46.51 ±7.66 ±0.221 0.05
Kaup’s index sporting 2.13±0.20 48.02±6.78 ±0.308 n.s.
Kaup’s index non-sporting 2.21 ±0.28 45.97 ±8.09 ±0.223 0.10
Kaup’s index 2.0—2.4 2.17 ±0.11 46.40±7.70 ±0.368 0.01

Girls
Kaup’s index 2.03 ±0.22 26.08 ±4.84 ±0.237 0.05
Kaup’s index sporting 2.00±0.19 29.03±4.43 ±0.236 n.s.
Kaup’s index non-sporting 2.04±0.22 25.27 ±4.66 ±0.232 0.05
Kaup’s index >2.4 2.53 ±0.09 28.00±3.05 ±0.690 0.10

In  T able 4 we re p re se n t th e  K a u p ’s indices. T h e  average o f th e  boys s lig h tly  
exceeds th e  d a ta  p u b lished  fo r th is  age-group in  th is  c o u n try  b u t i t  is n ea rly  
id en tica l w ith  th e  values re p o rte d  b y  Balogh  (1942) fo r u n iv e rs ity  s tu d e n ts  
of th e  age of 18— 26 y ea rs  in  D ebrecen  40 y e a rs  ago. T he r-values, h ow ever, 
are low . In  ou r op in ion  K a u p ’s index  in  y o u th  th a t  can  be considered  n o rm a l 
is 2 .0— 2.4. W hen  g roup ing  according to  th is , th e re  w as no  sign ifican t co rre la 
tio n  u n d e r 2.0 a n d  above 2.4 respective ly , w hile  be tw een  2 .0—2.4 th e  va lu e  
w as h igher th a n  th e  “ r ”  o f th e  average. T he v a lu e  of th e  K a u p ’s in d ex  in  th e  
girls is ab o u t th e  sam e as th e  one described  w ith  th e  s tu d e n ts  o f B u d a p e s t 
T echn ica l U n iv e rs ity  b y  T il l  and  Gy e n is  (1977). Also in  th is  case th e  c o rre la 
tio n  coefficients a re  low . W hen  g rouping  th e  in d e x  accord ing  to  its  va lu e , th e  
co rre la tion  u n d e r  2.3 h as  tu rn e d  o u t to  be w eak  an d  n o t sign ifican t w hereas 
above 2.4 th e  co rre la tio n  w as m uch closer.

R o h re r’s in d ex  o f th e  boys is + 1 .2 2 5 ; r =  + 0 .1 6 5  (p +  0.10). T his low  
co rre la tion  coeffic ien t re su lts  from  th e  fa c t t h a t  w hen  in v es tig a tin g  i t  g rouped  
accord ing  to  in d e x  value  in  th e  lep tosom e a n d  a th le te  ty p e s  th e  sign of “ r ”  
is n eg a tiv e  w hile in  th e  py k n ic  ty p e  i t  is po sitiv e . R o h re r’s index  of th e  girls 
is + 1 .2 4 4 . I ts  te n d e n c y  in  lep tosom es is n e g a tiv e , in  o thers positive . O therw ise 
th e  R o h re r’s in d e x  found  b y  us is low er th a n  t h a t  rep o rted  on in  th e  l i te ra tu re
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excep t fo r th e  one o f th e  S lovakian  18 y e a r old boys (L ipk o v Á an d  Gr u n t  
1979), w hose one agrees w ith  ours. I t  is low er in  sp o rtin g  s tu d e n ts  th a n  in  n o n 
spo rtin g  ones b u t  does n o t  co rre la te  w ith  HS e ith e r. To in v es tig a te  th e  co rre la
tio n  of th e  average  index  value is n o t reasonable .

The P ig n e t’s in d ex  of th e  boys is h ig h er (-j-22.16) th a n  th e  d a ta  o f th e  18— 
20 y e a r  old m ale  persons found  by  K ádár  an d  V é l i  (1971). T he co rre la tion  
coefficients are  genera lly  low n eg a tiv e  value. N evertheless, w hen  grouping  
accord ing  to  th e  in d ex  va lue , th e  ten d en cy  is o f p o sitiv e  d irec tion  in  th e  a th 
le tic  ty p e  and  a r a th e r  h igh  nega tive  “ r ”  w as fo u n d  in  th e  pykn ic  ones (— 0.860). 
H S is b y  fa r  h ig h er in  th is  group th a n  in  th e  o th e rs  (52.0 kp).

T he average o f P ig n e t’s in d ex  of th e  girls is + 2 3 .0 3  th e  d is tr ib u tio n  is ab o u t 
th e  sam e as in  th e  ones from  N ovi S ad  (Ga v rilo v ic  1974). T he ten d e n c y  of th e  
co rre la tion  is n eg a tiv e . In  th e  case o f those  w ith  ind ices low er th a n  + 1 0  a 
re la tiv e ly  h igh  n eg a tiv e  r-value  (— 0.629) m an ifests  itse lf, an d  HS o f th is  group 
is g rea te r  as co m p ared  w ith  th e  leptosom es.

W e stu d ied  a n o th e r  in d ex : th a t  o f th e  p ro p o rtio n a l chest circum ference 
(PCC). T he average  v alue  ind ica tes v e ry  low, n o t sig n ifican t p ositive  correla
tio n . W hen  d iv id ing  th e  y o ung  people in  groups th e re  is no co rre la tio n  w ith  H S 
in  th e  n arro w  ch ested  y o u th s  w hereas th e  “ r”  is v e ry  h igh  (+ 0 .9 0 3 )  in  those  
w ith  w ide chests. T he PCC index  of th e  girls is 50.61. S ign ifican t co rre la tion  
could n o t be fo und .

F ound ing  ourselves on ou r inv estig a tio n s, we s ta te d  th a t  th e  bo d y  develop
m en t an d  HS o f th e  D ebrecen  s tu d en ts  d id  n o t d iffer to  a sig n ifican t degree 
from  th e  lite ra ry  d a ta  issued  la te ly . I t  can  be d e m o n s tra te d  th a t  H S is in  
co rre la tio n  w ith  severa l indices used by  us. B u t th e  co rre la tion  can  be consid
ered  close only  ra th e r  in  w ide-chested  s tu d e n ts , he ld  a fte r  th e  co n s titu tio n a l 
indices o f py k n ic  b u t  of m ore ro b u s t co n stitu tio n  an y w ay  (W elham  an d  B e h n - 
k e  1942, P arÍzkovÁ e t al. 1971). HS ra th e r  depends on th e  d evelopm en t of 
fo rearm  m uscles th a n  on th a t  of th e  u p p er-a rm , s till from  it  one can ge t some 
in fo rm atio n  on th e  s ta te  of general bo d y  s tren g th .
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THE BODY COMPOSITION, FAT PATTERN AND 
SOMATOTYPE OF YOUNG FEMALE GYMNASTS 

AND SWIMMERS

by M . S. Y u h a s z ,  R. B. E y n o n  and S. B. M a c D o n a l d

(Faculty of Physical Education, University of Western Ontario, 
London, Canada)

A b s t r a c t .  High performance young female gymnasts and swimmers were 
the subjects of an anthropometric study. The 13 female gymnasts average age 
14.3 years were shorter and lighter than the young swimmers and their peer 
population. The 17 female swimmers average 11.6 years were taller, heavier 
than their peer population and fatter than the young gymnasts. There was no 
difference in their body fat pattern, nor in their body type.

Key words: Physique, body composition, fat pattern, somatotype, female 
gymnasts, female swimmers.

In tro d u c tio n

G rea te r  n u m b ers  o f young fem ale a th le te s  are achieving n a tio n a l an d  in te r 
n a tio n a l p rom inence  in  sp o rt. T h is has becom e conspicuous in  sw im m ing an d  
g y m n astic s  a t  th e  la s t th ree  O lym pic gam es. Are these  a th le te s  d iffe ren t th a n  
th e ir  n o n -a th le tic  peers a t  an  e a rly  age? Is  th e re  a se lec tiv ity  process fo r each 
sp o rt, an d  w h a t is th e  effect o f ea rly , con sis ten t an d  h eav y  p h y sica l a c tiv ity  
u p o n  th ese  a th le te s?  T his s tu d y  co n cen tra tes  on th e  bo d y  com position  and  
b o d y  ty p e  o f fem ale gym n asts  an d  sw im m ers.

M ethods

T he an th ro p o m e tric  m easu rem en ts  were ta k e n  on all su b jec ts  in  th e  U ni
v e rs ity  o f W este rn  O ntario  la b o ra to ry , using  th e  M OGAP p rocedures (B orms 
e t al. 1977). H a rp e n d e n  calipers w ere used  fo r d iam ete r m easu rem en ts; a steel 
ta p e  c ircu m e te r th a t  ex e rted  c o n s ta n t ten sio n  for th e  circum ference m easu re
m en ts  an d  th e  H arp en d en  cali p e r  o r th e  su bcu taneous fa t  th ick n ess  m easu re
m en ts  (Y u h asz  1978). T o ta l b o d y  fa t  w as ca lcu la ted  from  th e  e q u a tio n  of 
B ro zek  an d  K e y s  (1963) an d  b o d y  d en sity  d e te rm ined  from  u n d e rw a te r  
w eighing. R esidual a ir  was m easu red  b y  helium  d ilu tion . T he so m a to ty p es  
w ere o b jec tiv e ly  d e te rm in ed  using  th e  H e a th  —C arte r system  (P a r ÍZIí OVÁ 
1977).

Subjects

T he 13 fem ale g y m n asts  w ere m em bers o f tw o d ifferen t clubs in  O n tario , 
an d  w ere am ong C an ad a’s best g y m n asts . One of th e  girls was a gold m edalist 
a t  th e  1978 C om m onw ealth  G am es. T h ey  ran g ed  in  age from  11 to  16 an d  h ad
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b een  involved  in  co m p e titiv e  g ym natics from  4 to  8 y ears . T he 17 fem ale 
sw im m ers ranged  in  age from  10— 12 years an d  w ere th e  to p  perform ers fo r  
th e ir  age in  th e  L o n d o n , O n ta rio  Club (Ma th eso n  1977). T h ey  averaged  14 
m o n th s  co m petitive  sw im m ing experience an d  th e ir  sw im m ing tim es w ere 
am ong  th e  b es t in  O n ta rio . T he 8 college g y m n asts  an d  14 college sw im m ers 
o f n a tio n a l caliber w ere se lec ted  from  th e  U n iv e rs ity  of W estern  O n tario  
te am s over 2 years o f  com p e titio n . A ll a th le te s  w ere m easu red  n ea r th e  p eak  
o f  th e ir  co m petitive  season.

R esults

B ody size

T he g ym nasts , a lth o u g h  older b y  n ea rly  3 y ea rs  w ere s ligh tly  sh o rte r an d  
lig h te r  th a n  th e  sw im m ers (T able 1). T he g y m n asts  w ere s ig n ifican tly  below  
th e  C anad ian  norm s fo r  h e ig h t an d  w eight a t  th e ir  age, w hereas th e  sw im m ers 
w ere s ign ifican tly  ab o v e  th e  m ean  C anad ian  va lu es  fo r  th e ir  h e ig h t and  w eigh t.

Table 1

Body size of female gymnasts and swimmers

Groups
Age
(yd

H e ig h t
(cm)

W eigh t
(kg)

Canadian gymnasts (N = 13) 14.3 153 .1 41 .8
Canadian norms 14 160 .0 49 .1

College gymnasts (N = 8) 21 .1 1 5 4 .7 55 .0
Mexico Olympics (N = 21) 17.8 1 5 6 .9 49 .8

London/Ont. swimmers (N = 17) 11 .6 1 5 4 .4 4 3 .6
Canadian norms 12 1 4 5 .8 38.2

College swimmers (N = 14) 2 1 .6 1 6 7 .3 6 3 .3
Mexico Olympics (N = 28) 16.3 1 6 4 .4 56.9

W ith  g y m n asts  th e  t r e n d  ap p ears  to  in d ica te  v e ry  l i t t le  change in  s ta tu re , from  
y oung  (1—4 cm) to  college-age g y m n asts  o r O lym pic  co m petito rs (de  Ga ray  
e t  al. 1974). W ith  sw im m ers, th e  tre n d  in d ica tes  a co n tin u in g  increase in  s ta tu re  
(10— 13 cm) and  in  w eigh t (13— 20 kg).

I
Body composition

Y oung g y m n asts  are  sig n ifican tly  low er in  to ta l  bo d y  fa t  th a n  sw im m ers 
(9.1 to  16.2% ) an d  co n tin u e  to  ho ld  a p p ro x im a te ly  a 6%  d ifferen tia l a t  each  
age and  level (T able  2). T he young  11.6 y e a r  old sw im m ers lean  body  m ass is 
ju s t  u n d er th e  14-year-o ld  g y m nasts  b u t  th e re  is ev e ry  in d ica tio n  th a t  th e  
young fem ale sw im m ers have  a sig n ifican tly  la rg e r le an  b o d y  m ass w hen com 
p a red  to  g y m n asts  o f th e ir  ow n age and  w ith  th e  M exican O lym pic gym n asts  
(T able 3). T he ra te  o f increase in  lean  bo d y  m ass fo r  g y m n asts  from  age 13 to  
17 is re la tiv e ly  sm all (3 kg), w hile th e  ra te  o f increase  o f lean  body  m ass fo r 
sw im m ers from  age 12— 16 is re la tiv e ly  large  (10 kg).
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Table 2

Body composition of female gymnasts and swimmers (number of athletes investigated as in
Table 1)

Croups % F at % Lean F a t m ass (kg) Lean m ass (kg)

Canadian gymnasts 9.1 90.9 3.8 38.0
College gymnasts 13.5 86.5 7.4 47.6

London/Ont. swimmers 16.2 83.8 7.1 36.5
College swimmers 19.1 80.9 12.1 51.2

Table 3

Body composition of young female swimmers

Characteristics
London Club Ontario Berlin

N o v a k

(1973)

u.w.o.
College
(1976)

M exico

(1978) (1979) (1976) O lym pics

Number 12 12 8 8 14 28
Age (yrs) 11.8 12.8 14.6 14 21.6 16.3
Weight (kg) 43.2 50.4 54.0 48.2 63.3 56.9
Height (cms) 154.4 162.5 153.5 158.1 167.3 164.4
% Fat 16.2 16 13.5 17.0 19.1 16 est.
Fat mass (kg) 7.1 8.1 7.3 8.2 12.1 9.1
% Lean 83.8 84 86.5 83.0 80.9 84
Lean body mass (kg) 36.5 42.3 46.7 40.0 51.2 47.8

B ody fa t  pa ttern  or configuration

T he v a r ia tio n  in  th ick n ess  of th e  sub cu tan eo u s or e x te rn a l co a t o f f a t  a n d  its  
consequen t p a t te rn  or co n fig u ra tio n  ap p ears  to  be h e re d ita rily  d e te rm in ed  
(MacD onald  1978). I t  d iffers b e tw een  th e  sexes an d  am ong  in d iv idua ls. S pe
cific  form s an d  ty p e s  o f a c tiv ity  appears n o t to  a ffec t th e  f a t  p a tte rn . T h e  
d ifference in  p a t te rn  b e tw een  th e  sexes seem s to  ev idence itse lf  a f te r  p u b e rty , 
suggesting  th a t  th e  sex  horm ones in fluence  th e  d ep osition  of f a t  (E d w ards  
1951).

A v isua l g rap h ica l re p re se n ta tio n  of th e  su b cu tan eo u s  f a t  th icknesses can  
be p lo tte d  using  raw  score values to  give an  ab so lu te  p a tte rn , or th e  raw  
score values can  be co n v e rte d  in to  th e ir  Z score eq u iv a len ts  to  give a re la tiv e  
p a tte rn . T he re la tiv e  p a t te r n  elim inates th e  d ifferences in  con fig u ra tio n  due 
solely to  th e  a m o u n t o f f a t .  T he reference s ta n d a rd  in  th is  case w as a re la tiv e ly  
large sam ple o f fem ale college a th le te s . T he group m ean  is th e  p lo t a t  zero 
s ta n d a rd  score.
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Fig. 1: Relative fat patterns of young gymnasts and swimmers

Fig. 2: Relative fat patterns of young and college swimmers

T he 15 site  f a t  p a tte rn  p lo t fo r th e  y oung  g y m n asts  an d  sw im m ers (F ig . 1) 
show  no appreciab le  d ifference. G y m n asts  have  less fa t  a t  each  site  b u t  th e  
co n fig u ra tio n  is essen tia lly  th e  sam e. H ow ever, young  sw im m ers differ from  
th e  college-age sw im m ers (F ig . 2), an d  y o ung  g y m n asts  differ fro m  th e  college- 
age gym n asts  (F ig . 3). T he f a t  p a tte rn  o f college g y m n asts  an d  sw im m ers 
app roaches s im ila rity , b u t  th e  p a tte rn  p lo ts  differ from  each  o th e r. T h is m ay  
be  due in  p a r t  to  th e  re la tiv e ly  sm all sam ple size (F ig. 4).
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Fig. 3: Relative fat patterns of young and college gymnasts

Fig. 4: Relative fat patterns of college gymnasts and swimmers

Som atotype

O lym pic g y m n asts  an d  sw im m ers d o n ’t  differ from  each  o th e r. T h ey  ex 
h ib it  a c e n tra l o r m edial so m a to ty p e  3— 4 — 3. N or do th e y  d iffer m u ch  from  
a reference  w om an  4.5— 3.5— 3.0. T he y o u n g  gym n asts  is less endom orph ic , 
a n d  slig h tly  m ore ec tom orph ic  an d  h a sn ’t  y e t achieved th e  level o f m esom orphy , 
due to  age or m a tu r ity  and  in ten s iv e  tra in in g . I t  m ay  also show  a m ore recen t 
t r e n d  to  low er levels o f fa tn e ss  an d  th e  young  sw im m er is less m esom orphic
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Body type of female gymnasts and swimmers (number of athletes investigated as in Table 1)

Table 4

C ro u p s E ndo Meso E c to

Canadian gymnasts 2.0 3.0 3.8
College gymnasts 3.7 4.3 1.2
Mexico Olympics 2.7 4.2 2.8

London/Ont. swimmers 3.1 3.1 3.7
College swimmers 4.5 2.6 2.2
Mexico Olympics 3.4 4.0 3.0

an d  m ore ectom orph ic  th a n  h er O lym pic c o u n te rp a r t. B o d y  sh ap e  doesn’t 
d iffe ren tia te  betw een  y o u n g  g y m n asts  and  sw im m ers, n o r be tw een  O lym pic 
g y m n asts  and  sw im m ers (T able 4).

Summary

T here  is an  ea rly  se le c tiv ity  in fluence  w ith  re sp ec t to  bo d y  com position  
fo r young gym n asts  a n d  sw im m ers. T hey  differ from  th e ir  peer p o p u la tions. 
G ym nasts  are sh o rte r  an d  lig h te r, are  low in  b o d y  fa t, h av e  h igh re la tiv e  lean  
bo d y  m ass and are  m ed ia l in  ec tom orphy . Sw im m ers are  ta lle r, heav ie r an d  
h av e  body  fa t  ap p ro ach in g  no rm al values.

T here  is no specific o r d iffe ren tia tin g  fea tu re  in  th e  b o d y  f a t  p a tte rn  betw een  
y oung  gym nasts  an d  sw im m ers, p e rh ap s su p p o rtin g  th e  c o n te n tio n  o f a u n iv e r
sal p a tte rn  of fa t  d ep osition  before p u b e rty . Y oung sw im m ers te n d  to  have  
slig h tly  m ore fa t  th a n  y o u n g  gym n asts , w hich is re flec ted  in  a sligh tly  h igher 
endom orphic  ra tin g .

T he o u ts tan d in g  d ifference betw een  young g y m n asts  a n d  young  sw im m ers 
is one of body  size.
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DR. VÉLI GYÖRGY 
1895-1980

N éh án y  éve az A n th ro p o lo g ia i K özlem ények  külön  szám áv a l (19. évfolyam  
2 . fü ze te , 1975) k ö sz ö n tö ttü k  az ak k o r 80 éves Y é l i  G y ö r g y ö t. R észletesen  be 
m u ta t tu k  é le tp á ly á já t, am elyben  a  gyerm ekek  nö v ek ed ésé t, te s t i  fejlődését, 
é résé t és az ezekben  m eg m u ta tk o zó  v a riá c ió k a t v izsgáló  és az a lap v e tő  bioló
giai tö rv én y sze rű ség ek e t kereső  hum ánbio lógus, ill. a  gyógy ító— m egelőző te 
vékenysége t fo ly ta tó  gyerm ekgyógyász és o k ta tó —nev elő  iskolaorvos é rd ek 
lődése és szem lélete ö tv ö z ő d ö tt. A zt rem é ltü k  ak k o r, hogy  m ég sokáig  te v é 
k en y k ed h e t k ö z tü n k . Az egyre súlyosbodó betegség a zo n b an  fok o za to san  le
g y ű rte  szerv ezeté t, és 1980. o k tó b er 31-én szíve ö rök re  m eg szű n t dobogni. 
P ed ig  m en n y i te rv e  v o lt m ég !

É le te  u to lsó  éveiben  összefoglalta  é le tm ű v é t.
M unkássága k e zd e té t az 1928-ban v é g z e tt e lső k ap o sv ári k e reszm etsze tin ö v e

kedésv izsg á la ta  je le n te tte . E rrő l í r o t t  do lgo za tán ak  alcím e „Ö sszehasonlító  
ta n u lm á n y ”  v o lt , és a k k o r ez v o lt b enne  az ú j :  n em csak  s a já t  v iz sg á la ti e red
m én y e it k özö lte , hanem  a z o k a t be le illesz te tte  az a k k o rib an  m eg je len t hasonló  
ta n u lm á n y o k  rendszerébe. E  ta n u lm á n y á t később tö b b e n  is m é lta ttá k  (E iben  
1952-ben, Malán  1961-ben, F arkas 1961-ben).

Az 1947/48. ta n é v b e n  m eg ism éte lte  e v iz sg á la tá t, és a z t  k u ta t ta ,  hogy  m eny
n y ire  b e fo ly áso lta  a  m ásod ik  v ilág h áb o rú  és az a n n ak  n y o m á n  je len tk ező  sok 
élelm ezési nehézség  a gyerm ekek  te s t i  fe jlődését. E re d m é n y e it sz in te  azonnal 
közö lte , hogy m áso k a t is hason ló  v iz sg á la to k ra  ösztönözzön , részben , hogy  e red
m én y ei ö sszehason lításhoz ju ssa n a k , részben , hogy az id őközben  fe lv e tő d ö tt, 
n y i to t t  k érdések re  v á la sz t k ap h asso n . F e lh ív ása  ilyen  é rte lem b en  e red m én y te 
len  m a ra d t, így  a  haza i an tro p o ló g ia i iroda lom ban  az övé az egyetlen  közlés a 
gyerm ekek  növekedésére  g y ak o ro lt h áb o rú s h a tá so k  k u ta tá s á b a n . K im u ta tta , 
hogy  K a p o sv á ro tt  a  k é t  e m líte tt v iz sg á la ta  k ö zö tt ész le lhető  d ifferenciák  
1 éves id ő szak o k ra  á ts z á m ítv a  2— 3-szor k isebbek , m in t a  B raunhoffner  á lta l 
B u d a p e s te n  k a p o t t  é r té k e k . E z t  ú g y  m a g y a rá z ta , h o g y  B raunhoffner  
1928-ban  és 1934-ben, m íg ő 1928-ban és 1947-ben végezte  v iz sg á la ta it. A b u d a 
p e s ti v iz sg á la t e red m én y e it m á r nem  b efo lyáso lta  az első v ilág h áb o rú , m íg az 
1947. év i k a p o sv á ri v iz sg á la t eredm ényeiben  a  m ásod ik  v ilág h áb o rú  á r ta lm a i 
n ag y o n  is é re z te tté k  k á ro s  h a tá s u k a t. E  ta n u lm á n y  e red m én y e it é rtéke lve  
K ontra (1968) k iem elte , ho g y  V éli m ár tö b b  évvel B ennholdt-Thomsen 
1954. év i ta n u lm á n y á n a k  m egjelenése e lő tt k im u ta tta , hogy  a re ta rd á c ió  k i
küszöbölése m ilyen  je len tő s . T o v áb b i szerzők idéz ték  elism eréssel m u n k á it, ill.
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m u n k á ssá g á t: Farkas 1961-ben, K un  1962-ben, Lipták  1969-ben. V éli 
György  büszke v o lt ezekre a  ko llegák tó l k a p o tt  e lism erésekre, hiszen a m ag á
n y o sa n  dolgozó k u ta tó n a k  ezek erkölcsi e lism erést je le n te tte k .

É rdeklődéssel fo g la lk o zo tt az ún . ,,akceleráció”  k érdéséve l: „F e lv e tő d ik  a 
k é rd és , hogy v a lód i növekedésrő l, v ag y  egyszerűen a  növekedés m eggyorsu lá
sá ró l van-e  szó”  —  ír ta  1948-ban. Sorozási jeg y ző k ö n y v ek  tö m eg é t do lgozta  
fe l, persze Som ogy m egye a d a ta i  különösen  érd ek e lték . M eg á llap íto tta , hogy 
az  1850. és 1935. szü letési év ek  k ö z ö tti  tes tm ag asság -k ü lö n b ség  év i 0,778 m m  
v ag y is  10 év en k én t 7,78 m m ) v o lt. Ezzel b iz o n y íto tta , hogy M agyarországon  is 
v a n  „ak celerác ió” . M égis, az 1950-es évek  elején e z t a  k ö z ism ert té n y t  nem  v o lt 
k ö n n y ű  e lfo g ad ta tn i. Sokáig ő riz te  a „N épegészségügy”  lev e lé t, am elyben  a t a 
n u lm á n y á t e lu ta s íto ttá k . V égül 1954-ben a „B io lóg iai K özlem ényekben” 
l á to t t  nap v ilág o t e m u n k á ja .

Az 1960-as évek  v égén  ú jra  e lő v e tte  e té m á t, és a z t v iz sg á lta , van-e  k ü lö n b 
ség a  fe lszabadu lás e lő tt i  és u tá n i  növekedés k ö zö tt. Az e red m én y  ő t igazo lta : 
am íg  a  fe lszabadu lás e lő tt  a növekedés m értéke  év en k én t 0,8 m m  v o lt, add ig  
a  fe lszabadu lás u tá n  ez év i 1,8 m m -re v á lto z o tt. E k k o r fo g la lt á llá s t az „ a k 
celeráció”  kifejezés ellen, és he lyébe a B ürger á lta l  a já n lo tt  „b io m o rp h o sis t”  
ja v a so lta . N agy  je len tő ség e t tu la jd o n íto t t  a k ö rn y eze ti tén y ező k  h a tá sá n a k .

E lm éle tén ek  új e lem ét így  fo g a lm az ta  m eg: „A  régebb i felfogás szerin t egy b i
zonyos a lap érték b ő l k iin d u lv a  kü lönböző  izgató  h a tá so k  e red m én y ek én t a  
m agasság  b izo n y ta lan  é rték ig  em elkedik . E lm éle tem  sze rin t v iszo n t a m ag a 
s a b b ra  növés an n a k  a k ö v e tk ezm én y e, hogy a  tö rzsfe jlődés fo ly am án  k ia la k u lt 
o p tim u m o t elhom ályosító  re ta rd á c ió  a k ö rn y eze ti tén y ező k  fokozatos ja v u 
lá s a  k ö v e tk ez téb en  felszám olód ik , és ennek  e red m én y ek ép p en  az a k u t te s t-  
m agasság  m ind  közelebb  k e rü l a b io lógiailag  e lé rh e tő  m ax im um hoz . A növeke
dés te h á t  —  szám vite li m eg h a tá ro zássa l —  nem  ,,- tó l” , han em  ,,-ig” . A k ö rn y e
z e ti  tényezők  ja v u lá sa  in d o k o lja  a  kísérő  tü n e te k e t is, m in t az é le tta r ta m  n öve
kedése és a halálozási a rá n y  csökkenése. N övekszik  az em beriség?  N em  ! Csak 
az e lveszett örökségét pö rö li v issza. A kérdés m ost m á r csak  az, hogy ez a  v á l
to z á s  a  tökéletesedés, v a g y  a  visszafejlődés irá n y á b a  m u ta t-e .”  —  E lm éle te  
kom oly , p o z itív  v isszh an g o t v á l to t t  k i (H eg edűs 1970-ben, J uvancz 1975-ben 
és m ások).

M unkásságának  egy m ásik  je len tő s  te rü le te  a  m e n a rch ek o rt é r in te tte .A z  
1956-ban  közö lt ta n u lm á n y á n a k  ide v o n a tk o zó  1947/48. év i a d a ta ib ó l Thoma 
p rob it-ana líz isse l m =  13,9 éves m en arch ek o rt sz á m íto tt. E z  az első o lyan  
k o rre k t haza i m en arch ek o r a d a tu n k , am ely  a m a  a lk a lm a z o tt m e th o d ik a  sze
r in t  is é rvényes. Id e  v o n a tk o zó , tö b b  értékes ta n u lm á n y á t  tö b b e n  m é lta t tá k  
(Thoma 1961-ben, E ib e n  1968-ban). V éli György ta g ja  v o lt  az első országos 
m en arch ek o r-m ed ián t p u b lik á ló  m unkaközösségnek  is.

A te s ti  fejlődés és a m enarche  k ö zö tt p o z itív  k o rre lác ió t m u ta to t t  ki. L e írta , 
hogy  a 13 éves, m ár m en stru á ló  leán y o k  te s tm ag asság a  és te s tsú ly a  korcso
p o r tju k  s ta tisz tik a i p a ra m é te re in e k  x  -f- Is , m íg a 15 éves, m ég nem  m enstruá ló  
leán y o k  x — Is  é r té k e it kö ze lítik  meg.

M eg á llap íto tta , hogy  a m en arch ek o r h azán k b an  az 1940-es év ek  vége ó ta  egy
re  k o ráb b ra  kerü l, to v á b b á  a z t is, hogy a  m enarche  a  legnagyobb  növekedési és 
g yarapodási hozam ot (ti. a  serdü lési növekedési lökés csúcsát) köve tő  évben  
je len tk ez ik . A m i ped ig  a  végső  te s tm ag asság o t ille ti, le ír ta , ho g y  m inél előbb 
je len tk ez ik  az első vérzés, an n á l in k áb b  k iem elked ik  a  leán y g y erm ek  k o rtá rsa i 
közül, de m ert ezzel egy időben  hossznövekedése m áris le lassu l, és röv idesen
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te lje sen  leá ll, végeredm ényben  a lacso n y ab b  m arad , m in t a  később i m en arch e  
m ia tt  m ag asab b  sz in trő l ind u ló  tá rsa i. E  közlem ényének  k ü lö n le n y o m a tá t 
tö b b , m in t ö tv en en  k é rté k  m eg kü lfö ld rő l.

T o v áb b i, szám ára  kedves te rü le t  v o lt az isk o láb an  folyó egészségnevelés, 
am ely e t ő —  a  k o rá b b i „szexuális  fe lv ilág o sítás”  h e ly e tt —  m á r n ag y o n  
k o rán  igen  k o rsze rű en  v ég ze tt.

V éli György  m u n k ásság a  sok te k in te tb e n  ú ttö rő  je llegű  v o lt. M in d az t, 
am it a lk o to tt ,  s a já t  in ic ia tív á já ra , s a já t  e re jébő l, szerény  eszközökkel, de a n n á l 
tö b b  hozzáértésse l, szakszerűséggel és le lkesedéssel te t te .  E red m én y e i je len tő s  
v isszh an g o t k e lte t te k  i t th o n  és kü lfö ldön  eg y a rán t. L eg több  m eg á llap ítá sa  
m a m ár á lta lá b a n  e lfo g ad o tt, a szakm ai k ö z tu d a tb a  b e iv ó d o tt. E z é r t h ián y z ik  
an n y ira  n ek ü n k , ak ik  tisz e ltü k  és sz e re ttü k  ő t. N élkü löznünk  kell bölcs t a n á 
c sa it, k r itik u s  észrev é te le it, m ind ig  sz e re te tte lje s  h u m á n u m á t, em berségét.

E m lék é t k eg y e le tte l m egőrizzük.
D r. E iben Ottó

Dr. VÉLI GYÖRGY SZAKIRODALMI MUNKÁSSÁGÁNAK JEGYZÉKE

1924 — * Adatok a liquor cerebrospinalis fagyáspontcsökkenésének vizsgálatához (Véli 
G y ö r g y — P a u n z  J á n o s ) .  — Magyar Örvosi Archívum, 21; 138—141.

1936 — A kaposvári óvodás és elemi iskolás gyermekek testméretei. — Iskola és Egészség,
3; 112 — 124.

1937 — A pubertás befolyása a szellemi képességek fejlődésére. — Egészség, 51; 150 —154.
1938 — Levél a tanulók egészségügyi epigrammáival. — Egészség, 52; 79—80.
1948 — Mennyire befolyásolta a háború a gyermekek testi fejlődését? — Népegészségügy, 

29; 667—674.
1950 — Pellagra előfordulásáról. — Orvosi Hetilap, 91; 975—976.
1953 — Golyva a kaposvári iskolásgyermekek között. — Gyermekgyógyászat, 4; 311—314.
1954 — Az ember növekedésének egyes kérdéseiről. — Biológiai Közlemények, 1; 137 —147.

— Hozzászólás Varga Béla dr. „A rövidlátás keletkezéséről, gyógyításának és megelőzé
sének lehetőségeiről” (Szemészet, 1953. 1.) c. munkájához. — Szemészet, 91; 47 — 48.

1956 — Űjabb tanulmány a tanuló ifjúság testi fejlődéséről. — Biológiai Közlemények, 3;
97-114 .

1957 — A kaposvári és környékbeli, 1927 — 1936. évi születésű ifjúság növekedéséről. —
Anthrop. Közi. 1; 51 — 55.

1962 — Hozzászólás Hegedűs György „Gyermekek és gyermekkollektívák fizikai fejlettsé
gének értékelési módszerei” e. cikkéhez. — Népegészségügy, 43; 92—94.

— Csecsemőgondozás a kaposvári cigányok között. — Élővüág, 7; 46—47.
1962 — ‘ Über die jahreszeitlichen Schwankungen im Menarchebeginn bei Landmädchen.

( V a l s i k ,  J .  A.—V é l i  G y ö r g y )  —  Acta F. R. N. Univ. Comenianae, Anthropologia 
7; 119-125.

1963 — *A menarche kora Magyarországon. ( B o t t y á n  O l g a ,  D e z s ő  G y u l a ,  E i b e n  O t t ó ,
F a r k a s  G y u l a ,  R a j k a i  T i b o r ,  T h o m a  A n d o r  és V é l i  G y ö r g y ) .  — Anthrop. 
Közi. 7; 25 — 39.

— *Age at menarche in Hungarian girls. ( B o t t y á n ,  O. — D e z s ő ,  G y . —E i b e n ,  O.—
F a r k a s ,  G y .  —R a j k a i ,  T.—T h o m a ,  A.—V é l i ,  G y . ) .  — Annales Hist.-Nat. Musei 
Nat. Hung. 55; 561-572.

1964 — ‘Magyarországi megfigyelések a havivérzés jelentkezésével kapcsolatban. ( B o t t y á n

O l g a — D e z s ő  G y u l a — E i b e n  O t t ó — F a r k a s  G y u l a — R a j k a i  T i b o r — T h o m a  
A n d o r — V é l i  G y ö r g y ) .  — Élővüág 9; 16—18.

1967 — Az akceleráció a felszabadulás előtt és után. — Anthrop. Közi. 11; 25—30.
1968 — A testi fejlődés és a menarche. — Anthrop. Közi. 12; 161 — 171.
1969 — Gyermekek testhossz- és testsúly-méretei 0—3 éves korban. — Anthrop. Közi. 13;

121-142.
— Ahogyan az iskolaorvos látja. — Köznevelés, 25/23; 31—33.

* Társszerzővel írott tanulmány.
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1971 — Menarche, growth and developm ent in H ungary. — A cta Paediatrica Acad. Sei.
Hung. 1 2 ;  2 0 9 -2 2 1 .

— *A 18 — 20 éves férfilakosság testi fejlettsége (K á dá r  Pá l —V éli György). — Anthrop. 
K özi. 1 5 ;  9 7 - 1 1 2 .

1972 — *Az állításköteles korú fiatalok testi fejlettsége (K ádár  P á l—Véli György). —
H onvédorvos, 2 4 ;  186 —195.

— Akceleráció vagy retardáció? — Anthrop. K özi. 16; 105 —114.
— E iben O., H egedűs Gy., B ánhegyi M., K is K ., Monda M., Tasnádi I.: Budapesti 

óvodások és iskolások testi fejlettsége 1968 — 1969. (K önyvism ertetés) — A nthrop. 
Közi. 1 6 ;  1 5 1 -1 5 2 .

1974 — Akceleráció-e a säcularis trend? — G yerm ekgyógyászat, 2 5 ;  420—422.
— *Az akceleráció szakaszosságáról (K ádár  P á l —VÉLI György). — Anthrop. K özi. 

1 8 ;  105 — 111.
1976 — A szexuális felvilágosítás visszásságai. — A  biológia tanítása, 1 5 ;  82—85.
1977 — *A szekuláris trend 100 éve Som ogy m egyében (K ádár  P á l—Véli György). —

Anthrop. Közi. 2 1 ;  93 —100.
— *100 Jahre des sekulären Trends in  einem  B ezirk Ungarns (Véli, G. — K ádár , P .). — 

A cta Paediatrica Acad. Sei. H ung. 1 8 ;  105 —112.
1980 — *The changing of height and weight o f body during half a century in H ungary (B o d - 

zsár, B. É .—VÉLI, G.). — Glasnik Antropoloäkog D rustva Jugoslavije, 1 7 ;  6 9 —75.

Ö sszeállította: D r .  Eiben Ottó
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HÍREK, BESZÁMOLÓK Anthrop. Közi. 24; 295-296. 1980.

A MAGYAR BIOLÓGIAI TÁRSASÁG 
EMBERTANI SZAKOSZTÁLYÁNAK 

MŰKÖDÉSE AZ 1980. ÉVBEN

210. szakülés, 1980. március 17.

1. V á m o s  K á r o l y : Emésztőszervrendszeri rendellenességek Magyarországon 1970—1974. 
között.

2. F a r k a s  G y u l a : Kiszely István: A Föld népei, 1. Európa népei című könyvének ismertetése.

211. szakülés, 1980. április 14.

1. F arkas  Gy u l a —E ib e n  Ottó : Beszámoló a I I .  Nemzetközi Auxológiai Kongresszusról 
(1979. december, Havanna).

2. L e n g y e l  I m r e : Beszámoló a Royal Society és a Brit Tudományos Akadémia “The emergence 
of man” című vitaüléséről (1980. március, London).

3. E ib e n  Ottó : Beszámoló indiai tanulmányutamról.

212. szakülés, 1980. május 5.

1. G. Au e -H a u ser  (Wien): Die Lage der Anthropologie in Österreich: Unterricht und For
schung.

2. E ib e n  Ottó : Szomatotípus a gyermekkorban.
3. P a p  Mik l ó s—M olnár  Va l é r ia —Szilá g y i K a t a l in —M olnár  L a jo s : A színtévesztés 

populációgenetikai vizsgálata Hajdú-Bihar megyében.
4. P antó  E s z t e r : A növekedés és érés néhány kérdése serdülőkorú egri leányoknál.

213. szakülés, 1980. május 26.

1. T. B ie l ic k i (Wroclaw): Socio-economic stratification and growth in Poland.
2. B. B odzsár É v a : A pubertáskor érési folyamatai a leányoknál.
3. B u d a y  J ó zsef : É rzék szerv i fogyatékos leán y o k  m en a rch e -k o rán ak  v izsg ála ta .

214. szakülés, 1980. október 13.

1. M. D ro bná  (Bratislava): A szekuláris trend Csehszlovákiában, különös tekintettel a szlo
vákiai gyermekekre.

2. F arkas Gy u l a : Paul Broca, a modern antropológia megalapítója. Megemlékezés halálának 
100. évfordulóján.

3. T óth  T ib o r : Beszámoló az 5. Nemzetközi Finn-Ugor Kongresszusról (1980. augusztus, 
Turku).

4. L e n g y e l  I m r e : Beszámoló „A hominizáció folyamata” című szimpóziumról (1980. június 
Párizs).
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215. szakiilés, 1980. november 17.

1. Szakosztályi vezetöségválasztás.
2 . Cs o k n y a y  J u d i t : Párválasztási tendenciák Szamosangyaloson (Szabolcs-Szatmár megye) 

1880-1970. között.
3. Tóth T i b o r : Avicenna születésének 1000. évfordulója.

216. szakiilés, 1980. december 8.

1. P. R u d a n  (Zagrehl: Biomedical approach to anthropological research.
2. S z ö l l ő s i E r z s é b e t : Debreceni gyermekek fejlődése 7 —14 éves korig szemilongitudinálig 

vizsgálat alapján.
3. Cs e t e  K i A b a — K ó sa  F e k e n c — F ö l d e s  V il m o s : Esteraze-D enzimrendszer vizsgálata 

a szegedi népességben.
E. O.
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KÖNYVI SMERTETÉSEK Anthrop. Közi. 24; 297-299. 1980.

L e a k e y ,  R. E .—L e w i n , R.: Origins (E.j P. Dutton kiadás, New York, 1977. 264 oldal; sok, 
részben színes képpel.)

Közismert tény, hogy az utóbbi évtizedekben a bominid evolúció kutatása számos új ered
ményt hozott, és ezek széles körű publikálásában az összes tömegkommunikációs eszközök részt 
vesznek. Ez egyben azt is eredményezi, hogy az e kérdések iránt megnyilvánuló érdeklődés sok
szorosa a korábbinak. L e a k e y  és L e w i n  könyve ennek az igénynek a kielégítésére jelenhetett 
meg. A szerzők látványosan színes könyvet adtak közre, amelyből mind a szakember, mind a 
laikus olvasó számos új, hasznos információhoz juthat. A könyvet a magas színvonalú ismeret- 
terjesztő és a szakmai képeskönyv határán lehet elhelyezni.

A könyv 10 fejezetre tagozódik. Az első fejezet az emberiség perspektívái címen a hominid 
evolúció általános kérdéseit vázolja föl. Érinti a 3 millió éves leleteket, és bemutatja a kutatás
technika módszereit. Kitűnő vázlatokon mutatja be a Föld geológiai és paleontológiái történetét, 
ill. szemléletes térképeken a hominid evolúció különböző fokán levő csontmaradványok lelő
helyeit szerte a világban. A második fejezet a „legnagyobb forradalom” címszó alatt az evolú
ciós elméletet, Darwin működését tárgyalja. A harmadik fejezet kitűnő primatológiai áttekin
tést ad. Különösen a kéz használatának és a térbeli látásnak a kialakulása, ezek kölcsönhatása, 
általában az életmód változásai érdemelnek itt figyelmet. Jól sikerült a subhumán fázis tár
gyalása: külön érdemes kiemelni a Dryopithecus és a Ramapithecus bemutatását. A negyedik 
fejezet az emberi kezdeteket a korábbi hasonló művekben megszokottól eltérő módon ismerteti: 
nem a leletek szokásos morfológiai leírását, hanem érdekes primates-etológiai tanulmányt olvas
hatunk. Nem maradnak adósok azonban a szerzők bizonyos morfológiai leírásokkal sem, és
pedig a koponya és a fogazat fejlődéséről kapunk demonstrábilis képet. Az ötödik fejezet azt 
a régi problémát feszegeti, hogy vajon hol volt az emberiség „bölcsője” . Részletesen olvasha
tunk az 1470-es koponyáról, és jó áttekintést kapunk a Hominid fossziliák datálásának mód
szereiről. A hatodik fejezet „Afrikától a mezőgazdaságig” címet viseli, és a szerzők itt először 
a koponyakapacitás fejlődését mutatják be, a Homo erectustól a Homo sapiensig. Ehhez kapcso
lódik az eszközök evolúciójának bemutatása. A hetedik fejezet a gyűjtögető, a halász—vadász 
életmódról, a szocializáció kezdeteiről hoz áttekintést. A nyolcadik fejezet az intelligencia, a 
nyelv és az emberi értelem problémáit tárgyalja, főleg az agykutatás legújabb eredményei alap
ján. Kitűnő, ahogyan az agy felépítésének és funkciójának kapcsolatát, az agykapacitás növe
kedését és a funkciók bővülését, mint a hominid evolúció szép példáját bemutatják. A kilence
dik fejezet az ösztönökről, a két nem eltérő életmódjáról, az emberi természet számos megnyil
vánulásáról hoz színes anyagot. A Primates köréből és számos természeti nép köréből olvasha
tunk itt leírásokat. A tizedik fejezet az emberiség jövőjét vázolja fel, a szokások kialakulásával, 
ill. átalakulásával foglalkozik.

Az 5 oldalnyi Index segít az egyes témák könnyebb megtalálásában. A könyv ábraanyaga a 
terjedelemnek mintegy 2/5-ét teszi ki. A legtöbb ábra eredeti, nagyon sok a színes fénykép. 
Mindez nagyon didaktikusán szerkesztett. A szöveg jól olvasható, világos. Ami a könyv szerke
zetét illeti: ez is egyfajta megközelítés, kétségkívül sok eredetiséggel.

A könyv kiemelkedő érdeme az evolúciós szemlélet, a sok és színes ökológiai és etológiái 
leírás. A köny kiállítása luxus színvonalú.

Dr. Eiben Ottó
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B is h o p , W . W . (ed.): Geological background to fossil man. Recent research in the Gregory Rift 
Valley, East Africa. (Scottish Academic P ress Ltd., 1978, 585 oldal).

A Gregory Rift Valley (a kelet-afrikai árok) az 1959-ben előkerült Zinjanthropus boisei fel
fedezése óta a hominizáció kutatásának középpontjába került. Ebből a 40—80 km széles és mint
egy 2000 km hosszú geológiai törésvonalból különböző lelőhelyekről (Afar, Omo-völgy, Turkana 
tó, a kenyai lelőhelyek, Laetolil és Olduvai) több, mint 550 fosszilis Hominida-lelet került elő 
az utóbbi 20 évben. A kötet, amelynek megjelenését a szerkesztője már nem érhette meg, mert 
46 éves korában elragadta a hálái, egy 1975-ben, Londonban megtartott szimpózium anyagát 
tartalmazza.

A paleoantropológiái és az archeológiái kérdések a szimpóziumon csak mellékszereplők vol
tak, a központban a szerkezeti, a vulkáni, a geofizikai problémák és a Gregory Rift Valley 
geológiai története volt. Ezekkel a témákkal a kötet első része foglalkozik.

A második részben a paleoökológiai, paleontológiái és ősrégészeti témák szerepelnek. Meg
található a biosztratigráfia új statisztikus megközelítése és a Hominidák allometrikus vizsgá
lata, valamint az első kőeszközöket készítő „első geológusok” eszközeinek elemzése.

A harmadik rész a Gregory Rift Valley-re vonatkozó geológiai, geofizikai, sztratigráfiai, 
geokronológiai, paleoökológiai, valamint a fosszilis Hominidákkal kapcsolatos vizsgálatok ered
ményeit tartalmazza. Itt most csak ez utóbbiakból emelünk ki néhányat.

M a r y  D. L e a k e y  és mtsai a Laetolilnál előkerült 13 korai Hominidát elemzik. A leletek 
3,59 — 3,77 millió évesek és a korai Hominidák evolúciójához szolgáltatnak adatokat.

Y v e s  C o p p e n s  az Omo völgyben előkerült Australopithecus aff. africanus, Australopithecus 
aff. robustus, Homo aff. habilis és Homo off. erectus leletek környezetének változásait vizsgálja 
a Hominidák evolúciójával kapcsolatosan.

D o n  C. J o h a n s o n  és mtsai az afari lelőhely geológiai részletezése mellett az itt előkerült 
Hominidákat is elemzik.

A kötet igen részletesen és széles körűen foglalkozik a Gregory Rift Valley-nek a hominizáció 
kutatásában betöltött szerepével és fontos kézikönyve lehet mindenkinek, aki ebben a témában 
érdekelt.

Dr. Gyenis Gyula

B e r e n b e r g ,  S. R. (Ed.): Puberty. Biologic and psychological components. (H. E. Stenfert 
Kroese B. V., Leiden—Martinus Nijhoff B. V. Publishers, The Hague, 1975. 320 oldal, ábrákkal. 
Ära: Dfl 68, — )

A kötet a Josiah Macy jr. Foundation és a Centre International de l’Enfance 1974. decembe
rében Párizsban rendezett konferenciájának anyagát adja közre. J. Z. B o w e r s ,  az Alapítvány 
elnöke előszavában hangsúlyozza, hogy a pubertásról és az adoleszcenciáról meglevő ismerete
ink hiányosak, és ezen csak folyamatos orvosbiológiai kutatásokkal és orvosképzéssel lehetne 
segíteni. Autentikus diszciplína e téren egy speciális és komplex orvosi megközelítés lehetne, 
amely széles körű kutatásokat folytatna minden idekapcsolódó kérdésben. Kiemelkedően fontos
nak tartja ezek közül a biológiai és pszichológiai fejlődés közötti kapcsolat elemzését.

A kötet 27 tanulmányt közöl, amelyeknek terjedelme, a témában való elmélyedésük mértéke 
nagyon különböző.

G r u m b a c h  szinte monográfikus alapossággal írja le a pubertás fellépését bevezető és kísérő 
endokrin folyamatokat. Referátumában kapcsolódik V a n  D e r  W e r f f  T e n  B o s c h , aki a puber
tás neurohormonális szabályozását tárgyalja. Ő adja a pubertás meghatározását, amelyet a 
konferencia is magáévá tett: a testfejlődésnek az a szakasza, amelynek során a gonádok hor
monkiválasztása olyan szintre jut el, hogy az a nemiszervek meggyorsult növekedését és a 
másodlagos nemi jellegek megjelenését okozza. A hormonális folyamatok elemzésével foglal
koznak még további tanulmányok: J o b  és munkatársai, S i z o n e n k o , F o r e s t  és munkatársai, 
E v e r e t t . S m i t h  a kérdés táplálkozásbiológiai oldalát vizsgálja. Hangsúlyozza, hogy a ser
dülőkre jellemző intenzív anyagcsere és gyors növekedés nagy kalóriabevitelt és az esszenciális 
tápanyagok állandó jelenlétét követeli meg. Valóban tűrhetetlen, hogy a gyermekek reggeli 
nélkül menjenek az iskolába.

Odeli, és munkatársai a nemi érés, a szexuális funkciók érését tárgyalják az endokrinológia 
oldaláról. Ide kapcsolódik C a r b a l l o  és E n g s t r ö m  tanulmánya. P r a d e r ,  a kérdés elsőszámú 
szaktekintélye, a testisek növekedéséről ír.

A következő néhány dolgozat a pubertáskori testösszetételt, ill. az abban bekövetkező vál
tozásokat vizsgálja ( F a u l k n e r ,  F o r b e s ) ,  ill. az obesitassal foglalkozik ( H e a l d  és K h a n , 
K n i t t l e ,  M o r g e n t h a n ) .  Tematikailag ehhez kapcsolódik a funkciók fejlődését és a test
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gyakorlás hatását (P arízková), ill. a fizikai fitséget (H e b b e l in c k  és B orms) elemző két 
tanulmány.

Ezután olvashatunk az intelligencia fejlődéséről (P e e l  és L it ), az intelligencia és a megisme
rés (W a ll), ill. a fiziológiai és a mentális fejlődés kapcsolatáról (K o h e n -R az). Az emocioná
lis érés és magatartás kérdésével két különböző szerző is foglalkozik (F r is k , F r ied m a n ).

Két tanulmány tárgyalja a pubertáskori növekedésben, testi fejlődésben megmutatkozó 
variációkat a különböző populációkban (Ta n n e r  és E v e l e t h , N ia n g ). Végül két tanulmány a 
problémakör szociológiai, kulturális aspektusait elemzi (Co m er , M cA n a r n e y ).

A tanulmánykötet tehát sok témát, sok oldalról világít meg, sokszor nagyon is részletesen. 
A konferencián elhangzott viták — amelyeket ugyancsak olvashatunk az egyes tanulmányok 
után — érzékeltetik, hogy a résztvevők előtt maradtak nyitott kérdések. Nem lehet persze 
figyelmen kívül hagyni azt a tényt (amiről ebben a megfogalmazásban nem szól ugyan a könyv), 
hogy a pszichológiai vizsgálatok mennyire időigényesek. Ezért nehézkes úgy megszervezni a 
kutatást, hogy a relatíve gyorsan lebonyolítható, természettudományos igényű, adekvát 
orvosi—humánbiológiai methodikákkal párhuzamosan a pszichológiai vizsgálatok is hasonló 
igényességgel történjenek. Ez részben magyarázza (ha nem is m enti!) a sok, kevésbé igényes 
pszichológiai vizsgálatot, amelyekről beszámoló cikkek elárasztják a szaksajtót. Lehet, hogy 
még hosszú ideig be kell érnünk egy laza párhuzamossággal a biológiai és pszichológiai vizsgá
latokban? E könyvben is ezt látjuk: a különböző szakterületek sokszor valóban kiemelkedő 
képviselői a saját szűkebb vizsgálataikról számolnak be, igazán komplex kutatásokról alig. Ha 
azonban nem is olvashatunk egy összefoglaló értékelést, számos részletkérdésről kaphatunk át
fogó, legtöbbször didaktikusán bemutatott képet. Ezért hasznos e kötet a növekedés, testfejlő
dés, érés kérdéseivel foglalkozó szakembereknek.

D t .  Eiben Ottó
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Folytatás a borító 2. oldaláról

7. A tanulmányok statisztikai feldolgozásánál alkalmazott matematikai képletek jelö
léseinek pontos magyarázatát meg kell adnia a szerzőnek. Ugyanez vonatkozik görög betűs 
vagy egyéb speciális jelölésekre is. Általában a Biometriai Értelmező Szótár (Szerk.: Jánosy 
A. — Muraközy T. — Aradszky G. — Mezőgazdasági Kiadó, Budapest, 1966.) előírásait, je
löléseit célszerű követni.

8. A tanulmányok tagolásában az alábbi beosztási elvek követését tartjuk kívánatos
nak: 1. Bevezetés (a probléma felvetése, mai állása). 2. Anyag és módszer. 3. A vizsgálat, 
kutatás eredméuyei és azok (összehasonlító) értékelése. 4. Összefoglalás.

9. A tanulmány, közlemény végén irodalomjegyzéket kell megadni, de csak azok a 
művek idézhetek, amelyeknek adatait vagy megállapításait a szerző tanulmányában valóban 
felhasználta. Az irodalomjegyzéket a szerzők nevének „abc” sorrendjében kell összeállítani. 
A szövegben a szerző neve után (zárójelbe) tett évszámmal utalunk a megfelelő irodalomra.

A folyóiratok címeinek rövidítésére a szakirodalomban kialakult és elfogadott rövidí
téseket alkalmazunk.

Az irodalomjegyzék összeállításához az alábbi példák szolgálnak útmutatásul:
Folyóiratcikkeknél a szerző(k) vezetékneve, rövidített utóneve, a megjelenési év záró

jelben, kettőspont, a közlemény címe, a folyóirat hivatalos rövidítése, a kötetszám arab szám
mal, aláhúzva, pontosvessző, oldalszám, pl.:

B artucz , L. (1961): Die internationale Bedeutung der ungarischen Anthropologie. 
Anthrop. Közi. 5; 5—18.

Könyveknél a szerző(k) neve, a kiadási év zárójelben, kettőspont, a könyv címe, a kiadó 
neve, a kiadás helye, pl.:

B artucz, L. (1966): A praehistorikus trepanáció és orvostörténeti vonatkozású sír
leletek (Palaeopathologia III. kötet). Országos Orvostörténeti Könyvtár és Medicina Kiadó, 
Budapest.

Másodidézeteknél — ha azok el nem kerülhetők — az idézett szerző neve után cit. szócs
kát írunk, és a fenti módon idézzük a könyvet vagy a folyóiratcikket, ill. in szócskát írunk, 
ha tanulmánykötetben megjelent cikket idézünk.

Ha egy szerzőnek ugyanabból az évből több tanulmányát idézzük, akkor az évszám 
mellé írt a, b, c betűkkel különböztetjük meg őket.

10. A szerzők a nyomdai tipografizálásra vonatkozó kívánságaikat a kézirat másod- 
példányán jelölhetik be ceruzával, a nyomdai előírásoknak megfelelően.

Kérjük szerzőinket, hogy a fenti alaki előírásokat — a tanulmányok gyorsabb megjele
nése érdekében is — tartsák meg. Az előírásoktól eltérő kéziratokat a Szerkesztő bizottság nem 
fogad el.

A kéziratokat a szerkesztő címére kell beküldeni, aki a tanulmány beérkezését vissza
igazolja. A közlésről — a lektori vélemények alapján — a Szerkesztő bizottság dönt. Erről 
értesítik a szerzőt.

A közlésre kerülő dolgozatok korrektúráját az ábralevonatokkal együtt megküldjük a 
szerzőknek. A javított korrektúrát az esetenként megadott határidőig kérjük vissza. A megadott 
időpontig vissza nem juttatott dolgozatot kénytelenek vagyunk kihagyni a készülő számból.

A szerzőknek a kiadó tiszteletdíjat és 100 db különlenyomatot ad.
A Szerkesztő bizottság tag ja i: D r . E ib e n  Ottó  (szerkesztő), D r . É r y  K in g a , D r . F arkas 

Gy u l a , D r . L ip t á k  P á l , D r . N e m e s k é r i J á n o s , D r . Sc h u l er  D ezső és D r . T óth  T ib o r .

A szerkesztő címe: Dr. E i b e n  Ottó, 1088 Budapest, Puskin u. 3. ELTE Embertani 
Tanszéke.

A kiadvány előfizethető és példányonként megvásárolható:
az AKADÉMIAI KIADÓNÁL: 1363 Budapest V., Alkotmány u. 21., 
telefon: 111—010. Pénzforgalmi jelzőszám: 215—11488. 
az AKADÉMIAI KÖNYVESBOLTBAN: 1368 Budapest V., Váci u. 22., 
telefon: 185—680.

Előfizetési díj egy évre: 52,— Ft 
Külföldön terjeszti a KULTÚRA Külkereskedelmi Vállalat 1389 
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