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F e l h í v á s  a s z e r z ő k h ö z

Az Anthropologiai Közlemények a Magyar Biológiai Társaság Embertani Szakosztá
lyának folyóirata, a Magyar Tudományos Akadémia Biológiai Tudományok Osztályának 
felügyeletével és támogatásával jelenik meg. Szerkeszti a Szerkesztő bizottság.

A Szerkesztő bizottság elfogad a fizikai antropológia, ill. az általános (nem klinikai) 
humángenetika témaköréből önálló vizsgálatokon alapuló tanulmányokat, továbbá olyan 
kritikai vagy szintézist tartalmazó közleményeket, amelyek az embertani tudomány előbhre- 
vitelét szolgálják. A közlés alapfeltétele általában az, hogy a tanulmányt a szerző az MBT 
Embertani Szakosztályának szakülésén előadja.

Az előadásokat a szakosztály titkáránál lehet bejelenteni és azok műsorra tűzéséről a 
Szakosztály Intéző Bizottsága dönt.

Az Anthropologiai Közleményekhez közlésre benyújtott kéziratok tartalmi és formai 
követelményei a következők:

1. A tanulmányok világosan fogalmazott célkitűzésű, korszerű módszerekkel végzett 
vizsgálatok igazolt, bizonyított eredményeit tartalmazzák, tömör és érthető stílusban. A tanul
mányok terjedelme mondanivalójuk mértékéhez igazodjon. A rendelkezésre álló évi 12 ív ter
jedelem korlátozza az egyes tanulmányok terjedelmét, ezért 2—2,5 szerzői ívet meghaladó 
terjedelmű kéziratokat nem áll módunkban elfogadni. A történeti antropológiai tanulmányok
nál egyedi méreteket — őskori és honfoglalás kori szériák kivételével — általában nem közlünk.

2. A kéziratot A/4 alakú fehér papírra, kettős sorközzel, a papírlapnak csak az egyik 
oldalára kell gépelni, oldalanként 25 sor, soronként 55—60 betűhely lehet. Minden dolgozatot 
két teljes, nyomdakész kéziratpéldányban kell benyújtani, összefoglalással, táblázatokkal, 
ábrákkal együtt.

3. Az idegen nyelvű összefoglalást — amely a tanulmány terjedelmének mintegy 
10 százaléka — az Anthropologiai Közlemények a kongresszusi nyelvek egyikén közli. Az 
idegen nyelvű összefoglalásnak tartalmaznia kell a probléma felvetését, az alkalmazott vizs
gálati módszert, valamint a kutatás legfontosabb eredményeit.

A tanulmány címoldalán 150 szónál nem nagyobb terjedelmű, angol nyelvű Abstract- 
ot közlünk.

A fordításról — ha a szerzőnek nem áll módjában — a Kiadó gondoskodik.
4. A tanulmányhoz tartozó táblázatoknak, ábráknak az Anthropologiai Közlemények

nél az utóbbi évfolyamokban kialakult egységes gyakorlatot kell követniük.
A táblázatokat a tudományos dokumentáció elveinek figyelembevételével kell meg

szerkeszteni. Az egyes tanulmányokhoz tartozó azonos típusú táblázatoknak egységeseknek 
kell lenniük. A folyóirat tükrébe be nem férő táblázatok több részre osztandók; több oldalas 
(behajtós) táblázatokat nyomdatechnikai okokból nem fogadunk el. Minden táblázatot külön 
lapra kell gépelni, sorszámmal és címmel kell ellátni.

5. Csak gondos kivitelű és klisézésre alkalmas minőségű ábrákat fogadunk el. A rajzon 
alkalmazott jelölések világosak, egyértelműek legyenek. Minden ábrát, függetlenül attól, hogy 
vonalas rajz vagy fotó, ábra jelöléssel, sorszámmai és aláírással kell ellátni. A műnyomó papírt 
igénylő fényképeket tábla formájában közli a lap; ezek összeállításánál a szerzőknek a tar
talmi követelmények mellett az esztétikai szempontokat is figyelembe kell venniük.

6. A táblázatok címeit, az ábraaláírásokat, a táblák címeit és azok minden szöveges 
részét két példányban külön is mellékelni kell a kézirathoz az idegen nyelvű fordításhoz.
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OPENING ADDRESS

Ladies and Gentlemen, Dear Friends!

I t  is m y honourable task to welcome all o f  yo u  to Bozsok. I  have a fee ling  that 
we, H ungarian  hum an biologists, have a role in  the international sc ien tific  l i fe : 
to catalyze colleagues, teams. This role m ay be due to our geographical situation  
as well as to our choice o f  research subjects.

Several fr ien d s  can remember our f i r s t  and second Sym posium . The Balaton- 
Sym posium  at Balatonfiired in  1976 was our f i r s t  step in  this common w ay:  
we made an “ inven tory"  o f  some international research activities, and at the end 
o f  the sum m ing  up phase o f  the In ternational Biological Programme we over
viewed the different problem s in  hum an growth and development, as well as in  
physique. — The D anube-Sym posium  at Visegrád in  1979 jo ined  to the In ter
national Year o f  Children, and tried to sum m arize our recent knowledge on fu n c 
tional biotypology.

Looking back to these meetings, I  can establish that we p la yed  our catalyzer-role 
successfu lly: m any o f  us have become close fr ien d s , new teams have come into  
being. The proceedings volume o f  the Balatonfiired Sym p o siu m  contains 50 papers, 
and was published 13 m onths after the Sym posium . That o f  the Visegrád S ym p o 
siu m  contains 36 papers, and it was published one and a h a lf  year after the S y m 
p o siu m  as a volume o f  the H ungarian jo u rna l “Anthropologiai K özlem ények". 
— Both volumes present m any new ideas and very recent data, and in  this way  
good overviews on their subjects.

N ow , during this Bozsok S ym posium , we w ill be investigating different aspects 
o f our m ain  topic: V aria tio n s in  H u m an  G row th  an d  P hysique .

Our special interests are due to the genetic aspects  a f  these themes. W hat are 
the most im portant recent fin d in g s  in  genetics o f  growth process and determ ining  
hym an  physique ? W hat are the special f in d in g s  in  prenatal development ? How  
can we recognize the early and late maturers ? W hat k in d  o f  relationship exists 
between anthropometry and  densitometry ? H ow can we compare d ifferent groups 
o f  popula tions by somatovariants ? W hat does p sych ia try  establish on genetics 
o f  pa tien ts su ffering  fro m  endogenous psychoses ? How do genetic and socio
economic factors in fluence the body development o f  students ?

We would like to discuss the clinical aspects o f  our m ain  theme. W hat is the 
attitude, what are the work methods o f  social pediatrics ? W hat k in d  o f  connections 
can be fo u n d  between different illnesses and growth process: W hat about tubular 
disorders, obesity, m inor abnormalities, etc. ? H ow  do we see today the medical
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distances and their application in  anthropological studies ? W hat is the relation
sh ip  between testicular volume and  sexual activity o f  D own-patients ? W hat about 
their physique ? H ave we new data on the dental age o f  children ?

We w ill investigate carefully the ecological aspects  o f  our problem s. W hat k in d  
o f  relationships can we discover today between climate and hum an  physique ? 
I s  there a n y  connection between nu trien t reserves and sexual d im orphism  ? H ow  
about the growth and m aturation process o f  children liv ing  in  d ifferent socio
economic strata ? Is  there a n y  difference in  growth between such a special group  
o f  children like caravan-cam p ones and national average ? W hat about the gain  
and loss o f  weight during  growth process in  early childhood ? A re  there a n y  d if
ferences in  the components o f  physique according to socio-economic factors ? 
H ow do social and natural factors in fluence the m aturation o f  g irls ? W hat about 
the so-called “ acceleration"  o f  growth ? How do children living  at high altitudes 
grow up ?

We w ill also touch the k in a n th ro p o m e tric  aspects o f  our problem-circle. 
W hat do we know today about biological age, related to physica l fitn e ss  ? W hat 
k in d  o f  new experiences have we on body composition, especially on body fa t  ? 
W hat k in d  o f  new assessment have we in  som atotyping ? W hat about the recent 

fin d in g s  on physique o f  the top athletes, like paddlers and rowers ?
F in a lly , taking into consideration both the genetic and ecologic factors in flu en c

ing growth and m aturation, we w ould like to see, what the secular changes in  
H ungary  are like on the basis o f  recalled cross-sectional growth investigations 
carried out in  a sm all Western H ungarian  town, Körm end.

For each aspect o f  our m ain  topic we have one session w ith  three key lectures 
which are followed by 3 — 6 short papers, then we organize a general discussion  
on all the presentations belonging to the session.

I  should like to express m y grateful thanks to the P resid ium  o f  the Council 
o f  C ounty V a s : T hey  have been k in d  enough to place this marvellous sm all 
county-seat at our disposal. I  hope that our three-days' conference in  this beautiful 
environm ent, as well as our excursion to K örm end and to Őrség w ill be suitable 
fo r  d iscussing our recent problem s, and bringing all those experts who fee l respon
sib ility  fo r  our branch o f  sciences, the hum an biology, close together.

I  declare our S ym p o siu m  open, and wish success to all o f  y o u !

Ottó G. Eiben
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QUANTITATIVE GENETICS DURING THE GROWTH 
PERIOD OF CHILDREN: METHODOLOGY 

AND FACTORS

by C. Susanne

Department of Anthropogenetics, Free University of Brussels,
Brussels, Belgium

Abstract: The methodological problems of the quantitative genetics are nu
merous, especially during the growth period. Many methods are able to give a 
relative idea of the heritability, based on the study of twins, of sibs, of parent
offspring or of other relatives. But, in the interpretation of these results, one 
must be careful: the coefficients of heritability are indeed not very adequate to 
give an accurate prediction of the relative influence of both factors, of genetic 
or of environmental factors. These coefficients of heritability are specific for a 
particular population in a particular environment and at a specific time. How
ever, if the population and its environment are good defined, a study of a decreas
ing order of genetical determination can be useful. These criticisms are also true 
for the quantitative genetics of growth, supplementary remarks have, however, 
to be taken into account such as variations of the heritability in function of age 
and such as difficulties to characterize human growth curve.

Key words: quantitative genetics, growth process, methodology.

T he ev en ts  o f  g row th  an d  deve lopm en t are  con tro led  b y  a m u ltifac to ria l 
sy stem . I t  is w ell know n th a t  m orphological ch a rac ters  are  d e te rm in ed  by  
fac to rs  o f  g ene tica l origin an d  also b y  fa c to rs  o f en v iro n m en ta l origin (S u sa n n e  
1975, 1977, 1980, D e f r is e  1981). A n th ropo log ists  an d  ped ia tric ian s  k n o w  also 
th a t  g ro w th  is a con tinuous phenom enon  from  concep tion  to  m a tu r ity  w here 
th e  d iffe ren t fac to rs  in fluencing  g row th  are  chang ing  in th e  d ifferen t periods 
o f g row th . T he m ethodological p roblem s in  th e  s tu d y  o f th e  q u a n tita tiv e  gene
tics d u rin g  th e  period  of g ro w th  are re la te d  to  th e  fac t th a t  th e  g ene tica l an d  
en v iro n m en ta l fac to rs  in te ra c t a lm ost in v a ria b ly  an d  are ra re ly  in d ep en d en t. 
W e in te n d  to  develop th re e  d iffe ren t p rob lem s of m ethodological o rig in : 
(1) th e  choice o f a too l to  s tu d y  h e r ita b ility , (2) th e  prob lem  re la te d  to  th e  
fa c t th a t  g ro w th  is a con tinuous phenom enon , an d  (3) th e  sca rc ity  o f su itab le  
lo n g itu d in a l d a ta .

H eritab ility

T he co n cep t o f h e r ita b ility  h 2 has been  defined  b y  p la n t an d  an im al b reeders 
as th e  a m o u n t o f genetic v a ria b ility  w hich  can be used for selective b reed ing . 
T he h e r ita b ility  is generally  defined  as th e  p ro p o rtio n  of th e  to ta l  p h en o ty p ic  
varian ce  (Yp) due  to  ad d itiv e  genetic v a r ia tio n  (VA)
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T his d efin itio n  corresponds to  th e  h e r ita b ility  in  th e  n a rro w  sense used  in  se
lective  b reed ing  w hen th e  aim  is to  p roduce ind iv id u a ls  o f  im proved  econom ic 
q u a lity , w hen b reeders select in d iv idua ls hom ozygous for genes re la ted  to  these  
qu a lities , and  w hen en v iro n m en ta l co rre la tions are e lim ina ted . O f course, 
th e  use o f  th e  h e r ita b ility  in  th e  narro w  sense is illu so ry  in  h u m an  pop u la tio n s, 
w here th e  h e r ita b ility  in  a b ro ad  sense is m o stly  used, w hich is a degree o f 
to ta l  genetic  d e te rm in a tio n  (V0) including  d o m in an t fac to rs  (VD), ep istasis 
fa c to rs  (Vj).

fa2 =  Va +  Vd +  V, =  VA +  Vp +  V. =  Vq
V P VA +  V D +  Vj - f  V E VG +  V E

w ith  V E, en v iro n m en ta l facto rs.
F rom  th is  defin ition , i t  is a p p a re n t th a t  h e r ita b ility  can be change in  fu n c tio n  of 
th e  re la tiv e  im p o rtan ce  of th e  en v iro n m en ta l cond itions. In  fu n c tio n  of a 
red u ced  e n v iro n m en ta l variance  or in  fu nc tion  o f  a large en v iro n m en ta l variance , 
th e  va lu e  of th e  h e r ita b ility  will v a ry : in  th ese  cond itions, h e rita b ility  is 
in a d e q u a te  to  m easure  th e  re la tiv e  im p o rtan ce  of n a tu re  versus n u rtu re . 
These coefficients are  only  va lid  for th e  specific  p o p u la tio n  s tu d ied  in  th e  
specific period  a n d  en v iro n m en t o f th e  analysis. The h u m a n  genetic ist c an n o t 
con tro l th e  en v iro n m en ts  in  w hich people live , these  are in fin itiv e ly  variab le  
and  v e ry  d ifficu lt to  m easure, i t  is an  ev er-p resen t source o f error.

T he ad d itiv e  genetic  variance  (VA) refers to  th e  h y po thesis  th a t  th e  genes 
a c t ad d itiv e ly . T he regression of th is  ad d itive  genetic  v a lue  on  th e  p h en o ty p ica l 
value gives also a d e fin ition  o f th e  h e r ita b ility  in  th e  n a rro w  sense. I t  is on ly  
these  sum m ed effects o f th e  genes w hich h av e  a selective value.

The d o m in an t va rian ce  (VD) refers th a t ,  for some genes, th e  phen o ty p es of 
th e  hete ro zy g o tes  a re  n o t ex ac tly  in te rm ed ia te  betw een  th e  tw o hom ozygotes. 
H eterosis  w ould be a v e ry  specific exam ple o f th is  dev ia tio n  to  th e  a d d itiv ity . 
T he ex istence  o f dom inance fac to rs  will re su lt in  a d im in u tio n  of co rre la tions 
betw een  re la tiv e s , i t  affects, how ever, m ore th e  co rre la tion  betw een  sibs th a n  
b e tw een  p a re n ts  an d  children.

T he ep istasis va rian ce  (Vj) re su lts  o f th e  in te ra c tio n  betw een  genes, it  m eans 
th a t  th e  effects o f d ifferen t genes are  n o t sim ply  sum m ed. In  h u m an  p o p u 
la tio n s , i t  is r a th e r  im possible to  have co rrec t e s tim ations of these  effects. 
T he es tim a tio n  o f th e  im p o rtan ce  o f linkage betw een  genes an d  of p leio trop ic  
effects is even d ifficu lt.

A genetic  fac to r  w hich can be estim a ted  m ore easily  is th e  varian ce  due to  
a sso rta tiv e  m a tin g . A positive a sso rta tiv e  m a tin g  has been  observed  for d if
fe ren t m orphological ch a rac te rs  (Susanne  1967, Sp u h l e r  1968): i t  will re su lt 
in  h ig h er frequencies o f hom ozygous geno types th a n  in  pan m ic tic  cond itions. 
W e m u st expec t also th a t  th e  effects o f a sso rta tiv e  m a tin g  will be confounded  
w ith  th e  ad d itiv e  v arian ce , an d  th a t  for co rre la tio n  p aren t-o ffsp ring  for in stan ce  
th e  ex istence  o f a positive  a sso rta tiv e  m a tin g  will increase th e  v alue  of th e  
coeffic ien ts of co rre la tion .

O th e r possible com plications o f th e  m e th o d  are th e  in fluence of X -linked  
loci (Ma th er  e t al. 1971).

T he m ost d ifficu lt v ariance  to  e stim ate  is th e  env iro n m en ta l variance , d if
fe ren t com ponen ts in te ra c t an d  th e  v a r ia b ility  o f en v iro n m en ta l cond itions is 
im m ense. In  a q u ite  a rtific ia l w ay, a r tif ic ia l for h u m an  popu la tio n s p e rh ap s
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n o t fo r breeding  cond itions, one can  d istin g u ish  changes o f env iro n m en t 
be tw een  ind iv id u a ls  w ith in  fam ilies, betw een  fam ilies, be tw een  socio-econo- 
m ical classes, be tw een  geographical groups. T he q u a n tif ic a tio n  of th ese  v a r i
ances is v e ry  d ifficu lt, su b tle  changes can  be observed . F o r in stan ce , th e  en v i
ro n m e n ta l v arian ce  w ith in  fam ilies will n o t be th e  sam e betw een  tw ins th a n  
b e tw een  sibs, w ill n o t be th e  sam e betw een  m onozygotic  tw in s th a n  betw een  
d izygo tic  tw ins. T he varian ce  betw een  fam ilies an d  th e  varian ce  betw een  socio- 
econom ical classes in f la te  th e  covariance  betw een  p a re n ts  a n d  ch ildren , th e y  
m ay  th u s  in fla te  co rre la tions and  in te ra c t w ith  th e  co rre la tions due to  th e  
genetic  variance . T h e  en v iro n m en ta l covariance is expec ted  to  have  a low er 
in fluence  in  p a re n t ch ild  com parisons th a n  in  com parison  o f sibs or o f tw ins.

B u t, even m ore com plex , th e  in te ra c tio n  betw een  th e  d iffe ren t fac to rs have  
to  be ta k e n  in to  acco u n t. In  th e  fam ilial stud ies, y o u  can  f in d  four d ifferen t 
covariances:

cov. (genotypes p a re n t and  child), 
cov. (genotypes p a re n t an d  env iro n m en t child), 
cov. (geno types ch ild  and  en v iro n m en t p a ren t), 
cov. (en v iro n m en t p a re n t an d  en v ironm en t child).

T he second an d  th e  fo u rth  covariances are  in  m ost cases positive.
F ro m  all these  a rg u m en ts , i t  is obvious th a t  th e  coefficients o f h e rita b ility  

are  n o t v e ry  ad e q u a te  to  give an  accu ra te  p red ic tio n  o f  th e  re la tiv e  im p o rtan ce  
o f genetic  and  en v iro n m en ta l fac to rs. T he es tim a tio n s  of h e rita b ility  are  re la 
tiv e  to  th e  s tud ied  p o p u la tio n , in  its  specific en v iro n m en t and  tim e  (F eldm an  
e t al. 1975). The coefficients o f h e r ita b ility  are specific for a p a rtic u la r  gene 
pool an d  en v iro n m en t, as well as for a p a rtic u la r  in te ra c tio n  betw een  genotypes 
an d  env ironm en ts.

B u t, in sp ite  o f all these  critic ism s, m easu rem en t o f  th e  degree o f h e r ita b ility  
can  be useful in  d e fin ing  for a specific p o p u la tio n  a decreasing  o rd e r o f genetical 
d e te rm in a tio n  for d ifferen t an th ropo log ica l ch a rac te rs . F o r th is  k ind  o f a p 
p ro ach , d ifferen t m e th o d s of ca lcu la tion  o f h e r ita b ility  can be used  (for a re 
view , see Su sanne  1980). B u t, for a defin ition  o f a decreasing order o f h e r
ita b ility , n o t rea l coefficien ts o f h e r ita b ility  could be used, such  as coefficients 
o f co rre la tion  p a re n t — child for in stance .

P red ic tio n s from  th ese  m easu rem en ts o f h e r ita b ility  m u st alw ays be done 
v e ry  carefu lly . F o r in stan ce , we know  th a t  s ta tu re  has one o f  th e  h ighest 
coeffic ien t o f h e r ita b ility , th is  m eans th a t  th e  en v iro n m en ta l varian ce  is su p 
posed to  be low. H ow ever th e  w ell-know n o b se rv a tio n  o f secu lar tre n d  of s ta 
tu re  is a lm ost c e rta in ly  th e  re su lt of e n v iro n m en ta l conditions. H e rita b ility  
in fo rm s us ab o u t th e  ra tio  genetical versus e n v iro n m en ta l varian ce  for one 
specific en v iro n m en t b u t  can n o t be e x tra p o la te d  to  o th e r env ironm ents.

G row th  as a  con tinuous phenom enon

F rom  concep tion  to  m a tu r ity , th e  fac to rs d e te rm in in g  g row th  are changing 
an d  are  n o t eq u iv a len t for th e  d ifferen t periods o f  g ro w th : as a re su lt, th e  
re la tiv e  in fluence o f  geno type an d  env ironm en t a n d  th u s  th e  coefficients o f 
h e r ita b ility  will n o t be c o n s tan t du ring  th ese  d iffe ren t periods.

A v a ria tio n  w ith  age is ev id en t in th e  s tu d y  o f  self-correlations, w here 
th e  co rre la tio n  is ca lcu la ted  betw een  a m easu rem en t a t  an  age x  w ith  th e
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m easu rem en t o f th e  sam e in d iv id u a l a t  a d u lt age: an  increase o f  th e se  self
co rre la tio n s is observed  from  b ir th  to  m a tu r i ty  re flec tin g  an  increase  of th e  
co n tr ib u tio n  of th e  ch ild’s ow n genes (Ta n n er  1960, F u rusho  1968, A shizaw a  
e t al. 1977). A ra p id  increase is observed  d u rin g  th e  f irs t  y ea r, a slow er increase 
a fte rw ard s  till th e  p u b e rty  w here a re la tiv e  decrease is observed .

T he sam e k ind  o f o b serv a tio n s has been  m ade for co rre la tions p a re n t — off
sp ring , w here th e  co rre la tions are  ca lcu la ted  for th e  h e ig h t for in s tan ce  betw een  
th e  v a lu e  o f th e  a d u lt p a re n ts  an d  th e  v a lu e  of th e  grow ing ch ild ren  an d  th is  
o f course in  fu n c tio n  o f th e  age.

L o n g itu d in a l stud ies on tw in s  (Va n d e n b e r g  e t al. 1965, W il s o n , 1976) 
h av e  show ed th a t ,  s ta r tin g  from  a sm all in fluence  of fe ta l genetical c o n s titu tio n  
a t  b ir th , a g rad u a l increase o f  th e  genetica l fac to rs is observed  be tw een  m ono
zygo tic  an d  dizygotic tw in s for th e  w eigh t or th e  len g th  a t  b ir th . T h e  v a ry in g  
degrees o f vascu la r anastom osis o f th e  p lacen tas  re su lt a t  b ir th  even in  low er 
co rre la tio n  betw een  m onozygotic  tw in s th a n  betw een dizygotic tw in s. B u t, 
a f te r  b ir th , th e  w ith in  p a ir d ifferences o f dizygotic tw ins w ill g radua lly  
increase  an d  th e  w ith in  p a ir  co rre la tio n  of m onozygotic  tw ins w ill g radua lly  
increase  to o , re su ltin g  in  te rm s  o f h e r ita b ility  in  a g rad u a l increase  of th e  
genetica l com ponen t.

I t  has also been observed  in  dom estic an im als (D ic k er so n  1954) an d  in  
m an  (R ao e t al., 1975) th a t  th e  h e r ita b ility  decreases w ith  th e  age difference 
betw een  th e  sibs. In  th is  case, a h igher en v iro n m en ta l covariance  m a y  exp lain  
th is  o b serv a tio n : th e  fam ilia l en v iro n m en t will be m ore sim ilar b y  sibs grow ing 
u p  to g e th e r  th a n  b y  a d u lt  sibs liv ing  in  d ifferen t en v iro n m en ta l cond itions, 
th is  re su lts  in  low er co rre la tions b y  a d u lt sibs. M u e l l e r  (1977) observed  
ind eed  la rger corre la tions betw een  school-aged sibs th a n  b e tw een  a d u lt sibs 
w hen th e y  are s tud ied  in  th e  sam e sam ple an d  in a ra th e r  lim ited  age cohort. 
S im ilarly , w hen th e  age differences betw een  th e  sibs increased , th e  coefficients 
o f co rre la tio n  betw een  sibs w ill decrease, especially for w eight, f a t  an d  m uscle 
m easu rem en ts , b u t  n o t for bone m easu rem en ts (F urusho  1968, M u e l l e r  1978).

O th er d ifficu lties o f in te rp re ta tio n  are found  in  th e  com parison  o f p o p u 
la tio n s o f E u ro p ean  origin an d  th e  non -E u ro p ean  ones, h ig h e r  corre la tions 
being  observed  in  E u ro p ean  popu la tio n s (Malin a  e t al. 1976, M u e l l e r  1976, 
R u ssell  1976). T he ex istence  o f a positive a sso rta tiv e  m a tin g  in  th e se  E u ro 
p ean  p opu la tions is one ex p lan a tio n  o f these  h igher co rre la tions, th e  o th e r 
ex p lan a tio n  consists in  a b e tte r  expression o f th e  p h en o ty p e  in  absence of 
m a ln u tr itio n  or o f o th e r p rob lem s in  th e  s tan d a rd s  o f  living.

T he s ta n d a rd s  o f liv ing  can  in fluence  th e  level o f h e r ita b ility : au th o rs  
(Charzew sk a  e t al. 1964, B ie l ic k i e t al. 1966, W elo n  e t al. 1971) have  
observed , on th e  c o n tra ry  o f  E u ro p ean  versus N on E u ro p ean , h ig h er coeffi
c ien ts o f co rre la tion  in  p o p u la tio n s w ith  low  s ta n d a rd s  o f liv ing  a n d  o f n u tr itio n  
(village versus tow n , poor nou rish ed  versus good nourished). A  possib le ex p la 
n a tio n  is th e  fac t th a t  th e  en v iro n m en ta l com ponen t in te ra c ts  w ith  th e  genetic 
v a rian ce  and  in fla te s  th e  co rre la tions in  th e  poor e n v iro n m en ta l conditions, 
ch ild ren  hav in g  an  en v iro n m en ta l com ponen t m ore sim ilar to  th a t  of th e  
p a re n ts  in  villages th a n  in  tow ns for in stan ce . In  th ese  la s t cases, ch ild ren  
could  experience perh ap s b e tte r  env ironm en ts th a n  th e  p a re n ts  h av e  h ad  
d u rin g  th e ir  g row th  period .
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Suitable longitudinal data

H e rita b ility  of specific ch a rac te rs  o f h u m a n  g row th  cu rv e  has been h indered  
b y  th e  d ifficu lties to  collect lo n g itu d in a l d a ta  o f re la tives a n d  also by  d ifficu lties 
to  ch arac terize  th e  h u m an  g ro w th  curve.

O f course, m any  stud ies h a v e  been p u b lish ed  com paring  iso la ted  lo n g itud ina l 
cu rves on sibs, on tw ins or even  tr ip le ts . T he in te rp re ta tio n  o f  th ese  re su lts  is, 
how ever, d ifficu lt, th e  cu rves of g ro w th  o f m onozygotic tw in s are generally  
m ore alike th a n  those o f  d izygotic tw ins. I t  is only re c e n tly  th a t  h u m an  
g row th  curves have been b e tte r  ch a rac terised  (H a u spie  e t al. 1980).

B ock an d  T h issen  (1978) used  a tr ip le  logistic curve f i t t in g  b y  unw eigh ted  
non  lin ea r leas t squares in  th e  s tu d y  o f  tw o sets o f tr ip le ts , w here tw o  were 
id en tica l an d  one fra te rn a l. T h e  a u th o r  show ed a clear s im ila rity  o f th e  curves 
o f  th e  id en tica l tw ins an d  d e m o n s tra te d  also an  ev iden t h e ritab le  com ponen t 
in  th e  ap p earan ce  of th e  adolescen t g ro w th  sp u rt.

In  a n o th e r long itud inal s tu d y  o f tw in s  (F is h b e in  e t al. 1978), th e  square 
ro o t o f th e  sum  of squared  differences betw een  th e  d ev ia tio n  po in ts  an d  th e  
in trac lass  correlation  for p rofiles e s tim a ted  from  an in te ra c tio n  te rm  o f an  
analysis o f v ariance  have show n a low er dev ia tion  of th e  profiles o f g row th  
curves in  m onozygotic tw in s  th a n  in  d izygotic  like sexed tw ins.

The com ponen ts of v a rian ce  analysis m odel were u sed  to  e s tim a te  th e  
degree o f resem blance o f g row th  p a tte rn s  in  60 sibs d is tr ib u te d , am ong  25 
fam ilies o f W est Bengal (In d ia ) (H a u s p ie  e t al. 1980). T h e  au th o rs  analysed  
tw elve biological p a ram ete rs  derived from  th e  Preece B aines m odel 1 curve, 
f i t te d  to  th e  long itud inal d a ta  for h e ig h t g row th : a sign ifican t ad d ed  v ariance  
com ponen t w as observed fo r peak  h e ig h t velocity  and  th e  age a t  peak  velocity , 
for these  tw o  param eters th e  sim ila rity  being  g rea te r am ong  sibs th a n  am ong 
n o n -re la ted  subjects.

These few  resu lts  are s tim u la tin g  b u t  m ore stud ies on q u a n tita tiv e  genetics 
o f th e  synchron isa tion  o f th e  p a tte rn s  o f  g row th  is su itab le .

C onclusion

In  th is  p ap er, th e  a u th o r  has only one ob jec t in  view , t h a t  is to  illu s tra te  
som e o f th e  m ethodological problem s o f th e  q u a n tita tiv e  genetics, especially  
du ring  g row th . The fu n d am en ta l p rob lem  is surely  th e  co n cep t o f h e rita b ility  
itself. These coefficients o f h e r ita b ility  a re  on ly  valid  for th e  specific pop u la tio n  
stu d ied  a t  a specific tim e , i t  is only  re la tw e  to  th e  p a r tic u la r  env ironm en ts 
an d  geno types ch a rac te ris tic  of th is  p o p u la tio n . I f  we consider in te rac tio n s  
betw een  genotypes an d  en v iro n m en ts , genetic  variance  depend ing  of th e  
d is tr ib u tio n  o f en v ironm en ts and  en v iro n m en ta l v a rian ce  depend ing  o f th e  
d is tr ib u tio n  of genotypes, th e  in te rp re ta tio n  of h e r ita b ili ty  seem s vain . 
T he coefficients o f co rre la tio n  also are  th e  re su lt of genetic  va rian ce  in fla te d  
b y  th e  v arian ce  betw een  fam ilies a n d  betw een  socio-econom ic g roups for 
in stan ce . T his does n o t m ean  th a t  q u a n tita tiv e  genetics is alw ays useless: 
in  a specific popu la tion , th e  defin ition  o f  a decreasing (or increasing) o rder of 
genetical d e te rm in a tio n  can  be useful.

This k ind  of s tu d y  w hen ap p lica ted  to  grow ing ch ild ren  has to  ta k e n  in to  
accoun t a change w ith  age o f  th e  re la tiv e  in fluence of th e  d iffe ren t fac to rs  in
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th e  d e te rm in a tio n  o f  g ro w th  s ta tu s . These changes are  re la te d  to  a g rad u a l 
increase w ith  age o f th e  c o n tr ib u tio n  o f th e  childs ow n genes, an d  to  changes 
in  fu n c tio n  of th e  en v iro n m en ts  o f  th e  expression o f th e  p h en o ty p es an d  th u s  
o f th e  en v iro n m en ta l v a rian ce  in te ra c tin g  w ith  th e  genetica l variance.

A nthropo log ists, p ed ia tric ian s , auxologists m u st be s tim u la te d  to  stud ies 
of q u a n tita tiv e  genetics d u rin g  g row th , b u t specially  o f th e  synchron isa tion  
o f th e  p a tte rn s  o f  g row th  an d  o f  th e  p a tte rn s  o f m a tu r ity .
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EARLY AND LATE MATURERS

b y  M. P ro ko pec

Institute of Hygiene and Epidemiology, Prague, Czechoslovakia

Abstract: Individual growth curves of six boys and six girls with the earliest 
and of six boys and six girls with the latest onset of physical maturation from a 
group of 300 Prague children followed up longitudinally from birth to maturity, 
were analysed and the intergroup and intersexual differences were compared. 
There was a 6 year difference in the peak velocity heights between the most early 
and most lately maturing boys, 5 year difference between the girls and nearly 
8 year difference between the most early maturing girl and most lately maturing 
boy. A difference of 14 cm was found in boys and 18 in girls between the means of 
height of early and late maturers at the age of peak velocity height.

From the point of view of psychology (M. H a vlíno v á ) the late maturing 
boys tend to be socially more reserved and more frequently serious in contrast 
to early maturers. This finding has not been confirmed in the girls. School achieve
ments were slightly better in the late than in the early maturing groups, in 
agreement with the generally known fact, that school progress is temporarily 
changing for worse during tbe puberty period.

Key words: early and late maturer children, peak height velocity (PHY), High 
School Personality Test (HSPT), longitudinal growth study, Prague children.

In tro d u c tio n

Tw o exam ples m ay  illu s tra te  th e  p o in t th a t  th e  problem  of th e  g row th  o f 
ch ild ren  an d  y o u th  is essen tia lly  a biological process, like in  all o th e r  liv ing  
organ ism s an d  th a t  in  h u m an  beings i t  is s im u ltaneously  a h igh ly  social m a tte r . 
T his y e a r an  exh ib ition  was held  in  P rag u e  o f bonsai, i.e. fu lly  developed 
tree s  2 0 —30 years old w hich, how ever, due to  special cu ltiv a tio n , re a c h  a he igh t 
o f 20 to  25 cm . F rom  th e  ac tiv ities  o f  th e  bonsai grow ers (p rac tised  in  J a p a n  
for cen tu ries), we get a good idea  o f  w h a t harm s or in h ib its  g ro w th  of th e  
o rgan ism  (a t leas t for a n u m b e r o f  tree s  grow n in  m in ia tu re  form ) an d  from  
th is  again  we can  d raw  th e  conclusion  w h a t benefits  th e  organ ism  — fu n d a 
m e n ta lly  i t  is ju s t  th e  opposite  from  w h a t re ta rd s  g row th . The b o n sa i grow ers 
n ip  o ff leaves, sp ro u ts  a n d  fru its , c u t  th e  ro o ts , do n o t expose th e  tree s  m uch 
to  h e a t, lig h t an d  th e  sun  an d  p la n t  th em  in to  poor soil. A nalog ical to  th e  
leaves o f p la n ts  are h u m a n  lungs, a n d  to  ro o ts  th e  d igestive organs or ra th e r  
n u tr i t io n  generally . So m uch only , for d em o n stra tin g  th e  bio logical essence 
o f g ro w th  (Fig. 1).

A n exam ple  of th e  im p o rtan ce  o f  h u m a n  society  fo r h e a lth y  d ev e lopm en t 
is p ro v id ed  b y  tw o In d ia n  girls w hich  from  b ab y h o o d  grew  up w ith o u t h u m an  
co m p an y  u n d e r th e  care  o f a she-w olf in  th e  ju n g le , an d  whose s to ry  was
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pub lished  in  th e  jo u rn a l L ’A nthropologie. T he girls w ere seven a n d  n ine year- 
old, re spec tive ly , w hen  th e y  w ere found . T hey  m oved  a ro u n d  on th e ir  knees 
on w hich th e y  h a d  la rg e  callosities, an d  ra n  on all fours. T hey  im ita te d  wolves 
also b y  n o t using th e ir  h an d s w hen ea ting . U nder clinical care  la s tin g  several 
years one o f th e  girls d id  n o t lea rn  m ore th a n  45 w ords. T heir re tu rn  to  h u m an  
society  was no m ore possible. M an has evolved as a species d u rin g  his p h y lo 
genetic deve lopm en t an d  d u rin g  his on togenetic  evo lu tio n  he again  develops 
in to  h u m an  only u n d e r cond itions p rep a red  for h im  b y  th e  fam ily  an d  h u m an  
society .

T he problem  of ea rly  an d  la te  m a tu re rs  has a t t r a c te d  th e  a tte n tio n  o f m an y  
au th o rs . Several o f th em  sum m arised  th e  p re se n t know ledge of fac to rs , 
in fluencing  th e  v e lo c ity  o f physica l m a tu ra tio n  a n d  th e  biological age in  th e  
second decade o f life (T a n n e r  1962, M a r s h a l l  1977, W i e r in g e n  e t al. 1971, 
H a u s p i e  1980 an d  o thers). N evertheless, n e ith e r an  early  s ta r t  n o r a la te  onset 
of p u b e rty  an d /o r i ts  d u ra tio n  has been  sa tis fac to rily  exp lained . This m akes 
an y  so rt o f p red ic tio n  a t  th is  age d ifficu lt an d  in accu ra te . L a s t b u t  n o t least 
an  ex trem e d ev ia tio n  from  th e  no rm al in  th is  or t h a t  respect im plies a social 
problem . In  case o f la te  m a tu re rs  an  u n p le a sa n t im p a c t m ay  be ex e rted  on 
p e rso n a lity  developm en t, especially  in  boys.

In  1981 we b ro u g h t to  a close a lo n g itu d in a l s tu d y  o f 300 P rag u e  ch ild ren , 
la s tin g  for 25 y ea rs , follow ed-up from  b ir th  to  m a tu r ity , w hich  gives us th e  
p o ssib ility  to  p a rtic ip a te  in  solving th e  still open  prob lem  o f early  an d  la te  
m a tu rin g  boys an d  girls (K a p a l ín  et al. 1969, P r o k o p e c  e t al. 1981).

Material and Methods

W e h av e  an a lysed  b o th  d istance  an d  velocity  curves of 89 byos a n d  o f 89 
girls follow ed-up lo n g itu d in a lly  from  b ir th  to  m a tu r ity . T he 300 ch ild ren  h ad  
been selected  a t  ran d o m  from  a p a r t  o f P rague  (Z izkov) w ith  ab o u t 100,000

14

Fig. 1. Bonsai — a grown up tree of miniature size as a result of special treatment oppressing
growth



in h a b ita n ts  in  1956—1960. O nly ch ild ren  bo rn  on one p a rtic u la r  d ay  in  th e  
week (W ednesday) w ere inc luded  in to  th e  sam ple. T he ch ild ren  w ere in v e s ti
g a ted  b y  a te am  o f specialists clinically, an th ropo log ica lly  an d  psychologically  
f iv e  tim es in  th e ir  f ir s t  y e a r  of life an d  sem iannually  th e re a fte r . T he original 
n u m b er decreased u n til  1981 by  ab o u t one th ird . O u t o f tw e n ty  m easurem ents 
ta k e n  a t  each v is it an d  from  a series o f descrip tive  fea tu res  only  b o d y  heigh t 
(grow th  curves), m en arch eal age, so m ato ty p e , school ach ievem en t, eye colour, 
social b ack g ro u n d , C a tte ll’s H igh  School P e rso n a lity  Q uestionnaire  an d  pro-

Table 1
Parameters of growth curves of Prague children and adolescents

No. Symbol Parameter

B o 
n =

y s 
89

Gi
n =

1 8 
89

X

8
min.
max.

X
8

min.
max.

1. AMIIV age at minimal prepubertal height velocity 10.6 7.6 8.9 6.4
(yr) 1.0 14.2 1.1 12.1

2. APHV age at peak height velocity (yr) 13.5 11.3 11.4 9.1
1.0 17.0 1.1 13.6

3. AMHVR age at minimal prepubertal height velocity 15.1 13.1 12.8 10.4
return (yr) 1.0 18.7 T T 15.3

4. H 4 height at age 4 (cm) 105.0 97.1 103.9 97.6
4.0 126.2 3.3 111.9

5. HiMHV height at minimal prepubertal height veloc- 143.6 126.2 134.2 119.3
ity (cm) 7.4 162.3 7.3 159.7

6. TAG total adolescent gain (cm) 30.7 15.9 25.6 11.9
4.8 42.1 5.0 38.3

7. HPHV height at peak height velocity (cm) 162.2 145.0 150.0 135.1
6.5 177.2 6.4 170.2

8. HMHVR height at minimal prepubertal height veloc- 174.2 160.3 159.7 143.1
ity return (cm) 6.0 187.8 6.1 178.5

9. HA adult height (cm) 178.9 164.9 167.1 155.3
6.1 192.1 5.8 186.6

10. Y 5 height velocity at age 5 (cm/year) 6.7 4.8 6.8 3.5
0.8 8.3 0.9 8.9

11. MHY minimal prepubertal height velocity 4.6 3.2 5.2 3.1
(cm/year) 077 6.6 Ö77 7.2

12. PHV peak height velocity (cm/yr) 8.6 6.1 7.5 5.5
1.1 11.8 0.9 9.6

13. PH peak height (cm/yr) 4.0 0.9 2.3 0.5
1.2 8.5 1.0 5.5

14. PB peak basis (yr) 4.6 2.5 4.0 2.2
0.7 6.2 0.7 5.9

15. PAR peak area =  PH X PB 18.5 2.2 9.3 1.1
6.7 45.2 4.9 26.7
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fessional o rien ta tio n  were used. In co m p le te  records w ere n o t in v o lved  in  th e  
p re se n t s tu d y .

T he in d iv id u a l g row th  curves (d is tan ce  curves) were evened  o u t an d  som e 
m issing observa tions w ere in c o rp o ra te d  b y  th e  m ethod  described  b y  Cl in e  
(1974) — a th ird  grade p o ly n o m ia l using  7 p o in ts  (a rg u m en ts), w hich are 
sh ifted . T his procedure  h a d  been  used  tw ice on th e  d istance  cu rve , from  w hich 
y ea rly  increm en ts were d e riv ed  an d  used  for co n stru c tio n  o f  ve lo c ity  curve. 
T he v e lo c ity  cu rve  has been  also sm o o th ed  b y  th e  sam e po lynom ial of th ird  
g rade  (seven p o in ts), w hich  m ay  be app lied  n o t on ly  to  concave a n d  convex  
p a r ts  o f  a curve b u t  also to  S -sh ap e  sections. F ifteen  p a ra m e te rs  have been 
reco rd ed  from  each velo c ity  c u rv e  follow ing th e  m eth o d  an d  n o m encla tu re  
described  b y  Stützle  e t al. (1976). E ach  in d iv id u a l velocity  cu rve  has been 
described  b y  p a ra m e te rs  show n in  T ab le  1. I tem s No 1 — 3 concern  age, 4 —9 
h e ig h t, 10—12 v e lo c ity  a n d  13— 15 ch arac terize  th e  size o f th e  p ro p er peak.

R esu lts

R esu lts  are  given in  T ab les and  F igu res. Fig. 2 shows an  in d iv id u a l d istance 
(above) an d  a ve locity  cu rv e  (below ) w ith  som e o f th e  p a ra m e te rs  derived  
from  its  course (m in im u m  g row th  in crem en t before p u b e rty , p eak  heigh t 
v e lo c ity , to ta l  p u b e rta l ga in  etc.) D a ta  in  T able 1 show  average  p a ram ete rs , 
s ta n d a rd  d ev ia tio n s an d  m in im al a n d  m ax im al values o f th e  p a ram e te rs  of 
th e  v e lo c ity  curves of 89 boys an d  89 girls. S im ilar values rev ea l m ean  height

Fig. 2. Stature distance and velocity curves of a boy No. 11. Some of the parameters described 
in the paper, which are used in analysing individual growth rate are shown

16



a t  4 y ears  in  b o th  sexes (105.0 cm  in  boys an d  103.5 cm  in  girls), h e ig h t ve lo 
c ity  a t  5 (m ales 6.7 cm /yr, fem ales 6.8 cm /y r) an d  to  a ce rta in  e x te n t th e  peak  
basis (4.6 y rs  in  m ales an d  4.0 y rs in  fem ales). D issim ilarities in  b o th  sexes 
are  to  be seen in  all o th e r p a ram e te rs  — ages, heigh ts, velocities an d  in  th e  
peak  h e ig h ts  an d  areas. A t th e  age o f th e  P H V  (13.5 y r  in  boys an d  11.4 y r 
in  girls) a d ifference of 12 cm  occurs be tw een  th e  sexes in  h e igh t w hich  cor
responds w ith  th e  fin a l difference betw een  th e  sexes in  he igh t a t  an  a d u lt age.

Fig. 3. Stature distance and velocity curves of two girls Nos 60 and 61 with a different rate of 
growth and onset of maturation. From one to seven years of age no difference in growth

occurred

Fig. 3 show s d istance  an d  velo c ity  curves o f  tw o g irls: No. 60 an  early  an d  
No. 61 a la te  m a tu re r . No. 60 was sligh tly  longer a t  b ir th  th a n  No. 61 b u t  in  
th e  la te r  g ro w th  up  to  7 years o f age no d ifference n e ith e r  in  th e  g ro w th  
p a tte rn  nor in  h e ig h t itse lf  were no ticed . D ifferences in  ages a t  peak  h e ig h t 
velocities of th e  tw o girls am o u n t to  th ree  y ears . T he la te  m a tu rin g  girl reach ed  
a h igher f in a l a d u lt  he ig h t, th o u g h  a t  a la te r  age (a t 18). The early  m a tu rin g  
g irl reached  h e r a d u lt h e igh t a lread y  a t  th e  age o f 15.

T he m ax im al ve lo c ity  o f g row th , ach ieved  d u rin g  th e  adolescent sp u r t — 
P H Y  has a bio logical m eaning. T he grow ing organism  is a t  th is  stage m ore 
sensitive th a n  in  an y  o th e r section  o f g row th  (w ith  th e  exception  o f th e  f ir s t  
y e a r  o f life) to  ecological fac to rs (increased ecosensitiv ity ). PH V  is in  girls 
closely co rre la ted  w ith  m enarcheal age an d  th u s  m ay  help  in  defin ing  a sim ilar 
lan d m a rk  in  th e  bo d y  developm ent in  boys as is m enarche  in  girls. P H V  has 
a no rm al (G aussian) d is tr ib u tio n  in  each sex as show n in  T ab le  2 and  in  a sim pli
fied  version  g rap h ica lly  in  Fig. 4. I f  we ro u n d  u p  ou r find ings th e  earliest P H V
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Age at peak height velocity
(Numbers represent individual children from the Prague longitudinal study)

Table 2

Age
(years)

G i r l s  (n  =  89) B o y s  (n =  89)

9.0 63,
203,

9.5 3,8, 36,37,110, 
246,252,282

10.0 5,41,51,60, 89,121, 
157,199,230, 267,

10.5 26,48,130,
163, 202, 266, 274,276, 281,

9,

11.0 39,64,68,99,105,136,141,232, 
243,284,149,152,158,174,186, 
218,220,229, 231,

100,
215,259,

11.5 7,57,65, 74,84,135, 
148,168, 209, 213, 221,

71,79, 122,

12.0 4, 30, 54,66,67,102, 111, 126,127, 
156,171,191,192,262, 264,

11,123, 271, 
157,189,257,

12.5 58,73,104,
151,195, 205,216,236,

1,35,91,113,134,145, 247,255, 272, 
166,176,227,233, 239, 254, 263,

13.0 61,88,137,
154,

2,19,20,21,47, 50, 52,75, 85,114, 140, 
235,260,265, 275,279,

13.5 59, 76, 82, 14, 24,45, 55,72,117,128, 234,253, 285, 
172,177,196, 201,208, 210, 219, 268,

14.0 49, 53,81,86,112,116,
153,167,169,179,184,187, 204, 206,

14.5 12,15,115,223, 
194, 251,

15.0 6,40,
15.5 92,95,211,
16.0
16.5 13,

Fig. 4. Schematic age distribution of peak velocity heights in boys and girls from the Prague
longitudinal study (age in years)
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in  girls occurred  a t  9 years, th e  m ean  age for th e  w hole group  w as 11 years 
an d  th e  h ig h est age o f one o f  th e  girls from  our sam ple w as n ea rly  14. Boys 
as a g roup  s ta r te d  to  en te r th e  m a tu ra tio n  period  signified  b y  P H Y  a t  th e  age 
in  w hich  th e  d is trib u tio n  curve  of th e  girls cu lm inates i.e. a t  th e  age o f  11. 
A t 13.5 years  of age ab o u t h a lf  o f th e  boys h a d  a tta in e d  th e ir  P H Y  — n ea rly  
a t  th e  sam e age, w hen  a lread y  all th e  girls passed  th e ir  P H V . The o ld est boy  
from  our g roup  w ho reached  his P H V  w as n ea rly  17 years old.

E a rly  and late maturers

W e h av e  selected  from  o u r sam ples am o u n tin g  to  89 boys an d  89 girls four 
g roups: six  m ost ea rly  an d  six  m ost la te  m a tu re rs  from  each  sex. T heir d istance  
an d  v e lo c ity  curves are show n in  Figs 5 a n d  6. E a rly  m a tu rin g  boys w ere those , 
whose P H V  was below  12 an d  girls below  10. L a te  m a tu rin g  boys w ere th o se , 
who a t ta in e d  th e ir  P H V  a fte r  15 an d  girls a f te r  13 years o f  age. T he m eans of 
th e  in v e s tig a te d  p a ram e te rs  o f ve lo c ity  curves for each group are  g iven  in  
T ab le  3. S im ilarly  as in  com paring  th e  m ean  p a ram e te rs  o f v e lo c ity  curves 
of boys a n d  girls from  th e  orig inal sam ples, sm allest differences w ere found  
betw een  b o th  sexes and  betw een  ea rly  an d  la te  m a tu re rs  w ith in  each  sex 
in  h e ig h ts  a t  th e  age of 4 an d  in  g ro w th  v e loc ity  a t  5 y ea rs  o f age. Sex dif
ferences w ere in  these  an d  som e o th e r p a ra m e te rs  sm aller th a n  tho se  betw een  
early  a n d  la te  m a tu rin g  g roups w ith in  each  sex. T he m ean  age a t  m enarche  
w as 11.8 ^  1.1 y e a r in  th e  early  a n d  14.4 ^  1.6 y ea r in  th e  la te  m a tu rin g  
girls.

S o m ato ty p es  a fte r  S h e l d o n  e t al. (1954) w ere estim a ted  from  p h o to g rap h s  
in  each  child  a t  th e  age o f 16 to  18 y ea rs . E c to m o rp h y  w as found  to  be  m ore 
fre q u e n t in  b o th  sexes in  la te  m a tu re rs  th a n  in  early  m a tu re rs . In  early  m a tu r 
ers en d o m o rp h y  w as p re v a le n t in girls before m esom orphy  an d  ec to m o rp h y ;

Fig. 5. Individual stature distance and velocity curves of early and late maturing boys
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Table 3

Mean parameters of velocity curves in early and late maturing boys and girls

P a ra m e te r  
N o . S y m b o l

B o y s
m atu rin g

G i r l s
m a tu r in g

e a rly la te ea rly la te

1. AMHV (yr) 8.8 12.6 7.1 11.0
2. APHV (yr) 11.6 15.7 9.5 13.4
3. AMHVR (yr) 13.5 17.4 11.2 14.4
4. H 4 (cm) 103.9 104.3 102.7 104.7
5. HMHV (cm) 133.9 150.1 124.0 145.9
6. TAG (cm) 33.5 27.2 28.5 19.1
7. HPHV (cm) 153.1 167.0 140.5 158.5
8. HMHVR (cm) 167.4 177.3 152.5 165.0
9. HA (cm) 172.9 180.8 164.2 170.8

10. V 5 (cm/yr) 6.9 6.4 7.1 6.6
11. MHV (cm/yr) 5.0 4.0 6.1 4.7
12. PHV (cm/yr) 8.9 7.3 7.9 6.2
13. PH (cm) 4.0 3.4 1.8 1.7
14. PB (yr) 4.7 4.8 4.1 3.5
15. PAR (PH x PB) 19.1 16.5 7.9 6.0

Boys — early maturing: PHV before 12 years (n=6)
— late maturing: PHV after 15 years (n=6) 

Girls — early maturing: PHV before 10 years (n=6)
— late maturing: PHV after 13 years (n=6)

Fig. 6. Individual stature distance and velocity curves of early and late maturing girls
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m esom orphy  p rev a iled  in  boys before en d o m o rp h y  an d  ec to m o rp h y . In  la te  
m a tu re rs  o f b o th  sexes endom orphy  d o m in a te d  over ec to m o rp h y  an d  over 
m esom orphy  m ore d is tin c tly  in  girls th a n  in  boys. T he la te  m a tu re rs  as a 
g roup  w ere less p igm en ted  th a n  th e  early  ones, w ho h ad  d a rk e r eyes.

I t  is in te re s tin g  to  n o te  an  u n im p o r ta n t ro le o f  d ifferen t social b a ck g ro u n d  
of th e  ch ild ren  in v es tig a ted  in  re la tio n  to  ea rly  or la te  onset o f m a tu ra tio n . 
School progress w as found  to  be slig h tly  b e tte r  in  th e  la te  th a n  in  th e  ea rly  
m a tu re rs . A verage school progress w as in  genera l w orse d u ring  th e  ado lescen t 
period  th a n  before an d  a fte r p u b e rty . G irls rev ea led  b e tte r  average  school 
ach iev em en t th a n  boys.

T he psycho log ist o f  our research  te a m , H . H avlínová  app lied  th e  H ig h  
School P e rso n a lity  T est a fte r C atte ll to  each  ch ild  a t  th e  age o f  15, 16 a n d  17 
y ears  o f  age w ith  th e  aim  to  o b ta in  th e  p e rso n a lity  ch a rac te ris tic s  in  each  
child  in  th e  ado lescen t period . H S P Q  concerns 14 b ip o la r fac to rs  o f p e rso n a lity  
(28 c h a rac te ris tic s). T he early  m a tu rin g  girls w ith  P H V  before 10 years  a n d  
hoys before  12 y ea rs  o f age w ere ch a rac te rized  b y  re lax ed , u n fru s tra te d  
b eh av io u r w ith  ad v an ced  social m a tu r ity  a n d  w ere found  to  be em otio n a lly  
s tab le . O n th e  o th e r h an d  th e  la te  m a tu r in g  b o y s  an d  girls w ere em o tio n a lly  
u n stab le  a n d  socially  im m atu re . Boys from  th e  la te  m a tu rin g  group w ere in  
c o n tra s t to  th e  girls o f th e  sam e group shy  an d  in tro v e rte d . T he ch a rac te rs  o f 
th e  la te  m a tu re rs  m ay  be  exp la ined  as a re su lt o f d isc repancy  b e tw een  u n ifo rm  
c o n s ta n t social dem ands for th e  group o f  th e  sam e age and  th e  slow ra te  o f  
biological m a tu ra tio n . No big  differences b e tw een  early  an d  la te  m a tu re rs  
w ere fo u n d  in  th e  la te r  choice o f  th e ir  professional career.

C om parison with other longitudinal studies

T ab . 4 b rings re su lts  from  E u ro p ean  an d  A m erican  g row th  s tud ies (a fte r  
Ma lin a  1978, rea rran g ed  an d  com pleted). P a ra m e te rs  o f th e  P rag u e  v e lo c ity  
cu rves a re  close to  th o se  from  Z ürich . T he n e x t  sim ilar group in  m an y  respec ts  
is th a t  from  H a rv a rd  an d  o f H arp en d en  ( th o u g h  th e  H arp en d en  g roup  is o f 
low er m ean  s ta tu re ) . C hildren from  th e  Fels, U SA an d  B erkeley  stud ies are 
on th e  av e rag e  ta lle r  th a n  th e  E u ro p ean  an d  H a rv a rd  sam ples.

D iscussion

T he age sp an  in  w hich in d iv id u a l boys an d  girls differ in  reach ing  th e ir  P H Y  , 
is ab o u t 5 y ea rs  in  girls an d  6 y ea rs  in  b oys. B etw een  th e  m ost ea rly  m a tu r in g  
girl a n d  m ost la te ly  m a tu rin g  b o y  th e re  is a sp an  o f 8 years. T his know ledge 
o f th e  w ide ran g e  o f  v a r ia b ili ty  in  th e  on se t o f  p u b e r ty  in  still no rm al ch ild ren  
gives to  each  p e d ia tr ic ia n  a s tro n g  a rg u m e n t in  exp la in in g  in d iv id u a l s itu a tio n  
in  d e v ia n t cases a t  a ce rta in  age. P edagog ical s taffs  in  schools m ay  b e n e fit 
fro m  th is  fa c t w hen  dealing  w ith  ch ild ren  o f th e  sam e chronological age b u t  
o f a v e ry  d iffe ren t biological age w ho sit n e x t  to  each  o th e r in  th e  sam e c lass
room . School has th e  sam e dem ands for a ll ch ild ren  o f th e  sam e age d isreg a rd 
ing th e ir  d iffe ren t s tag e  of biological d eve lopm en t. Som e ch ild ren  m ay  be 
th u s  w rong ly  classified  be i t  in  m a th em a tic s  or in  p h ysica l education .

T he q u estio n  arises w h e th e r i t  is good or n o t  to  be an  early  m a tu re r . I t  seem s 
th a t  in  som e cases i t  m ay  have a positive effect on p e rso n a lity  d evelopm en t —
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Selected parameters of growth curves in various longitudinal studies 
(after M a l i n a  1978, rearranged and completed)

Table 4

S tu d y

H e ig h t a t  m in i
m al p re p u b e r ta l 
g ro w th  v e lo c ity  

H M H V  (cm)

T o ta l  g a in  
d u rin g  

p u b e rty  
p e rio d  

T A G  (cm )

P e a k  h e ig h t 
ve lo c ity  

P H V  (cm /y r)

Age a t  peak  
h e ig h t 

ve lo c ity  
A P H V  
(years)

A d u lt  h e ig h t 
H A  (cm )

n X 8 X s X s X S X S

B o y s
1. Prague (1) 89 143.6 7.4 30.7 4.8 8.6 1.1 13.5 1.0 178.9 6.1
2. Zürich (2) 112 143.8 7.7 29.2 — 9.0 1.1 13.9 0.8 177.4 6.3
3. Fels (3) 83 149.9 7.0 30.9 4.3 7.0 1.1 13.0 0.9 180.9 5.6
4. USA (4) 54 149.4 7.1 31.0 4.7 6.9 1.1 13.3 0.9 180.4 5.4
5. Berkeley (5) 65 150.6 7.0 30.1 5.4 6.6 1.0 13.1 1.1 180.7 6.6
6. Harvard (6) 54 147.4 5.7 31.2 5.5 7.1 1.3 12.3 0.9 178.6 6.1
7. Harpenden (7) 55 146.1 6.3 27.6 3.5 8.8 1.1 13.9 0.8 173.6 6.1

G i r l s
1. Prague (1) 89 134.2 7.3 25.6 5.0 7.5 0.9 11.4 1.1 167.1 5.8
2. Zürich (2) 110 135.8 7.3 23.2 — 7.1 1 . 0 12.2 1.1 164.9 5.7
3. Fels (3) 74 138.6 7.4 29.5 6.8 6.3 0.9 11.0 0.8 168.0 5.1
4. USA (4) 49 137.3 6.6 31.0 4.0 6.5 0.9 11.0 0.9 168.2 6.7
5. Berkelev (5) 64 141.8 7.6 26.3 5.7 5.7 0.8 11.0 0.8 168.1 6.2
6. Harvard (6) 54 140.3 7.2 25.4 5.6 6.2 1.1 11.1 0.9 165.7 5.1
7. Harpenden (7) 35 137.9 7.0 25.3 4.1 8.1 0.8 11.9 0.9 163.2 5.9

1. Prague — P r o k o p e c ,  T o m á s e k . 1979
2. Zürich — Stützte e t al. 1977
3. Fels Research Institute, Yellow Springs
4. Child Research Council USA
5. Rerkeley Growth Study
6. Harvard School of Public Health
7. Harpenden Growth Study, England

early  m a tu rin g  ch ild ren  are  less p ro b lem atic , m ore easy  going, som e o f th e m  
te n d  to  becom e leaders am ong th e ir  peers (th is  m ay  b rin g  d isap p o in tm en t in  
la te r  y ea rs , w hen th e  la te  m a tu re rs  o v e rtak e  th e ir  earlier m a tu re  peers). 
W e failed  to  fin d  a sa tis fac to ry  answ er as to  th e  cause o f early  m a tu ra tio n . 
T he answ er should  be soug h t on a  ce llu lar level — in  th e  ra te  o f cell d iv ision  
(m itosis). A  ce rta in  a m o u n t o f m itosis m u s t h av e  ta k e n  place in  th e  organ ism  
before a fu n c tion ing  o rgan  — say  hyp o p h y sis , th y ro id , ov ary  e tc . developed . 
T he ro le o f  p rovok ing  ag en ts , o f h e re d ity , social re la tio n s an d  n u tr i t io n  e tc . on 
speeding u p  an d /o r on slow ing dow n th e  ra te  o f biological processes in  grow ing 
organism  s till rem ains to  be defined.

W hen observ ing  side by  side early  m a tu rin g  a n d  la te  m a tu r in g  ch ild ren  
an d  y o u th s  (P la te  I), ea rly  m a tu re rs  seem  to  be th o se  liv ing  in  affluence, 
u n h in d ered  b y  disease o f  an y  so rt, well a d a p te d  to  liv ing  cond itions th e y  live  in . 
T hey  are  sw im m ing in  “ th e ir  well know n  w a te rs” . O n th e  o th e r  h a n d , la te  
m a tu rin g  in d iv idua ls seem  to  be overcom ing  som e difficulties, co v e rt illness 
n o t a p p a re n t to  a clin ician , or s till a d a p tin g  to  th e ir  m ilieu. W e m ay  also view  
th e  early  m a tu re rs  as a “ quick  jo b ”  an d  la te r  m a tu re rs  as a longer la s tin g  b u t
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“ a  solid piece o f w ork u n h u rr ie d ly  p u t  to g e th e r” . T he answ er to  th is  th o u g h t 
w ould  b e : in v es tig a tio n  in to  m o rb id ity  an d  longev ity  o f  early  a n d  la te  m a tu rin g  
in d iv idua ls.

Conclusions

1. In d iv id u a l g ro w th  curves o f 89 boys an d  89 girls from  th e  P rague  long i
tu d in a l  s tu d y  h av e  been an a ly sed  an d  th e  resu lts  are p resen ted .

2. F ifteen  p a ram e te rs  w ere s tu d ied  in  each in d iv id u a l v e lo c ity  curve.
3. A tte n tio n  w as paid  to  th e  v a ria b ility  of th e  peak  h e ig h t ve locity  (PH V ). 

A difference o f  5 y ears  in  girls a n d  6 years in  boys w as fo u n d  betw een  th e  
earlies t an d  m o st la te  m a tu r in g  in d iv id u a l o f th e  re sp ec tiv e  sex. B etw een  th e  
ea rlie s t m a tu rin g  girl an d  la te s t  m a tu rin g  boy  from  th e  s tu d ie d  sam ple th e re  
w as a period  o f  8 years.

4. Selected  groups o f 6 ea rly  an d  6 la te  m a tu rin g  boys an d  girls show ed 
li t t le  differences in  th e  m ean  b o d y  h e ig h t before th e  age o f 5 years b u t  big 
d ifferences a t  th e  age o f th e  P H V .

5. T he P H Y  is on th e  average  sm aller in  la te  th a n  in  th e  early  m a tu rin g  
g roups o f b o th  sexes.

6. The f in a l m ean  h e igh t a t  an  a d u lt age w as found  to  b e  bigger in  th e  la te  
th a n  in  th e  ea rly  m a tu re rs .

7. D ifferences betw een  m o st o f th e  s tu d ied  p a ram e te rs  o f v e loc ity  curves 
w ere sm aller betw een  th e  sexes (averages) th a n  betw een  ea rly  an d  la te  m a tu r 
ers of th e  sam e sex.

8. L ig h te r p ig m en ta tio n  (eye colour) was found  in  th e  la te  m a tu re rs  an d  
d a rk e r in  th e  early  m a tu re rs .

9. The la te  m a tu re rs  w ere s ligh tly  b e tte r  in  school progress th a n  th e  early  
m a tu re rs .

10. T he la te  m a tu rin g  boys w ere less m esom orphic a n d  m ore ectom orph ic  
th a n  th e  ea rly  m a tu rin g  boys. L a te  m a tu rin g  girls w ere less endom orphic an d  
m ore ec tom orph ic  th a n  e a rly  m a tu rin g  girls.

11. Social b ack g ro u n d  co rre la ted  n e ith e r  w ith  early  n o r w ith  la te  m a tu ra 
tio n . Also th e  choice o f  profession (s tu d en ts  an d  app ren tices) h ad  no bearing  
on early  or la te  s ta r t  o f m a tu ra tio n  or on its  len g th  o f d u ra tio n .

12. T he C a tte ll’s H S P Q  te s t  perfo rm ed  rep ea ted ly  a t  th e  age o f 15, 16 an d  
17 years  o f age show ed th a t  th e  early  m a tu re rs  w ere u n fru s tra te d , re laxed , 
em o tio n a lly  stab le  an d  socially  m a tu re , w hereas th e  la te r  m a tu re rs  were 
socially  im m a tu re  a n d  em otiona lly  u n stab le . Boys fro m  th e  la te  m a tu rin g  
g roup  w ere  also shy.
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Plate I :  A — early m aturing girl, age 12 years, height 162.2 cm, weight 51.1 kg, No. 36, B — late m aturing girl, age 
12 years, height 149.1 cm, weight 31.8 kg, No. 61, C — early m aturing boy, age 13 years, height 159.6 cm, weight 

47.1 kg, No. 259, D — late m aturing boy, age 13 years, height 137.4 cm, w eight 29.8 kg. No. 211
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ANTHROPOMETRIC PREDICTION OF BODY 
COMPOSITION IN AMERICAN YOUTHS 1 2 -1 7  

YEARS OF AGE

b y  F. E. J o h n sto n

Department of Anthropology/F-1, University of Pennsylvania, 
Philadelphia, Pa. 19104 USA

Anthrop. Közi. 26; 25 — 32. 1982.

Abstract: Prediction equations for estimating fat weight from age, Quetelet’s 
Index, and the triceps skinfold thickness were developed, for each sex, in 169 
males and 66 females, 12 to 17 years of age, from Minneapolis and Philadelphia. 
Validation was carried out by a sequence of analyses done on 90% of the sample, 
the remaining 10% used for validation. This was conducted until all combinations 
of 90% had been used for prediction and of 10% for validation. The standard errors 
of estimate were too high to permit acceptable estimates to be made in individ
ual subjects, the one SD error amounting to 27% of the mean fat weight. Even 
though good results were obtained for the sample as a whole, systematic errors 
were noted when the errors of estimate were calculated for Minneapolis and for 
Philadelphia youths separately. It is recommended that prediction equations for 
body composition not he used in adolescents of this age range.

Key words: anthropometric prediction, body composition, American youths.

In tro d u c tio n

The m ost w idely-used in d ica to rs  of bo d y  com position  in  hum ans are  a n th ro 
pom etric  ones, derived  from  th e  carefu l m easu rem en t of th e  bo d y  using  
accep ted  tech n iq u es. T he scientific  an d  clin ical li te ra tu re  abounds w ith  re p o rts  
w hich ana lyze  various issues an d  problem s re la te d  to  bo d y  com position  based  
upon  a n th ro p o m e try . T he reasons for th e  w idesp read  use o f an th ro p o m e tric  
tech n iq u es are  obvious. T hey  are  re la tiv e ly  sim ple to  ap p ly , th e y  are  m uch less 
expensive th a n  all o f th e  p resen tly  av a ilab le  la b o ra to ry  procedures an d , m ost 
im p o r ta n t o f  all, an th ro p o m e tric  m ethods are  a p p ro p ria te  for la rge  sam ples 
o f all ages, m ale  an d  fem ale, loca ted  w herever th e y  m ay  be found  in  th e  
w orld.

W hile a n th ro p o m e try  has m any  a d v an tag es  as a tech n iq u e  used  in  th e  
s tu d y  o f  b o d y  com position , i t  also has its  lim ita tio n s . A n th ro p o m etric  in d i
ca to rs  a re  in d irec t ones an d , ra th e r  th a n  y ie ld ing  estim ates  o f v ariab les  such  
as th e  lean  b o d y  m ass, p e rcen t body  fa t ,  a n d  th e  like , th e y  p rov ide  m easu re 
m en ts  o f w hole body  m ass or o f lin ea r d im ensions. As a re su lt, considerab le  
e ffo rt has been  d ev o ted  b y  researchers to  th e  v a lid a tio n  o f bo d y  m easu rem en ts  
as in d ic a to rs  o f b o d y  com position  an d  num ero u s p u b lica tions are  av a ilab le  
w hich  re p o r t  o f th e  re la tio n sh ip s  b e tw een  an th ro p o m e tric  d im ensions an d  
w hole b o d y  com position  (B rozek  1963a, 1963b, B e h n k e  — W ilm o re  1974, 
P a rízková  1977, Ma lin a  1980, L ohm an  1981).

In  genera l, th e  re la tio n sh ip s  betw een  a n th ro p o m e tric  variab les an d  estim ates 
of body  com position  derived  from  m ethods such as 40K , den sito m etry , or th e
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d e te rm in a tio n  o f b o d y  w a te r are q u ite  h igh . F o r exam ple, in  an  early  s tu d y , 
P ascalé e t al. (1956) rep o rted  co rre la tions betw een  various skinfolds an d  
body  d en sity  in  A m erican  a d u lt m ales w hich ran g ed  from  —0.74 to  —0.83. 
S im ilar re su lts  h av e  been  pub lished  b y  o th e r in v estig a to rs  fo r ad d itio n a l 
sam ples, using  such an th ro p o m etric  in d ica to rs  as w eight, c ircum ferences, 
sk infolds, an d  indices o f  w eigh t-fo r-heigh t (Sa tw a n ti e t al. 1977, H arsha  
e t al. 1978).

In  v iew  o f th e  genera lly  h igh re la tio n sh ip  betw een  an th ro p o m e try  an d  e s ti
m ates o f  w hole bo d y  com position  derived  from  la b o ra to ry  p rocedures, m an y  
in v estig a to rs  have  u tilized  com binations o f bo d y  m easu rem en ts, u su a lly  
th ro u g h  m u ltip le  regression analysis, in  an  a t te m p t to  op tim ize th e  re la tio n 
ships, to  acco u n t for a g rea te r p ro p o rtio n  o f th e  variance , an d  to  p e rm it usab le  
e stim ates o f bo d y  com position  to  be m ade from  com binations o f a n th ro p o 
m etric  variab les . A co u n t of th e  n u m b er o f papers w hich have p resen ted  such 
p red ic tion  equations is n e ith e r  necessary  n o r fru itfu l; how ever, well over 100 
equa tions m ay  be found  in  th e  sc ien tific  l i te ra tu re  w ith o u t u n d u e  effort.

U n fo rtu n a te ly , th e  im p ac t o f th is  m ass o f  equ a tio n s upon  researchers has 
been m in im al. O nly occasionally  does one fin d  a s tu d y  in  w hich an  in v es tig a to r  
has used  som eone else’s equations in  his or h er s tu d y . In s te a d  th e  m a jo rity  
of w orkers prefer to  re ly  upon  th e ir  ow n an th ro p o m e tric  d a ta .

The reasons for th e  lack  of u tiliza tio n  o f th e  availab le  p red ic tio n  equ a tio n s 
are b ased  to  a la rge  e x te n t upon  m ethodological flaw s p resen t in  th e  research  
designs o f th e  stud ies from  w hich th e  eq u a tio n s w ere g enera ted . T hese flaw s 
have been  discussed (L ohman  1981, J ohn sto n  1982), an d  need  n o t be re p e a te d  
here. H ow ever, i t  is im p o r ta n t to  realize  th a t  th e  developm ent o f p red ic tio n  
equa tions w hich  m ay  be used on o th e r g roups is a com plex ta s k  req u irin g  
a carefu l an d  ra tio n a l selection of in d ep en d en t v ariab les, as well as rigorous 
and  a p p ro p ria te  m eans for v a lid a tin g  th e  equ a tio n s w hich re su lt in  o rd er to  
de term ine  th e ir  usefulness am ong o th e r sam ples.

This p a p e r exam ines th e  issue o f p red ic tin g  w hole body  com position  in  12 
to  17 y e a r old y o u th s  from  a lin ear co m b in a tio n  o f an th ro p o m e tric  d im ensions. 
In  p a r tic u la r , i t  addresses th e  question  o f th e  ap p ro p ria ten ess  o f such  equ a tio n s 
for th is  age group , as opposed to  th e  use o f th e  b o d y  m easurem ents them selves.

Subjects an d  M ethods

The d a ta  p resen ted  in  th is  p ap e r h av e  been  d raw n  from  a s tu d y  o f a sam ple 
o f A m erican  y o u th s , 12 to  17 years o f age. T he sam ple to ta lled  235, 169 m ales 
and  66 fem ales an d  h av e  been described  in  d e ta il elsew here ( J ohnston  e t al. 
1982). O f th e  to ta l , 48 m ales an d  41 fem ales w ere from  th e  M inneapolis, M in
neso ta , a rea , an d  121 m ales an d  25 fem ales w ere from  th e  G rea te r P h ilad e lp h ia  
area. All techn iques w ere app lied  sim ilarly  in  b o th  cities to  m inim ize a n d  
effects due to  d ifferen t labo ra to ries .

E s tim a te s  o f bo d y  com position  w ere m ade b y  m eans of b o d y  d en sito 
m etry , de te rm in ed  b y  u n d e rw a te r w eighing. The h y d ro s ta tic  w eighing te c h 
n ique in v o lved  four to  six  d e te rm in a tio n s o f th e  w eight in  w a te r ta k e n  to  th e  
n ea rest 25 gm , th e  m ean  o f th e  la s t  th re e  recorded  for analysis. R esidual 
volum e w as estim a ted  b y  th e  oxygen d ilu tio n  tech n iq u e  o f W ilm o re  (1969)
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Means and standard deviations of selected variables

Table 1

V ariab le
Age (yd

12 13 14 15 16 17

Males

n 13 21 37 40 37 21
Height (cm) x 151.2 160.7 165.7 169.6 173.5 175.0

s 6.0 10.5 7.3 7.1 6.0 7.0
Weight (kg) x 43.9 48.6 56.5 61.9 66.8 69.8

8 8.4 12.3 12.3 9.0 9.9 16.2
Triceps (mm) x 11.1 9.5 10.2 9.5 10.3 6.4

s 6.7 4.6 6.1 4.1 5.5 3.0
Arm Muscle C (cm) x 20.2 20.8 23.1 25.2 26.0 27.7

s 1.8 2.3 2.3 2.2 2.0 3.2
% Body Fat x 23.2 24.0 16.9 15.7 14.3 12.7

9 8.4 6.2 7.1 7.5 7.3 6.3
Fat Weight (kg) x 10.6 11.7 10.0 10.0 9.9 9.4

s 6.2 4.5 6.3 5.6 6.1 6.4
Lean Body Mass (kg) x 33.2 38.0 46.4 51.9 56.8 60.3

s 4.2 9.5 8.7 7.2 7.1 12.0

Females

n 6 10 12 16 12 10
Height (cm) x 157.3 154.4 161.9 163.7 162.9 165.7

s 3.4 5.9 7.3 6.0 4.4 5.8
Weight (kg) x 43.4 44.8 53.8 58.3 57.2 55.3

s 8.9 9.3 7.1 6.0 7.4 7.5
Triceps x 10.1 10.9 13.9 16.2 15.2 13.2

8 2.7 5.7 5.4 6.8 3.7 4.7
Arm Muscle C (cm) x 19.1 19.8 20.8 21.6 21.8 20.7

8 3.2 1.5 1.5 1.7 2.1 1.7
% Body Fat x 24.9 25.1 26.6 27.4 28.1 27.9

8 7.0 6.8 3.8 4.9 3.7 6.3
Fat Weight (kg) x 10.8 11.6 14.4 16.1 16.2 15.7

8 3.8 5.6 3.2 4.8 3.7 4.7
Lean Body Mass (kg) x 32.6 33.7 39.4 42.0 40.9 39.8

s 7.1 5.0 4.9 6.1 4.4 4.2

T he s ta n d a rd  d ev ia tions o f  th e  errors of e s tim a te  o f f a t  w eigh t are  3.1 kg  an d  
2.3 kg  in  m ales an d  fem ales respectively . T h a t  is, tw o -th ird s  o f th e  errors of 
e s tim a te  fell w ith in  a ran g e  o f  6.2 and  4.6 kg.

W e n e x t exam ined  th e  p red ic tio n  errors w hich re su lte d  from  ap p ly ing  th e  
eq u a tio n s  derived  for th e  to ta l  sam ple b y  c ity  of residence , i.e ., M inneapolis 
or P h ilad e lp h ia . T he resu lts  a re  given in  T ab le  4, w here i t  is im m ed ia te ly  a p p a r
e n t t h a t  th e  erro rs of e s tim a te , w hen ca lcu la ted  se p a ra te ly  b y  c ity , are con-
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an d  th e  p e rcen t bo d y  fa t  ca lcu la ted  from  bo d y  d en sity  u sing  th e  forn 
o f  B ro zek  e t al. (1963):

4 370
P e rcen t B ody  F a t  =  —----- - — 4.142

D

w here D =  body  d ensity , expressed  in  gm /m l.
B ecause of th e  dangers o f o v er-d e te rm in a tio n , we d id  n o t u tilize  all o 

a n th ro p o m e tric  variab les w hich h a d  been  m easured . R a th e r , we attem  
to  use th e  m in im al n u m b er o f m easu rem en ts , tho se  o b ta in ed  easily  on su l 
u n d e r v a ry in g  conditions. A fter analyzing  th e  co rre la tion  m a tr ix  forme 
th e  b o d y  m easu rem en ts, we chose, as p red ic to r variab les , th e  th ick n ess  < 
tr ic e p s  skinfold  an d  Q u e te le t’s In d e x  (w eigh t/he igh t2). S ince ou r sul 
sp an n ed  a six -year age range in  w hich bo d y  com position  is know n 
ch an g in g  ra p id ly  (P arízková  1977, T a n n e r  1962), th e  age o f  each  in d r  
w as also used  as a p red ic to r va riab le .

F o r  th e  d ep en d en t va riab le  we decided to  use th e  bo d y  fa t  w eigh t. Tb 
cen t b o d y  fa t  was n o t used  because  o f its  low er co rre la tions w ith  an! 
m e tic  dim ensions w hile d en sity  w as n o t chosen because o f  th e  d iffic t 
in te rp re tin g  v a ria b ility  in  m ean ingfu l u n its  o f b o d y  com position .

T he p red ic to r v a riab les  w ere en te red  seq u en tia lly  in to  a lin e a r  regi 
m odel o f th e  form :

F a t  W eigh t =  Age +  Q u e te le t’s In d e x  T riceps

a n d  o p tim a l regression w eights derived  for each sex.
V a lid a tio n  o f these  equ a tio n s w as accom plished b y  m eans o f  th e  J a  

te c h n iq u e  (Mo st e l l e r —T u k e y  1977). T he sam ple was d iv id ed  ra r  
b y  sex, in to  10 groups. S ep a ra te  regression analyses w ere carried  
co m b in a tio n s o f n ine groups a n d  v a lid a ted  on th e  te n th , u n ti l  all 
co m b in a tio n s h ad  been  analyzed . This re su lted  in  10 se p a ra te  valii 
each  one on 10%  o f th e  sam ple; th u s  each of th e  235 su b jec ts  partic i] 
th is  v a lid a tio n  procedure  once. T he erro r of e s tim a te  was calculate« 
m ean  e rro r of th e  10 v a lid a tio n s , again  b y  sex.

R esults

T ab le  1 p resen ts th e  m eans a n d  s ta n d a rd  dev ia tions o f se lec ted  a: 
m e tric  a n d  densitom etric  variab les . T he values are n o t n o ta b ly  differ 
th o se  fo u n d  b y  o th e r in v es tig a to rs  an d  confirm  th a t  th is  sam ple  is n o t 
fo r a n y  reason . T able 2 p resen ts  th e  p red ic tion  equ a tio n s re su ltin g  
analysis o f th e  to ta l  sam ple. In  m ales, 72%  of th e  va rian ce  in  f a t  w eight 
ex p la in ed  b y  th is  m odel w hile, in  fem ales, th e  percen tag e  is som ew hi 
76 .8% . These values co rrespond  to  m u ltip le  r ’s o f .849 an d  .876 res] 
In  m ales, th e  regression w eigh ting  for Q u e te le t’s In d e x  is som ew l 
th a n  th a t  for th e  tricep s skinfold , w hile, in  fem ales, Q u e te le t’s In d e x  is 
con sid erab ly  m ore th a n  th e  tric ep s  fold. In  b o th  sexes, each  regressiv 
is s ig n ifican tly  g rea te r th a n  zero.

T ab le  3 gives th e  re su lts  o f  v a lid a tin g  th is  ap p ro ach  using  th e  
te c h n iq u e . The m ean  errors o f e s tim a te  are  on ly  a b o u t .01 k g  in  b



Equations for predicting fat weight in white American youths, 12 —17 years'

Table 2

V  a riab le

R egression  W eigh t

M ales - F em ales  
(n  =  169) I (n  -  66)

U n its

Constant -1.024 -15.869
Age -0.492 +0.355 yr. +  decimals
Quetelet’s Index +0.584 +  1.109 kg/m*
Triceps Skinfold +0.668 +0.170 mm
R! 0.720 0.768 —

• P re d ic te d  f a t  w eigh t in  kg

Table 3

Mean errors of 10 validations each of 10% of sample

Sex na X» sc

Males 10 0.008 3.099
Females 10 0.012 2.300

a n u m b er  o f  v a lid a tio n s ; sam p le  size for each : m ales, 16 o r  17, fem ales , 6 o r  7 
b m ean  o f  p red ic te d -a c tu a l f a t  w eig h t 
c s ta n d a rd  d e v ia t io n  o f  sam ple m ean s

Table 4

Mean error of predicted fat weight by city3

C ity  o f xbR esid en ce

Males
Philadelphia 121 -0 .489 2.919
Minneapolis 48 +  1.232c 3.330

Females
Philadelphia 25 -0 .568 2.552
Minneapolis 41 +  0.346 2.056

a f a t  w e ig h ts  p red ic ted  fro m  eq u a tio n s  o f  T ab le  2 
b m ean  p red ic te d -a c tu a l f a t  w e ig h t in  k g | 
c s ig n if ic a n tly  d iffe ren t f ro m  z e ro , p  =  .02

sid e rab ly  h igher th a n  for th e  com bined  sam ple. In  th re e  o f th e  fou r sex /c ity  
g roups, these  errors c lu s te r  a ro u n d  o ne-ha lf k ilogram , th o u g h  these  th ree  
m ean  are  n o t s ig n ifican tly  d ifferen t from  zero. H ow ever, in  th e  case o f M in
neapolis m ales, th e  m ean  e rro r  of p red ic ted  fa t  w eight is + 1 .2 3 2  kg , a value 
w hich  is s ig n ifican tly  d iffe ren t from  zero a t  a p ro b ab ility  o f  0.02. T he s ta n d a rd  
d ev ia tio n s o f th e  errors o f e s tim a te , ca lcu la ted  b y  c ity  (T able  4), d id  n o t differ 
from  th e  SD ’s for th e  sam ple  as a w hole (Table 3).
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Discussion

The re su lts  of th is  analysis w ould  seem  to  in d ica te  th a t  su itab le  e s tim a tes  
of w hole bo d y  com position  m ay  be m ade from  th e  equations p re sen ted  here, 
for y o u th  in  th e  12 to  17 y ea r age ran g e . T his is suggested  by  th e  v a lid a tio n  
d a ta  o f T ab le  3, w hich in d ica ted  q u ite  low  m ean  errors o f p red ic tio n .

H ow ever, a closer ex am in a tio n  o f  th e  analyses suggests th a t  th e re  m ay  be 
problem s in  th e  use o f p red ic tio n  equ a tio n s for adolescents. T he f ir s t  such 
prob lem  is in d ica ted  b y  th e  va lu es  o f th e  s ta n d a rd  d ev ia tions o f  th e  errors 
o f e s tim a te . In  m ales, th e  S D ’s ap p ro x im a te  3 kg an d  in  fem ales, 2.3 kg. 
In  o th e r  w ords, an  estim a te  o f f a t  w eigh t in  an  in d iv id u a l su b jec t, using  these  
eq u a tio n s, can  be expected  to  be  accu ra te  to  w ith in  a ± 3  or ± 2 .3  kg.

W e m a y  express th e  erro r o f  e s tim a te  for in d iv idua ls in  a n o th e r w ay. I f  we 
com bine our sam ple, giving a m ax im u m  o f 235 sub jec ts , we fin d  th a t  th e  s ta n 
d a rd  d ev ia tio n  o f th e  erro r o f  e s tim a te  is 2.966 kg. For all sub jec ts , sexes com 
b ined , th e  m ean  fa t  w eight d e te rm in ed  b y  d en sito m etry  w as 11.075 kg. I f  we 
use tb e  one s ta n d a rd  d ev ia tio n  va lu e  as a reference, th e  erro r o f p red ic tion  
of fa t  w eight in  an  in d iv id u a l is 2.966/11.075, o r ± 2 7 % .  C learly, an  erro r o f 
27%  is unaccep tab le  in h u m a n  biological research . W e m u st th e re fo re  conclude 
th a t  i t  is n o t possible to  derive  p red ic tio n  equa tions for in d iv id u a ls  o f th is  
age ran g e  w hich allow  us to  e s tim a te  th e ir  b o d y  com position  w ith  a su itab le  
degree o f accuracy .

O n th e  o th e r h an d , one m a y  a rgue  th a t ,  even i f  p red ic tions in  in d iv idua ls 
are  n o t  ju s tif ied , th a t  i t  m a y  be possible to  m ake p red ic tions fo r groups, i.e ., 
to  p re d ic t th e  m ean  fa t w eigh t o f  a sam ple from  th e ir  b o d y  m easu rem en ts. 
W hile  i t  is tru e  th a t  th e  m ean  errors from  th e  v a lid a tio n  p rocedure  (Table 3) 
w ere qu ite  low , th e  errors w ere h igher w hen th e  sam ple w as subd iv id ed  by  
c ity . A nd, in  fa c t, in  one o f  th e  fo u r subgroups, th e  m ean  erro r w as sign ifican tly  
g re a te r  th a n  zero.

I t  is som ew hat su rp rising  th a t  th e  m ean  errors w ere so m u ch  h igher w hen 
th e  sam ple w as subd iv ided  b y  c ity  o f residence. W hile M inneapolis an d  P h ila 
d e lph ia  are hund red s o f k ilom eters from  each o th e r, an d  occupy d ifferen t 
c lim atic  zones, th e  su b jec ts  o f b o th  sub-groups are  o f p red o m in an t E u ro p ean  
a n c e s try  an d  b e tte r  re su lts  m ig h t have  been expected  in tu itiv e ly . Two reasons 
fo r th is  difference are im m ed ia te ly  a p p a re n t. F irs t, th e  tw o groups (P h ilad e l
p h ia  and  M inneapolis sub jec ts) m igh t differ enough bio logically  due to  e thn ic  
a n d  env iro n m en ta l fac to rs  to  d isp lay  differences in  th e  re la tio n sh ip s  betw een  
a n th ro p o m e try  and  bo d y  com position . Second, desp ite  our effo rts, th e re  m ay  
h a v e  been enough sy stem atic  d ifference in  th e  d e te rm in a tio n  o f  bo d y  d en sity  
o r  in  th e  m easu rem en t o f  th e  an th ro p o m e tric  v ariab les to  cause a difference. 
W h atev er th e  case, th is  argues th a t  p red ic tion  eq u a tio n s derived  from  one 
g roup  m ay  be applied , w ith  an y  confidence, only  to  th a t  specific p o pu la tion  
from  w hich th e y  w ere derived . To ap p ly  th em  to  an y  o th e r p o p u la tio n , no 
m a tte r  how  biologically close th e y  m ig h t be th o u g h t to  be, ru n s  th e  risk  o f 
sy stem atica lly  b iasing th e  re su lts  o f one’s research .

O ther investig a to rs  h av e  com m en ted  on th e  specific ity  o f equ a tio n s for 
p red ic ting  bo d y  com position . H ug h es  e t al. (1981) ap p lied  th ese  equa tions 
to  a sam ple o f 45 12 —14 y e a r old M exican-A m erican boys, on w hom  densities 
h ad  been ca lcu la ted  b y  u n d e rw a te r  w eighing. T h ey  found th a t  th e  equ a tio n s 
o v erestim ated  th e  p e rc e n t b o d y  fa t  b y  21%  an d  th e  fa t  w eigh t b y  8.9 kg .
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F l in t  e t al. (1977) concluded  th a t  i t  m ay  be im possib le  to  generalize p re 
d ic tion  eq u a tio n s from  one group to  a n o th e r. In  a n o th e r  s tu d y , Sa tw a n ti 
e t al. (1977) ap p lied  12 se p a ra te  fo rm ulae, o b ta in ed  from  th e  l i te ra tu re , to  d a ta  
from  65 young  a d u lt  In d ia n  fem ales. T hey  fo u n d  th a t ,  in  each  case, th e  form ulae  
sy stem atica lly  u n d e re s tim a te d  body  d en sity  an d  none could  be used to  g enera te  
u sab ly -accu ra te  e s tim a tes  o f fa tness in  th e ir  su b jec ts .

I t  seem s c e r ta in  th a t  th e  problem s discussed here  a re  especially  acu te  in  
ado lescen ts. B o d y  com position  is know n to  be chang ing  rap id ly  d u rin g  th is  
tim e  an d  in te r- in d iv id u a l v a r ia b ility  is increased  b y  o th e r fac to rs , such  as th e  
ra te  o f biological m a tu ra tio n  ( J ohnston  an d  Ma lin a  1966). In  a d d itio n , 
w here th e re  is s ign ifican t under- or o v e rn u tr itio n , illnes an d  disease, an d  
v a r ia tio n  in  daily  levels o f  energy  ex p en d itu re , e s tim a tes  w ould be expec ted  
to  be m ore b iased.

T hus, i t  seem s in ad v isab le  to  a tte m p t to  u tilize  p red ic tio n  equ a tio n s for 
e s tim a tin g  body  fa tn ess  in  adolescents from  th e ir  a n th ro p o m e try . To be sure , 
such  estim ates are  inadm issib le  for ind iv id u a ls  in  v iew  o f  th e  v e ry  h igh  errors 
associa ted  w ith  in d iv id u a l p red ic tions. T he n a tu re  o f  th e  p o p u la tio n  specific ity  
o f an y  equa tions in d ica tes  th a t  s ig n ifican t sy s tem a tic  erro rs m ay  also be 
ex p ec ted  w hen such  equ a tio n s are  used to  p red ic t m ean  values for body  com 
positio n  v ariab les. A t th is  tim e , i t  w ould seem  b e t te r  fo r in v estig a to rs  to  con
tin u e  to  u tilize th e  an th ro p o m e tric  dim ensions them selves. E v en  th o u g h  b o d y  
m easu rem en ts a re  in d irec t, th e ir  jud icious use will re su lt in  few er errors th a n  
th e  u tiliza tio n  o f p red ic tio n  equations.
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A SIMPLE ATTEMPT FOR POPULATION 
COMPARISON RY SOMATOVARIANTS

by  G. H a u ser

Department of Histology and Embryology, University of Vienna, 
Wien, Austria

Abstract: Based on the means and standard deviations of three body measure
ments, stature (linearity), weight (muscularity and fat) and biepicondylar width 
of the humerus (robusticity) from 2 male and 2 female series of European students 
5 percentiles were computed. Using these percentiles each variable was classified 
and the three class-numbers were combined to form a triplet. The advantages of 
the method were discussed, and also some statistical problems.

Key words: anthropometric comparison, somatovariants, students.

In troduc tion

I t  has alw ays been  one o f  th e  general aim s o f p h y sica l an th rop o lo g is ts  to  
get in fo rm ations a b o u t th e  a ffin ities an d  re la tio n sh ip s  betw een  an d  w ith in  
h u m a n  popu la tions. W ith  re sp ec t to  body  c o n s titu tio n  th e  typo log ica l m ethods 
e lab o ra ted  are n u m ero u s, genera lly  based  on th e  co m b in a tio n  o f som atoscopic 
an d  o f  so m atom etric  ch a ra c te rs  (Ca r ter  1975, E ib e n —Csé b fa l v i 1977, 
E ib e n  e t  al. 1976, K n ü ssm ann  1961, Ma r t in —Sa ller  1957, R o ss  —W ilson  
1974). I t  is no t th e  purpose  o f  th is  s tu d y  to  discuss th e  a d v an tag es  an d  dis
ad v a n ta g e s  re sp ec tiv e ly  o f one o r th e  o th e r o f th ese  m e th o d s b u t  to  in troduce  
a sim ple m ethod  fo r th e  in v es tig a tio n  o f bo d y  dim ensions based  on th ree  
b o d y  m easu rem en ts only . T he m ethod  is n o t th o u g h t to  rep lace  a n y  of th e  
o thers b u t  could p ro v e  useful in  those cases w here severa l o f th e  generally  
req u ired  m easu rem en ts can  n o t be  ta k e n  because of th e  prob lem s know n to  
ex is t in  fie ld  work.

T hese th ree  m easu rem en ts w ere also chosen u n d e r consid era tio n  o f  m e th o d 
ological-technological aspects a n d  w ith  re sp ec t to  bio logical re liab ility  
(H a u se r  e t al. 1981). F rom  severa l basic stud ies have  re su lted  ra th e r  con- 
fo rm ing ly  th ree  to  fo u r fac to rs as to  bo d y  dim ensions w hich  also agree well 
w ith  re g a rd  to  th e  load ings o f  th e  underly ing  m easu rem en ts . T hus s ta tu re , 
w eight a n d  b iep icondy lar w id th  co rrespond  w ell to  th e  p ra c tic a l claim s (easily 
m easu rab le , no t b o th e rin g  people , sm all in tra -  an d  in te rin d iv id u a l m easure
m en t differences) a n d  th o u g h  v e ry  rough ly  rep re sen t lin e a r ity , m u scu la rity , 
an d  fa t ,  an d  ro b u stic ity .
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Material and Methods

S ta tu re  w eight an d  jb iepicondylar w id th  (b ila tera lly ) w ere m easu red  on 
117 m ale an d  120 fem ale V iennese as well as those from  78 m ale  a n d  75 fem ale 
G erm an  (B rem en) s tu d e n ts . T he age o f a ll th e  p ro b an d s  (u n re la ted ) ran g e d  
from  20 — 30 years. Care w as ta k e n  to  check in te rin d iv id u a l m easuring  d if
ference w hich p roved  to  be neglig ib ly  sm all betw een th e  th re e  investig a to rs .*  

F rom  each  of these  v a riab les  were com p u ted  classes se p a ra te ly  fo r m ales 
an d  fem ales b y  ca lcu la ting  th e  percen tiles for 5 % , 15% , 5 0 % , 15% , 5 %  o f 
a th eo re tica l d is trib u tio n  on th e  basis o f  th e  re la tiv e  m eans an d  s ta n d a rd  
d ev ia tio n s (Tab. 1). A ccord ing  to  th ese  percentiles th e  v a riab les  w ere su b 
d iv ided  in to  five classes w hich  could be nam ed  v e ry  sm all (I), sm all ( I I ) , 
m ed ium  ( I I I ) ,  big (IV ) an d  v e ry  big (V). U sing th ese  classes th e  classnum hers 
o f  th e  th re e  v ariab les w ere com bined  to  tr ip le ts ; one tr ip le t  th u s  rep resen tin g  
one person . T hen  th e  frequences o f  th e  five cubed  c o m m u ta tio n s , 125 
th eo re tica lly  possible co m bina tions, w ere com puted  fo r each o f  th e  four g roups 
sep ara te ly .

Table 1

Statistical parameters of the three body measurements in the investigated groups

M easurem ent X S R a n g e C urtosis Skew ness

Viennese male students (N=117)
Stature (cm) 180.1 6.37 165—198 .99 — .026
Weight (kg) 72.1 8.81 53 -9 9 — .046 .371
Width Humeri (mm) 71.4 3.40 64 -7 8 — .736 .004

German (Bremen) male students (N=78)
Stature (cm) 177.0 6.24 163-191 - .3 7 8 -.0 9 2
Weight (kg) 71.8 8.72 5 0 -9 9 .470 .125
Width Humeri (mm) 70.3 3.26 63—78 — .059 — .012

Viennese female students (N=120)
Stature (cm) 165.5 5.82 151 — 180 .446 .026
Weight (kg) 58.1 8.26 44— 90 1.221 .938
Width Humeri (mm) 61.0 2.91 55— 68 — .554 .323

German (Bremen) female students (N=75)
Stature (cm) 165.1 6.57 148-180 — .062 .039
Weight (kg) 55.8 5.99 4 0 -  71 —.074 .172
Width Humeri (mm) 60.8 3.52 49— 67 .378 — .445

To m easure th e  b iep icondy lar w id th  of th e  h u m eru s th e  sp read ing  caliper 
w as used  as th e  d a ta  p ro v ed  m ore reliab le  th a n  w ith  th e  sliding ca lip e r; for 
th e  co m p u ta tio n  th e  b igger one o f th e  tw o m easu rem en ts  was ta k e n .

* The author wants to thank Mag. Heidi D a n k er  and Mag. Reinhild J a h n  for most valuable 
help.
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Results and Discussion

I t  w as n o t expec ted  to  f in d  all th e  th e o re tic a l tr ip le ts  rea lized , y e t  th e  fac t 
th a t  on ly  47 tr ip le ts  a lto g e th e r w ere found  in  th e  four series is r a th e r  useful 
in  th e  sense o f  need fo r a typo log ica l c h a rac te risa tio n  n o t to  re su lt in  
too  m an y  subdiv isions. O f course th e  frequencies o f th e  tr ip le ts  show n in  
F ig . 1 an d  2 a re  to  be u n d ersto o d  o n ly  in  th e  sense o f  an  exam ple as th e  
sam ple  sizes a re  in su ffic ien t for re liab le  s ta te m e n ts . Y et th e y  reveal th e  u se
fu lness o f th e  m eth o d  for p o p u la tio n  com parison  as well as for th e  tw o  sexes, 
b u t  also for th e  com parison  o f  specific g roups w ith in  a p o p u la tio n . These tr ip le ts  
n o t show ing u p  a t  all or v e ry  ra re ly  in  th e  n o rm al p o p u la tio n  could prove 
v a lu ab le  for exam ple  in  m ed ical research .

W ith  re sp ec t to  th e  use o f  indices th e se  tr ip le ts  h av e  th e  a d v a n ta g e  o f  n o t 
losing all th e  in fo rm atio n  o f th e  a c tu a l d im ensions o f th e  tra its  invo lved .

Fig. 1. Body somatovariants of 117 Viennese and 78 Northern-German (Bremen) male students. 
Stature: I—168 cm, II—169 —173 cm, III 174 —184 cm, IV 185 —189 cm, V 190— cm; Weight: 
I —57 kg, II 58—64 kg, III 65 — 79 kg, IV 80 — 86 kg, V 87— kg; Biepicondylar width of the hu
merus: I —65 mm, II 66 — 68 mm, III 69 — 73 mm, IV 74 — 76 mm, V 77— mm (i.e. II, III, II 
means: small dimension for stature, medium for weight and small for biepicondylar width

{of the humerus)
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Fig. 2. Body somatovariants of 120 Viennese and 75 Northern-German (Bremen) female 
students. Stature: I —154 cm, II 155 —159 cm, III 160 —170 cm, IV 171 —175 cm, V 176— cm; 
Weight: I —44 kg, II 45 — 50 kg, III 51—63 kg, IV 64—69 kg, V 70— kg; Biepicondylar width 
of the humerus: I —55 mm, II 56—58 mm, III 59—63 mm, IV 64—66 mm, V 67— mm (i.e. 

I ll , III, III means: medium dimension of all the three characters)

B u t also for genetic  and  g ro w th  s tu d ies  th e  possib ility  o f  co m p arin g  d iffe :en t 
age g roups m ig h t prove in te re s tin g  as th e  classes are a lw ays co m p u ted  w ith  
th e  sam e percentiles based  on  th e  re la tiv e  m eans an d  s ta n d a rd  d ev ia tions o f  
th e  g ro u p -ch arac te rs  s tu d ied .

Y e t i t  should  be m en tio n ed  th a t  th e re  ex is t some s ta tis t ic a l  p rob lem s; 
(1) T h e  req u irem en t for n o rm al d is tr ib u tio n  is n o t alw ays fulfilled . (2) P a r tia lly  
th e  em pirical percen tiles do n o t co rrespond  w ith  th e  th e o re tic a lly  re q u e s te d  
ones. T hus in s te a d  o f an  ex p ec ted  v a lu e  o f 15%  a h igher or sm aller one is o b 
se rv ed . I t  is p lan n ed  to  solve th is  p rob lem  b y  m eans o f sm oo th ing  th e  e m p ir
ica l d is trib u tio n .
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A STUDY OF ENDOGENOUS PSYCHOSES FROM 
THE GENETIC ANGLE

b y  A. K e l e m e n

Department of Psychiatry, County Hospital, Székesfehérvár, 
Hungary

Abstract: A humanitarian motivation of social psychiatry is indispensable f  or 
reaching the rehabilitative purposes. But, the assumption of aetiological role of 
the socio-psychiatrically decisive factors seems to be an abuse in cases of endo
genous psychoses. Of primary importance is — a possibly exact, nosologically 
grounded — clinical diagnosis. Despite this, great difficulties are being encoun
tered in demonstrating the genetic determination. As an example, the author sum 
up the results of family studies. Using strict diagnostical criteria, the interpre
tation of the somatometric data of 274 female patients suffering from endogenous 
psychoses became possible. The estimation of the distance measured between the 
clinical groups separates the cyclic clinical pictures from the schizophrenic ones, 
and also casts light upon clinically well interpretable differences even among the 
forms of schizophrenia. Among the causes of these differences, genetic determina
tion has a part, and upon this the examination of the parents’ ages at conception 
serves with confirmative data.

Key words: social psychiatry, endogenous psychoses, schizophrenics, somato
metry, size and shape, population genetics.

Introduction

P sy ch ia tr ic  illnesses can  be tra c e d  b ack  in  p a r t  to  biological fac to rs  a n d  in  
p a r t  to  d is tu rb in g  env iro n m en ta l fa c to rs , th e  la t te r  p a r tic u la rly  in  th e  a rea  o f 
h u m a n  re la tio n s. T he ae tio logy  o f th e  so-called  endogenous psychoses is d eb a ted . 
T he concep t o f  “ endon”  refers to  th e  em ergence o f  these  illnesses from  a d iso rder 
ro o ted  in  th e  basic biological s tru c tu re  (T el l e n b a c h  1961). T he overall p ic tu re  
gained  from  aetio log ical research  is t h a t  in  th is  case th e  social p sy ch ia tric  
ap p ro ach  is o f  decisive im p o rtan ce  n o t  in  d e te rm in in g  th e  orig in  o f th e  illness, 
b u t  m a in ly  as an  im p o r ta n t basic a p p ro a c h  to  th e  th e ra p y . T his is because 
th e  sy m p to m s o f a p a tie n t suffering fro m  an  endogenous psychosis a re  such  
th a t  th e y  re s tr ic t  th e  a b ility  to  a d a p t  an d  p ro v o k e  an  a t t i tu d e  o f re jec tio n  
in  th e  p a t ie n t’s env ironm en t. T h e rap y  is based  on  biological tr e a tm e n t, p a r t ic 
u la rly  p h a rm a c o th e ra p y . W ith  th e  bio logical th e ra p y  availab le , th e  p a t ie n t’s 
sym ptom s o f g rea t psycho m oto r a g ita tio n , a cu te  an x ie ty , ex trem e f lu c tu a tio n s  
o f  m ood a n d  aggressive b ehav iou r c a n  be  g re a tly  reduced  w ith in  a sh o rt tim e . 
F o r th is  reason  re h a b ilita tio n  an d  th e  m ethodo logy  o f re in teg ra tio n  in to  
socie ty  a n d  th e  im m ed ia te  en v iro n m en t — so c io th e rap y  — h av e  g rea tly  
increased  in  im p o rtan ce . A t th e  sam e tim e , th e  m e th o d  o f tre a tm e n t p re v e n ts  
th e  em ergence o f secondary  h o sp ita liz a tio n  sy ndrom es ag g rav a tin g  th e  illness.
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The d iam etrica lly  opposed biological an d  d y n am ic  approaches clash  m ost 
sp ec tacu la rly  in  th e  questions o f  aetio logy. T he s itu a tio n  is sim pler i f  we con
sider th e  endogenous psychoses am ong th e  p sy ch ia tric  illnesses. I t  is q u ite  
w idely  know n th a t  th e  m a jo r social u p h eav a ls  an d  ca tas tro p h es  h a v e  n o t 
h ad  a n y  influence  on m o rb id ity  due to  sch izophren ia  or on th e  p rev a len ce  
o f th is  illness in  th e  m ost v a ried  geographic an d  c u ltu ra l env iro n m en ts . In  th is  
w ay  th e  accu m u la tio n  o f sch izophren ia  in  c e r ta in  sub -cu ltu res can  ra th e r  
be a t tr ib u te d  to  social selection  tren d s , th a t  is, to  ce rta in  m an ifesta tio n s o f 
social m o b ility .

D esp ite  th is , g re a t d ifficu lties are be ing  en co u n tered  in  d e m o n s tra tin g  th e  
genetic  d e te rm in a tio n  (th is is w h a t m a in ta in s  th e  psychogenic an d  sociogenic 
theories). As one o f  th e  b est exam ples o f  th is , we sum  up  th e  resu lts  o f  fam ily  
s tud ies:

Table 1

The risk of schizophrenia in the relatives of index 
patients examined

%  " « k
R e la tio n sh ip

3 V

Parent 6.3 0 .3 -13
Half-sibs 9.0 3.2-10.8
Sibs 10.3 3.3-14.7
Children 13.7 7.0-17.0
Uncles or aunts 3.6 0 .9 -  6.9
Nephews and nieces 3.5 0 .5 -  5.5
Cousins 1.4 0.8— 2.9
Grandchildren 3.0 1.3— 4.4

I t  is clear th a t  m a th em a tica l d em o n stra tio n  is im possib le  in  view  o f th e  g rea t 
d ev ia tion  in  th e  find ings o f  th e  d ifferen t s tu d ies . F o r exam ple S l a t e r  (1972), 
assum ing  th e  in fluence  o f a p a rtia lly  d o m in a n t gene, considered  th a t  in  th e o ry  
th e  p ro b a b ility  o f  occurrence of sch izophren ia  in  th e  sib ling  o f th e  person  
s tu d ied  w ould be  9 .9% , th is  figure w ould  be 8 .4 %  for th e  child  an d  4 .6%  
in th e  cousin ; w hile K a r l s s o n  (1972), p o s tu la tin g  th e  in fluence o f  tw o-locus 
recessive genes, ca lcu la ted  a p ro b a b ility  of 14% , 16%  a n d  3%  for th e  sam e 
degrees o f re la tio n sh ip . I f  we accep t th e  0 .85%  m o rb id ity  for sch izophren ia  
an d  assum e a polygene orig in  for th e  d isease, on th e  basis o f th e  m odified  
E d w ard s fo rm u la  (C z e i z e l  an d  T u s n a d y  1972), th e  ob se rv a tio n a l risk  of 
sch izophrenia  in  th e  f irs t, second an d  th ird  degree re la tiv es  is 11 .7% , 3 .9%  
an d  2 %  respec tive ly . As T ab le  1 show s, th e  sc a tte rin g  o f th e  d a ta  from  stud ies 
is so w ide th a t  th e y  are ab le  to  include th e  figu res for each  o f these  h y p o th eses .

F o r th is  reaso n , I  consider th a t  clin ical diagnosis on a sound  nosological 
basis an d  as precise as possible is a fu n d a m e n ta l req u irem en t in  re sea rch  on 
th e  endogenous psychoses. This will m ake i t  possible in  th e  f irs t p lace to  screen 
o u t non-endogenous (som atogenic a n d  psychoreactive) psychoses; i t  will also 
c o n tr ib u te  to  a b e tte r  know ledge o f th e  sub-classes o f th e  endogenous psychoses. 
A  conclusion w hich  begins b y  s ta tin g  th a t  th e  researcher exam ined  a specified  
n u m b er of sch izophren ic  p a tie n ts  w ith o u t m ore precise sub-c lassifica tion  is 
n o t accep tab le .
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A nosologically  accep tab le  c lassifica tion  m u st be based  on clinical en titie s  
in  w hich th e  course of th e  disease is ta k e n  in to  accoun t an d  th e  co n cep tu a l 
sy stem  describ ing th e  syndrom es rev ea ls  th e  con tours of th e  clinical p ic tu re , 
its  s a tu ra tio n  an d  coherence (P ethő  1972). D istinc tion  of th e  cyclical psychoses 
a n d  th e  sch izophrenias am ong th e  endogenous psychoses is as y e t th e  m ost 
accep ted  b u t  even in  these  tw o cases a co n cep tu a l b lu rrin g  also occurs, for 
ex am p le , in  th e  concep t o f th e  so-called  “ m ixed  psychoses”  (w here a “ com 
b in a tio n ”  of sch izophren ia  an d  m anic-depressive  psychosis is p o s tu la ted ) 
E v en  th e  cyclical psychoses are  n o t en tire ly  un ifo rm  (e.g. th e re  m ay  be u n i
po la r o r b ip o la r d is tu rb an ces o f m ood); how ever in  th e  case o f sch izophren ia  
th e  p ic tu re  is m uch  m ore heterogeneous. This is th e  reason  for d is tin c tio n  
such as essen tia l an d  process sch izophren ia  (S ullivan  1953) or ty p ic a l an d  
a ty p ic a l sch izophren ia  (P a u l e ik h o f f  1975). L eo n h ard  has a tte m p te d  a h igh ly  
d e ta iled  classifica tion  o f th e  endogenous psychoses. In  our experience his m ain  
disease en titie s  p rov ide  a good fo u n d a tio n  for th e  separa tion  o f clinical disease 
en titie s  (L eo n h a r d  1957).

L e o n h a rd ’s system ic  form s of sch izophren ia  a re  charac terized  b y  a s te a d y  
p rogression . This group includes th e  system ic p a rap h ren ias  (ch a racte rized  
ch iefly  b y  sy m p to m s of experience), th e  system ic  ca ta to n ias  (ch a rac te rized  b y  
b eh av io u ra l ab erra tio n s) an d  th e  heb ep h ren ias  (where em otional b lu n tin g  is 
th e  ce n tra l sy m p to m ). T he nonsystem ic  sch izophrenias ta k e  th e  fo rm  o f re m it
te n t  a tta c k s , w ith  th e  course o f th e  illness f lu c tu a tin g  b e tw een  d e te rio ra tio n  
an d  im p ro v em en t. In  th e  case o f cycloid psychoses or cyclophrenias th e  p a tie n t 
m ay  be  free o f  sy m ptom s for considerab le  periods o f tim e  betw een  tw o stages 
o f th e  illness.

Material and Methods

U sing th ese  d iagnostic  categories, th e  a u th o r  exam ined  274 endogenous 
fem ale p a tie n ts  from  th e  in n er a rea  o f B u d ap est. The d is tr ib u tio n  w as as 
fo llow s:

Diagnosis number of cases
(H ) hebep h ren ia 49
(P) system ic p a ra p h re n ia 29
(K) system ic c a ta to n ia 28
(p) affective p a ra p h re n ia 30
(k) period ic  c a ta to n ia 28
(C) cyclophren ia 51

(M) m aniac-depression 35
(D) m onopolar depression 24

T he p sy ch ia tric  s tu d y  was su p p lem en ted  w ith  59 body  m easu rem en ts . T he 
ch ief concern  in  processing th is  d a ta  w as to  a tte m p t to  a sce rta in  w h e th e r 
th e re  is an y  difference in  b o d y  m easu rem en ts  betw een  th e  d iffe ren t clin ical 
g roups o f endogenous psycho tic  p a tie n ts  in d ica tin g  th e  s tu d y  o f d ifferences 
in  p h y siq u e  as a prom ising ap p ro ach . F o r th is  reason th e  a u th o r  selected  
th e  P enrose  m eth o d  for e s tim ation  o f  th e  M ahalanobis D 2 p rocedure  (P en r o se  
1954).
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Results

C om paring th e  re su lts  o b ta in ed  for each  g roup  w ith  every  o th e r g roup  gave 
th e  in te rre la tio n sh ip s  show n on th e  follow ing dendrog ram s (F igures 1 an d  2).

T h e  resu lts  c an  be sum m ed up  as follow s:
1. T he m ain  g roups (p a rticu la rly  th e  system ic  an d  non-system ic sch izo p h re

nias) do n o t a c t as en tities. T h is can  be g iven  an  a d e q u a te  clinical in te rp re ta tio n  
since c a ta to n ia , p a ra p h re n ia  an d  h eb ep h ren ia , for exam ple, differ m ark ed ly  
in  th e ir  sym ptom s.

2. T he d is tan ce  betw een  th e  ca ta to n ic  p a tie n ts  (especially  th e  system ic 
ca ta to n ias) an d  th e  o th e r p a tie n ts  is s ig n ifican t.

Fig. 2. Distances between the individual clinical groups according to size
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3. T he overw helm ing  m a jo rity  o f endogenous psychotics form  two large 
groups. P a r t ly  in  co n fo rm ity  w ith  K retsc h m er  (1931) th e  p ic tu re  p resen ted  
b y  th e  b o d y  m easu rem en ts for m anic-depressive psychotics differs m ark ed y  
from  th a t  fo r th e  m a jo rity  o f schizophrenics (especially  as regards “ sh ap e” ). 
A t th e  sam e tim e , am ong  th e  schizophrenics th e  sm allest body  m easu rem en t 
values w ere o b ta in ed  for th e  hebephren ics, a lth o u g h  to g e th e r w ith  th e  affective 
p a rap h ren ics . T he g roup  o f cyclophrenics falls in to  th is  category  on th e  basis 
o f “ sh ap e”  b u t  n o t on th e  basis o f “ size” .

S tudies th e  a u th o r  has carried  ou t in  a n o th e r  d irec tion  te n d  to  confirm  th e  
genetic  soundness o f  th e  conclusions th a t  can  be d raw n  from  these  body  m easu re
m en t d a ta . H e shall on ly  refer b rie fly  here  to  th ese  stud ies. A ssum ing th e  
role o f new  m u ta tio n s  in  m ain ta in in g  th e  incidence o f sch izophrenia , he reco rded  
th e  age a t  th e  tim e  o f conception  o f th e  p a tie n t, fo r th e  p a ren ts  o f  p a tie n ts  
iso la ted  from  th e  fam ily  angle ( th a t is, th e  f irs t  occurrence in  th e  fam ily  o f 
endogenous psychosis). T he d a ta  for fem ale p a tie n ts  is n o t y e t com plete . 
T he a u th o r  has re p o rte d  elsew here on th e  d a ta  for m ale p a tie n ts  an d  shall 
only  sum  u p  th e  f in d in g s here (K e l e m e n  1977). F o r 130 m ale p a tie n ts  th e  
age o f  th e  m o th e r a t  th e  tim e  o f concep tion  p roved  to  be h igher th a n  th a t  for 
th e  co n tro l g roup  o f 383 no rm al sub jec ts . A fter excluding  th e  in fluence  o f 
social fac to rs  an d  th e  in fluence  of p a re n ta l age differences, b y  fix ing  th e  m a te r
n a l an d  th e n  th e  p a te rn a l ages, s ta tis tic s  were m ade for th e  no rm al and  
p a tho log ica l va lues o f  a lte ring  p a te rn a l age groups. T hen  dete rm in in g  th e  
p a r tia l co rre la tion  coefficien ts w eighted  b y  th e  n u m b er o f e lem ents from  th e  
prev ious con tin g en cy  tab le s , th e  a u th o r  reached  th e  conclusion th a t  th e  p ro b 
a b ility  o f incidence o f th e  illness only rises w ith  th e  increase in  m a te rn a l age 
(p <  0.01). T here  are  sig n ifican tly  m ore elder m o thers in  th e  case o f system ic 
sch izophrenics (psyst <7 0.001) an d  in p a r tic u la r  am ong th e  p arap h ren ics . 
H ow ever, th e  m a te rn a l age for cyclophrenics d id  n o t differ from  th a t  for th e  
n o rm al co n tro l g roup . A n o th er in d ica tio n  o f  th e  im p o rta n t role o f  new  m u ta 
tions is th e  fac t reg u la rly  found  in  fam ily  stud ies th a t  th e re  are  m ore m en ta lly  
ill persons am ong  th e  ch ild ren  o f p a tie n ts  th a n  am ong th e ir  p a ren ts . T he sam e 
ex p lan a tio n  can be given for th e  fac t th a t  a lth o u g h  schizophrenics have  
a reduced  level of fe r tility  — an d  excessive fe r tility  o f a com pensa to ry  n a tu re  
can n o t be fo u n d  am ong th e ir  siblings e ith e r  — th e  p revalence o f sch izophren ia  
nevertheless rem ains c o n s ta n t. I f  we com pare  these  d a ta  w ith  th e  fac t th a t  
L indelius found  a h ig h er th a n  average level o f  fe rtility  in  th e  p a ren ts  o f p a tie n ts  
(L in d e l iu s  1970) i t  w ould  seem  th a t  it  is o ften  ch ild ren  born  la te  w ho becom e 
sch izophren ics; th a t  is, th e  incidence o f sch izophren ia  is in co rre la tion  n o t 
w ith  th e  n u m b e r o f ch ild ren  b u t  w ith  th e  m ore ad v an ced  age o f th e  p a ren ts .

T he d a ta  g iven here  p o in t to  th e  need fo r a genetic  s tu d y  o f th e  endogenous 
psychoses an d  to  th e  possib ility  o f exp la in in g  th e  d ifferences in th e  clinical 
cond ition  an d  p h y siq u e  o f th e  various disease en titie s  on th e  basis o f th e  d if
fering genetica l backgrounds.
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Polyclinic of the Technological University, Budapest, Hungary

Abstract: The paper is dealing with the genetic and socio-economic factors 
influencing the body development of the fifth year students of 1975/76. The age 
of the students were between 22 and 27, but we have only analyzed in detail the 
data of the two largest age groups of males and females each, i.e. the data of 
321 boys of 23 years and 430 boys of 24 years old as well as 73 girls of 22 and 128 
girls of 23 years old. From the genetic and socio-economic factors only the place of 
birth, father’s occupation and number of children per household are presented in 
this paper. Regarding to the birth place a distinction was made between students 
born in Budapest and in the country. The father’s profession was classified in 
three groups: intellectual, employee and manual worker. The number of children 
per household was simplified as 1, 2, 3, and more than 3. — The data show gene- 
tical and socio-economic differences in body measurements of the students, which 
are analyzed in detail in the paper.

Key words: Growth and development, genetic and socio-economic factors in
fluencing growth, university students.

H u m a n  bo d y  m easu rem en ts  an d  b o d y  developm ent are  re su lta n ts  o f b o th  
g en e tica l an d  en v iro m en ta l fac to rs. F ro m  th e  tim e  o f th e  “ in d u s tr ia l revo lu 
t io n ”  (1778; th e  in v en tio n  o f  th e  steam -engine), th e  en v iro n m en t a n d  hum an  
socie ty  h av e  been  chang ing  rap id ly , ever accord ing  to  various degrees b u t 
n o t un ifo rm ly  in  th e  d iffe ren t coun tries. One re su lt o f th ese  changes is th e  
secu lar tre n d . T his phenom enon  show s various p a tte rn s  now adays. In  th e  
co u n trie s  o f th e  so-called “ C onsum er’s Societies”  secu lar tre n d  as well as social 
d ifferences in  th e  bo d y  d eve lopm en t h av e  been decreasing or even com pletely  
d isap p eared  (B a k w in  1964, D amon 1965, 1974, Ma resh  1972, W a lter  1977). 
O pposite  to  th is , in  th e  coun tries  o f th e  “ T h ird  W orld” th e y  are  cha rac teris tic  
p h enom ena  (Malhotra  1966, Somogyi 1970, 1973). In  th e  coun tries in te r 
m ed ia te  betw een  these  tw o  large  groups (e.g. in  E a s t-E u ro p e a n  countries) 
secu lar tre n d  as well as th e  social differencies on bo d y  deve lopm en t can be 
observed , too  (Sch m id t-K o lm er  1965).

Material and Method

In  o rd er to  s tu d y  th ese  phenom ena on H u n g arian  u n iv e rs ity  s tu d en ts , 
reg u la r  screening te s ts  h av e  been  m ade for a long  tim e  on  f irs t  an d  f if th  y ear 
s tu d e n ts  in  th e  P olyclin ic o f th e  T echnological U n iv ersity , B u d ap est (T il l — 
Gy e n is  1975, 1977).
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T he p resen t p a p e r  is dealing  w ith  th e  genetic  an d  socioeconom ic fac to rs 
in fluenc ing  th e  bo d y  d eve lopm en t o f  th e  f if th  y e a r s tu d e n ts  o f  1975/76. 17 body  
an d  h e a d  m easu rem en ts w ere m easu red , b u t on ly  th e  d a ta  o f h e ig h t, w eight 
an d  th e  R ohrer in d ex  are  p resen ted  here.

T he age of f if th  y e a r s tu d e n ts  w as betw een  22 an d  27, b u t  we h av e  only 
an a ly zed  in  deta il th e  d a ta  o f  th e  2 b iggest age groups o f  m ales an d  fem ales 
each, i.e. th e  d a ta  o f  321 boys o f 23 an d  430 boys o f  24 y ea rs  old as well as 
73 girls o f  22 an d  128 girls o f  23 y ea rs  old. F rom  th e  genetic  an d  socio-econom ic 
fac to rs  only  th e  p lace  of b ir th , fa th e rs ’ occupation  an d  n u m b e r o f children  
per household  are p re sen ted  in  th is  paper. As to  b ir th  p lace  d is tin c tio n  was 
m ade betw een  s tu d e n ts  b o rn  in  B u d ap est an d  in  th e  c o u n try . T he fa th e rs ’ 
profession was classified  in  th re e  g roups: in te llec tu a l, em ployee an d  m anual 
w orker. T he n u m b er o f ch ild ren  p er household  w as sim plified  as 1, 2, 3 and  
m ore th a n  3.

R esults an d  D iscussion

T he m ale s tu d en ts  (T able 1) b o rn  in  B u d ap est are  ta lle r  an d  heav ie r th a n  
tho se  o f  bo rn  in  th e  co u n try . H ow ever, th e y  are  n o t b e tte r  developed, because 
th e  va lu es  of th e ir  R o h re r in d ex  are  equal or less th a n  th a t  o f th e  s tu d en ts  
bo rn  in  th e  co u n try .

A ccord ing  to  th e  fa th e rs ’ o ccupa tion , th e  m ale  s tu d e n ts  w ith  in te llec tu a l 
f a th e rs  are  also ta lle r  an d  h eav ie r th a n  th e  s tu d e n ts  w ith  m an u al w orker 
fa th e r .  In  spite  o f th is  th e  values o f  th e ir  R ohrer index  show  th a t  th e y  are less 
developed , th a n  th e  o th e r tw o  groups.

T he n u m b er of ch ild ren  p er househo ld  has an  im p o r ta n t effect on incom e 
of a fam ily  (Ta n n e r  1964). T he d a ta  o f th e  w eight an d  R o h re r indices show  
th is  e ffec t v e ry  w ell (excep t o f  th e  23 years old s tu d e n ts  w here th e  sam ple

Table 1

Data of male students

F a c to rs
N H eig h t (m m ) Weight (g) R ohrer-in d ex

23 y r 24 y r 23 y r 24 y r 23 y r 24 y r 23 y r 24 y r

Birth-place
Budapest 179 209 1767.2 1760.8 69008.4 68916.3 1.25 1.26
Country 142 221 1746.6 1746.5 66908.4 68079.0 1.25 1.28
Together 321 430 1758.1 1753.2 68079.4 68485.9 1.25 1.27

Fathers’ occupation
Intellectual 215 254 1766.6 1762.7 68188.4 69380.7 1.24 1.27
Employee 32 48 1745.2 1747.6 68453.1 67510.4 1.29 1.27
Manual worker 74 128 1738.9 1737.5 67601.3 67076.2 1.28 1.28

Number of children per 
houselhold

i 79 89 1756.6 1751.5 68481.0 69606.7 1.27 1.29
2 177 210 1755.3 1752.8 67768.4 68352.1 1.25 1.27
3 41 85 1757.8 1756.6 66304.9 68158.8 1.22 1.26
more than 3 24 46 1784.0 1754.5 72083.3 67532.6 1.27 1.25
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Table 2

Data of female students

F a c to r  6
N H e ig h t (m m ) W eigh t (g) R o h re r-in d ex

22 y r 23 y r 22 y r 23 y r 22 y r 23 y r 22 y r 23 y r

Birth-place
Budapest 48 65 1637.7 1629.4 56093.8 54938.5 1.28 1.27
Country 25 63 1624.8 1622.4 55400.0 55119.0 1.29 1.29
Together 73 128 1633.3 1626.0 55856.0 55027.3 1.28 1.28

Fathers’ occupation
Intellectual 57 80 1637.7 1631.5 55912.3 54856.2 1.27 1.26
Employee 5 17 1625.8 1625.9 53400.0 56029.4 1.24 1.31
Manual worker 11 31 1613.9 1611.7 56681.9 54919.3 1.35 1.32

Number of children per 
household

i 14 28 1641.8 1631.9 57178.6 55464.3 1.30 1.27
2 33 69 1634.5 1621.1 55227.3 55231.9 1.26 1.30
3 2 0 23 1626.3 1630.4 55200.0 54608.7 1.28 1.26
more than 3 6 8 1629.7 1633.9 58416.7 52937.5 1.35 1.21

óf th e  m ore th a n  th ree  ch ild ren  in  th e  fam ily  was sm all an d  th e re  w as a v e ry  
large an d  h eav y  s tu d e n t in  th e  group). F o r th e  h e ig h t no such ten d en cy  could  
be observed .

The tw o  sam ples o f fem ale s tu d e n ts  (T able 2) w ere sm aller, th a n  th e  sam ples 
o f m ales b u t  in  genera l th e y  show  th e  sam e ten d en c ies  like tho se  o f th e  m ale 
s tu d en ts . T h u s , th e  fem ale s tu d en ts  b o rn  in  B u d ap est are  also ta lle r  an d  
heav ier, th a n  tho se  bo rn  in  th e  co u n try . B u t th e ir  R o h re r indices a re  less, 
th a n  th e  la t te r .  A ccording to  th e  fa th e rs ’ occu p a tio n  th e  girls w ith  in te lle c tu a l 
fa th e rs  are ta lle r  th a n  th e  girls w ith  m an u a l w orker fa th e rs , b u t  th e ir  w eigh t 
are  eq u a l o r less th a n  th e  la t te r .  T herefore  th e  v a lu e  o f th e  R o h rer ind ices of 
th e  fem ale s tu d e n ts  w ith  m anual w orker fa th e rs  are  h igher, th a n  th e  girls 
w ith  in te lle c tu a l fa th e rs .

A ccording to  th e  n u m b e r o f ch ildren  p e r househo ld  th e re  is no connection  
w ith  th e  h e ig h t, b u t  th e re  is w ith  th e  w eigh t an d  a t  th e  R o h re r indices, excep t 
o f th e  sm all sam ple  (only 6 person) of th e  22 years  old girls w ith  m ore th a n  
th re e  ch ild ren  in  th e  fam ily , w here an  overw eigh t fem ale s tu d e n ts  w as in  th e  
group , too .

O n th e  basis o f our d a ta  th e  follow ing conclusions m ay  be d raw n:
G enetical fac to rs  we o bserved  in  th e  re la tio n  of h e ig h t an d  n u m b er of 

ch ild ren  p er household .
A ccording to  o u r d a ta  th e  h e igh t of th e  s tu d e n ts  is in d ep en d en t o f th e  incom e 

of th e  fam ily  (m easured  w ith  considera tion  to  th e  n u m b er of children). T he 
reason  o f th is  is th e  s tro n g est genetical con tro ll of th e  bo d y  h e igh t th a n  body  
w eight (K n u ssm ann  1977). T he effect o f th e  genetical fac to rs ap p ears  in  
th e  re la tio n  o f th e  in v es tig a ted  m easu rem en ts to  th e  b irth -p lace  a n d  th e  
fa th e rs ’ o ccu p a tio n , too . These d a ta  show  co n s titu tio n a l differences betw een  
s tu d e n ts  b o rn  in  B u d ap est an d  h o rn  in  th e  co u n try  as well as betw een  s tu d e n ts  
w ith  in te lle c tu a l an d  w ith  m an u a l w orker fa th e rs . S tu d en ts  bo rn  in  B u d ap est
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an d  o f in te llec tu a l fa th e rs  are  ta lle r  b u t  s ligh te r, th a n  th e  s tu d e n ts  b o rn  in  th e  
c o u n try  an d  o f m an u a l w orker fa th e rs  w hich is caused by  th e  so-called “ social 
sh iftin g  effects” .

F in a lly , th e  effect o f socio-econom ic fac to rs appears in  th e  re la tio n  o f w eight 
an d  R ohrer in d ex  an d  th e  n u m b er o f ch ild ren  per household , w here th e  s tu 
d en ts  w ith  sibs are  less developed th a n  th e  s tu d e n ts  hav ing  no sibs. T he reason  
o f th is  m ay  be th e  low er incom e level p er h ead  in  th e  fam ilies.

W e o b ta in ed  sim ilar d a ta  in  a fo rm er s tu d y  (T il l — Gy e n is  1977) w here 
th e  f ir s t  y e a r  s tu d e n ts  o f th e  1974/75 academ ic years was exam ined , th u s  
accord ing  to  o u r d a ta  th e  effect o f th e  genetic  an d  socio-econom ic fac to rs  
can  be observed  on H u n g a rian  u n iv e rs ity  s tu d e n ts , y e t.
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GROWTH AND DEVELOPMENT 
AS A BASIS OF SOCIAL PEDIATRICS

by J .  C. van  W ie r in g e n

University Children’s Hospital “Het Wilhelmina Kinderziekenhuis” Utrecht,
The Netherlands

Abstract: Social pediatric consultation consists of biometry (growth and neuro- 
motoric and physical development), physical examination and mental observa
tion in order to detect (hidden) pathology and disorders, exploration of the func
tioning (behaviour, play, learning, sports) of the child at home, at school, and in 
other social settings, and the early recognition of threats of health (individual and 
environmental risk factors). The main parameters for a general medical assess
ment of growth and physical development are height attained, weight for height, 
in the case of infants and pre-school children neuro-motoric development, and in 
the case of adolescents the stages of secondary sex characters.

Key words: social pediatrics, growth, neuromotorie development, physical 
development.

M edical ac tiv ities  concern ing  th e  s ta tu s  o f h ea lth  o f  ch ild ren  m a y  be d is tin 
guished in to  tw o co m p lem en ta ry  system s:

curative m edicine (cure) as perfo rm ed  b y  th e  g enera l p ra c titio n e r , th e  p ed ia 
tr ic ia n  an d  o th e r c lin ical specialists, an d  th e  p a ram ed ica l professionals like 
th e  logoped ist an d  th e  p h y sio -th e rap is t,

social pediatrics  (p rev en tiv e  m edicine, care) as p erfo rm ed  in
— m a te rn ity  care for th e  h e a lth y  new -born , hosp ita lized  or a t  hom e, 

h e a lth  clinics fo r in fan ts  and  pre-school ch ild ren ,
— school hea lth ,
— adolescent h e a lth  care (“ p re -p re n a ta l” ).
B etw een these  tw o fie lds o f ped ia trics m u tu a l in fluences ex ist. T he following 

exam ples m ay  be g iven:
— m edical experience an d  science as developed in  th e  clinical, cu ra tiv e  

s itu a tio n  are  th e  sources o f th e  m ethods w hich are ap p lic a te d  in  social ped ia 
tric s . Some o f these  m eth o d s have  to  be m odified  a n d  a d a p te d  to  th e  possi
b ilities  an d  lim ita tio n s  o f th e  ex tra -m u ra l p rac tice , t h a t  is to  th e  s itu a tio n  
in  ra th e r  m odestly  eq u ip p ed  clinics an d  schools. E x am p les  o f a d a p te d  m ethods 
are  p eak  flow -m etry , screen ing -aud iom etry , th e  m e th o d  o f m easuring  body- 
h e ig h t (w ith o u t tra c tio n ) an d  th e  observation  o f th o se  item s concerning th e  
p sy ch o -m o to r d ev e lopm en t o f in fan ts , w hich are su ita b le  to  be exam ined  and  
ju d g ed  in  th e  in fa n t h e a lth  clinics,

— on m edical ind ica tio n s a n u m b er o f  in d iv id u a l ch ild ren  v isiting  h ea lth  
clinics or th e  school-doctor, w ill be re ferred  to  c lin ical specialists. B u t th is  
form s only  p a r t  o f th e  in te re s t o f social p ed ia trics fo r th e  cu ra tiv e  sector. 
F o r  in p a rtic u la r  th e  epidem iological app ro ach  of social p ed ia trics, an d  th e  
re su lts  thereof, are  o f im p o rtan ce  for th e  clinical p e d ia tr ic  p rac tice . Epidem i-
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ology is th e  s tu d y  o f collective p h en o m en a  an d  th e ir  d e te rm in a n ts  concerning 
h e a lth , m o rb id ity , and  m o rta lity  o f  a popu la tion .

D escriptive  s ta tis tic s , analytic  s tu d ies  o f th e  re la tio n sh ip  b e tw een  en v iro n 
m e n ta l fac to rs an d  th e  p a ra m e te rs  o f h e a lth  an d  disease, a n d  experim ental 
ep idem iology, includ ing  th e  co n tro lled  in tro d u c tio n  o f m ass-v acc in a tio n  
p rog ram m es, h av e  m ade ava ilab le  a.o . reference d a ta  o f g ro w th  a n d  develop
m e n t, have  p rov ided  in s ig h t in to  p rio rities  in  c u ra tiv e  m ed icine, an d  h av e  
changed  sorts an d  cond itions o f th e  p a tie n ts  a tte n d in g  ch ild ren ’s hosp ita ls .

N o t co n trad ic to ry  to  th ese  close in te rre la tio n sh ip s  th e re  are  also  rem ark ab le  
d ifferences betw een  c u ra tiv e  an d  p rev en tiv e  m edicine. T he f i r s t  sy stem  is 
focussed on th e  in d iv id u a l, en te rs  in to  th e  in d iv id u a l d em an d  fo r help , an d  
tr ie s  to  tr e a t  a cu rren t disease, defec t, o r h an d icap . In  th e  p re v e n tiv e  secto r 
th e  o rgan iza tion  for social p ed ia tric s  ta k e s  th e  in itia tiv e  b y  in v itin g

— in som e coun tries b y  forcing — th e  child  an d  its  p a re n ts , or teachers, 
to  v is it th e  co nsu lta tion room . T he m edical h is to ry  an d  th e  p h y sica l ex am in a
tio n  are  focussed on needs, an d  less on dem ands, on th re a ts  o f  h e a lth , an d  on 
th e  in te ra c tio n  betw een  h e a lth  a n d  th e  p ro m o tin g  or d is tu rb in g  fac to rs , 
re sp ec tiv e ly , in  th e  en v iro n m en t.

In  m ost ind u stria lized  coun tries ch ild  m o rta lity  has decreased  considerab ly . 
F o r  th e  g rea te r  p a r t  th is  is th e  re su lt o f im proved  liv ing  co n d itions like su f
f ic ie n t n u tr itio n , m odern  sa n ita tio n  an d  housing, ex ten d ed  edu ca tio n , b e tte r  
c lo th in g , a n d  th e  in tro d u c tio n  o f  social facilities for everybody . In  th e  n in e 
te e n th  c en tu ry  in fan t an d  child  m o rta lity  decreased  a lm o st w ith o u t an y  
im p ro v em en t o f  m edical tr e a tm e n t. W e m ay  assum e, th a t  in  th e  tw e n tie th  cen
tu r y  im proved  m edical cure  an d  care  h av e  becom e o f positive  in fluence  as well. 
T h is is p roven  for th e  effects o f v acc in a tio n  program m es, a n d  we th in k , b u t 
fo r th e  g rea te r p a r t  w ith o u t convincing  proof, th a t  h e a lth  ed u ca tio n  and  a n t i 
c ip a to ry  gu idance and  counseling , as perfo rm ed  in  child h e a lth , w ere o f im p o r
ta n c e  also. I t  is an  estab lished  fac t, th a t  w hen now adays ch ild ren  get a disease, 
b y  b e tte r  tre a tm e n t th e  seriousness is less, th e  d u ra tio n  is sh o rte r  an d  h a n d i
cap p in g  consequences a re  less fre q u e n t th a n  before.

In  1900, w hen in  th e  N e th e rlan d s th e  f irs t child  h e a lth  clinics and  school 
h e a lth  services were founded , th e  m ain  scope w as th e  f ig h t a g a in s t in fan t and  
ch ild  m o rta lity , la te r  on follow ed b y  th e  em phasis on th e  f ig h t a g a in s t m o rb id 
i ty .  A lth o u g h  these  aspec ts  h av e  n o t  d isappeared , a f te r  th e  second w orld 
w a r  th e  accen t has g rad u a lly  been  sh ifted  to  th e  p ro m o tio n  a n d  p ro tec tio n  
o f  h e a lth  a n d  developm en t. T o d ay , in  prosperous coun tries, th e  p a ren ts  who 
v is it  th e  docto rs and  nu rses in  social p ed ia trics a re  no longer p rim arily  w orried  
a b o u t th e  possib ility  t b a t  th e ir  ch ild ren  will die or will becom e seriously  ill. 
N ow adays th e y  respond  to  th e  in v ita tio n  o f th e  o rgan iza tion  because  th e y  are  
in te re s te d  in  an d  feel th e  re sp o n sib ility  for th e  h e a lth  o f th e ir  children . As 
to d a y  i t  is in  general no longer a m a tte r  of life an d  d ea th , th e  im p lic it question  
o f  th e  p a re n ts  is ra th e r  “ Is  m y  ch ild  h ea lth y , as h e a lth y  as possib le” ? I f  th is  
q u estio n  o f th e  p a ren ts  is held  as ju s tif ie d , an d  m oreover is considered  to  be 
a question  in  th e  m edico-biological sphere, i t  w ill be th e  m ed ica l profession, 
in  p a rtic u la r  th e  social p ed ia tr ic ian , who has to  re a c t upon  it .

N o answ er an d  advice w ith o u t ex am in a tio n , no syn thesis  w ith o u t a preceding 
analy sis  ! In  th e  case o f  th e  in d iv id u a l child , th e  analysis is b u il t  u p  b y  th e  
period ica lly  perfo rm ed  m edical exam ina tions. T he co n ten t o f  th e se  co n tac ts  
inc ludes:
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— a m edical an d  psycho-social h is to ry  (anam nesis) focussed on  m edical 
risk  fac to rs  in  th e  child itse lf  an d  its  re la tiv es , on th re a ts  in  th e  dom estic 
circle, a n d  on th e  function ing  an d  th e  b eh av io u r o f th e  child  a t  hom e, a t  school 
an d  in  clubs an d  spo rts;

— th e  o p p o rtu n ity  for th e  p a ren ts , th e  child  itself, an d  th e  teach e rs  to  ask 
a tte n tio n  for com plain ts or w orries;

— a m edical ex am in a tio n  on p a tho log ica l d isorders. O ften  these  d isorders 
a re  h id d en . H ow ever, som etim es th e  p a re n ts  are  aw are o f i t ,  b u t  do n o t 
consider i t  as serious enough to  consu lt th e  general p rac titio n e r;

— assessm en t o f g row th , deve lo p m en t, an d  as fa r as adolescents a re  con
cerned , th e  stages o f  sexual m a tu ra tio n . T he long itu d in a l biological o b se rv a tio n  
o f g ro w th  an d  developm ent is ind ispensab le  for th e  m edical ju d g e m e n t of 
th e  s ta tu s  o f  h e a lth  of ch ild ren  an d  ado lescen ts;

— th e  m edical co n su lta tio n , w ith  its  aspects  o f counseling a n d  advice, 
form s th e  sy n thesis . I f  necessary , consu lt to g e th e r w ith  o th e r care-g ivers m ay 
follow  or th e  child  m ay  be re fe rred  to  th e  general p ra c titio n e r or th e  m edical 
specia list.

I t  shou ld  be considered as a m isu n d erstan d in g  to  th in k  th a t  o n ly  th e  
in d ica tio n s  for in d iv idua l advice, co n su lta tio n  and  re fe rra l form  th e  p ro fit 
o f th e  period ica l co n tac t. A n o th e r im p o r ta n t a spec t o f th e  o u tp u t o f  social 
p ed ia tric s  is th e  assurance — in  m ost cases — th a t  th e  ch ild  has no (h idden) 
p a th o lo g y , th a t  i t  is grow ing an d  developing  well, an d  th a t  no serious m enace 
o f  h e a lth  is d iscovered. E v a lu a tio n  o f  th e  ou tcom e shou ld  also look a t  o ther 
purposes like th e  co n trib u tio n s to  th e  w ork  o f o th e r disciplines w ork ing  for 
ch ild ren , an d  th e  epidem iological d escrip tion  o f th e  s ta tu s  o f h ea lth  o f ch ild ren  
an d  ad o lescen ts as based  on th e  processing o f  collected in d iv id u a l d a ta .

N eedless to  say  th a t  i t  is im possib le to  give an  answ er to  th e  p a re n ts  w ith  
a h u n d re d  p e r cen t c e rta in ty , or an  answ er th a t  rem ains in  force for a n  u n lim 
ite d  period . So th e  con su lta tio n s h av e  to  be rep ea ted . F o r p rac tica l reasons, 
an d  p a r t ly  based  on know ledge a b o u t g ro w th  an d  developm ent a n d  ab o u t 
risks to  h e a lth , th e  frequency  o f th e  period ica lly  perfo rm ed  m edical ex am in a 
tio n s decrease w ith  age: m o n th ly  a t  in fan cy , tw ice per y e a r a t  pre-school age, 
an n u a lly  an d  la te r  on once p er tw o or th re e  years  a t  school age a n d  a t  ad o 
lescence.

In  th e  N e th e rlan d s th e  m edical reco rd s in  social p ed ia trics are es tab lish ed  
accord ing  to  th e  m ain  lines m en tio n ed : th e y  p rov ide  a lo n g itu d in a l o b se rv a tio n  
b y  m eans o f ad e q u a te  reg is tra tio n  o f  th e  period ical exam ina tions, n o te s  ab o u t 
th e  h is to ry  o f  th e  child itse lf  an d  its  re la tiv es , ab o u t housing , in fo rm atio n  from  
th e  school, an d  g row th  an d  d ev e lopm en t v isualized  in  a d iag ram . A su m m ary  
has to  be  m ad e  o f every  consu lt, in c lud ing  th e  item s o f h ea lth  ed u ca tio n , 
specific adv ice  an d  ev en tu a l re fe rral. On a v o lu n ta ry  basis tw o  ty p es o f  m edical 
reco rds a re  a lm o st na tion -w ide  used : th e  one b y  th e  h e a lth  clinics, a n d  th e  
o th e r b y  th e  school h ea lth  services, re sp ec tiv e ly  (copies w ith  a tra n s la tio n  in  
E ng lish  w ill be sen t b y  req u est) . T he c o n te n t an d  th e  la y -o u t o f b o th  ch a rts  
are lin k ed  in  o rd er to  ach ieve an  in te g ra te d  lo n g itu d in a l p ic tu re  o f  each 
in d iv id u a l’s m edical h is to ry , observ a tio n s an d  exam in a tio n s, an th ro p o m e trica l 
d a ta , c o n su lta tio n s , and  v acc ina tions.

So fa r in  b rie f  th e  u n d erly in g  th o u g h ts  an d  th e  m ain  lines o f  social p ed ia tric s  
in  developed  coun tries. T ho u g h  em phasis an d  details m ay  differ accord ing  
to  th e  age-g roup  concerned, th e  g lobal scope o f  social p ed ia tric s  as p resen ted
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here, covers th e  w hole o f th e  group  of young peop le  from  zero to  tw e n ty  years 
of age.

M ore detailed  a tte n tio n  m ay  be d raw n to  th e  tw o su b jec ts  g row th  an d  
d evelopm en t in th e  fram ew ork  o f ou r m edical ju d g em en t of th e  s ta tu s  of 
h e a lth  e ith e r  o f th e  in d iv id u a l child , or o f y o u n g  people as a sub -po p u la tio n .

T he h e a lth  s ta tu s  itse lf  o f a p o p u la tio n  can  n o t  be m easured  d irec tly , b u t 
only in d irec tly . M o rb id ity  an d  m o rta lity  are  th e  in d irec t im pression of th e  
h ea lth  s ta tu s :  th e  low er th e  ra te s  of m o rb id ity  an d  m o rta lity , th e  b e tte r  th e  
general s ta tu s  of h e a lth . The secular sh ift o f th e  g row th  an d  m a tu ra tio n  p a t 
te rn  o f a specified p o p u la tio n  form s a “ d ire c t p r in t”  o f th e  h e a lth  s ta tu s :  
i t  has o ften  been o bserved  th a t  an  increase of s ta tu re  a t  a g iven  age, an  increase 
o f a d u lt  h e igh t w hich  is reached  a t  an  earlier age, an d  an  earlier m a tu ra tio n , 
follow closely an  im p ro v em en t o f th e  liv ing  cond itions an d  coincide w ith  
decreasing  m o rb id ity  an d  m o rta lity  ra tes. F o r several popu la tio n s in  h is to ry  
also th e  co m bina tion  o f opposite  changes has been  described . A co n cu rren t 
ex isting  difference in  h e ig h t be tw een  su b p o p u la tio n s m ay  be considered  as 
an  in d ica to r  of d ifferences in  th e  s ta tu s  of h e a lth , b u t, since genetically  d e te r
m ined  differences a re  som etim es v e ry  d ifficu lt to  exclude, p rudence  an d  rese r
v a tio n  a re  recom m ended .

V ery  illu s tra tiv e  is th e  co n cu rren t d ifference in  th e  h e igh ts o f conscrip ts  
hailing  from  N o rth e rn  an d  S ou thern  provinces o f  th e  N e therlands. “ E v e ry 
b o d y ”  in  th e  N e th e rlan d s  know s th a t  people in  th e  N o rth e rn  area are  ta lle r  
th a n  in  th e  S ou th ern . B u t h isto rica l d a ta  on s ta tu re s  o f conscrip ts m ade clear 
th a t  ha lf-w ay  th e  n in e te e n th  c en tu ry  th e re  w ere no such differences in  he igh t. 
In  th e  second h a lf  o f  th e  n in e teen th  cen tu ry  th e se  differences g enera ted  para lle l 
to  d iv e rg en t courses o f m arita l fe r tility  an d  ch ild  m o rta lity , while since th e  
f irs t w orld  w ar th e  differences h av e  been d im in ish ing  g rad u a lly  (Van W ie r in - 
GEN 197 9 ) .

In  th e  N e th e rlan d s th e  secu lar sh ift of h e ig h t an d  m a tu ra tio n  is going on, 
accord ing  to  th e  s till s tead ily  increasing  h e ig h ts  o f conscrip ts an d  th e  p re lim 
in a ry  resu lts  o f th e  th ird  na tion -w ide  b io m etric  su rvey  in  1980. T he in te r 
p re ta tio n  o f th e  secu lar sh ift o f th e  la s t c e n tu ry  as a positive  h ea lth  in d ica to r 
was q u ite  reasonab le , an d  p e rh ap s th is  in te rp re ta tio n  w ill be co rrec t also 
for th e  recen t s itu a tio n . B u t som e reserve is recom m ended . F o r one is inclined 
to  w onder i f  a sh ift in  th e  v e ry  low  in fan t m o r ta li ty  from  8 per 1000 to  7 per 
1000 s till m ay  be considered  as an  in d ica to r o f  an  im prov ing  general s ta tu s  
o f h e a lth  o f th e  p o p u la tio n , o r even o f th is  p a r tic u la r  age-group. A nd concern 
ing th e  p ositive  secu la r sh ift d u ring  th e  la s t decade  one m ay  ask  oneself if  
th is  phenom enon  is r a th e r  a “ h u rry  a fte r”  th a n  th e  expression o f a s till every  
y ear im p ro v in g  s ta tu s  o f h ea lth .

One o f th e  reasons for period ica lly  p erfo rm ed  cross-sectional su rveys of 
g ro w th  an d  m a tu ra tio n  is to  m ake availab le  u p -to -d a te  reference d a ta  for 
p ra c tic a l use in  c u ra tiv e  an d  p rev en tiv e  m edicine. Concerning a g row th  
d iag ram  th e  reference  d a ta  o f choice are  a t ta in e d  he ig h t, w eight for h e ig h t, 
an d  th e  m ed ian  ages o f  sex ch arac teris tics  like  m enarche , pub ic  h a ir, b re a s t 
d ev e lopm en t an d  g en ita ls  (F ig. 1). T he p re p a ra tio n  o f w eight fo r h e ig h t 
s ta n d a rd s  requ ires a ra th e r  b ig  sam ple, b u t  w hen  th e re  is th e  o p p o rtu n ity  to  
ca rry  o u t a n a tio n -w id e  su rv ey  o f g row th  o f a ll age-groups betw een  b ir th  an d  
ad u lth o o d , ex tension  o f th e  n u m b e r of in d iv id u a ls  in  th e  sam ple is ra th e r  easy  
(V a n  W i e r i n g e n  1 9 7 3 ) .
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Fig. 1. Growth Diagram: girls 3 — 20 years of age, the Netherlands, 1965
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A child  is expec ted  to  grow  w ith in  th e  d is tr ib u tio n  o f  th e  s ta n d a rd s  for 
he igh t a n d  w eight a n d  to  develop w ith in  th e  age-lim its o f d ev e lo p m en ta l item s 
as found  for th e  p o p u la tio n  i t  belongs to . T ab u la ted  resu lts  o f  re p e a te d  m easures 
o f  a ch ild ’s h e ig h t an d  w eigh t, inc lud ing  th e  age o f  ex am in a tio n , are  n o t 
su itab le  to  give an  im pression  o f its  g row th . R e g u la rity , ve locity , un ex p ec ted  
dev iations, m ain ten an ce  o f  th e  ow n “ g ro w th  can a l”  m ay  be ju d g ed  only on 
th e  basis o f v isualized  d a ta  in  a g ro w th  d iagram . T herefo re, a g ro w th  ch a rt 
form s an  essen tia l p a r t  o f  every  m edical record  for ch ild ren , in  th e  h osp ita l 
as well as in  th e  m a te rn a l an d  child  h e a lth  cen te r  or in  th e  school h ea lth  
service. D raw ing a cu rve  in  a tw o-d im ensional g rid  is r a th e r  d ifficu lt an d  m ust 
alw ays be checked, also w hen  th e  do c to r h im /herse lf h as  p lo tte d  th e  figures 
in  th e  d iagram .

The m edical profession h as  th e  ta s k  to  in teg ra te  know ledge o f g ro w th  and  
developm ent in to  th e  clin ical and  social ped ia tric  w ork, in  favour o f sick and  
h e a lth y  ch ildren . B u t g ro w th  and  d eve lopm en t d a ta  a re  only  p a r t  of th e  
m edical exam in a tio n  an d  can  never ta k e  th e  p lace o f it. T he s ta n d a rd  values 
of th e  grow th  d iag ram  rep re sen t w h a t is usual a t  a g iven tim e  an d  fo r a p a r tic 
u la r p o p u la tion . So th e y  rep resen t w h a t m ay  be accep tab le , n o t w h a t is 
n o rm al or op tim al. E x tre m e  in d iv id u a l values are  n o t b y  d e fin ition  u n a c 
cep tab le  or patho log ica l, b u t  m ay  in d ica te  th e  need  for a clinical exam ina tion . 
N eedless to  say  th a t  n o t a ll pa tho log ica l disorders are  a tte n d e d  w ith  s tu n te d  
g row th , an d  a child  w ith  s tu n te d  g ro w th  m ay  even rem ain  above th e  curve 
o f m inus tw ice th e  s ta n d a rd  dev ia tion .

In d ica tio n s fo r fu r th e r  m edical ex am in a tio n  as based  on th e  ind iv idual 
g row th  curves are :

— u n ex p ec ted  dev ia tio n  from  th e  course o f th e  s tan d a rd -cu rv es ,
— a curve a t  ab o u t m inus th ree  tim es th e  s ta n d a rd  dev ia tion ,
— a curve w hich g rad u a lly  bends dow nw ards, in  p a r tic u la r  a f te r  p e rin a ta l 

troub les,
— a dev ia ted  course in  co m bina tion  w ith  sy m p to m s like ab n o rm al stools, 

neurological sym ptom s, u r in a ry  t r a c t  in fections, o r w hen  m edicines are  used,
— a  course th a t  is m u ch  lower th a n  expected  considering  th e  m id -p a ren t 

he ig h t, or th e  h e ig h t o f siblings.
In  p a rtic u la r  in  social p ed ia trics one is aw are  th a t  w orld-w ide spoken, 

n ea rly  all ch ild ren  w ith  s tu n te d  g row th  are v ic tim s o f u n d er- and  m aln u tritio n . 
Som etim es th e  expression  “ a d a p ta tio n ”  is used  for th e  idea  th a t  th e  sm all 
s ta tu re s  o f ind ig en t p o p u la tio n s shou ld  be a w ise re a c tio n  o f n a tu re . B u t th e  
te rm  a d a p ta tio n  is m islead ing . The com m ission to  th e  developed w orld  is to  
prove th a t  s ta rv in g  ch ild ren  are n o t being helped  b y  th e  descrip tion  o f th e ir  
s itu a tio n  as being  a d a p te d  to . T hey  on ly  will be sav ed  w hen we succeed in  
giving th em  th e  food th a t  is a lread y  availab le , b u t  we fail to  d is tr ib u te  to  th e  
places (countries, regions, d is tric ts , to w n s and  villages) w here th e re  is shortage  
o f it.
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SINGLE PRIMARY TUBULOPATHIES CAUSING 
GROWTH IMPAIRMENT

by  P. Ch o ln o k y

Department of Pediatrics, Markusovszky Hospital, Szombathely, 
Hungary

Abstract: About 25 primary tubulopathies of the kidney are known in man. 
At least ten of them may cause disturbed growth.

In renal vastagé of water, sodium, potassium, calcium, magnesium or inorganic 
phosphate the mechanism of growth failure is quite obvious, repletion therapy is 
an important factor in treatment.

Deficient excretion of hydrogen ion invariably leads to stunted growth by 
secondary mechanism.

Some tubulopathies (dibasic aminoaciduria, Hartnup disease) may cause growth 
retardation by accumulation of toxic compounds or deficiency of essential sub
stances.

Congenitally disturbed endocrine function of the renal tubule (1-hydroxyla- 
tion of 25-hydroxycholecalciferol) has also been described.

Primary tubulopathies often manifest themselves by growth failure preventable 
by early diagnosis or screening.

Key words: tubulopathies, growth impairment.

T he m ach in ery  o f th e  ren a l tu b u le  fu lfills a la rg e  v a r ie ty  o f  ex c re to ry  an d  
reab so rp tiv e  ta sk s . O rganic com pounds like  glucose, am inoacids, u ric  acid  
are  n ea rly  com plete ly  reabso rbed  in  th e  p ro x im a l segm ent o f th e  tu b u le  w hile 
ino rgan ic  com pounds (sodium , p o tassium , ch loride, b ica rb o n a te , hy d ro g en , 
o th e r  ions an d  w ater) are regu la tiv e ly  reab so rb ed , re jec ted  or ex cre ted  all 
along th e  ren a l tu b u le . All these  processes need  in tr ic a te  co llabo ra tion  of t r a n s 
p o r t  system s a n d  enzym es. In h e rite d  defects o f single tra n sp o r t  func tions m ay  
be innocuous, know ledge o f th em  is still im p o r ta n t  since th e y  have  to  be  d is
tin g u ish ed  from  severe disorders, e.g. ren a l g lucosuria  from  d iabetes m ellitus. 
M ost p rim ary  tu b u lo p a th ie s  follow a c lea r-cu t m ode of in h e ritan ce ; som e tu b u 
la r  defects are  sh a red  b y  th e  in te s tin a l m ucosa. As expected , increasing  in s ig h t 
in to  th e  su b tilitie s  of th e  underly ing  b iochem ical defect has helped to  s u b 
div ide these  d iso rders in to  genetically  d is tin c t varie ties.

M ost ren a l tu b u lo p a th ie s  causing sy m p to m s a t  all in terfere  to  some degree 
w ith  no rm al g ro w th  during childhood. As a ru le , ren a l v astag é  or p a tho log ica l 
re te n tio n  o f ino rgan ic  com pounds in v a ria b ly  leads to  s tu n te d  g row th  as can  be 
seen in  th e  T ab le  1 while loss of organic com pounds like glucose or d ibasic  
am inoacids is u su a lly  com patib le  w ith  n o rm al g ro w th  or lead  only  qu ite  in d i
re c tly  to  g row th  im p airm en t.

O ne o f th e  b e s t ind ica to rs  of effectiveness o f tre a tm e n t is re s titu tio n  o f 
n o rm al g row th  or ach ievem en t of ca tch -u p  g row th . For exam ple, in  ren a l 
tu b u la r  acidosis alkali t re a tm e n t p ro p erly  a d ju s te d  to  th e  p a tie n t’s needs
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Table 1

Primary disorders of single tubular functions

N am e o f  d iso rd e r
C om pound(s)

in v o lv e d S tu n te d  g ro w th T re a tm e n t

1. Bartter syndrome K+ + + + + +
2. Disabled K+-excretion K+ + + +
3. Idiopathic hypercalciuria Ca + + + + +
4. Idiopathic hypermagnesiuria
5. Familial hypophosphatoemic

Mg + + + + 9

rickets
6. Renal tubular acidosis

P 0 4 + + +

Type I(distal) H + + + + +
Type Il(proximal) HCO," + + + +
Dista RTA+VIII. nerve H + + + 9

7. Renal diabetes insipidus H ,0 + + +
8. Familial azotaemia urea — not necessary
9. Hypouricaemia uric acid — (?) not necessary

10. Renal glucosuria, Types A, B glucose — not necessary
11. Hyperglycinuria GLY (+ )  ?
12. Iminoglycinuria, Types I—IV GLY, PRO, HYPRO — not necessary
13. Cystinuria, Types I — III CYS, LYS, ARG, ORN — + +
14. Hypercystinuria
15. Dibasic hyperaminoaciduria

CYS — + +

Type I, protein intolerance LYS, ARG, ORN “[““I- +
Type II LYS, ARG, ORN (?) 9

16. Hyperlysinuria LYS (+ ) 9

17. Hartnup disease, Types I, II neutral amino acids (+ ) + +

re su lts  n o t on ly  in  co rrection  o f acidosis a n d  con co m itan t h y p erca lc iu ria  b u t  
also induces accelera tion  in  delayed  g row th .

S everely  im p aired  g row th  m ay  be caused  b y  a v e ry  long lis t o f  d iso rders, 
m an y  o f w hich are  qu ite  obvious, on ly  a sm all p ro p o rtio n  of ch ild ren  w ith  
g ro w th  problem s h av e  p rim a ry  tu b u lo p a th y ; still, i t  is im p era tiv e  to  look  
a fte r  th is  group o f  d isorders in  every  case o f  s tu n te d  g row th  since ea rly  in tro 
d u c tio n  o f tre a tm e n t m ay  lead  to  com plete  correction  o f sym ptom s.
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Szombathely 
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PHYSICAL FITNESS IN OBESE, NON OBESE, 
AND SPECIALLY TRAINED BOYS

by M. P en a , J .  Blanco and  P. P adrón

Higher Institute of Medical Sciences of Havana, Havana, Cuba; 
Institute of Sport Medicine, Havana, Cuba

Abstract: Body composition, PWC170, and oxygen uptake were assessed in a 
selected sample of 60 boys distributed in three homogeneous groups regarding 
age and sexual development: (a) obese (body fat percent over 25), (b) controls, 
and (c) specially trained boys attending to a swimming training program for at 
least 2,5 years. The aerobic capacity of the obese was significantly reduced. The 
swimmers, on the other hand, exhibited the best indices of fitness, as it might be 
expected due to the influence of systematic training on the development of posi
tive conditioning factors. These differences, however, must not be related to an 
alteration of the work efficiency but to an extra work due to the permanent 
“overload” that constitute their excess of body fat, results that are in concur
rence with previous reports in adults.

Key words: physical fitness, obesity, swimmers.

Introduction

In  th e  so called developed countries a n d  in  those  w hich are  in  a n  ac tu a l 
process o f  d eve lopm en t a dangerous te n d e n c y  to  seden ta rism , o v erco n su m p 
tio n  of sugar, s a tu ra te d  fa ts , a low f ib e r  co n ten t in  th e  d ie t, am ong  o th e r 
fac to rs , c o n tr ib u te  to  the  d e te rio ra tio n  o f  h ea lth .

T here  is an  increasing  in te re s t in  th e  p re v e n tiv e  role concerning cond itions 
w hich  m a y  cause m o rb id ity  in  ad u lth o o d , and  in  w hich n u tr itio n a l fac to rs  
an d  p h ysica l a c tiv ity  p lay  an  im p o rta n t ro le  (B oulton  1981). O besity , indeed , 
is  one o f th e m . T h is  m u ltifac to ria l sy n d ro m e  reg ard in g  its  e tio logy , c o n s titu te s  
a m a jo r h e a lth  p rob lem  a t  th e  presen t.

Obese su b jec ts  h a v e  been ch a rac te rized  as poor perform ers w ith  a red u ced  
econom y o f w ork, an d  a re la tiv e  lower aerob ic  cap ac ity  (B a la ba n sk y  1979, 
P arízková  1977). I t  has also been sugg ested  th a t  th e ir  w ork effic iency  is 
reduced  (A pfe l b a u m  et al. 1971). O therw ise m an y  au th o rs  have s tu d ie d  th e  
effect o f sy stem atic  physical tra in in g  and  h a v e  d em o n stra ted  s ign ifican t im p ro v e 
m en ts  o f  m ost o f  th e  fu n c tio n a l indices o f  th e  card iovascu lar an d  re sp ira to ry  
sy stem s, when com paring  w ith  u n tra in e d  in d iv idua ls (P arízková  1977, 
Oe l sc h lä g el  1976, P ena  e t  al. 1980). D ie t r ic h  e t al. (1974) p o in te d  o u t 
th a t  physica l a c tiv ity  is beneficial in th e  period  o f g row th  sp u rt, a lth o u g h  an  
in fluence  on  th e  g ro w th  sp o rt its e lf  has n o t  been  y e t  d em o n stra ted  (Spr in a r o v a  
1973). K och (1978) observed  a positive effect o f tra in in g  on local m uscle 
b lood  flow . H olloszy  (1967) a n d  K ie s s l in g  e t al. (1971) rep o rted  an  increase 
in  th e  n u m b e r an d  size of m ito ch o n d ria  o f  th e  skele ta l m uscle w ith  exercise. 
In  a recen t s tu d y  P lacheta  (1980) concluded  th a t  in  a g roup  of ch ild ren  w ith

59



a con tro lled  p h ysica l tra in in g  du ring  th ree  y ea rs  th e ir  fitn ess  w ere d iffe ren t 
an d  exceeded th e  n a tu ra l  in crem en ts  o f  u n tra in e d  boys b y  te n  to  fo r ty  p e r 
cen t.

T he a im  o f o u r s tu d y  w as to  com pare th re e  d ifferen t g roups o f boys w ith  
sam e chronological age an d  sexual d eve lopm en t.

Material and Methods

A selected  sam p le  o f  s ix ty  boys from  10 to  14 years old h av e  been  s tu d ie d , 
to  each  o f th em  th e  b o d y  w eight (BW ) w as recorded . Skinfold th ick n ess  on th e  
r ig h t side of th e  b o d y  w as m easured  over tr ic e p s , biceps, su b scap u la r, su p ra i-  
liac, a n d  ca lf w ith  a H o lta in  caliper w ith  a s ta n d a rd  p ressu re  of 10 g /m m 2 
accord ing  to  th e  m ethodo logy  recom m ended  b y  th e  In te rn a tio n a l B iological 
P ro g ram  (W e in e r —L o u r ie  1969). B o d y  f a t  p e rc e n t w as e s tim a te d  b y  th e  
p red ic tio n  e q u a tio n  o f P arízková  a n d  R oth  (1972). T he su b jec ts  w ere d is t r ib 
u te d  in  th re e  hom ogeneous groups resp ec tin g  chronological age an d  se x u a l 
deve lopm en t acco rd ing  to  T a n n er  (1962) as follow s:

Control g ro u p : T w e n ty  h e a lth y  boys w hose b o d y  fa t  pe rcen t w as b e tw een  
14 a n d  20.

Obese: T w en ty  b o y s , o therw ise h e a lth y , w hose b o d y  fa t  p e rcen t w as over 26.
Specially-tra ined g ro u p : T w en ty  sw im m ers w ho have a sy s tem a tic  t ra in in g  

for a t  le a s t 2.5 y e a rs  w hose b o d y  fa t  p e rcen t w as in  th e  sam e range  as th e  fa t  
p e rc e n t o f th e  co n tro ls .
F u n c tio n a l te s t :  T he su b jec ts  rep o rted  one h o u r  earlier to  th e ir  te s t  in o rd e r 
to  observe th e ir  co m p an io n  being  te s te d , en ab lin g  th em  to  know  th e  gen era l 
d e ta ils  o f th e  p ro ced u re . All of th e m  es tab lish ed  friend ly  com petitio n  a n d  
en h an ced  th e  like lihood  o f a tta in in g  m ax im u m  effort.

T he exercise p ro to co l consisted  o f th re e  lo ad in g  periods u n til  a s te a d y  s ta te  
is reach ed , w ith  one m in u te  o f re s t  be tw een  th e m . A fter th e  th ird  period  a n d  
tw o m in u tes  o f re s t  th e  lo ad  w as increased  15 w a tts  u n til th e  m ax im al e ffo rt 
w as ach ieved . T he load  w as re la ted  to  b o d y  w eigh t and  th e  su b jec ts  s ta r te d  
w ith  1 w a t t  p er kg  o f B W , each successive p e rio d  i t  w as increased  an d  b a se d  
on th e  h e a r t r a te  reach ed  in  th e  preceding  one (K em pe r  e t al. 1978). A M ijn - 
h a rd t  e lectron ic  b icycle  ergom eter w as used  w ith  parabo lic  an d  h y p erb o lic  
system s, hence th e  v a ria tio n s  o f pedalling  freq u en cy  did  n o t affect th e  p ow er 
o u tp u t. The su b jec ts  w ere coupled to  a co m p u terized  M ijn h ard t E rg o -an a ly zer 
w hich reg istered  ev ery  m in u te  th e  oxygen  u p ta k e  (V 0 2), th e  ra tio  V C 02/V 0 2 

re sp ira to ry  q u o tie n t — h e a rt r a te  (fh), a n d  th e  oxygen  pulse (V 0 2/fh ) , 
all th e se  v ariab les w ere recorded  u n til th e  su b jec t app ra ised  th e  m ax im u m  
effort.

T he P hysica l W ork ing  C apacity  (PW C) w as ca lcu la ted  b y  a regression lin e  
o b ta in ed  th ro u g h  a co rre la tio n  betw een  h e a r t  r a te  an d  th e  w a tts  o f each w ork  
load. T he PW C th a t  could p roduce a h e a r t  freq u en cy  of 170 was reco rded  as 
PW C170 o f th e  in d iv id u a l.

A one-w ay analy sis  o f varian ce  (ANOYA) w as perfo rm ed  to  assess th e  d if
ferences am ong th e  th ree  groups w ith  re sp ec t to  each  of th e  variab les s tu d ie d . 
W hen th e  d ifferences w ere found  to  be sig n ifican t pairw ise com parisons w ere 
done using  th e  S tu d e n t’s t te s t. R egression line an d  co rre la tion  coeffic ien t 
betw een  log PW C  as d ep en d en t va riab le  an d  th e  p ercen t o f body  fa t  (% B F ) 
as in d ep en d en t v a ria b le  w ere also de te rm in ed  (D a n ie l  1974).
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Results

T he bo d y  w eight an d  th e  % B F  for th e  th re e  g roups are  sum m arized  in 
T ab le  1. ANOYA yielded h igh ly  s ign ifican t F  values (p <  0.001). O bviously, 
by de fin itio n , th e  obese ex h ib ited  th e  h ig h est figures o f BW  an d  % B F . The 
tra in e d  boys a lth o u g h  sligh tly  heav ie r th a n  th e  contro ls h ad  less % B F  due 
to  th e  know n  influence o f sy s tem a tic  tra in in g  u p o n  body  com position  ( P a r i z - 
k o v á  1977, P e n a  e t al. 1980).

F igu re  1 shows th e  m eans a n d  s ta n d a rd  dev ia tions of th e  PW C 170 and  
F ig u re  2 th e  PW C 170 re la ted  to  B W  and  to  le an  body  m ass o f th e  th re e  groups. 
T he sw im m ers, as i t  could be expected , ach ieved  th e  h ighest v a lu es; on th e

G roup B o d y  w eigh t (kg) B o d y  fa t  (% )

Controls 41.6± 9.4 18.0±2.6
Obese 55.4±14.6 29.2±1.9
Swimmers 46.5 ±  8.7 16.5 ±2.5

F 128.31 173.11
Probability 0.001 0.001

Fig. 1. PWC170 of obese, non-obese, and specially trained adolescents
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Fig. 2. Relative values of PWCl70 of obese, non-obese, and specially trained adolescents

o th e r h an d , no d ifferences w ere seen betw een  th e  obese an d  th e  non  tra in e d  
boys regard ing  PW C 170, b u t  w hen com paring  th e ir  re la tiv e  values th e  obese 
y ie lded  low er re su lts .

I t  m ay  be observed  in  F igure 3 th e  V 0 2max an d  in  F igure  4 its  re la tiv e  
values. T he con tro ls , — w ith  sim ilar figures re p o rte d  b y  S u z u k i  e t al. (1978) 
an d  th e  obese ra ised  to  p rac tica lly  sim ilar va lues o f V 0 2 max; how ever, re sp e c t
ing  th e  re la tiv e  ones th e  obese revealed  th e  poo rest re su lts . E v id e n tly , since 
th e  sw im m ers w ere able to  perfo rm  m ore w ork, th e y  go t th e  h ighest V 0 2 max, 
va lues com parab le  to  th o se  o b ta in ed  earlier in  a sim ilar sam ple (S p r u x a r o v a  
e t al. 1978).

A corre la tion  s tu d y  betw een  % B F  an d  th e  lo g a rith m  o f PW C170/B W  ap p ears  
in  F igu re  5 show ing th a t  th e  h igher th e  % B F  is, th e  low er th e  fu n c tio n a l 
cap ac ity  confirm ing  once m ore th e  d isad v an tag es o f o verfa tness in  p e rfo r
m ances.

A n a tte m p t w as done to  know  how  m uch oxygen  th e  boys consum ed p er 
kg-m  o f w ork p erfo rm ed  d u rin g  a su b m ax im al w ork lo ad  in  w hich th e  e s tab lish 
m en t o f a s te a d y -s ta te  w as g u a ran teed  in  order to  o b ta in  an  accu ra te  m easu re 
m en t, as recom m ended  b y  M a r g a r i a  e t al. (1965). T he obese consum ed m ore 
oxygen  per u n it  o f w ork done th a n  th e  non  obese g roups did (F igure 6) an d  
th is  w as also seen in  th e  sam e p ro p o rtio n  in  each  o f  th e  su b m ax im al w ork  
loads, re su lt th a t  agrees w ith  previous find ings ( W h i p p  e t al. 1975a, B r a y  
1977) w hich h av e  been ex p la ined  b y  th e  increased  w ork  o f m oving  th e  g re a te r
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Fig. 3. Maximal oxygen consumption of obese, non-obese, and specially trained adolescents

Fig. 4. Relative values of maximal oxygen consumption of obese, non-obese, and specially
trained adolescents



Fig. 5. Correlation between log (PWC/kg) and percent of body fat

Fig. 6. Oxygen consumption per kilogrameter of work performed and oxygen pulse of obese, 
non-obese, and specially trained adolescents
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leg m ass during  a bicycle te s t .  M oreover, sw im m ers an d  contro ls d id  n o t differ 
in  th e ir  resu lts , th u s , confirm ing  th a t  tra in in g  itse lf  does n o t m odify  th e  w ork 
effic iency  (Ás t r a n d — R od a h l  1970). Also in  th is  F igure th e  oxygen  pulse 
o f each  group m a y  be seen, th e  h ighest v a lues w ere o b ta in ed  b y  th e  sw im m ers, 
w hile no differences ex isted  betw een  th e  obese an d  th e  contro ls.

Discussion

O bese sub jec ts  are h an d icap p ed  w h en  perform ing  a given p h ysica l w ork  
w ith  re sp ec t to  le an  ones, th is  fac t c o n tr ib u te s  to  th e ir  “ laz iness”  an d  ag g ra 
v a te s  th e  well know n cycle: overfa tn ess-sed en ta rism  (P e n a — P en a  1977).

P W C 170 an d  V 0 2max re la tiv e  values, considered  as reliab le p a ra m e te rs  for 
m easu ring  aerobic capacity , were s ig n ifican tly  reduced  as it  has been  rep o rted  
b y  m a n y  au th o rs  (P arízková  1977, N o r g a n —F e r r o -L tjzzi 1978, P en a  e t al. 
1980). M oreover, a lthough  physica l f itn e ss  is a biological fea tu re  dynam ica lly  
in flu en ced  by  th e  com bined ac tion  o f  severa l fac to rs involved  — body  com 
position  am ong th e m  — th e  excess o f  bo d y  fa t  exerts  a n eg a tiv e  in fluence  
(F igu re  5) co n tr ib u tin g  to  a c o n s tan t increase  in  th e  energy cost o f ex te rn a l 
w ork. U sually  th is  energy co st of p h y sica l a c tiv ity  is expressed  in  to ta l  values 
ra th e r  th a n  n e t ones (Mil l e r  1978), th e re fo re , in  th is  angle, w ork  is a m ore 
expensive  ta sk  fo r them  th a n  for th e  leans w hen we re la ted  to  th e  kg-m  of 
w ork  perfo rm ed  during, a s te a d y  s ta te . In  stud ies carried  o u t v e ry  carefu lly  
in  a d u lts  b y  severa l investig a to rs  (W h ip p  e t al. 1975b, B ray  e t al. 1977, 
D e m p s e y  et al. 1966) th e  ra te  of o x y g en  u p ta k e  was n o t rea lly  increased , 
an d  w ork  efficiency was n o t rea lly  red u ced . O ur find ings are in  ag reem en t w ith  
th ese  considera tions. O ther m echan ism  b y  w hich fa t  could lim it th e  c o n tin 
u a tio n  o f exercise is in te rfe rin g  even m ore  th e  r a te  o f h e a t tra n s fe r  from  th e  
bo d y  core to  th e  sk in  (N a d e l  1980) in d u c in g  a g rea te r anaerobiosis.

T he sw im m ers w ho were a tte n d in g  to  11 sessions p er w eek o f tra in in g  d u rin g  
— a t  le a s t — a perio d  of 2.5 years, w ere ab le to  p erfo rm  m ore w ork  an d  th e y  
developed  skills o f  positive cond ition ing  fac to rs. E n h an ced  fitn ess , an d  resis
ta n c e  as i t  is observed  in  th e  h igher oxy g en  pu lse , — b u t again  —, no d if
ferences in  th e  efficiency o f  w ork  can b e  s ta te d .

R ely ing  upon  all these an d  th e  te n d e n c y  to  a grow ing lack  o f exercise in 
flu en ced  b y  “ c iv iliza tion”  (E ib e n  1977) i t  is ex trem ely  necessary  to  p ro m o te  
p h y sica l a c tiv ity  from  early  childhood assoc ia ted  w ith  a d e q u a te  n u tr i t io n a l 
h a b its . These fac ts  are of g re a t im p o rtan ce  an d  could  have  a beneficial im p a c t 
up o n  h u m a n  h ea lth .
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NORMAL VALUES FOR PALPEBRAL FISSURE  
LENGTH, PHILTRAL LENGTH, ORAL 

INTERCOMMISSURAL DISTANCE, AND STERNAL 
LENGTH IN NEWBORN INFANTS

by K . Méh es

Department of Pediatrics, County Hospital, Győr, Hungary

Abstract: Palpebral fissure length was measured in 475 neonates, philtral 
length, oral intercommissural distance and length of the sternum were determined 
in 252 newborn infants. Mean ±  2SD values according to gestational age and 
birth weight are provided in tables and charts. The data promote objectivation of 
these variants in the newborn infant with special reference to prematurity and 
intrauterine growth retardation. Since abnormalities of these measures are char
acteristic of several syndromes, comparison with normal values may facilitate 
syndrome delineation.

Key words: palpebral fissure length, philtral length, oral intercommissural 
distance, sternal length, normal values, newborn infants, anthropometry.

T he resu lts  h av e  been pub lished  in  de ta ils  in  th e  follow ing artic les:
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SOMATOTYPE OF ADULT DOWN’S PATIENTS

b y  J .  B u d a y  an d  O. G. E ib e n

Training College for Teachers of Handicapped Children, Budapest, Hungary; 
Department of Anthropology, Eötvös Loránd University, Budapest, Hungary

Abstracl: The authors analysed the variation in physique of 137 adult Down’s 
patients (89 men and 48 women; aged between 17 and 55 years) living in social 
occupational institutions in Hungary. A detailed anthropometric programme was 
carried out. Heath—Carter’s anthropometric somatotyping methods were 
used.

In somatotypes of the Down’s patients values of endomorphy and mesomorphy 
are generally high. These values in men increase with age; in female patients this 
tendency is not so considerable. Values of ectomorphy are very low, and they 
decrease in older patients in both sexes. The means of somatotype components 
in male patients are 5.86—5.90—1.05, they are mostly mesomorph-endomorph 
and meso-endomorphic. Those in female patients are 7.14—6.27—0.69, most of 
them are endomesomorphic. Distribution of male somatotypes is more dispersed 
(SDI =  3.98) than in female patients (SDI =  3.67).

The authors describe the typically corpusculent, stocky, fatty Down's phy
sique.

Key words: physique, somatotype, adult Down’s patients, Down’s physique.

L o n g itu d in a l stud ies carried  o u t on ch ildren  suffered  from  D ow n syndrom e 
h av e  po in ted  o u t th a t  a su rp lus in  chrom osom e 21 resu lts  in  a d ev ia ted  b o d y  
developm ent com pared  to  th a t  o f no rm al ch ild ren  (e.g. W e r n e r  e t al. 1939, 
T h e l a n d e r  a n d  P r i o r  1966, R a r i c k  an d  S e e f e l d t  1974, I k e d a  e t al. 1977). 
I t  is to  be re g re tte d  th a t  g ro w th  stud ies like these  u su a lly  deal on ly  w ith  a few 
b o d y  m easu rem en ts. O n th e  o th e r h an d , how ever, i t  is w o rth  m en tion ing  th a t  
ce rta in  ch a rac teris tic s  o f  th e  physique  o f a d u lt p a tie n ts  can  be found  also in 
D ow n’s p a tie n ts  of a n y  age.

This p ap e r deals w ith  th e  physica l ch arac teris tics  o f a d u lt D ow n’s p a tie n ts , 
a n d  p resen ts th e ir  so m ato ty p e .

Material and Methods

137 p a tie n ts  w ith  D ow n syndrom e w ere in v e s tig a te d : 89 m en an d  48 w om en, 
th e ir  age v a ried  b e tw een  17 an d  55 years. T hey  live a t  d iffe ren t social occu
p a tio n a l in s ti tu tio n s  in  d iffe ren t p a r ts  o f H u n g a ry . T he m a jo rity  o f th e m  
h av e  s tu d ied  a t  th e  ty p e  o f schools su itab le  to  th e ir  in te lligence  level, an d  a t  
p resen t th e y  reg u la rly  w ork  in  th e ir  in s titu tio n s . A ccording to  th e ir  age our 
p a tie n ts  w ere so rted  in to  th re e  g roups: (I) adolescen ts (17—24 yea r), (II)  young
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ad u lts  (24.1 — 40 y ear), an d  ( I I I )  persons o f m a tu re  years  (40.1 — 55 y e a r  
in  m en and  40.1 45 y ea r in  w om en).

A de ta iled  a n th ro p o m e tric  p rog ram m e (M a r t i n  — S a l l e r  1957, T a n n e r  
e t al. 1969) was carried  o u t. Besides th e  usual p a ra m e te rs  o f 23 selected  body  
m easu rem en ts also som e indices as well as p ro p o rtio n a lity  ch a rac te ris tic s  
(R o ss  and  W i l s o n  1974, E i b e n  e t al. 1976) w ere ca lcu la ted  (w ith  a R —40 
com puter).

T he H eath—Carter's an th ro p o m e tric  m ethods were used  to  determ ine  
so m ato types (C a r t e r  1975). D is trib u tio n  o f so m ato ty p es  o f th e  p a tie n ts  was 
e s tim a ted  by  S o m ato ty p e  D ispersion  In d e x  (S D I, R o ss  a n d  W i l s o n  1973).

Besides p ic tu res necessary  to  s ta n d a rd  so m ato ty p e  pho to s  w ere ta k e n  also 
of th e  m ore freq u en t develo p m en ta l disorders. I t  shou ld  be  m en tioned  th a t  
in v es tig a tio n  o f m en ta l re ta rd e d , especially  D ow n’s p a tie n ts  is m ore d ifficu lt 
th a n  th a t  o f no rm al sub jec ts .

Results and Discussion

G row th  stud ies o f D ow n’s ch ild ren  em phasize th a t  several b o d y  m easu re
m ents o f  th em  are  considerab ly  sm aller com pared  n o t o n ly  to  averages of 
no rm al children  o f  th e  sam e age, b u t  also o f m en ta lly  re ta rd e d  ch ildren  
w ith o u t Down syndrom e. O ur investig a tio n s show  sim ilar experiences also in  
ad u lts . T ab le  1 show s selected  body  m easu rem en ts an d  indices o f th e  exam ined  
p a tien ts . C om paring th em  to  th e  18 year-o ld  y oung  B u d ap est ad u lts  ( E i b e n

Table 1

Selected body measurements and indices of adult Down’s patients

B o d y  m easurem ents 
a n d i  ndices

M a l e F e m a l e

X SD z X SD Z

Stature (cm) 154.3 6.75 142.3 5.00
Sitting height( cm) 83.7 3.75 +0.23 76.6 3.90 +0.18
Chest circumference (cm) 89.7 7.79 +2.14 87.5 9.11 +  3.23
Abdomen circumference (cm) 89.8 12.30 +2.86 95.3 16.36 +5.02
Biacromial width (cm) 36.3 2.20 +  1.04 33.4 1.68 +  1.00
Bi-iliocristal width (cm) 27.6 2.05 +0.88 28.1 2.22 +2.74
Weight (kg) 60.6 11.05 +  1.81 57.2 12.64 +3.73
Rel. sitting height (%) 53.98 53.88
Density* 1.013 1.009
Per cent fat** 38.55 40.39
Body fat (kg) 23.17 22.97
Lean body mass (kg) 37.40 34.18

* D u r n in —R ahaman (1967) 
** Siri (1956)

e t al. 1971), th e  u n d er-d ev e lo p m en t in  h e ig h t an d  s ittin g  h e ig h t w as found  
to  be —5 SD an d  —3 SD , respective ly . S ta tu re  (and  s ittin g  heigh t) o f D ow n’s 
p a tie n ts  is also s ign ifican tly  sm aller th a n  th e  m ean in  H u n g ary . T his ty p e  of 
differences in  D ow n’s p a tie n ts  is w ell-know n also in  childhood ( 0 ster  1953,
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D u t t o n  1959), a n d  i t  is  s p e c i a l l y  e x p r e s s e d  in  t h e  f i r s t  d e c a d e  o f  li fe  ( R a r i c k  
a n d  S e e f e l d t  1974).

G row th  in  heigh t in  D ow n’s p a tie n ts  is less quick  th a n  th a t  o f n o rm al y o u th  
( R o c h e  1965). This k in d  of a n  underdeveloped  s ta tu re  exp la ins w h y  th e  
m a jo rity  o f  th e  b o d y  m easu rem en ts  are  p ro p o rtio n a lly  g rea t (F igures 1 
a n d  2). T he only excep tion  is th e  len g th  m easurem ents. T hus, th e  z-values of 
th e  u p p e r ex trem itie s  a re  n eg a tiv e , an d  tho se  of th e  low er ex trem itie s  p ra c ti
ca lly  equal to  0, i.e. th e  ex trem itie s  o f ou r D ow n’s p a tie n ts  are  p ro p o rtio n a lly  
sm all. T his find ing  m eets w ith  s ta te m e n t of I k e d a  e t al. (1977), who also 
p o in ted  o u t th a t  le n g th  of th e  ex trem itie s  are sm aller th a n  th a t  o f no rm al 
su b jec ts , a n d  th is difference increases w ith  age. In  G r i g o r j e v a ’s (1973) 
opinion an  expressed  decrease w ith  age only in  len g th  m easu rem en ts can  be 
seen ; th e  o th e r  body dim ensions s ta y  closer to  th e  no rm al su b jec ts  — she said. 
T h e  sh o rt low er ex trem ities also  exp lain  th e  re la tiv e ly  sh o rt s ta tu re  (cf. 
T h e l a n d e r  an d  P r i o r  1966).

A lthough  no sign ifican t d ifferences w ere found in  b re a d th , g ir th  dim ensions 
an d  in  b o d y  w eight, th e se  m easu rem en ts , as well as th e  b ico n d y la r w id th s  an d  
skinfolds in  D ow n’s p a tie n ts  a re  p ro p o rtio n a lly  g rea t (F igures 1 a n d  2).

Fig. 1. Proportionality expressed by z-values of selected length, breadth and girth
measurements
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Fig. 2. Proportionality expressed by z-values of body measurements connected with Heath— 
Carter anthropometric somatotype method

B ody  d en sity  o f th e  D ow n’s p a tie n ts  is a p p a re n tly  low. B ased on th is  
to ta l  bo d y  fa t  a n d  lean  bo d y  m ass were ca lcu la ted . H igh  m eans of body  
fa t  are  considerable.

F igure  3 show s th e  d is tr ib u tio n  of m en w ith  D ow n syndrom e in th e  som a- 
to c h a r t . The exceedingly  low  values o f ec to m o rp h y  a re  cha rac teris tic . Meso- 
m o rp h y  and  en d o m o rp h y  a re  b a lan ced  com pared  to  each  o th e r while th e  fo rm er 
o ften  has sligh tly  h ig h er v a lues th a n  th e  la t te r  one. These com ponen ts fre 
q u e n tly  have ex trem e  values over 7. A b o u t a h a lf  o f th e  ado lescen t m ale 
p a tie n ts  are  o u t o f th e  so m a to c h a rt, i.e. th e ir  va lues in  endo m o rp h y  an d  meso- 
m o rp h y  are  over 5 or 6. T he m a jo rity  of th e  young  ad id ts  is also o u t o f the  
so m a to c h a rt, an d  a ll th e  fo u r o lder p a tie n ts  are  also o u t o f it. T he m eans of 
th e  so m ato ty p e  o f  m ale  D ow n’s p a tie n ts  are  5 .86—5.9 0 — 1.05. T hey  are m ostly  
m esom orph-endom orph  an d  m eso-endom orphic .

Also in  w om en e c to m o rp h y  is exceed ing ly  low  (Fig. 4). E n d o m o rp h y  often  
show s s ligh tly  h ig h er va lues th a n  m eso m o rp h y  does. These tw o com ponents 
show  m ore ex trem e  values in  w om en th a n  in  m en. T his is also expressed  by  
th e  m eans o f th ese  tw o  com ponen ts w hich a re  h igher in  all th e  th ree  age groups. 
T he m eans o f so m a to ty p e  o f fem ale D ow n’s p a tie n ts  are  7 .14—6.27 — 6.69. 
T h ey  are  m o stly  m eso-endom orphic.
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Fig. 3. Somatotype of male Down’s patients. I: Adolescent age group, II: Young adults,
III: Mature persons

Fig. 4. Somatotype of female Down’s patients. (I, II and III: as in Fig. 3)
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T here  is a sign ifican t difference in  d ispersion o f so m ato ty p es in  b o th  sexes. 
S o m ato ty p e  D ispersion  In d ex  (SD I) in  m ales has h igher v a lue  th a n  in  fem ales: 
3.98 an d  3.67, respective ly . T h e  phenom enon  th a t  th e  p h ysique  o f D ow n’s 
p a tie n ts  becom es m ore fa t ty  w ith  age, ap p ears  in  b o th  sexes, an d  has a con
sequence th a t  en d o m o rp h y  in  general increases, ec to m o rp h y  decreases in  
o lder ages.

Sum m ary

To sum m arize th is  b rie f ch a rac te riza tio n  o f our a d u lt D ow n’s p a tien ts , 
i t  has been found th a t  th e ir  s ta tu re  and  th e ir  ex trem itie s  are  sh o rt, th e ir  
b re a d th  and  g irth  m easu rem en ts , w eight, b ico n d y la r w id th s , su b c u ta n  fa t  
are p ro p o rtio n a lly  g rea t. A considerab le d y sp ro p o rtio n a lity  o f D ow n’s p a tie n ts  
is observed  also in  childhood, a n d  i t  persists during  th e ir  g row th  process, an d  
resu lts  th e  typ ica lly  corpusculent, stocky, and fa t ty  D ow n's physique  described 
in  th is  p ap e r (see also P la te  I  an d  II) . I ts  ch a rac teris tic s  becom e m ore expressed  
w ith  age, an d  i t  is m ore rem ark ab le  in  fem ale p a tie n ts  th a n  in  m ale ones.
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Plate 11. Picture of a 32 yeai-old female Down’s patient. Her somatotype is 10. 5-11. 0 — 0.5,
extremely meso-endomorphic
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Plate J. Picture of a 28 year-old male Down’s patient, llis somatotype is 9.5 — 7.5 —0.5, extremely
meso-endomorphic
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TESTICULAR VOLUME OF DOWN’S PATIENTS

by L. H orváth  a n d  J .  B u da y

Maternity Care Center, Budapest, Hungary; Training College for Teachers of Handicapped
Children, Budapest, Hungary

Abstract: 24 index patients were examined by means of Sz o n d i’s testometer 
and phantom. The mean value of bilateral testicular sum was 13.5 ml. (SD =  
=  ±5.3). No significant correlation was found with age (x =  24.9; SD =  ±  5.2), 
body height (x =  ±  156 cm; SD =  ±  5.4) and body weight (x =  ±  56.9 kg; 
SD =  ±  8.3).

The data mentioned mean that the Down male patients are characterized by a 
significant testicular hypotrophy which is realized in their under-developed 
sexual life.

Key words: testicular volume, Down male patients.

F irs t o f  all we h av e  to  say  som e w ords ab o u t th e  ch arac teris tics  o f  th e  
D ow n syndrom e. L a n g d o n  D o w n  p h y sic ian  in  L ondon w as th e  f ir s t  who 
pu b lish ed  th e  fea tu res o f th is  illness in  1866. I t  w as so well ch a rac te rized  in  
th e  ab o v e  m en tio n ed  p ap e r th a t  we cou ld  n o t do b e tte r . I t  is a well know n 
fac t th a t  th e  so called “ m ongolism ”  is n o t  su itab le  for th e  diagnosis, th e re fo re  
we use — as in  general — th e  nam e o f “ D ow n-syndrom e” .

T he D ow n syndrom e as a w orldover w ell know n chrom osom al m u ta tio n  is 
ch a rac te rized  by  a genetic  m a te ria l su rp lu s  concern ing  th e  2 1 th  chrom osom e. 
W h e th e r tr iso m y  or tran s lo ca tio n  is show ed b y  k a ry o ty p in g  th e  clinical signs 
are  ju s t  th e  sam e.

T he follow ing o b lig a to ry  Sym ptom e are  to  be m en tioned : m ongolid eyelids, 
m icrocephaly , o ligophreny , m esenchym osis, m uscu la r h y p o to n y , ec toderm al 
d isorders (d erm ato g ly p h ic  featu res).

O ur know ledge ab o u t th e  sexual o rg an s an d  th e  sexual life o f th e  D ow n 
p a tie n ts  is v e ry  lim ited . W hereas th e  d e ta ils  ab o u t th e  fe rtility  of D ow n fem ales 
are  w ell-know n, no d a ta  concerning th e  fa th e rh o o d  o f D ow n m ales h av e  been 
pub lished . O nly a few  pub lica tions dea l w ith  th e  fe rtility  o f a d u lt m ales 
suffering from  D ow n syndrom e ( R u n d l e  e t  al. 1959, St e a r n s  e t al. 1960, 
H o r v á t h  1978).

A ltho u g h  th e  scientific  a t t i tu d e  in  th is  reg a rd  is u n ce rta in  — in genera l th e  
specialists a re  convinced th a t  th e  D ow n m ales a re  infertile .

25 a d u lt  D ow n m ales w ere exam ined . M ean age w as 24.9 years (m in .: 18, 
m ax .: 35 y .). T he te s ticu la r volum e was e s tim a ted  b y  m eans o f  S z o n d i ’s te s to m 
ete r a n d  p h an to m . T he m ean  v a lu e  o f b ila te ra l sum m arized  te s tic u la r  
vo lum e w as 13.5 m l (SD =  5.3). C om paring  th is  v a lue  w ith  th e  sum m arised
b ila te ra l te s tic u la r  vo lum e o f fertile  n o n  D ow n m en, w hich is 31.91 m l (SD  =  
=  ^ 9 .8 9 ) ,  we can observe a high sign ifican t difference. On th e  o th e r  h an d ,
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Somatic data of Down patients

Table 1

No. Name Age
(years)

Height
(cm)

Weight
(kg)

Testis
volumen

ml
Sperm

volumen M/ml IF*

l. B.J. 24 158.6 50.4 20
2. G.K. 28 158.9 58.0 20 — — —
3. H.G. 20 158.0 58.5 10 0.5 l 0.5
4. H.l. 21 159.2 56.6 — — — —
5. H.J. 31 169.0 75.0 24 0.5 80 20
6. K.A. 20 158.0 56.0 18 1.0 5 2.0
7. K.K. 26 155.0 53.0 12 0.5 25 8.7
8. L.L. 31 157.2 62.0 10 — — —

9. L.L. 18 150.6 50.5 25 — — —
10. M.J. 18 155.8 52.1 10 — — —
11. N.A. 19 151.0 58.0 8 — — —

12. N.J. 21 154.5 50.6 20 — — —
13. N.Z. 24 141.0 54.5 16 0.5 10 3
14. P.I. 25 161.3 48.0 16 — — —
15. P.L. 27 154.0 42.0 10 — — —
16. P.O. 35 148.0 75.0 10 0.3 0.001 0
17. S.F. 30 155.0 54.0 20 0.2 40 5.6
18. S.G. 19 152.0 47.0 10 0.5 1 0.02
19. S.L. 31 156.4 60.8 10 — — —
20. S.L. 35 149.0 53.0 20 — — —
21. Sz.Gy. 31 156.3 57.5 10 — — —
22. T.L. 23 158.0 55.5 14 — —
23. V.A. 33 156.0 64.9 15 — — —
24. V.J. 23 164.3 69.9 20 — — —

X — 24.9 156.0 56.9 13.5 0.438 20.25 5.046

* I F  =  In d e x  o f  fe r t il i ty  (F a r r is )

no sign ifican t co rre la tion  was found  w ith  age (x  =  24.9; SD =  ± 5 .2 ) ,  b o d y  
h e ig h t (x  =  156 cm ; SD =  ± 5 .4 ) ,  an d  b o d y  w eight (x  =  56.9 kg ; SD =  
=  ± 8 .3 )  (Table 1).

T he d a ta  m en tio n ed  m ean  th a t  th e  D ow n m ale p a tie n ts  are ch a rac te rized  
b y  a sign ifican t te s tic u la r  h y p o tro p h y  w hich is realized  in  th e ir  u n d er-d ev e l
oped sexual life.

O nly 8 p a tie n ts  w ere ab le to  dep le te  sperm  (Table 2). The 5 -day  period  o f  
abstin en ce  was assured . The ch a rac teris tic s  o f  th e  in v estig a ted  sperm s w ere 
as follows:

1. H Y P O P O S Y . T he m ean  q u a n tity  o f th e  d ep le ted  sperm  was 0.5 m l 
(m in .: 0.3 m l, m ax .: 1.0 ml).

2. O L IG O Z O O S P E R M IA . T he m ean  cell d en sity  was 20 m illion/m l (m in .: 
0.001 m illion/m l, m ax .: 80 m illion/m l).

3. p H  m ean va lu e  =  8.32 ( !  ).
T he ch a rac teris tic s  o f th e  sexual b eh av io u r w ere (1) low lib ido , an d  (2) 

in h ib itio n  from  a n d /o r lack  o f m o tiv a tio n  for search ing  a sexual p a r tn e r .
In  v iew  o f th ese  ch a rac teris tic s  th e  p re sen t s tu d y  revealed  th a t  a d u lt D ow n 

m ales are p rac tica lly  in fertile .
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Table 2

Spermatologic data of Down patients

N o.
L iq u e 
fac tio n
(m in)

P H  +
M otion

S peed
M o tio n C h arac te r Q u a lita tiv e

% %
a fte r  6 0 ’

o f
p ropu lsion young n o rm . head n eck ta i l old

3. 10 8.1 100 3 - 4 0 0 Suitable _ 50 50 _ _ _
5. 20 8.1 50 3 - 4 10 1—2 Suitable _ 80 14 2 2 2

agglut. (H-H; 
T-T)

6. 10 7.8 50 1 - 2 0  0 Astheno-
spermia — 30 58 4 4 4

7. 10 8.1 70 'tf1ffO1<M1 20 1 - 2 Shaking 10% 
suitable 2 50 30 4 2 12

13. 10 8.7 60 1 - 2 - 3 60 1 - 2 Shaking
meandering 2 42 46 2 6 2

16. 10 8.1 0 — — Necro-
spermia — — — — — —

17. 10 8.7 70 3 - 4 50 1 - 2 Suitable 3 41 35 10 8 3
18. 10 9 40 1 - 2 40 1 - 2 Astheno-

spermia — 32 42 10 6 10
X 8,3

REFERENCES

H o r v á t h , L. (1978): Down férfiak spermatogramjai. — Anthrop. Közi. 22; 117.
R u n d l e ,  A. T.— D u t t o n , G. — G i b s o n ,  J. (1959): Testicular function in mongolism. — J. 

Ment. Defic Res. 3; 108.
S t e a r n s , D. E. —D r o u l a r d ,  K. E. — S a h h a r ,  F. H. (1960): Studies bearing on fertility of 

male and female mongoloids. — Am. J. Ment. Defic 65; 37.

Authors'1 addresses: D r . H o r v á t h  L á s z l ó  
Knézich utca 14.
Budapest 
H-1092, Hungary

D r . B u d a y  J ó z s e f  
Bethlen tér 2.
Budapest 
H-1071, Hungary

6 81





Anthrop. Közi. 26; 83—97. 1982.

ERUPTION OF PERMANENT TEETH AMONG 
PEOPLE OF GULBARGA, KARNATAKA

by Y. R ami R ed dy

Department of Physical Anthropology and Prehistoric Archaeology, Sri Venkateswara
University, Tirupati, India

Abstract: A cross-sectional dental study has conducted on 2,564 children 
(M: 1,366; F: 1,198) of different income levels of Gulbarga, Karnataka, South 
India revealed that most permanent teeth of either jaw in general like deciduous 
teeth erupted earlier in females than males. The first tooth emerged as early as 
4 years in children of either sex and all economic groups. Slightly over 50 per cent 
of the teeth erupted by the age of 10 years and majority of them by about 18—19 
years irrespective of sex and economic status. The eruption of the full complement 
of teeth including the third molars appears to have completed after 24 years of 
age. The mean number of teeth erupted at given ages and the sequence of their 
eruption in the author’s sample are more or less similar to those of other popula
tions studied earlier. In eruption ages, however, his sample is ahead of majority 
of the populations with respect to all maxillary teeth, some of mandible like in
cisors, canines and first molars and majority of the female teeth of either jaw.

Key words: Eruption of teeth, permanent teeth, Gulbarga/India.

In tro d u c tio n
•

In  a p rev ious a rtic le  th e  re su lts  o f th e  deciduous te e th  e ru p tio n  p a tte rn  
am ong th e  ch ild ren  o f G ulbarga, K a rn a ta k a  w ere p resen ted  ( R a m i  R e d d y  
1981). T he s tu d y  show ed delayed  e ru p tio n  o f  te e th  as in  a few  o th e r In d ia n  
p o pu la tions su rv ey ed  earlier a lth o u g h  th e  o rd e r o f  e ru p tio n  o f d ifferen t te e th , 
th e ir  e ru p tio n  ages, an d  th e  m ean  n u m b er o f  te e th  e ru p ted  a t  specified ages 
were found  to  be basica lly  sim ilar to  o th e r  p o p u la tio n s  of th is  co u n try  or 
ab ro ad . In  th e  sam e to w n , inv estig a tio n  w as co n d u cted  betw een  1971 an d  
1975 an d  d a ta  w ere g a th e red  on th e  e ru p tio n  p a t te rn  o f p e rm an en t d e n titio n  
also am ong th e  ch ild ren  o f d iffe ren t endogam ous groups w hich  form s th e  
su b jec t o f  th e  p re se n t p ap er.

As in  th e  case o f  deciduous te e th  e ru p tio n , m ost o f  th e  p rev ious stud ies on 
th e  p e rm a n e n t te e th  e ru p tio n , lo n g itu d in a l or cross-sectional, concerned  w ith  
th e  B ritish  ( J a m e s — P i t t  1912, A i n s w o r t h  1925, S t o n e s  e t al. 1951, C l e 
m e n t s — P i c k e t  1953, M i l l e r  e t al. 1965), a n d  A m erican  (C a t t e l l  1928, 
C o h e n  1928, K l e i n  e t al. 1938, S t e g g a r d a — H i l l  1942, H e l l m a n  1923, 
1943, F u l t o n — P r i c e  1954) ch ildren  an d  som e w ith  tho se  from  New Z ealand  
( L e s l i e  1951), a n d  China ( L a u  1971). I n  a d d itio n  to  these , s tud ies fo r th e  
assessm ent o f e ru p tio n  h av e  also been c o n d u c ted  am ong  th e  A m erican  N egroes 
(S t e g g a r d a — H i l l  1942, H e l l m a n  1923 ,1943, F u l t o n  1954, L e s l i e  1951, L a u  
1971, S u k  1919), A m erican  In d ian s  (S t e g g a r d a — H i l l  1942, H e l l m a n  192 3,
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1943, F u l t o n  1954, L e s l i e  1951, L a u  1971, S u k  1919, D a h l b e r g — M e n e g a z - 
B o c k  1958), A frican  B an tu s  (M c K a y  — M a r t i n  1952), G am bians ( B i l l e - 
w i c z — M c G r e g o r  1975), an d  A u stra lian  aborig ines ( B a r r e t t  1957, B a r r e t t  
e t al. 1964). D a ta  on th e  e ru p tio n  o f p e rm a n e n t te e th  am ong th e  In d ia n  p o p u 
lations are  aw fully  m issing excep ting  S h o u r i e ’s (1946) p ioneering  w ork 
conducted  on th e  S o u th ern  In d ia n  boys an d  girls, an d  on L ahore boys over 
four decades a f te r  th a t  of P o w e l l  in  B o m b ay . T he m ost recen t s tu d ies  on 
these  lines consist o f those  on th e  M agar an d  G urung  G urkhas o f D eh rad u n  
in  U .P . b y  A w a s t h i — K h a r e  (1978), on th e  C hand igarh  school ch ild ren  by  
K a u l  e t al. (1975), an d  on th e  K ulu is o f  H im acha l P rad esh  b y  B h a s i n  e t al. 
(1977).

In  th is  p a p e r i t  is p roposed  to  describe th e  developm ent o f p e rm a n e n t 
te e th  in  G u lb arg a  ch ild ren  an d  to  e v a lu a te  th e  re la tio n sh ip  b e tw een  th e  level 
o f d e n titio n  a tta in e d  a t  a g iven age in  e ith e r  sex an d  incom e s ta tu s  o f  th e  
children .

M ateria ls an d  M ethods

G ulbarga  to w n  in  th e  H y d e ra b a d -K a rn a ta k a  area  of K a rn a ta k a  s ta te  is 
a ta lu k  a n d  d is tr ic t h e a d q u a rte r  o f th e  sam e nam e, w ith  a p o p u la tio n  o f  145,630 
accord ing  to  1971 census. B rahm ins an d  L in g ay a ts  ch arac terise  th e  d o m in an t 
caste  g roups o f th e  to w n  besides th e  M uslim s an d  C hristians. O th er castes  w ith  
sm all p o p u la tio n  sizes in h ab itin g  th e  to w n  a re  B eddis, Y aisyas, K sh a tr iy a s , 
M ara th as , Ja in s , K u ru b as , H arijan s  e tc .

M ost o f th e  ch ild ren  for th e  s tu d y  cam e from  ran d o m ly  chosen n u rseries 
an d  p r im a ry  schools, h igh schools an d  colleges. T he re s t of th em  w ere d raw n 
from  a ran d o m  sam ple of houses. In  a n y  case, th e  selection o f ch ild ren  was 
m ade in  such  a w ay  th a t  th e  socio-econom ic c h a rac te r  of th e  to w n  w as m a in 
ta in ed . B ir th  d a tes  w ere reco rded  from  school/college records, w hich w ere la te r  
cross-checked  for correctness w ith  th o se  en te red  in  th e  horoscopes a n d  b i r th  
reg isters  m a in ta in e d  b y  th e  p a re n ts  o f  th e  ch ild ren  an d  th e  local m un ic ipal 
au th o ritie s . Cases w ith  d o u b tfu l b ir th  d a tes  were excluded  from  th e  s tu d y . 
The m a te ria ls  for th e  s tu d y  com prised  2,564 no rm al h e a lth y  boys (1,366) 
and  girls (1,198) aged  3 to  25 years a n d  above.

T he su rv ey  w as conducted  w ith  th e  help  o f an  experienced  d e n ta l surgeon 
a tta c h e d  to  th e  local M edical College an d  H osp ita l. In  all d e n ta l in spec tions 
a lte rn a te  p a irs  o f m o u th  m irro rs an d  a p robe  w ere em ployed. A ny to o th  th a t  
h ad  a t  le a s t p a r tly  p ierced th e  m uco p e rio s tiu m  w as considered as e ru p te d  and  
was m ark ed  as p resen t b y  th e  m e th o d  o f encircling  th e  concerned  n u m b ers  
o f th e  te e th  on a specially  developed  p ro fo rm a w hich was f ie ld -te s ted  an d  
s ta n d a rd ise d  fo r en te ring  th e  in fo rm a tio n  for each  sub jec t. T he e ru p tio n  
p a tte rn  has been s tu d ied  on th e  basis o f only  tho se  te e th  th a t  w ere p resen t 
a t  th e  tim e  o f ex am in a tio n . All cases w ith  h is to ry  of e x trac tio n  w ere d ropped  
from  th e  s tu d y . B ased  on th e  in fo rm a tio n  co llected  on th e  fam ily  incom e of 
each ch ild  exam ined  in  rupees per an n u m , th e  ch ild ren  have  been d iv id ed  in to  
th ree  econom ic g roups: U pper (w ith  a n  incom e o f Rs. 10,000 — a n d  above), 
M iddle (w ith  an  incom e o f Rs. 5,000 to  10,000) an d  Low er (w ith  an  incom e of 
R s. 5,000 an d  below ). T he resu lts  o f  te e th  e ru p tio n  have  been  s tu d ie d  acco rd 
ing to  th ese  groups to  assess th e  in fluence  o f th e  la t te r  on th e  fo rm er.
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A nalyses of th e  d a ta  w ere m ade b y  th e  IBM -370/155 co m p u te r. In  th e  t a b u 
la tio n s , th e  m ean  n u m b er o f  te e th  was ca lcu la ted  o u t o f  th e  to ta l  n u m b er o f 
ch ild ren  exam ined  b y  age, sex an d  econom ic s ta tu s . F ro m  th e  ta b u la tio n s  on 
th e  n u m b er an d  p er cen t ch ild ren  w ith  te e th  e ru p ted , th e  m edian  e ru p tio n  
age for each to o th  was ca lcu la ted  using th e  g raph ic  m e th o d . F u r th e r  th e  f irs t  
an d  th ird  q u artile s  were also ca lcu la ted  and  p resen ted  a long  w ith  th e  m ed ians. 
To te s t  th e  effects o f reg ion , side, sex  an d  econom ic s ta tu s , th e  analyses o f 
va rian ce  w ere m ade. T he cases h av e  been grouped  follow ing th e  ‘co m p le ted  
age’ m ode, i.e ., as age o f la s t  b ir th  days.

Teeth erupted at specified  ages

M eans w ith  s ta n d a rd  erro rs for th e  n u m b ers  of te e th  a t  vario u s ages b y  
sex an d  econom ic s ta tu s  a re  p o rtra y e d  in T ables 1 an d  2. T he tab le s  on th e  
p e rcen tag e  d is trib u tio n  o f ch ild ren  w ith  a specified n u m b er o f  te e th  a t  a specified 
age, w hich are n o t p resen ted  here , reveal th e  p re d o m in a n t occurrence o f an  
even n u m b er o f te e th  as in  th e  case o f  deciduous te e th . T h e  f irs t  to o th  e ru p te d  
in  e ith e r  sex a t  th e  earliest age o f four years. No te e th  w ere observed  in  ce rta in  
ch ild ren  till as la te  as seven years  w hile all th e  te e th  e ru p te d  in  ce rta in  o th ers  
b y  15 y ea rs  age.

A nalysis and  R esults

Table 1

Mean +S.E. (sample size) of teeth erupted in Gulbarga (India) 
children by age and sex

Age groups 
(com pleted  

years)
M ales F em ales M ales a n d  Fem ales

2 0 -2 4  
25 +

6
7
8 
9

10
11*

12*

13
14
15
16
17
18 
19

3
4
5

0.0+0.00 ( 65) 1 0.0+0.00 ( 65) 0.0 +  0.00 (130)
0 .3 + 0 .1 6 (9 5 ) j  0.2+0.08 ( 69) 0.3+0.17 (164)
1.6+0.26 (120) 1.7 +  0.35 ( 70) ! 1.6 +  0.48 (190)
2.7+0.38 ( 66) 3.8+0.46 ( 58) 1 3.2 +  0.59 (124)
6.4+0.63 ( 55) 7.2+0.47 ( 55) 6.8+0.79 (110)

10.5+0.69 ( 42) 10.6+0.56 ( 70) ! 10.5+0.89(112)
13.2+0.74 ( 55) 13.5 +  0.36 ( 99) 13.4 +  0.74 (154)
16.4+0.75 ( 67) 16.8 +  0.64 ( 82) 16.6 +  0.98 (149)
18.4+0.72 ( 60) 22.8 +  0.65 ( 65) ! 20.7 +  1.04 (125)
23.1+0.65 ( 57) 25.6+0.50 ( 68) 1 24.5+0.84 (125)
26.0 +  0.46 ( 58) 27.4-0.26 ( 48) I 26.6+0.54 (106)
26.9+0.35 ( 72) 27.9+0.10 ( 44) 27.3+0.46 (116)
27.9+0.15 ( 57) 27.9+0.11 ( 61) 27.9+0.18 (118)
28.0+0.11 ( 54) 27.9+0.14 ( 61) 28.0+0.18 (115)
28.7+0.20 ( 46) 28.3+0.15 ( 60) 28.5 +  0.25 (106)
29.3+0.21 ( 53) 28.9+0.22 ( 47) 29.1+0.31 (100)
29.8+0.22 ( 54) 29.4+0.25 ( 50) 29.6+0.36 (104)
30.3+0.11 (264) 29.9+0.19 (101) j  30.2+0.18 (365)
30.7+0.36 ( 26) 31.2+0.22 ( 25) 30.9+0.43 ( 51)

* Difference between sex is statistically significant (P <  0.05). 
Not significant elsewhere.
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Mean i S . E. (sample size) of teeth erupted in Gulbarga (India) children by age and economic
status

Table 2

Age
(completed

years)
U p p e r
income
group

Middle
income
group

L ow er
income
group

3 0.0+0.00 ( 21) 0.0+0.00 ( 70) 0 .0+0.00  (39)
4 0.1+0.09 ( 44) 0.4+0.23 ( 56) 0 .3+0.14  (64)
5 0.5+0.43 ( 11)* 1.3+0.26 (107) 2 .2+0.38 (72)*
6 4.5 +  0.87 ( 18) 2.8+0.52 ( 42) 3 .1+0.38 (64)
7 7.1+0.92 ( 27) 6.6 +  0.67 ( 43) 6 .8+0.51 (40)
8 11.3+0.88 ( 21) 10.9 +  1.04 ( 32) 10.2+0.51 (59)
9 12.4+0.82 ( 16) 13.5+0.66 ( 53) 13.5 +  0.47 (85)

10 17.7+1.31 ( 23) 16.7+0.80 ( 51) 16.2+0.70 (75)
11 20.9 +  1.05 ( 28) 19.4 +  0.89 ( 39) 21.4 +  0.79 (58)
12 26.1+0.45 ( 27)* 24.7+0.67 ( 49) 23.3+0.75(49)*
13 27.1+0.56 ( 22) 26.2+0.50 ( 50) 26.9+0.31 (34)
14 27.3+0.51 ( 28) 27.6+0.20 ( 34) 27.1+0.38 (54)
15 28.1 ± 0 .14  ( 31) 27.8+0.12 ( 47) 27.8+0.19(40)
16 28.0+0.07 ( 34) 28.0+0.14 ( 56) 27.8+0.24 (25)
17 28.5+0.20 ( 30) 28.1 ±0.14 ( 44) 29.0 +  0.28 (32)
18 29.2+0.26 ( 42) 28.9+0.21 ( 39) 29.0+0.36 (19)
19 29.7+0.27 ( 42) 29.7+0.28 ( 36) 29.4+0.32 (26)
2 0 -2 4 30.3+0.15 (143) 30.3+0.15(131) 30.0+0.19(91)
25 + 30.9+0.39 ( 17) 30.6+0.53 ( 11) 31.0+0.28 (23)

T ab le  1 shows th e  e ru p tio n  o f h igher m ean  n u m b ers  o f  te e th  in  fem ales th a n  
m ales a t  five  to  14 an d  2 5 +  y ea rs  o f age ending  in  an  equal n u m b e r a t  15 years, 
an d  th e  difference ran g in g  b e tw een  0.1 to o th  a t  five  a n d  e ig h t years an d  4.4 
te e th  a t  11 years. A t fou r a n d  16 — 24 years, th e  m ale m eans p recede th e  fem ale 
ones, th e  difference being  0.1 an d  0.4 te e th  respective ly . B etw een  five  an d  
13 y ea rs  age, th e  n u m b e r o f te e th  e ru p ted  increases ra p id ly  in  e ith er sex 
(M: 1 .7—4.7, F : 1.5 — 6.0) w hile from  14 years  a n d  above th e  increase is neglig
ible b u t  co nsisten t (M: 0.1 — 0.9, F : 0 —1.3). T he m ean  n u m b er o f te e th  in 
e ith e r sex  f lu c tu a te s  be tw een  25 an d  30 du ring  a long perio d  o f 12 — 24 years. 
The onset of e ru p tio n  th o u g h  occurred  a t  th e  sam e age (four years) in  e ith er 
sex, th e  tim e  o f th e ir  com ple tion  appears to  be earlier in  fem ales th a n  m ales.

T he d a ta  w hen  exam ined  b y  econom ic s ta tu s  as in  T ab le  2 reveals th e  p re v a 
lence o f  h igher m ean  n u m b e r o f  te e th  in  u p p e r incom e g roup  ch ild ren  th a n  in  
th o se  o f  o ther g roups a t  a ll ages b u t  4 —5 a n d  9 y ea rs ; th e  in te rg ro u p  difference 
being  0.2 to  1.7 te e th . H ow ever, th e  y ea rly  increase in  te e th  e ru p tio n  ra te  an d  
th e  period  w ith  m ax im u m  n u m b er o f te e th  e ru p ted  are  th e  sam e in  d ifferen t 
incom e group ch ild ren  as in  sex. T he tim es o f  onset as well as com pletion  of 
e ru p tio n  are n ea rly  th e  sam e in  all econom ic groups.

A ge at eruption

T ables 3 an d  4 show  e ru p tio n  ages b y  sex an d  econom ic s ta tu s  a t  25 th , 50th 
an d  75 th  percentiles. T he com bined  figures o f sexes as in  ta b le  3 in d ica te  earlier 
e ru p tio n  ages fo r m a n d ib u la r  la te ra l  incisors an d  th ird  m olars a t  all percen tiles,
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Age (years) at eruption of teeth by sex — 25th, 50th and 75th percentiles
Table 3

U ppe J a w L ow er J a w

T y p e  o f 
T o o th P ercen tile M ale F em ale T o ta l M ale F em ale T o ta l

R L R L R L R L R L R L

Central incisor 25th 5.50 5.75 5.50 5.50 5.50 5.50 5.25 5.25 5.50 5.00 5.25 5.00
50th 6.25 6.50 6.75 6.25 6.50 7.00 7.00 7.00 6.75 6.75 6.75 6.75
75th 8.00 7.25 7.75 7.25 7.75 7.25 8.50 8.75 8.50 8.75 8.50 8.75

Lateral incisor 25th 6.25 6.50 6.25 6.50 6.25 6.50 6.00 5.75 5.75 5.75 5.75 5.75
50th 8.25 8.00 8.00 8.00 8.00 8.00 7.25 7.00 6.75 7.00 7.00 7.00
75th 9.25 9.25 8.50 8.75 8.75 9.00 8.25 8.00 8.00 8.25 8.00 8.25

Canine 25th 9.00 9.75 9.00 9.75 9.00 9.75 9.50 9.50 8.75 8.75 9.25 9.00
50th 11.25 11.25 10.25 10.50 10.75 10.00 10.00 10.75 10.00 10.00 10.50 10.50
75th 12.00 12.00 11.00 11.25 11.50 11.75 11.50 12.25 10.75 11.00 11.50 12.00

First premolar 25th 9.00 9.00 9.00 9.25 8.75 9.00 9.25 9.50 9.25 9.25 9.25 9.25
50th 9.75 10.25 10.25 10.00 10.00 10.00 10.75 10.50 10.00 10.00 10.50 10.25
75th 11.25 11.25 10.75 10.50 11.00 10.75 11.75 11.75 11.00 11.00 11.50 11.50

Second premolar 25th 10.00 10.00 9.75 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
50th 10.75 11.25 11.25 10.75 11.00 11.00 11.75 11.75 11.00 11.00 11.50 11.50
75th 12.00 12.00 11.50 11.75 11.75 11.75 12.50 12.75 11.50 11.50 11.50 12.00

m *
First molar 25th 5.50 5.25 5.50 5.00 5.25 5.50 5.00 5.25 5.50 5.25 5.50 5.50

50th 5.75 5.75 5.75 5.75 5.75 5.75 5.50 5.50 5.50 5.50 5.50 5.50
75th 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00

Second molar 25th 11.25 11.00 10.00 10.00 10.25 10.50 10.50 10.25 10.00 9.75 10.00 10.00
50 th 12.00 12.25 11.00 11.00 11.50 11.50 12.00 12.00 10.75 10.50 11.00 11.25
75th 13.00 13.00 12.00 12.00 12.50 12.50 12.75 12.75 11.75 11.75 12.50 12.50

Third molar 25th 17.50 18.00 18.00 19.00 17.50 18.50 17.00 17.25 18.00 18.25 17.00 17.50
50th 20.25 20.00 22.00 22.00 21.00 2.00 19.00 19.00 20.75 20.00 19.75 19.25
75th 25.75 25.00 26.00 25.75 27.50 26.00 26.25 25.50 25.00 24.75 25.25 25.50

R =  Right L =  Left
Differences in the mean number of teeth erupted between sex, region (Upper/Lower) and side (Right/Left) are not significant (P <  0.05) as 

-j shown by the ‘F’ test.



Age (years) at eruption of teeth by economic status — 25th, 50th and 75th percentiles
Table 4

U p p e r J a w L ow er J a w

T y p e  o f  
T o o th

P ercen tile
M iddle L ow er U p p er M iddle Low er

incom e group income group incom e g ro u p incom e group incom e gro u p incom e group

R L R L R L R L R L R L

Central incisor 25th 5.25 5.25 6.00 5.75 5.75 5.50 5.00 5.00 5.50 5.25 5.00 5.00
50th 6.00 6.25 6.50 6.75 6.50 6.50 6.00 6.25 6.75 6.25 7.00 6.25
75th 7.25 7.00 8.25 7.75 8.00 7.50 7.00 7.00 8.50 7.00 8.50 7.25

Lateral incisor 25th 6.25 6.00 7.25 7.25 6.75 6.50 5.50 5.50 5.75 6.00 6.00 5.75
50 th 7.50 7.25 8.50 8.50 8.75 8.00 6.50 5.75 7.00 6.25 7.00 6.00
75th 9.00 9.00 9.00 9.00 9.00 9.00 7.50 8.00 8.50 8.50 8.25 8.25

Canine 25th 9.50 9.50 9.75 9.75 10.00 10.00 9.25 9.25 9.00 9.00 9.00 9.00
50th 10.50 10.50 10.75 11.25 11.25 10.75 9.75 10.00 10.25 10.25 10.25 10.25
75 th 11.75 11.75 11.75 12.00 11.75 12.00 11.00 10.75 11.25 11.50 11.50 11.25

First premolar 25th 8.75 9.50 9.00 9.25 9.00 9.50 9.50 9.25 9.50 9.25 9.50 9.50
50th 10.50 10.00 10.00 10.00 10.00 10.00 9.75 9.75 10.25 10.25 10.25 10.50
75 th 11.50 10.75 11.00 11.00 11.00 11.00 11.25 11.00 12.25 11.50 11.75 11.75

Second premolar 25th 9.50 9.75 9.75 10.00 9.00 10.25 9.50 9.75 10.25 10.00 10.00 10.00
50 th 10.25 11.00 11.50 11.25 9.75 10.75 11.25 11.00 11.50 11.25 11.00 11.00
75 th 11.50 11.75 12.75 11.75 12.50 12.50 11.75 11.50 11.75 12.00 12.00 12.75

First molar 25th 5.50 5.25 5.00 5.00 5.50 5.25 5.50 5.50 5.75 5.25 5.50 5.50
50th 6 . 0 0 6 .0 0 6.50 6.50 7.25 6.00 7.25 6.25 6.50 6.75 6.00 7.00
75 th 7.25 7.00 9.50 7.75 8.75 7.50 9.75 8.25 8.75 9.25 8.75 8.75

Second molar 25 th 10.25 10.50 11.00 11.00 10.25 10.50 10.50 10.25 10.25 10.00 10.00 10.00
50th 11.50 11.50 12.00 11.75 12.00 12.00 11.50 11.25 11.50 11.25 10.75 10.75
75th 12.00 12.25 12.50 13.25 13.00 13.00 12.25 12.00 12.50 12.50 12.50 12.25

Third molar 25th 17.50 18.00 18.00 18.75 17.75 19.25 17.25 17.50 18.25 17.75 16.75 17.00
50th 20.25 19.50 21.50 21.25 21.50 21.75 20.25 19.75 20.25 18.75 20.25 19.75
75th 27.25 25.25 27.25 27.50 27.25 26.00 24.75 24.00 26.00 24.25 26.50 24.50

R =  right L =  left
Differences in the mean number of teeth erupted between economic status, region, (Upper/Lower) and side (Right/Left) are not significant 

( P < 0  .05) as shown by the ‘F’ test.



second m olars a t  2 5 th  an d  5 0 th  percentiles, an d  f i r s t  m olars a t  50 th  percen tile  
respective ly  th a n  th e ir  c o u n te rp a rts  in  th e  m ax illa . A m ong th e  re s t, m ax illa ry  
ce n tra l incisors show  earlier e rup tion  ages a t  5 0 th  an d  75 th  percentiles, f i r s t  
p rem olars a t  all percen tiles an d  second p rem olars a t  5 0 th  percen tile  re sp ec 
tiv e ly , while th e  canines p re se n t inconsis ten t figu res. T here a re  differences in  
e ru p tio n  tim es a t  all percen tiles b e tw een  th e  hom ologous m ale m ax illa ry  
cen tra l incisors an d  th ird  m olars, and  m a n d ib u la r  la te ra l incisors, and  fem ale 
m ax illa ry  can ines, f irs t a n d  second p rem olars, a n d  m an d ib u la r th ird  m olars 
respective ly . T he only  te e th  w ith o u t a n y  differences are fem ale m an d ib u la r 
f i r s t  and  second p rem olars an d  m ax illa ry  second m olars w hile th e  re s t v a ry  
a t  d ifferen t percen tiles. T e e th  w ith  earlie r e ru p tio n  values th a n  th e ir  c o u n te r
p a r ts  a t all percen tiles co nsist of th e  m a n d ib u la r  la te ra l incisors and  second 
m olars of e ith e r  sex, m ale  m an d ib u la r  can ines a n d  m ax illa ry  f irs t  p rem olars, 
fem ale m ax illa ry  second p rem o lars  an d  m a n d ib u la r  th ird  m olars. E arlie r e ru p 
tio n  tim es hav e  also been show n a t 25th  a n d  50th  percen tiles b y  fem ale m ax illa ry  
cen tra l incisors, an d  m ale m an d ib u la r  can ines, an d  a t  50th  an d  75 th  percen tiles 
b y  th e  f irs t an d  th ird  m olars respective ly . T he re s t  of th e  te e th  show  v e ry  
negligible differences. In  genera l th e  fem ale te e th  o f  e ith er ja w  e ru p t earlie r 
th a n  th e  m ale ones ex cep tin g  th e  m ale m ax illa ry  f irs t p rem olars an d  th ird  
m olars. The fem ale te e th  ad v an ced  over th e  m ale a t  all percen tiles are second 
m olars in  e ith e r  jaw , m ax illa ry  cen tra l an d  la te ra l  incisors, an d  m a n d ib u la r  
canines and  f ir s t  p rem olars. In  th e  rem ain in g  te e th  th e  m ag n itu d e  o f d iffe r
ence in e ru p tio n  tim es be tw een  th e  sexes is negligible.

As could be seen from  T ab le  4, ch ildren  o f d iffe ren t econom ic groups p re se n t 
in te rs id e  d ifferences in  e ru p tio n  tim e a t  all p ercen tiles for th e  following te e th :  
c e n tra l incisors o f  e ith er ja w  o f m iddle incom e g ro u p , m ax illa ry  f irs t p rem olars 
o f  u p p er incom e group , second  prem olars of e ith e r  ja w  o f u p p e r and m idd le  
incom e groups, m ax illa ry  f i r s t  m olar o f low er incom e g roup  a n d  its  c o u n te rp a r t 
o f  m andib le  o f m idd le  incom e group an d  th ird  m olars o f e ith e r  jaw  of all th e  
econom ic groups. T he o th e r  te e th  e ith e r show  differences a t  d ifferen t p e rcen 
tile s  or no t a t  all. C onsidering th e  e ru p tio n  tim es b y  ja w  an d  sex , we find  earlie r 
e ru p tio n  values a t  all p e rcen tiles for th e  m a n d ib u la r  la te ra l  incisors and  can ines 
in  ch ildren  o f all econom ic groups, an d  second a n d  th ird  m olars in  tho se  o f 
m iddle  and  low er incom e g roups while m a n d ib u la r  f irs t p rem olars in  m iddé  
a n d  low er incom e groups a n d  f irs t m olars o f u p p e r an d  m iddle incom e g roups 
e ru p t la te r  th a n  th e ir  co u n te rp a rts . T he cen tile  va lu es  of th e  re s t  of th e  te e th  
a re  in consisten t. W hen  th e  d a ta  in  e ith e r  jaw  h a v e  been  v iew ed  b y  econom ic 
groups, we fin d  earlier e ru p tio n  tren d  a t  all percen tiles for m ost te e th  of ch ild ren  
o f  u p p er incom e g roup  w hich  can  be c lea rly  seen in  th e  cen tra l incisors o f e ith e r  
jaw , m an d ib u la r la te ra l inc iso rs, m ax illa ry  can ines, m a n d ib u la r  second p re 
m olars an d  m ax illa ry  th ird  m olars resp ec tiv e ly . T h e  tre n d  is incon sis ten t in  
o th e r  te e th .

M edian eruption ages

In  th e  m ed ian  e ru p tio n  ages by  sex, th e  m ag n itu d e  of d ifferences b e tw een  
th e  in d iv id u a l m em bers o f  th e  to o th  p a irs  on th e  r ig h t an d  le f t sides of e ith e r  
ja w  is negligible; i t  ranges betw een  0.25 years  in  a n u m b er o f  te e th  of e ith e r  
ja w  and  sex an d  1.50 years in  th e  m ax illa ry  f irs t p rem olars. In  m ales, th e  u p p e r 
an d  low er la te ra l  incisors, low er firs t p rem olars a n d  up p er th ird  m olars o f th e
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le ft segm en t h av e  precedence over th e  r ig h t , while th e  u p p e r c e n tra l incisors, 
second prem olars an d  second m olars, a n d  low er canines o f th e  la t te r  side p re 
cede th e  form er. T he rest o f th e  te e th  show  th e  sam e e ru p tio n  values. In  fem ales, 
th e  u p p e r ce n tra l incisors, low er la te ra l  incisors, f irs t a n d  second p rem olars, 
an d  low er second an d  th ird  m o lars o f th e  le ft side show  precedence over th e  
r ig h t ones. R ig h t preceding  th e  le f t side is found  on ly  in  u p p e r can ine. T he 
re s t o f  th e  te e th  p resen t no  d ifferences a t  all. The m ost f req u en t range o f  
difference in  e ith e r  jaw  o f e ith e r  sex  is 0.25 years.

E x cep tin g  th e  m ax illa ry  ce n tra l inc iso rs o f e ither sex , an d  m ale f irs t an d  
second  prem olars w hich e ru p t  ea rlie r th a n  th e ir  m a n d ib u la r  c o u n te rp a r ts , 
an d  fem ale second m olars w hose e ru p tio n  values are  th e  sam e in  e ith e r  ja w , 
all th e  te e th  e ru p t earlier in  m an d ib le  th a n  in  m axilla . T he m ed ian  e ru p tio n  
tim e  betw een  th e  m ale hom ologous te e th  ranges b e tw een  0.25 to  1.25 years 
an d  in  fem ales betw een  0.25 a n d  2.00 y ea rs  w hich occurs in  th e  le ft th ird  
m olars.

I n  e ith e r jaw , m ale m ed ians a re  la rg e r  th a n  th e  fem ale ones fo r la te ra l 
incisors, canines an d  second m olars, w hile  th e  fem ales show  la rg e r va lu es  w ith  
re sp ec t to  only  th ird  m olars. T h e  o th e r  te e th  w ith  la rger values are  m ale  m a n 
d ib u la r  and  fem ale m ax illa ry  c e n tra l inc iso rs, f irs t p rem olars an d  fem ale m a n 
d ib u la r  th ird  m olars. The in te rse x  m a x illa ry  difference lies b e tw een  0.25 an d  
2.00 years  an d  m an d ib u la r d ifference betw een  0.25 a n d  1.75 y ea rs . F irs t 
m o la r is th e  on ly  to o th  t h a t  p resen ts  no  sex difference in  e ith er ja w , while in  
all o th e r  te e th  b u t  th e  c e n tra l incisors a n d  th ird  m olars, th e  d e n ta l develop
m e n t o f  girls is advance  o f  boys. T he poo led  values of th e  sexes re v e a l th a t  all 
m an d ib u la r  te e th  excep ting  th e  c e n tra l  incisors an d  f irs t  p rem olars show  
earlie r e ru p tio n  th a n  m ax illa ry  ones. T h e  te e th  th a t  e ru p t earlier th a n  o th ers  
irresp ec tiv e  o f sex, side a n d  ja w  a re  c e n tra l  and  la te ra l  incisors am ong  th e  
f ro n t te e th  an d  f irs t m olars am ong  th e  p o ste rio r  te e th . T he analyses o f  v a rian ce  
ca rried  o u t show ed th a t  th e  effect o f  sex , reg ion  and  side are s ta tis tic a lly  n o t  
s ign ifican t in d ica tin g  th e  su p erfic ia l n a tu re  of differences given above.

V iew ing th e  d a ta  by  econom ic s ta tu s , we f in d  m ed ian  e ru p tio n  tim e  d iffer
ences betw een  a ll te e th  o f th e  r ig h t a n d  le ft segm ents o f e ith e r ja w  and  a ll 
econom ic groups, excepting  th e  m a x illa ry  cen tra l incisors, an d  f irs t  p rem olars, 
m a n d ib u la r  can ines and  second  p rem o la rs  an d  second m olars o f  e ith e r  ja w  
o f low er econom ic group ch ild ren ; m a x illa ry  la te ra l incisors, an d  f ir s t  m olars, 
m a n d ib u la r  can ines, and  f ir s t  p rem o la rs  o f  e ith er jaw  o f m iddle incom e group  
ch ild ren ; an d  m ax illa ry  can ines, f i r s t  a n d  second m olars an d  m a n d ib u la r  
f ir s t  p rem olars o f  upper incom e g roup  ch ild ren , w here th e  e ru p tio n  tim es a re  
th e  sam e. In  th e  re s t o f th e  te e th  irre sp ec tiv e  of econom ic groups, th e  left side 
precedes th e  r ig h t in  e ru p tio n . T he m a n d ib u la r  la te ra l incisors, can ines a n d  
second  m olars e ru p t earlie r in  ch ild ren  o f  all incom e groups. The o th e r m a n 
d ib u la r  te e th  e ru p te d  earlie r a re  c e n tra l incisors of m idd le  incom e g roup , f ir s t  
p rem olars of u p p e r incom e g roup , f i r s t  m olars of low er incom e g roup  an d  
th ird  m olars of m iddle a n d  low er incom e groups. The re s t o f th e  te e th  e ru p t 
la te r  th a n  th e ir  m ax illa ry  c o u n te rp a r ts  excepting  c e n tra l incisors in  u p p e r 
incom e group, an d  second p rem o la rs  in  m iddle incom e group w hich  e ru p t 
sim u ltan eo u sly  in  e ither ja w . T he effec ts o f econom ic s ta tu s , reg ion  an d  side 
w ere found  to  be s ta tis tic a lly  n o t s ig n ifican t w hen th e  analysis o f v a rian ce  
w as done.
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Order o f  eruption

T he o rd er o f e ru p tio n  ab rid g ed  from  th e  m ed ian  e ru p tio n  tim e  show s th a t  
th e  m a n d ib u la r  r ig h t an d  le ft m olars w ere th e  f irs t to  e ru p t sim u ltan eo u sly  
earlier in  fem ales th a n  in  m ales, while th e  m a x illa ry  ones em erged s im u ltan eo 
usly  in  e ith e r segm en t o f e ith e r  sex a b o u t 0.3 years la te r  th a n  th e  fo rm er. 
T he m ax illa ry  ce n tra l incisors w hich e ru p te d  a lm ost a t  th e  sam e age in  e ith e r  
sex com e n e x t in  o rder follow ed b y  m a n d ib u la r  an d  m ax illa ry  la te ra l incisors 
resp ec tiv e ly . T h en  th e  m ax illa ry  firs t p rem o la rs  e ru p te d  followed b y  th e  
m an d ib u la r  ones an d  canines. A fte r ab o u t 0.4  years h a v e  elapsed, th e  m ax illa ry  
second p rem olars following w h ich  the  m a n d ib u la r  ones an d  second m olars 
e ru p ted . T he la s t  to  e ru p t a f te r  a long p e rio d  o f ab o u t 8 —9 years w ere m a n 
d ib u la r an d  m ax illa ry  th ird  m olars. The o rd e r o f e ru p tio n  in  m ax illa  an d  m a n 
dible o f b o th  sexes is show n sep ara te ly  a n d  to g e th e r as below.

ORDER 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Males: 6 6 1 I 2 - - 2 4 3 4 5 3 5 7 7 8 8

Females: 6 6 1 T 2 2 3 = 4 4 7 3 5 =  7 8~ 8

Combined: 6 6 1 I 2 2 4 4 3 3 5 7 5 = : 7 8 8
Simply: 6 > 1 > 2 > 4 > 3 > 5 >  7 > 8

D iscussion

T he e ru p tio n  p a tte rn s  o f te e th  in  our as w ell as o th e r  sam ples are  given in  
T ab le s  5 to  7. In  T able 5 th e  m ean  n u m b er o f  te e th  e ru p te d  a t  given ages in  
G u lb arg a  ch ild ren  is com pared  w ith  th a t  o f  on ly  N ew  Z ealand  ch ildren  for 
w hom  d a ta  are  availab le . T he f i r s t  te e th  e ru p te d  as ea rly  as 4 years in  ch ild ren  
o f e ith e r  sex o f o u r sam ple u n like  in  New Z ea lan d  ch ild ren . The m ean  num bers

Table 5

Number of teeth erupted at specified ages in children of New Zealand 
and Gulbarga (India)

N ew  Zealand (L e s l ie  1951) In d ia  (P re se n t s tu d y )

Age in  
y ea rs .

M ales (1427) F em ales  (1335) M ales (1366) F em ales (1198)

M ean S .D . M ean S. D . M ean S .D . M ean S. D.

4 _ 0.3 0.16 0.2 0.08
5 0.27 1.90 0.64 1.52 1.6 2.88 1.7 2.94
6 2.96 2.65 3.78 3.95 2.7 3.05 3.8 3.47
7 7.56 2.93 8.83 2.26 6.4 4.70 7.2 3.47
8 10.52 2.34 11.59 1.55 10.5 4.46 10.6 4.67
9 12.33 2.29 13.86 3.19 13.2 5.52 13.5 3.62

10 14.95 4.14 17.52 4.61 16.4 6.15 16.8 5.83
11 19.26 5.04 22.14 4.85 18.4 5.56 22.8 5.26
12 23.03 4.75 25.16 3.57 23.1 4.93 25.6 4.12
13 25.76 2.98 26.78 1.93 26.0 3.48 27.4 1.82

of te e th  p resen t a t  specified ages a re  m ore o r less th e  sam e in  b o th  sam ples, a l
th o u g h  ch ild ren  o f  ce rta in  ages o f e ith e r sex  an d  p o p u la tio n  te n d  to  show  
higher m eans th a n  th e ir  c o u n te rp a rts  w ith  th e  ex cep tio n  o f 5 years group
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Comparison of eruption ages (in years) by economic status

Table 6

T ee th

A m erica  ( H e l l m a n  1923) W h ite s

J a w M ales F em ales M ales

W e alth y P o o r W e a lth y P o o r W e a lth y P o o r

i i u 7.41 7.45 6.80 7.37 7.12 7.40
L 6.48 6.77 6.05 6.48 6.23 6.37

12 U 8 76 8.99 8.21 8.62 8.10 8.51
L 7.68 7.90 7.15 7.65 7.34 7.54

C U 12.02 12.16 11.15 11.13 11.12 11.45
L 11.04 11.17 9.98 9.80 10.46 10.61

PM1 U 10.91 10.37 10.52 9.91 10.67 10.63
L 11.26 11.33 10.54 10.70 10.57 10.79

PM2 U 12.06 11.25 11.47 10.69 11.30 11.17
L 12.03 12.07 11.57 11.29 11.53 11.47

Ml U 6.77 6.50 6.14 6.47 6.24 6.47
L 6.89 6.35 6.39 6.23 6.35 6.36

M2 U 12.84 12.69 12.48 12.31 12.52 12.45
L 12.52 12.07 12.09 11.65 11.98 12.05

w hich show s a m ark ed ly  h igher m ean  in  b o th  sexes of our sam ples th a n  th e  
New Z ealanders. H ow ever m a jo rity  o f th e  te e th  have  e ru p te d  in  ch ild ren  of 
e ith e r  sam ple b y  13 years age.

T ab le  6 prov ides e ru p tio n  ages o f d iffe ren t te e th  b y  econom ic s ta tu s  in  th e  
ch ild ren  o f G ulbarga in  re la tio n  to  those  o f A m erica an d  W hites an d  B lacks. 
All th e  fro n t te e th  in  e ith er ja w  show  earlier e ru p tio n  ages in  w ea lth y  ch ild ren  
of all th e  popu la tio n s inc lud ing  ours ex cep ting  th e  up p er ce n tra l incisors of 
B lacks, u p p er la te ra l incisors o f W hites, an d  canines of e ith e r ja w  o f A m ericans 
w hich e ru p t s ligh tly  earlier in  poor. T he e ru p tio n  p a tte rn  o f th e  p o ste rio r te e th  
is inco n sis ten t. T he u p p er f ir s t  an d  second p rem olars e ru p t earlier in  th e  poor 
ch ildren  o f our sam ple as in  A m ericans an d  W hites, w hile th e  low er f irs t 
p rem o lar e ru p ts  earlier in  th e  w ea lth y  ind iv id u a ls  as in  A m erican  an d  W h ite  
m ales. T he low er second prem olars show  earlier tim es in  poor ch ild ren  as in 
W hites, an d  poor A m erican an d  B lack fem ales. The u p p er f irs t  an d  second 
m olars e ru p t ea rlie r in  w ea lth y  ch ild ren  o f o u r sam ple as in  W hites, an d  
A m erican  and  B lack  m ales w hile low er ones e ru p t earlie r in  th e  po o r as in 
A m ericans an d  B lacks o f e ith e r  sex.

T ab le  7 gives th e  com parison  of e ru p tio n  ages o f te e th  in  d ifferen t p o p u la 
tio n s w ith  tho se  o f  ou r sam ple. A carefu l ex am in a tio n  of th e  d a ta  rev ea ls  th a t  
in  none o f th e  popu la tio n s inc lud ing  ours th e  sequence o f e ru p tio n  o f te e th  is 
com m on to  b o th  sexes excep ting  th e  N ew  Z ealand  ch ildren . T he com parison  
o f th e  sequences ind ica tes ce rta in  v a ria tio n s  betw een  our sam ple an d  o th e rs . 
As in  m a jo rity  o f th e  p o p u la tio n s s tu d ied  earlier, in  e ith e r sex o f  our sam p le  too 
th e  low er f irs t m olars are th e  earliest to  e ru p t follow ed b y  th e  u p p er ones th e  
excep tions being  th e  K ulu is, B ritish , A m ericans, New  Z ealand  ch ild ren  and  
Chinese girls. In  th e  case o f  cen tra l incisors, ou r sam ple show s precedence
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in American, white, black and Gulbarga children

G a rn  e t  a l. 1973 B lack s  G a rn  e t  a l. 1973 In d ia ,  P re se n t  s tu d y

F em ales M ales F em ales M ales F em ales

W e a lth y P oor W ealthy P o o r W e a lth y P o o r W e a lth y  j P oor

6.77 7.02 6.79 6.96 6.77 6.75 6.13 6.50
5.92 6.29 5.56 6.11 5.66 5.87 6.13 6.63
7.99 7.95 7.74 7.97 7.26 7.64 7.13 8.38
7.05 7.15 6.82 6.98 6.82 6.55 6.13 6.50

10.49 10.78 10.42 10.97 10.28 10.66 10.50 11.50
9.69 9.84 10.21 10.38 9.01 9.81 9.88 10.25

10.23 10.18 10.20 10.45 10.05 10.06 10.25 10.00
10.15 10.15 10.43 10.40 9.41 10.09 9.75 10.38
10.83 10.87 10.82 11.22 10.69 10.73 10.63 10.25
11.07 10.96 10.73 11.18 10.93 10.7S 11.13 11.00
6.30 6.35 6.12 6.25 6.61 5.95 6.00 6.63
6.13 6.15 5.89 6.10 6.57 5.67 6.75 6.50

12.01 12.01 12.59 12.32 11.71 11.61 11.50 12.00
11.49 11.50 12.38 11.96 11.25 11.21 11.38 10.75

of th e  u p p e r ones over the  low er unlike in  m a n y  popu la tio n s ex cep tin g  th e  
above p o p u la tio n  groups an d  a  few  o th e rs  su ch  as th e  girls o f  A m erica, 
G am bia an d  B a n tu . The lower la te ra l  incisors precede th e  u p p er ones as in  all 
p o p u la tio n s  ex cep tin g  the  U .P . G urungs, K u lu is , an d  th e  girls of S o u th  In d ia , 
C hina, G am bia  a n d  B an tu . In  th e  m ales o f G u lb a rg a  th e  u p p er f ir s t  p rem olar 
precedes th e  can ine  as in th e ir  c o u n te rp a r ts  o f L ahore, C hand igarh , B rita in , 
A m erica, G am bia a n d  girls o f  C hina. In  th e  fem ales of our series, b o th  th e  
low er can ine  an d  f i r s t  p rem olar e ru p t a t  th e  sam e age as th e  m ale  u p p e r f irs t 
p rem o la r un like in  all the  o th e r series. In  th e  boys o f our s tu d y , th e  low er f irs t  
p rem o la r precedes th e  upper second  p rem o la r as in  th e ir  c o u n te rp a r ts  of U .P . 
G urung , A m erica, B rita in  an d  G am bia an d  un like  in  all o th e r  p o p u la tio n s. 
In  fem ales on th e  o th e r han d , th e  u p p er f i r s t  p rem olars precede th e  low er 
second m olars u n lik e  in  ch ildren  o f all o th e r  sam ples. In  th e  e ru p tio n  o f th e  
u p p er can ine  p reced ing  the  low er second p rem o la rs  th e  m ales o f  o u r sam ple 
agree w ith  those  o f  U .P . G urung, a n d  G am bia u n like  in  m ost o th e r  p o p u la tio n s. 
In  th e  boys of o u r s tu d y  th e  low er second m o lars  precede th e  u p p e r  ones as 
in  m a jo r ity  o f th e  popu la tions, w hereas in  girls th e  u p p e r second m olars, 
a lth o u g h  h av e  precedence over th e  low er th i r d  m olars as is ex p ec ted , th e y  
e ru p t a t  th e  sam e tim e  as th e  u p p e r  an d  low er second p rem olars. T h is tre n d  
is co m p arab le  to  t h a t  found o n ly  in  C han d ig arh  girls. On th e  w hole th e  o rder 
of e ru p tio n  o f te e th  in  e ither ja w  an d  sex is n e a rly  sim ilar to  th a t  no ticed  in  
all o th e r  p o p u la tio n s  stud ied  earlier.

C onsidering th e  e ru p tio n  s ta tu s  o f th e  d iffe ren t te e th  o f our series in  re la 
tio n  to  th o se  from  o th e r  p a rts  o f  In d ia  an d  a b ro a d , we fin d  th a t  th e  e ru p tio n  
ages o f G ulbarga  ch ildren  are  com patib le  w ith  th o se  of B an tu s  for fem ale 
m ax illa ry  cen tra l incisors, m ale m ax illa ry  la te ra l  incisors, m a n d ib u la r  canines,
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Table 7

Comparison of eruption ages (in years) of teeth

T e e th  S tud ies : 1 2 3 4 5 6 7

Males
Upper jaw.

7.36 6.9011 7.01 7.27 7.33 7.49 7.26
12 8.18 8.39 8.42 8.62 8.32 8.60 8.10
C 11.46 11.33 11.50 11.80 11.40 11.03 10.70
PM1 10.41 10.34 10.33 10.42 10.01 9.83 10.00
PM2 11.52 11.02 11.08 11.18 11.74 10.67 10.90
Ml 6.11 6.22 6.33 6.64 6.47 6.27 5.40
M2 11.97 11.90 12.16 12.70 12.47 12.12 11.30
M3 — — — — — — —

Lower jaw.
11 6.08 6.50 6.25 6.50 6.38 6.51 5.80
12 7.30 7.66 7.58 7.64 7.42 7.37 6.90
C 10.51 10.42 10.66 10.70 10.78 10.38 10.30
PM1 11.35 10.80 10.58 10.75 11.34 10.04 10.20
PM2 12.32 11.88 11.33 11.45 12.18 11.02 11.00
PM1 6.14 6.12 6.16 6.44 6.46 6.04 5.40
M2 11.41 11.64 11.66 12.20 11.89 11.33 11.20
M3

Females
Upper jaw.

6.5011 6.62 6.94 7.08 7.20 6.83 7.23
12 7.82 8.04 8.00 8.15 7.86 8.19 7.70
C 10.67 10.72 11.08 11.05 10.82 10.26 10.20
PM1 9.79 10.04 9.92 10.00 10.52 9.47 9.60
PM2 11.06 10.91 10.92 10.82 11.24 10.48 10.30
Ml 5.94 6.12 6.16 6.54 6.38 6.29 5.30
M2 11.49 11.68 12.08 12.40 12.20 11.80 10.80
M3 — — — — — — —

Lower jaw.
11 5.77 6.17 6.08 6.19 6.19 6.28 5.80
12 7.01 7.35 7.25 7.31 7.16 7.13 6.40
C 9.41 9.60 9.66 9.85 9.74 9.51 9.50
PM1 10.53 10.26 10.08 10.20 10.54 9.55 9.60
PM 2 11.63 11.25 11.08 11.00 11.73 10.44 10.70
Ml 5.84 5.97 6.00 6.12 6.30 5.85 5.10
M2 11.18 11.35 11.42 11.90 11.36 10.95 10.50
M3 — — — —

"
1: British, Clem en ts  et al. 1953; 2: British, Mil l e r  et al.1 1965; 3: American, Ca ttell  

1928; 4: American, K l e in  et al. 1938; 5: New Zealand, L e s l ie  1951; 6: Chinese, La u  1971; 
7: Bantu, McKa y —Ma r tin  1952; 8: Gambia, B il l e w ic z—McGregor  1975; 9: South India,

an d  f irs t  p rem olars o f e ith e r  jaw ; th o se  of U .P . M agars for m ale  m ax illa ry  
la te ra l incisors; th o se  o f C hand igarh  for m ale m ax illa ry  la te ra l inc iso rs, an d  
m ale m an d ib u la r  second prem olars; th o se  of B rita in  for fem ale m ax illa ry  
la te ra l incisors, an d  m ale m ax illa ry  second p rem o la rs ; those  o f A m ericans
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of Gulbarga children with other series'

INDIA
8

9 10 11 12 13 14 K
(P. S.)

7.38 7.34 6.87 7.36 7.30 7.08 7.10 6.38
8.59 8.34 8.56 8.12 7.57 8.13 8.60 8.13

11.33 11.13 11.02 11.78 11.54 10.97 11.90 11.25
10.37 10.59 10.44 10.48 10.30 10.47 6.20 10.00
11.25 10.52 11.11 11.18 11.45 11.48 12.70 11.00
5.99 6.63 6.06 6.42 6.30 6.41 3.40 5.75

11.93 12.37 11.91 12.84 12.66 12.02 12.90 12.13
— — — — — — — 20.13

6.22 7.13 6.79 6.72 6.57 6.61 6.30 7.00
7.47 7.86 8.11 7.72 7.00 7.59 7.20 7.13

10.58 11.22 10.45 10.72 10.30 10.71 11.90 10.38
10.73 10.88 10.48 10.67 10.78 10.97 5.20 10.63
11.39 11.76 13.18 11.60 11.90 11.75 12.20 11.75
5.71 6.59 5.92 6.00 5.90 6.17 5.20 5.50

11.62 12.08 11.34 12.66 12.30 11.18 12.60 12.00
19.00

7.11 7.27 6.92 6.70 6.50
8.10 7.51 — — — 8.13 7.20 8.00

10.53 10.87 — — — 10.47 11.40 10.88
9.79 10.55 — — — 10.23 5.90 10.13

10.59 11.47 — — — 11.22 10.80 11.00
5.78 6.91 — — — 6.03 5.30 5.75

11.18 11.86 — — — 11.22 11.80 11.00
— — — — — 22.00

6.08 7.23 6.46 6.40 6.75
7.07 7.54 — — — 7.59 7.80 6.88
9.70 10.52 — — — 9.77 10.20 10.00
9.95 10.07 — — — 10.47 5.40 10.00

10.66 11.42 — — — 11.22 10.90 11.00
5.48 6.81 — — — 5.82 5.10 5.50

10.93 11.59 — — — 10.72 11.90 10.63

_
— — — — 20.38

Sh o u r ie  1946; 10: Lahore, Sh o u r ie  1946; 11: U.P. Magar, A w a s t h i—K hare  1978; 12: U.P. 
Gurung, Aw a sth i—K h a re  1978; 13: Chandigarh, K a ul  e t al. 1975; 14: Knluis, B h a sin  et al. 
1977; K (P.S.): Karnataka, Present study.

for fem ale m ax illa ry  la te ra l incisors a n d  m an d ib u la r  second  p rem olars; those 
o f Chinese for m ale m a n d ib u la r  canines, an d  second m o lars ; tho se  o f so u th  
In d ian s  fo r fem ale m ax illa ry  can ines; th o se  o f  U .P . G urung  fo r m ale m an d ib u la r 
f ir s t  p rem olars; an d  those  o f G am bia for fem ale  f irs t m olars of e ith er jaw .
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A m ong th e  rem ain ing  te e th , i t  is on ly  th e  m a x illa ry  cen tra l incisors o f e ith e r  
sex  o f our sam ple th a t  a re  found  ah ead  of all th e  p o p u la tio n s excep ting  th e  
B a n tu  fem ales. I n  th e  case o f all o th e r  m ale m ax illa ry  te e th  an d  m an d ib u la r  
la te ra l incisors, can ines an d  f irs t  m olars th e  e ru p tio n  ages o f  G u lbarga  ch ild ren  
are  earlie r th a n  th o se  o f m ost o f th e  foreign an d  som e In d ia n  p o p u la tio n s su ch  
as U .P . M agars w ith  re sp ec t to  e ith e r ja w  an d  ch ild ren  of S o u th  In d ia , L ah o re  
an d  C hand igarh  w ith  re sp ec t to  m and ib le  on ly . T he e ru p tio n  ages o f th e  
m an d ib u la r  te e th  fo r th e  boys o f ou r s tu d y  are  som ew hat r e ta rd e d  as co m p ared  
to  th o se  o f o th e r p o p u la tio n s. In  th e  fem ales, b a rr in g  th e  m a n d ib u la r  c e n tra l 
incisors, canines o f  e ith er ja w  and  m ax illa ry  f irs t  an d  second p rem olars, all 
th e  o th e r  te e th  o f e ith e r ja w  o f G u lbarga  ch ild ren  show  earlie r e ru p tio n  ages 
th a n  those  of m a jo r ity  o f th e  In d ia n  and  foreign p o p u la tions.
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HUMAN PHYSIQUE AND CLIMATE

by H. Walter

Department of Biology, University of Bremen, Bremen, Germany

Abstract: The analysis of the geographic distribution of human body height and 
body weight, as well as that of the anthropometric parameters correlated with it, 
reveals, without a doubt, clear distribution patterns: In all of the main racial 
groups — with the notable exception of the Negroids — the populations of cooler 
biotops are characterized by taller, heavier, thus, in general, bulkier somatotypes, 
while within populations of warmer biotops, a smaller lighter (thus generally more 
slender) somatotype predominates. So far the wellknown B ergmann rule can be 
regarded as being valid also for man. Nevertheless, on account of still lacking 
satisfying evidence it seems to be rather problematic to interpret these associa
tions as the result of selective acting forces leading to different thermoregulating 
adaptations to the various climatic conditions present on earth, though, of course, 
certain differences between somatotypes in their response to climatic stress are 
quite known. Considering the results of the modern growth research, it seems to be 
much more likely to recognize these climatic associations in the geographical 
distribution of anthropometric variables (like body height, etc.) in connection 
with the geographical distribution of nutritional factors, in particular with geo
graphical differences in protein and calorie supply during childhood and adoles
cence. It remains an open question, however, whether merely selective adaptations 
to gross insufficient food supply are alone responsible or whether both qualitative 
and quantitative food deficiencies during the growth period effected long-lasting 
modifications. In addition, it is quite possible that the anthropometric differences 
found in various populations may also be dependent upon still-to-be-defined 
genetic variations concerning different growth capacities as well as the degree of 
socio-economic development of a population.

Key words: Human physique, climate, height, weight, Rohrer-index, weight/sur- 
face ratio, surface/weight ratio, mean annual temperature, protein intake, nutri
tion, adaptation.

I t  is a well d o cu m en ted  fa c t th a t  num ero u s an th ro p o m e tric , d erm ato g ly p h ic , 
serological an d  b iochem ical variab les o f  m an  are  n o t d is tr ib u te d  inhom oge- 
neously  all over th e  w orld, b u t  are show ing m ore or less ch a rac te ris tic  d is tr ib u tio n  
p a tte rn s  or g rad ien ts , w hich  are in  m a n y  cases c learly  connected  w ith  p a r t ic 
u la r e n v iro n m en ta l fac to rs  such as c lim ate , a ltitu d e , in fectious diseases, e tc . 
A d e ta iled  d iscussion o f all these  d is tr ib u tio n  p a tte rn s  an d  its  possible causes 
h^s been  given b y  W a l t e r  (1974a), to  w hich i t  m ay  be re fe rred  here. As for 
blood g roup  p o lym orph ism s, haem oglobin  v a r ia n ts  or sk in  p ig m en ta tio n  
i t  is re la tiv e ly  easy  to  exp la in  th e  p re se n t d is tr ib u tio n  p a tte rn s  of gene or 
p h en o ty p e  frequencies as th e  resu lts o f  genetic  a d a p ta tio n  processes v ia  n a tu ra l  
selection . T hus th e  ABO  gene d is tr ib u tio n  is w ith o u t d o u b t in fluenced  b y  
selection  v ia  sm allpox  a n d  plague, som e haem oglobin  v a r ia n ts  like H b  S 
and  H b C p ro v ed  to  be o f considerab le  a d v a n ta g e  in m alaria  bu rdened  a re a s ,
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a n d , la s t  b u t  n o t leas t, d a rk  sk in  colour seem s to  be an  effective p ro tec tio n  
a g a in s t h igh  doses o f  u ltra v io le t ra d ia tio n  as th e y  are  fo u n d  in  tro p ic a l and  
h igh  m o u n ta in  a reas. A gainst th a t ,  it  is m u ch  m ore d ifficu lt to  give a  p lausib le  
e x p lan a tio n  for th e  likew ise a p p a re n t coherencies b e tw een  h u m an  p h y siq u e  
(respec tive ly  th e  a n th ro p o m e tr ic  v ariab les b y  w hich i t  is com posed), on  th e  
one h a n d , an d  c e r ta in  en v iro n m en ta l fac to rs  on th e  o th e r h an d . W ith o u t any  
d o u b t th e re  are e.g. associations betw een  h u m a n  physique  (an d  its  com ponen ts) 
an d  c lim ate , w hich has been p o in ted  o u t f ir s t  by  R e n s c h  (1935), a n d  insofar 
th e  w ellknow n B e r g m a n n  (1847) ru le  can  be reg a rd ed  as being v a lid  also for 
m an . H ow ever, a t  th e  p re sen t stage  of re search  it  seem s to  be n o t adm issibe 
to  ex p la in  these  associations b e tw een  h u m a n  p h ysique  an d  clim ate  too  decidedly  
as th e  re su lt o f selectively  co n tro lled  genetic  a d a p ta tio n  to  various c lim atic  
cond itions on th e  e a r th , as i t  w as p o in ted  o u t by  R o b e r t s  ( 1952, 1953, 1960, 
1973) o r S c h r e id e r  (1950, 1951, 1963, 1966). I t  seem s th a t  th ese  au th o rs  
h av e  n o t  considered  su ffic ien tly  th e  fac t t h a t  all th e  an th ro p o m e tric  v ariab les 
com posing h u m an  p h ysique  a re  n o t on ly  con tro lled  by  genetic  fac to rs , b u t  
are  also in fluenced  essen tia lly  b y  a good n u m b e r o f non-genetic  fac to rs , am ong 
w hich n u tr i t io n  is p lay ing  an  im p o r ta n t role.

T h u s  in  th e  follow ing th e  p rob lem  “ h u m a n  p h ysique  u n d  e lim a te”  should  
be d iscussed  aga in . B y  th is , a n d  b y  offering  an  own h y p o th es is  to  ex p la in  th e  
asso c ia tio n  b e tw een  h u m an  p h y siq u e  a n d  clim ate , fu r th e r  research  should  
be s tim u la te d  in  o rd e r to  a p p ro ach  to  a m ore sa tisfy ing  so lu tio n  of th is  p rob lem  
th a n  i t  h a s  been  possib le  u p  to  now . — F o r m ethodo log ica l details see W a l t e r  
1974b, 1976.

F ro m  Figs 1 — 5 i t  is seen th a t  b o d y  h e ig h t, bo d y  w eight, R o h re r-in d ex , 
w eigh t/su rface  ra tio  an d  su rface/w eigh t ra tio  — som e m a jo r com ponen ts of 
h u m a n  p h y siq u e  — are n o t d is tr ib u te d  inhom ogeneously  over th e  w orld , b u t  
are show ing clear d is tr ib u tio n  p a tte rn s . G enerally  one can  s ta te  from  these

Fig. 1. Geographical distribution of body height
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Fig. 2. Geographical distribution of body weight

Fig. 3. Geographical distribution of Rohrer-index
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Fig. 4. Geographical distribution of weight/surface ratio

Fig. 5. Geographical distribution of surface/weight ratio



d is tr ib u tio n s  p a tte rn s :  P o p u la tio n s liv in g  in  th e  w arm er tro p ica l an d  su b tro p 
ica l reg ions o f th e  e a r th  are  average ly  sm aller, lig h te r, th u s  hav in g  generally  
m ore  s len d er so m ato ty p es as com pared  to  those  liv ing  in  th e  cooler regions, 
w ho are  ch a rac te rised  b y  generally  ta lle r , h eav ier an d  bu lk ie r so m ato ty p es. 
As th e  geograph ica l d is tr ib u tio n s  o f w eigh t/su rface  ra tio s  an d  su rface/w eigh t 
ra tio s  are  also show ing obvious re la tio n s  to  c lim atic  cond itions, one can  say  
th a t  B e rg m a n n s  rule — b o d y  size decreases as we progress from  te m p e ra te  
reg ions to w a rd s  th e  e q u a to r  — holds t ru e  in  m an , too . T he sam e can  be said  
w ith  re g a rd  to  th e  A llen  rule. As am ong  th e  clim atic  fac to rs  th e  m ean  an n u a l 
te m p e ra tu re  is o f considerab le  im p o rtan ce , bo d y  h e ig h t, bo d y  w eigh t, R ohrer- 
in d ex , w eigh t/su rface  ra tio  an d  su rface/w eigh t ra tio  o f C aucasoid, M ongoloid 
an d  A m erican  In d ia n  p o p u la tio n s h a v e  been co rre la ted  w ith  th is  c lim atic  
p a ra m e te r. T he resu lts  o f these  co m p u ta tio n s  are  show n in  F igs 6 —10. I t  
is seen from  th ese  figures th a t  in  all th e se  th ree  rac ia l g roups m ean  bo d y  
h e ig h t, b o d y  w eight, R o h rer-in d ex  an d  w eigh t/su rface  ra tio  are  decreasing  w ith  
increasing  m ean  a n n u a l te m p e ra tu re , w hereas th e  surface/w eigh t ra tio  is 
show ing a n  opposite  ten d en cy . T hus h u m a n  p h ysique  as a w hole is w ith o u t 
d o u b t an y h o w  re la ted  w ith  c lim ate . B u t how  can  th is  be ex p la in ed ?

The “ classica l”  hyp o th esis  ru n s  as follow s: T all, h ea v y  an d  b u lk y  organism s 
w ith  a fo r t h a t  reason  re la tiv e ly  sm all su rface  are in  cooler c lim ates in  a d v a n 
tag e , because  th e y  h av e  a g re a te r  h ea t p ro d u c tio n  a b ility  com bined  w ith  a lesser 
h e a t loss. Sm all, lig h t an d  m ore slender organism s w ith  a for th a t  reason  
sm aller su rface  are in  w arm er clim ates in  ad v an tag e , because th e y  produce  
o n ly  re la tiv e ly  little  h e a t com bined  w ith  an  effective h ea t loss because o f 
a g rea te r  b o d y  surface. B y  th is , life perilous effects o f h y p o th e rm y  a n d  hyper- 
th e rm y , resp ec tiv e ly , w ould  be avo ided . H av in g  such  biological ad v an tag es

Fig. 6. Correlation between body height and mean annual temperature
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Fig. 7. Correlation between body weight and mean annual temperature

Fig. 8. Correlation between Rohrer-index and mean annual temperature
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Fig. 9. Correlation between weight/surface ratio and mean annual temperature

Fig. 10. Correlation between surf ace/weight ratio and mean annual temperature
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th e  c lim a te -re la ted  d istribu tion , o f  th ese  so m ato ty p es is supposed  to  cam e 
a b o u t in  th e  course of m a n ’s ev o lu tio n  v ia  n a tu ra l selection.

W ith o u t d o u b t, th is  a ssu m p tio n  ap p ears  to  be p lausib le . H ow ever, is th ere  
a n y  re liab le  evidence for t h a t ?  N one, as fa r  as one can  see. I t  r a th e r  has to  
be d o u b te d  considering th e  follow ing questions:

1. D oes th e  ex te rn a l fo rm  of h u m a n  physique  a c tu a lly  p lay  th e  decisively 
role w ith  reg ard  to  th e  th e rm o re g u la tio n  o f th e  h u m an  o rg an ism ?  As fa r as 
know n  up  to  now , no convincing  ev idence has ever been  p re sen ted  show ing 
an y  clim atic  ad v an tag e  or d isad v an tag e  o f  an y  so m ato ty p e . I t  r a th e r  has to  be 
assum ed  th a t  various physio logical m echan ism s in d ep en d en t from  a n th ro p o 
m etric  fac to rs are  a c tu a lly  responsib le  for th e rm o reg u la tio n  in  m an  (an d  o ther 
m am m als). This has also been  em phasized  b y  R o h r s  (1968), B r i g g s  (1975), 
R . W . N e w m a n  (1975b) a n d  St e e g m a n  j r . (1975).

2. A re th e re  a n y  ind ica tio n s show ing th a t  u n d er specific c lim atic  cond itions 
specific  so m ato ty p es w ould have  an  effec tively  selective d isad v an tag e , w hich 
m u st re su lt in  h igher m o rta lity  ra te s  o f th e  n o n -a d a p te d  so m a to ty p es  before 
an d  d u rin g  th e ir  rep ro d u c tiv e  phase  ? This is n o t th e  case. A nd fu rth e rm o re  it  
m u st be m en tioned  in th is  c o n te x t th a t ,  up  to  now , all c lim ate-associated  
v a ria tio n s  o f an th ro p o m e tric  v a riab les  w ere o n ly  seen in  m ales, b u t  never in 
fem ales (S c h r e i d e r  1963)! A nd f in a lly , h ith e rto  no a t te m p t  has b een  m ade to  
s tu d y  clim ate-associated  v a ria tio n s  o f  an th ro p o m e tric  v ariab les on  adolescents. 
R . W . N e w m a n  (1975) p o in ts  o u t in  th is  connection : “ A lth o u g h  a heigh t/ 
w eigh t g rad ien t in  ch ild ren  from  th e  trop ics to  te m p e ra te  c lim ates is well 
k n ow n , th e  in fluence  o f  n u tr i t io n  is so well estab lished  in  su b a d u lt g row th  
th a t  i t  w ould be v e ry  d ifficu lt to  co rrec t for inequalities in  n u tr i t io n a l b ack 
g ro u n d  in  a size -tem p era tu re  com parison . Y e t it  is th e  su b a d u lt p o rtio n  of 
a p o p u la tio n  th a t  w ould h av e  to  be th e  p rim e ta rg e t  o f se lec tive  pressure 
th ro u g h  d ifferen tia l m o rta lity . A d u lt m ales rep resen t a sam ple t h a t  h as  largely  
passed  th e  screening  process from  a genetic  s tan d p o in t. T he em phasis  on th e  
a d u lt  su rface/m ass re la tio n sh ip  ignores th e  fac t, th a t  ev e ry  in d iv id u a l u n d e r
goes a rem ark ab le  change in  its  re la tio n sh ip  from  b ir th  to  ad u lth o o d . The 
ra tio  o f  surface area to  m ass changes th reefo ld  over th is  tim e  because th e  m ass 
increases tw en ty -fo ld , w hile th e  su rface  areas increase on ly  sevenfold . E x p ress
ed a n o th e r  w ay, S c h r e i d e r  (1963), w ho uses th e  reverse  ra tio  (m ass/surface), 
show s a to ta l  average  ra tio  range o f  n ine  u n its  from  sam ples w ith  th e  least 
m ass p e r area  (B ushm en  a n d  Sem ang) to  sam ples w ith  th e  m ost m ass per area 
(G erm ans an d  E skim os); th is  ran g e  is th e  sam e as th a t  experienced  b y  m ost 
in d iv id u a ls , a t  leas t in  th e  U n ited  S ta te s , while m a tu rin g  from  age 2 to  a d u lt
hood . T he change is from  a p rep o n d eran ce  o f surface a rea  (h ea t a d a p ta tio n ? )  
to  a p rep o n d eran ce  o f m ass (cold a d a p ta t io n ? )” . As th ese  changes, w ith o u t 
d o u b t, hold  tru e  for all h u m a n  p o p u la tio n s , even th e  su b a d u lt in d iv id u a ls  
liv ing  in  cooler c lim ates w ould  be d isa d v a n ta g e d  w ith  re sp ec t to  th e ir  th e rm o 
re g u la tio n , i f  an th ro p o m e tric  fac to rs  w ould a c tu a lly  be th e  m o st im p o rta n t 
ones. A nd th is  w ould  be a bio logical a b su rd ity .

3. I s  i t  adm issib le to  b ase  th e  ex p la n a tio n  o f  c lim ate  associa tions o f h u m an  
p h y siq u e  on a s tro n g  genetic  co n tro l o f  its  com ponen ts as S c h r e i d e r  (1966) 
does, w ritin g : “ T he m ost p lausib le  h y p o th esis  is th a t  th e se  ecological g rad ien ts 
are  th e  produce  of n a tu ra l selection . N u tritio n a l h a b its  c an n o t exp la in  th e  
g ra d ie n ts  if  th e y  in fluence  th em . T he w ide differences rev ea led  b y  th e  figures 
do n o t  ad m it o f  th is  in te rp re ta tio n , as m a n y  g rad ien ts  like th e  av erag e  body
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m ass o f th e  p o p u la tio n s a re  linked  in  th e  f irs t place to  th e  v e ry  m ark ed  v a r ia 
tio n s in  average  sizes a n d  ana to m ica l p roportions, w hich  are la rgely , if  n o t 
exclusively , h e re d ita ry .”  ? T his s ta te m e n t m u st be questio n ed , how ever, as 
i t  is know n from  m an y  in v estig a tio n s th a t  bo d y  h e ig h t, b o d y  w eight an d  th u s  
all a n th ro p o m e tric  p a ra m e te rs  linked  w ith  th em , a re  in flu en ced  to  a n o t 
inconsiderab le  degree b y  en v iro n m en ta l fac to rs o f  d iffe ren t k ind . In  th is  
co n te x t th e  secu lar changes o f body  h e ig h t shou ld  be m en tio n ed , w hich could 
be observed  in  E u ro p ean s  ( B a c k m a n  1948, L e n z  1949, T a n n e r  e t al. 1966), 
in  Ja p a n e se  (S h i m a z o n o  1973), and  even in  B ushm en  ( T o b i a s  1972). F rom  
all these  s tud ies i t  is know n  th a t  g row th  an d  dev e lo p m en t in  m an  are  con tro lled  
b y  a g rea t n u m b e r o f non-genetic  fac to rs, am ong w hich  n u tr i t io n  a n d  also 
chronic diseases caused  b y  infectious agen ts an d  p a ra s ite s  a re  p lay ing  a m a jo r 
role. H ow  m uch  under- a n d  m aln u tritio n , chronic diseases an d  especially  
th e  p e rm an en t c o m b in a tio n  o f these  g ro w th  d isad v an tag in g  fac to rs can  in 
fluence  th e  w hole b o d y  deve lopm en t, a n d  how  m uch  th e y  even can  h av e  “ long 
la s tin g  effec ts”  u n til  ad u lth o o d , could  be d e m o n s tra te d  ev id en tly  b y  D u b o s  
e t al. (1966).

C onsidering all th ese  fac ts , especially  those ju s t  m en tio n ed , one should  
suppose  an  associa tion  betw een  h u m an  physique  a n d  its  an th ro p o m e tric  
com ponen ts, resp ec tiv e ly , on  th e  one h an d , an d  th e  to ta l  o f non-genetic  g row th  
con tro lF ng  fac to rs , on th e  o th e r han d . A m ong these  fac to rs , w ith o u t d o u b t, 
th e  daily  p ro te in  in ta k e  is p lay ing  an  im p o r ta n t ro le. F ig . 11 is show ing th e  
w orld  d is tr ib u tio n  o f th e  average  p ro te in  in ta k e  p er c a p ita  an d  d ay , as i t  is 
know n from  FA O  d a ta . C om paring Fig. 11 w ith  Figs 6 10 i t  becom es ev id en t
th a t  popu la tio n s liv ing  in  areas w ith  a h igh  p ro te in  in ta k e  are  genera lly  ta lle r, 
heav ier, hav in g  also h ig h er R ohrer-ind ices an d  h ig h er w eigh t/su rface-ra tio s 
as com pared  to  those  liv ing  in  areas w ith  a low p ro te in  in tak e . T he close

Fig. 11. Geographical distribution of protein intake per capita and day (data from FAO, 1964)
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Fig. 12. Nutrition and body height in India (20 year-old males; data from Malhotra, 1966)

coherencies betw een  p ro te in  a n d  calorie su p p ly  an d  th e  a v e rag e  body  h e ig h t 
are  also seen from  F ig . 12, w hich  is based  on d a ta  from  In d ia . F u r th e r  exam ples 
on th e  close coherencies b e tw een  n u tr it io n  an d  a n th ro p o m e tric  p a ram e te rs  
such as body  h e ig h t and  b o d y  w eight h av e  been given b y  M a l h o t r a  (1966) 
an d  M. T. N e w m a n  (1975a).

As fo r th e  geographic d is tr ib u tio n  of th e  av er age p ro te in  in ta k e , i t  is s tr ik 
ing  th a t  th e  h ighest values a re  genera lly  found  in  te m p e ra te  an d  cool c lim atic  
zones, against th a t  th e  low est values are  m o s tly  seen in  th e  w arm  a n d  h o t 
zones o f th e  trop ics an d  su b tro p ics . A ccording to  F r i s c h  an d  R e v e l l e  (1969) 
th e  sam e geographic d is tr ib u tio n  p a tte rn  is p resen t reg a rd in g  th e  caloric 
supp ly . C onsidering now  th e  fa c t th a t  p ro te in  a n d  caloric su p p ly  d u rin g  th e  
h u m a n  g row th  period  are o f  h igh  im p o rtan ce  for th e  expression  of a n th ro p o 
m etric  p a ram e te rs  even in  ad u lth o o d , one can  suppose th a t  th e  clim atic  associ
a tions o f body  h e ig h t, body  w eight as well as th a t  o f th ese  p a ra m e te rs  derived  
from  th e m  (R ohrer-index , w eigh t/su rface-ra tio , su rface /w e ig h t-ra tio ), are  r a th e r  
in d irec t ones. T h a t m eans th a t  th ese  associations are to  be  seen less as th e  
resu lts  o f selection processes re la te d  to  th e rm o reg u la tio n , fo r w hich a t  p resen t 
no convincing ev idence is in  h a n d , b u t  w ould ra th e r  re flec t geographic  d iffer
ences in  p ro d u c tio n  an d  con su m p tio n  o f  g ro w th -im p o rtan t foodstuffs.

A re hence geographic d ifferences in  th e  d is tr ib u tio n  o f so m a to ty p es  conse
quence of geographic differences in  th e  facilities o f p ro d u c tio n  an d  th u s  co n su m p 
tio n  o f g row th  im p o r ta n t foodstuffs ? A nd w ould th e  an th ro p o m e tric  p a ram e te rs , 
in  p a r tic u la r  b o d y  h e igh t an d  b o d y  w eigh t, increase on a w orld-w ide scale if  
a global n u tr itio n  im p ro v em en t w ould h a p p e n  as it  has been th e  case in  E u ro p e  
since ab o u t 100 y ea rs , in  J a p a n  since a b o u t 50 years, an d  even  in  B ushm en  
since ab o u t 1935 ? C onsequently , is i t  adm issib le to  reg a rd  th e se  geographic  
differences in  b o d y  h e igh t e tc . as m od ifica tion  effects, w hich  w ould  sa y  th a t  
genetic  endow m ents responsib le for g row th  an d  d evelopm en t could  be real-
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ized in  p a r t  o n ly ?  O r m igh t i t  be possible th a t  th e  prevalence o f sm aller 
an d  lig h te r  sam o to ty p es in  th e  tro p ics  an d  sub trop ics could  be a  re su lt o f 
selective a d a p ta t io n  to  th e  chronic sh o rtag e  o f  food being  m et here as co m p ared  
to  o th e r c lim atic  zones, in  p a r tic u la r  th o se  o f te m p e ra te  c lim ate  ? Such a 
h y po thesis  has been  discussed a lread y  rep ea ted ly , e.g. b y  T h o m s o n  (1968) 
or b y  M a l c o l m  (1970). T hey  argued  as follows: In  p o pu la tions liv ing  fo r long 
periods u n d e r th e  cond itions o f m al- a n d  u n d e rn u tr itio n  those ind iv id u a ls  were 
in  selective a d v a n ta g e  who h ad  a sm all genetic grow th  p o ten tia l an d  hence 
a p resum ab le  sm all need o f food, w hereas ind iv iduals w ith  a la rg e r genetic  
g row th  p o te n tia l an d  a consequen tly  g rea te r need of food are supposed  to  
have  been  in  selective d isadvan tage . T h u s gene com binations effecting  sm all 
an d  lig h t so m a to ty p es  could  sp read  in  areas sh o rt o f food, b y  w hich  in  th e  
course o f  tim e  c lim ate  associated  d is tr ib u tio n  p a tte rn s  cam e ab o u t. H ow ever, 
up  to  now , th e re  is no conclusive evidence for such a hypothesis.

W ith o u t d o u b t, i t  is well a d o cu m en ted  fa c t th a t  an th ro p o m e tric  v a r i
ables such  as b o d y  heig h t, bo d y  w eigh t, R ohrer-index , w eigh t/su rface-ra tio  
an d  su rface /w eigh t-ra tio  are  associated  w ith  clim atic conditions, in  p a r tic u la r  
w ith  th e  m ean  a n n u a l tem p era tu re . In so fa r  one can  say  th a t  th e  geographic 
d is tr ib u tio n  p a tte rn s  of all these  v ariab les are com patib le  w ith  th e  so-called 
B ergm ann rule. A ga in st th a t ,  all a tte m p ts  to  exp la in  these  d is tr ib u tio n  p a tte rn s  
b y  selection , e ith e r  v ia  th e rm o reg u la tio n  or v ia  a d a p ta tio n  to  chronic sho rtag e  
o f food, c a n n o t sa tis fy , as th e y  are  s ta r tin g  from  com pletely  u n p ro v ed  assu m p 
tions.

A fte r all, i t  seem s th a t  th e  geographic d is trib u tio n s of bo d y  h e ig h t, bo d y  
w eigh t, e tc . are  associa ted  on ly  in d irec tly  w ith  c lim atic  conditions, in d irec tly  
insofar as th ese  cond itions m igh t be o f s ign ifican t in fluence on tho se  en v iro n 
m en ta l fac to rs , w hich  are g row th  adv an c in g  or d isadvancing , re spec tive ly . 
These fac to rs  a re  q u a n tity  an d  q u a lity  o f  food as well as g row th  s tu n tin g  
chronic diseases caused  b y  infectious germ s o r pa rasite s . These are  p a r tic u la r ly  
found  in  tro p ic a l a n d  su b tro p ica l a reas, in  w hich v e ry  freq u en tly  a t  th e  sam e 
tim e  p e rs is te n t sho rtag e  of caloric a n d  pro te in  rich  foodstuffs is a t  hand . 
H ence one can  p o in t o u t, th a t  possib ly  p rim arily  th e  to ta l  of g row th  a d v a n c 
in g  or d isad v an c in g  fac to rs, resp ec tiv e ly  is co rre la ted  w ith  clim ate , w hereas 
th e  c lim a te  associations o f an th ro p o m e tric  variab les w ould  be o f secondary  
im p o rtan ce , being  so to  speak  in d ica to rs  fo r th e  n a tu re  o f those non-genetic  
fac to rs , w hich  are  con tro lling  h u m an  g row th . H ow  fa r th e  geographic d iffer
ences in  th e  d is tr ib u tio n  o f an th ro p o m e tric  variab les can  be reg a rd ed  as “ long 
la s tin g  effects”  o f  u n fav o u rab le  life co n d itions du ring  childhood a n d  adoles
cence or a t  le a s t in  p a r t  as th e  resu lts  o f specific a d a p ta tio n  to  chronic  m al
őr u n d e rn u tr itio n , is for th e  tim e  being n o t to  be decided w ith  c e rta in ty . T here 
a re  a t  a n y  ra te  m a n y  reasons to  believe th a t  th e  f irs t  a ssum ption  is m ore 
co rrec t, la s t  b u t  n o t leas t th e  considerab le  increase o f th e  b o d y  h e ig h t am ong 
E u ro p ean s w ith in  th e  la s t cen tu ry , w hich  was w ith o u t dou b t caused  b y  th e  
im p ro v em en t o f th e  life conditions in  p a r tic u la r , how ever, b y  th e  q u a lita tiv e  
an d  q u a n tita tiv e  im p ro v em en t of th e  n u tr itio n .

Sum m ing u p , i t  is n o t denied th a t  th e  an th ro p o m e tric  differences seen am ong 
th e  various h u m a n  races an d  popu la tio n s are  also caused b y  genetic  fac to rs. 
B u t th is  — in  its  e x te n t unknow n — genetic  p o rtio n  o f these  differences m ust 
n o t necessarily  be considered as a c lim ate  associa ted  genetic  a d a p ta tio n  v ia  
selection . I t  is to  be  supposed  th a t  these  differences are  to  a n o t inconsiderab le

1 0 9



degree in d ic a to rs  o f  th e  to ta l  o f g ro w th  cond itions, w hich v a ry  w ith  th e  n a tu ra l 
en v iro n m en t, b u t  in  ad d itio n  to  i t  also w ith  th e  socio-econom ic s itu a tio n , 
and  th is  is g en era lly  in  tro p ica l and  su b tro p ica l a reas m uch m ore u n fav o u rab le  
as co m p ared  to  t h a t  in  te m p e ra te  an d  cooler c lim ates. F u rth e r  investiga tions 
on th e  geograph ic  a n d  rac ia l d is tr ib u tio n  o f h u m a n  physique  an d  its  com ponen ts 
should  consider th e re fo re  m ore th a n  h ith e r to  th e  im p a c t o f non-genetic  fac to rs 
fo r th e  com ing  a b o u t o f these  differences.
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SOCIAL CLASS DIFFERENCES IN BODY HEIGHT 
AND MENARCHEAL AGE IN POST-WAR POLAND

by  T. B ie l ic k i

Institute of Anthropology, Polish Academy of Sciences,
Wroclaw, Poland

Abstract: Massive data on body height and menarcheal age, collected by Polish 
anthropologists between the mid-1950’s and late 1970’s, yield a picture of marked 
socio-economic contrasts. Secular changes have been substantial in both charac
ters. Some contrasts in menarcheal age have declined, but no such tendency ap- 
pearsin the data on body height. Clear-cut social gradients exist both within the 
urban and within the rural population. Attention is drawn to the particularly low 
position of peasants. Social class differences in nutrition, perhaps also in morbidity, 
physical work load, and psychological stresses, are probably responsible for the 
maintanance of social gradients in physical growth. The possibility that such 
gradients have a genetic component is briefly considered.

Key ivords: height, menarcheal age, social class differences, nutrition, selective 
social mobility.

M assive d a ta  on school-children  an d  m ilita ry  conscrip ts , collected  b y  Polish  
an th ro po log ists  in  th e  m id-1950’s, m id-1960’s, a n d  la te  1970’s, in d ica te  th a t  
social class differences in  b o d y  size an d  m a tu ra tio n  ra te  have  been m ark ed  in  
P o lan d  th ro u g h o u t th e  p o st-w ar period . In  w hat follows, a su m m ary  will be 
given of th e  re su lts  o f severa l recen t s tu d ie s  of social g rad ien ts  in  body  h e igh t 
an d  m enarcheal age in  P o lan d ; de tailed  accoun ts o f  these  find ings, w ith  docu
m e n ta tio n  an d  references, a re  c u rre n tly  being p rep a red  for p u b lica tion , or 
are  a lread y  in  press, in  severa l jo u rn a ls .

1. Body height

A n analysis o f v a ria tio n  o f body  h e ig h t am ong 13 th o u san d  m ilita ry  con
scrip ts , all bo rn  in  1957 a n d  exam ined  in  1976, shows th a t  bo d y  h e igh t decreases 
reg u la rly  (m onoton ically ) w ith  A. decreasing  o ccu p a tio n a l-ed u ca tio n a l s ta tu s  
o f th e  fa th e r , B . decreasing  size of th e  c ity  or to w n  o f residence, an d  C. in 
creasing n u m b er o f sibs. A  th ree -fac to r analysis o f  va rian ce  show s th a t  each  
o f  these  3 en v iro n m en ta l fac to rs  has a  sign ifican t effect on b o d y  heigh t a f te r  
th e  effects o f th e  o th e r tw o  fac to rs are p a r tia lle d  o u t. F a c to r  B has th e  s trongest 
effect, fac to r A th e  w eak est (though  s ta tis tic a lly  s ign ifican t). In  conscrip ts 
w ho are b ig -c ity  dw ellers, h av e  co llege-educated  fa th e rs , and  h av e  no m ore 
th a n  one sibling, m ean  h e ig h t is 176.6 cm ; in  ru ra l conscrip ts w hose fa th e rs  
are  farm ers an d  w ho have  5-or-m ore sibs, m ean  h e ig h t in  170.4 cm . The differ
ence betw een  th ese  tw o socio-econom ic ex trem es is th u s  6.2 cm  an d  is equal 
ex ac tly  to  1.0 SD of h e igh t in  th e  to ta l sam ple  ( B i e l i c k i , S z c z o t k a  and  C h a r -
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Z E W S K i  1981). T he difference w ould be even la rg e r if  th e  “ u p p erm o st s tra tu m ”  
w ere rep resen ted  b y  boys from  one-or-tw o-cbildren  fam ilies of th e  W arsaw  
in te llig en ts ia  who in  1978 w ere found  to  average  178.5 cm  a t  th e  age of 18 
years  ( C h a r z e w s k i  1981). One o f th e  s trik in g  resu lts  o f  th e  analy sis  of th e  
m a te ria l of conscrip ts is th e  v e ry  low  position  on th e  b o d y  h e igh t scale of ru ra l  
conscrip ts from  p easan t fam ilies: even w hen sibship size is he ld  c o n s ta n t — 
sons o f p easan ts  tu rn  o u t to  be sh o rte r th a n  e.g. sons o f sm all-tow n sem i
skilled  m anual w orkers, an d  sh o rte r even th a n  sons o f ru ra l unsk illed  m an u a l 
w orkers. I t  has been show n b y  analysis o f va rian ce  t h a t  — in te rm s  of m ain  
effects — th e  cond ition  o f being a p easan t reduces m ean  h e igh t m ore  th a n  th e  
cond ition  of being  a ru ra l dw eller, a n d  also m ore th a n  th e  cond itio n  of being  
a m em ber o f a 6-or-m ore-ch ildren  fam ily.

A sim ilar p ic tu re  em erges from  analyses o f a sam ple o f 24 th o u sa n d  school- 
ch ild ren  exam ined  in  1978. A t all age classes from  7 th ro u g h  18 y ea rs , and  in  
b o th  sexes, ch ildren  from  W arsaw , L odz, an d  W roclaw  (th e  th re e  la rg es t 
P o lish  cities, each  w ith  a p o p u la tio n  of well over 0.5 m illion) are  ta lle r th a n  
ch ild ren  from  sm all tow ns in  th e  ca. 10 th o u sa n d  in h a b ita n ts  ca teg o ry , a n d  
th e  la t te r  are ta lle r  th a n  th e ir  age-m ates from  villages su rro u n d in g  th ese  
sm all tow ns ( W a l i s z k o  e t al. 1980). W h a t m akes th e  above p a t te r n  n o te 
w o rth y  is th e  fac t th a t  th e  d ifference in  h e ig h t be tw een  sm all-tow n ch ild ren  
an d  ch ildren  from  neighbouring  v illages are  o f sim ilar m ag n itu d e  as th e  co rre 
spond ing  differences betw een  sm all-tow n ch ildren  an d  th e ir  b ig -c ity  age- 
m a te s .

Social class co n tra s ts  in  h e igh t p rove  g rea te s t a t adolescence. A t th e  age o f  
14 years  sons o f co llege-educated  fa th e rs  from  big cities an d  from  one-or-tw o- 
ch ild ren  fam ilies w ere, in  1978, on average  11 cm  (!) ta lle r th a n  th e ir  ru ra l  
age-m ates from  p e a sa n t fam ilies w ith  four-o r-m ore ch ild ren . T he 11 cm  
d ifference equals n ea rly  1.4 SD o f h e ig h t am ong  b ig -c ity  boys o f t h a t  age.

S ecular increases o f b o d y  h e ig h t have  been m ark ed  in  p o s tw ar P o lan d . 
F o r th e  age range  7 —18 years  such  increases w ere o f th e  o rder o f 2.0 — 3.0 p e r  
dacade  during  th e  period  betw een  1955 an d  1978. Y e t a d e ta iled  com parison  
o f th e  3 p o st-w ar m ass su rveys o f school-ch ildren  (1955, 1966, an d  1978) 
leads to  th e  su rp rising  conclusion th a t  u rb a n -ru ra l d ifferences in  h e ig h t h a v e  
show n little  or n o t ten d en cy  to  decline d u rin g  th a t  period : in  boys a t  ages 7 
th ro u g h  14 y ears  th e  d ifferences betw een  big  cities a n d  sm all to w n s, as well 
as th o se  betw een  sm all tow ns an d  th e  co u n try s id e  w ere in  1978 som ew hat 
la rg e r th a n  in  1966, an d  in  1966 th e y  w ere la rg e r th a n  in  1955, i.e. th e y  h a v e  
a c tu a lly  in c reased ! ( B i e l i c k i , W e l o n  an d  W a l i s z k o  1981). I f  d ifferences 
in  b o d y  h e igh t betw een  social g roups w ith in  an  e th n ica lly  hom ogeneous p o p u 
la tio n  are an y  in d ica tio n  a t  all o f  uneq u a lities  in  liv ing  s ta n d a rd s  — th e n  th e  
ab o v e  find ings can be ta k e n  as evidence th a t  social policies in  p o st-w ar P o lan d  
h a v e  failed to  achieve one o f th e ir  m ain  declared  goals, th a t  o f reducing  th e  
gap  in  liv ing s ta n d a rd s  betw een  u rb a n  an d  ru ra l fam ilies.

2. Menarcheal age

A sim ilar com parison  o f th e  d a ta  o f th e  th re e  post-w ar n a tio n a l su rveys 
suggest th a t  social d istances in  m enarcheal age, un like  tho se  in  b o d y  h e ig h t, 
h a v e  shown a ten d en cy  to  decrease. D uring  th e  period  1955 — 1978 m ean  age
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a t  m enarche  declined  from  14.3 to  13.4 y ea rs  in  ru ra l girls, from  13.9 to  13.2 
years in  sm all-tow n  girls, a n d  from  13.4 to  12.8 y ea rs  in  b ig -c ity  girls. H ow ever, 
u rb a n -ru ra l d ifferences are  still m ark ed ; ru ra l  girls in  1978 h ad  a m ean  (13.4) 
y ears  w hich b ig -c ity  girls h a d  a lread y  a t ta in e d  in  th e  m id-1950’s; ru ra l girls 
from  S uw alszczyzna (N o rth -E a s t P o lan d ), ex am in ed  in  1978, h a d  a m ean  o f 
13.7 y ears , a lm o st a y ea r above th e  1978 W arsaw  m ean  ( L a s k a  —  M i e r z e j e w - 
s k a  1981).

C lear-cu t social g rad ien ts  in  m enarcheal age ex ist in  P o lan d  am ong u rb a n  
an d  am ong  ru ra l  girls. In  tw o stud ies ca rr ied  o u t in  5 coun ties in  1968 a n d  
again  in  1978 a co n sis ten t p a tte rn  em erged: m en arch e  w as earliest in  d a u g h te rs  
o f ru ra l  n o n -fa rm ers , in te rm e d ia te  in d a u g h te rs  o f “ p a r t- tim e  fa rm e rs”  
(m en who com bine sm all-scale farm ing  w ith  a sa la ried  jo b  in  in d u stry )  a n d  
low est in  d au g h te rs  o f fu ll-tim e farm ers (p easan ts); i t  is im p o r ta n t to  n o te  t h a t  
th is  o rder of m eans persists also w hen fa th e r ’s ed u ca tio n  an d  n u m b er o f sibs 
are  he ld  c o n s ta n t ( L a s k a — M i e r z e j e w s k a  1971, an d  u n p u b lish e d  d a ta ) . 
T hus, th e  m ore  a ru ra l fam ily  relies on fa rm in g  as a source of incom e — th e  
m ore d elayed  th e  d a u g h te rs ’ sexual m a tu ra tio n  !

S tud ies o f m en arch eal age carried  o u t in  tw o  P olish  cities, W arsaw , a n d  
W roclaw  (p o p u la tio n  1.5 an d  0.6 m illion, re sp ec tiv e ly ), co llected  in  1966 a n d  
again  in  1976 (sam ple size ca. 6000 school-girls in  each case) show  a ty p ic a l 
increase of m ean  ages w ith  decreasing o ccu p a tio n a l an d  ed u ca tio n a l s ta tu s  
o f p a re n ts , an d  w ith  increasing  fam ily  size ( M i l i c e r o w a  1968, W a l i s z k o , 
unp u b lish ed ). B o th  cities h av e  show n th e  sam e a m o u n t o f secular change 
d u ring  th a t  decade: in  W arsaw  th e  general m ean  declined  from  13.0 to  12.8, 
an d  in  W roclaw  from  13.2 to  13.0, so th a t  th e  d ifference betw een  th e  tw o 
popu la tio n s has n o t changed . H ow ever, som e c o n tra s ts  seem  to  have  declined 
since th e  m id 1960’s. E .g . in  W arsaw  in 1976 no  difference w as found  in  m en a r
cheal age o f d au g h te rs  be tw een  co llege-educated  an d  h igh-schoo l-educated  
p a re n ts  ( M i l i c e r o w a  an d  P i e c h a c z e k , u n p u b lish ed ). In  W roclaw  d u ring  
th e  1966 — 1976 decade m enarcheal age decreased , genera lly  speaking , m ore in  
th e  low er th a n  in  th e  u p p er social groups; th e  re su lt, again , w as som e a t te n u a 
tio n  o f social c o n tra s ts . E .g ., in  th e  group “ b o th  p a re n ts  unsk illed  m an u a l 
w orkers”  th e  m ean  declined from  13.5 to  13.0 y ea rs , in  th e  group “ b o th  
p a re n t n o t m ore th a n  e lem en ta ry  education  p lus basic  v o ca tio n a l school”  
i t  declined from  13.3 to  13.0 years, while in  th e  g roup  “ fa th e r  h igh-school or 
college ed u ca tio n ”  th e  m ean  (12.9 years) has n o t  changed  ( B i e l i c k i , W e l o n  
an d  W a l i s z k o  1981).

D iscussion

I t  is ev id en t t h a t  none o f th e  “ fac to rs”  in  te rm s  of w hich  an th ro po log ists  
u su a lly  describe socio-econom ic s tra tif ic a tio n , an d  w hich  have been show n 
to  have  a s ta tis tic a l effect on b o d y  size or m a tu ra tio n  r a te  — i.e. n e ith e r  th e  
ed u ca tio n a l or occu p a tio n a l s ta tu s  o f p a re n ts , n o r  fam ily  size, nor th e  degree 
of u rb an iza tio n  o f  th e  place o f  residence, no r even  a n n u a l incom e per m em ber 
o f household  — can  affect physica l g row th  d irec tly . R a th e r , such “ fa c to rs”  
m u s t be view ed as in fluenc ing  g row th  v ia  som e o th e r en v iro n m en ta l s tim uli 
w ith  w hich th e  fac to rs  are co rre la ted . F our ty p e s  o f  such stim u li can be consid
ered: n u tr i t io n , d isease, physica l w ork load , an d  g row th-in fluencing  psycho
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logical stresses. O f these , b y  fa r  th e  b e s t d ocum en ted  is th e  role o f n u tr i t io n ;  
an d  th o u g h  socio-econom ic s tra tif ic a tio n  in  P o land  (as in m an y  o th e r coun tries) 
p ro b ab ly  involves differences in  all fo u r aspects  o f th e  ch ild ’s e n v iro n m en t, 
i t  is possible th a t  th e  existence o f  social g rad ien ts  in  bo d y  size an d  m a tu ra tio n  
ra te  is u ltim a te ly  due p rim arily  to  d ifferences in  n u tr itio n . E .g ., ru ra l ch ild ren  
in  P o lan d  often  p a rtic ip a te  in  w ork  on th e  fa rm , an d  often  h av e  to  w alk  severa l 
k ilom eters to  school, so th a t  th e ir  average  w ork  load  is p ro b ab ly  sig n ifican tly  
g rea te r th a n  th a t  o f  th e ir  u rb a n  age-m ates; how ever, th e re  is no ev idence th a t  
in tense physica l w ork  can a ffec t g row th  in d ep en d en tly  o f n u tr itio n , e.g. th a t  
i t  can  s tu n t  g row th  or delay  m enarche  in  adequately nourished  ch ildren .

D a ta  on  social class differences in  n u tr i t io n  in  P o land  a re  n o t ex tensive . 
Official s ta tis tic s  published  in  th e  1970’s b y  G .U .S., th e  C en tra l S ta tis tic a l 
Office, a n d  based  on analyses o f fam ily  b u d g e ts  in  a s tra tif ie d  sam ple  o f ca. 
8000 households , ind ica te  th a t  per c a p ita  consum ption  o f food item s w hich 
are p rin c ip a l sources of an im al p ro te in , calcium , an d  v itam in s  (m ea t, eggs, 
b u tte r , cheese, fru its , and  vegetab les) decreases m arked ly  w ith  decreasing  
an n u a l incom e p e r person in  th e  househo ld  and  w ith  increasing  n u m b e r of 
persons in  th e  household . Also, th e  sy stem  o f food d is trib u tio n  has co n sis ten tly  
fav o u red  th e  big cities over m ed ium  an d  sm all tow ns; e.g., i t  has re c e n tly  been 
disclosed th a t  d u ring  th e  second h a lf  o f th e  1970’s th e  8 la rg es t u rb a n  cen ters, 
accoun ting  for a little  over 20 per c en t o f th e  p o pu la tion  o f P o lan d , were 
receiv ing  as m uch  as 50 p e rcen t o f th e  to ta l  m ea t supp ly  d is tr ib u te d  b y  the  
g o v ern m en t for dom estic consum ption . T he ab o v e  facts seem  to  su p p o rt th e  
p resu m p tio n  th a t  such fac to rs as p a re n ta l ed uca tion  an d  o ccu p a tio n a l s ta tu s , 
n u m b er o f siblings, and  degree of u rb a n iz a tio n  influence g row th  to  a large 
e x te n t v ia  n u tr itio n . On th e  o th e r  h a n d , analyses of th e  G .U .S. d a ta  fail to  
show  a n y  in fe rio rity  of p easan t households com pared  to  households o f salaried  
w orkers w ith  reg a rd  to  per c a p ita  consum ption  o f th e  m ost v a lu ab le  food item s; 
in fa c t, one of th e  recen t s tud ies in d ica tes  th a t  during  th e  period  1973 1976
average  daily  p e r cap ita  in ta k e  o f an im al p ro te in , p lan t p ro te in , c a rb o h y d ra tes , 
calcium , iron , an d  v itam ins A , B 1? B 2, an d  C w as for each of these  n u tr ie n ts  
a c tu a lly  higher in  p easan t households th a n  in  households o f sa laried  w orkers 
(S e k u e a  e t al. 1980). This re su lt is in tr ig u in g ; if  th e  sh o rte r s ta tu re  an d  delayed 
m a tu ra tio n  of p easan t ch ildren  and  y o u th  is not caused by  poorer n u tr itio n  
th e n  b y  w h a t is i t  caused ?

I t  shou ld  be stressed  th a t  th e  p o p u la tio n  of post-w ar P o lan d  (un like  th a t  
of p re -w ar P o land) is e thn ica lly  h igh ly  hom ogeneous, w ith  p rac tica lly  no racial, 
lingu istic  or religious m inorites. I t  seem s therefo re  logical to  assum e th a t  th e  
above-described  social g rad ien ts  in  b o d y  size and  m a tu ra tio n  ra te  are  a resu lt 
of in eq u a lities  in  living cond itions ra th e r  th a n  a re flec tion  o f in te r-g ro u p  
genetic  differences resu lting  from  som e association  betw een  socio-econom ic 
s ta tu s  an d  e thn ic  origin. H ow ever, th e  possib ility  can n o t be d iscard ed  a priori 
th a t  som e of th e  observed  social class d ifferences do have a genetic  co m ponen t: 
it shou ld  be k e p t in  m ind th a t  genetic  differences betw een  social classes can 
arise, a n d  be m ain ta in ed , even in  an  e th n ica lly  hom ogeneous socie ty  — for 
exam ple  as a re su lt of selective social m obility, i f  e.g., ta ll  in d iv id u a ls  w ere for 
som e reason  m ore likely  th a n  sh o rt ones to  m ove upw ard  on th e  socio-econom ic 
scale, o r m ore likely  to  m ig ra te  from  villages to  c ities, th e n  th e  observed  
social g rad ien ts  in  s ta tu re , o r th e  u rb a n -ru ra l differences in  s ta tu re , m ig h t in 
p a r t  be genetic  ra th e r  th a n  pu re ly  p h en o typ ic . A few  stud ies ca rried  ou t
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in  S co tland , W est G erm any , B elgium , an d  P o lan d  suggest th a t  b o d y  h e igh t 
in  those  p o p u la tio n s m ay indeed  be su b je c t to  th is  so rt o f selection. I t  is te m p t
ing  to  t r y  to  in te rp re te  in  te rm s of th is  h y po thesis  th e  ab o v e-n o ted  fac t th a t  
in  p o st-w ar P o lan d  social class d is tan ces  in  m enarcheal age seem  to  h av e  de
clined, w hereas analogous d istances in  b o d y  h e ig h t h av e  n o t. P e rh a p s  m a tu ra 
tio n  ra te , a “ tra n s ie n t”  an d  “ less v isib le”  p h eno typ ic  ch a rac te r o f an  in d iv id u a l, 
is n e u tra l fro m  th e  p o in t o f  view  social selection  w hereas h e igh t is n o t;  hence 
class d ifferences in  m enarcheal age are  “ free to  decline”  in  response to  a re d u c 
t io n  o f econom ic co n tra s ts  w ith in  th e  socie ty , w hereas a sim ilar ten d e n c y  in  
body  heigh t is co u n te rac ted  by  se lec tive  social m obility .

T he possib ility  of d ifferen tia l social m obility  of ce rta in  geno types is not 
p roposed  here  as an a lte rn a tiv e  e x p lan a tio n  of th e  ex istence o f  social class 
differences in  grow th. I t  rem ains th e  p re sen t w rite r’s conviction  th a t  if  “ g enet
ics”  (in th e  above sense) p lay s an y  ro le a t  all in  th e  em ergence an d  m ain ten an ce  
o f social g rad ien ts  in  bo d y  size and  m a tu ra t io n  ra te , its  ro le is o f m ino r im p o r
ta n c e  as co m p ared  w ith  th e  role of th e  “ p lastic  response”  o f th e  grow ing o rg an 
ism  to  ce rta in  k inds of en v iro n m en ta l p ressu res. T h a t is th e  g rad ien ts  described 
in  th e  p resen t paper are p rim arily  (p e rh ap s  exclusively) “ econom ic”  in  orig in : 
th e y  are d irec t consequences o f th e  fa c t th a t  en v iro n m en ts  p ro v id ed  to  ch ild ren  
b y  fam ilies belonging to  d iffe ren t socio-econom ic s tra ta  differ m ark ed ly  in  th e  
degree to  w h ich  such en v iro n m en ts  in h ib it  th e  full rea liza tio n  o f th e  gene tica lly  
p ro g ram m ed  “ grow th  p o te n tia l” of a ch ild . To use J .  M. T a n n e r ’s  expression  
( T a n n e r  1978, p. 114) d a ta  on c h ild re n ’s g row th  can serve as an  excellen t, 
q u a n tita tiv e  m easure  o f classlessness o f  a society. V iew ed in  th is  p ersp ec tiv e , 
P o lan d  — u n lik e , for ex am p le , N orw ay  or Sweden — ap p ears  to  be s till v e ry  
fa r from  th e  “ classless”  cond ition .
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GROWTH IN DUTCH CARAVAN-CAMP CHILDREN*

by M. J. R oede

University Children’s Hospital “Het Wilhelmina Kinderziekenhuis” ; Institute of Human 
Biology, Maastricht, The Netherlands

Abstract: One of the minority groups in The Netherlands consists of Dutch 
caravan-camp dwellers. Part of them stays more or less permanently on one cara
van camp, others prefer to wander around from one camp to the other. Recently, 
their primitive dog-carts, horse-carts, and tilt-cars are exchanged for — often 
rather well-equipped — living-wagons and caravans. Yet, the overall hygienic and 
nutritional conditions clearly lag behind the average Dutch standards.

During 1978—1980 anthropometric data were collected to evaluate the health 
conditions of about 400 caravan-camp children of Dutch origin of 3—15 years of 
age. Their height and weight for height were compared with national Dutch 
growth standards. The caravan-camp children have proved to be significantly 
smaller, yet heavier than the average of Dutch children. Improvement of the 
overall camp environment should be further stimulated.

Key ivords: Caravan-camp children, Dutch children, height, weight for height.

In tro d u c tio n

In  1975 in  T he N etherlands 20 000 D u tc h  caravan-dw ellers w ere liv ing  on 
a b o u t 170 cen tra  an d  cam ps ( V e r n o o y  1977). These are freq u en ted  exclusively  
b y  these  caravan-dw ellers an d , in c id en ta lly , sm all g roups of a u th e n tic  gypsies 
an d  h av e  n o t to  be confused w ith  to u ris t cam ping  sites. P a r t  o f th e  caravan - 
dw ellers s tay s  m ore or less p e rm a n e n tly  on one ca rav an -a rea , o th e rs  prefer 
to  w ander a ro u n d  from  one cam p to  th e  o th e r. T he h is to ry  o f th e  caravan - 
dw ellers o f D u tch  origin — w ho like to  n am e  them selves “ tra v e lle rs” — da tes 
b ack  to  generations of ra m b lin g  ancesto rs. A t f irs t, du ring  th e ir  ram bling  
a ro u n d  th e y  sp en t th e  n ig h t in  barns or cheap  tav e rn s . In  th e  second h a lf  of 
th e  fo rm er c e n tu ry  and  th e  beg inn ing  o f  th is  c e n tu ry  th e  “ tra v e lle rs”  s ta r te d  
to  get th e ir  ow n m eans o f tra n sp o r t , like  dog-carts an d  ho rse-carts , also used  
fo r passing  th e  n ig h t. L a te r, th e y  used covered  w agons, w hile n o w ad ay s th e y  
possess — o ften  ra th e r  well equ ipped  — ca rav an s . In  fo rm er d ays th e  co n tac t 
w ith  th e  re s t o f th e  society  w as good; th e  “ tra v e lle rs” were a p p rec ia ted  for 
b ring ing  th e  la te s t  news from  o th e r v illages. W hen th e y  did n o t longer n ig h tly  
m ix  am ong o th e r citizens, th e y  lo s t m ore a n d  m ore c o n ta c t w ith  th e ir  c o u n try 
m en w ith  fixed  abode. T oday , th e y  are r a th e r  d is tru s tfu l to w ard s civil society.

* This study was supported by a grant to the University Children’s Hospital “Het Wilhel
mina Kinderziekenhuis” from the Ministry of Health and Environmental Protection.
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T he occupation  o f  m ale  caravan-dw ellers used  to  be ped la r, haw ker, cha ir- 
m ender, tin k e r, or scissors-grinder. A t p resen t, th e y  o ften  claim  to  be m erch an t, 
i.e. in  m ost cases sca rp -iro n  or ju n k -d ea le r; th e ir  cam ps — m o stly  s itu a te d  
a t  th e  o u tsk ir ts  o f to w n  — can  be recognized from  a d is tan ce  b y  huge piles 
o f o ld  cars. P a r t  o f th e m  used  to  w ork as a p ea t d igger, w hile now adays sm all 
p a r t  o f th em  w ork as casual labourers on farm s or fac to ries. O thers are  m usici
ans. E specially  d u ring  sum m er, th e y  like to  tra v e l to  su rround ing  cou n tries  
to  p lay  a t  fairs an d  festiv ities. M any o f th e  caravan -dw elle rs  are  u nem ployed  
or re jec ted  for la b o u r as m edical u n fit.

B ecause of th e  d e v ia tin g  lifesty le o f th e  caravan -dw ellers , also re su ltin g  in  
d ifferen t a ttitu d e s  to w ard s  hygiene a n d  d ie t, th e y  can  be considered as a 
sep a ra te  su b -p o p u la tio n  o f th e  D u tch  n a tio n .

C hildren o f ca ravan -dw elle rs  grow u p  u n d e r co m p ara tiv e ly  u n fav o u rab le  
conditions as com pared  w ith  o th e r D u tc h  ch ildren . P re n a ta l care leaves m uch  
to  be desired; o ften  th e  p reg n an t m o th e r only  consu lts  a d is tric t-n u rse  ju s t  
before delivery . C hild m o rta lity  is h ig h er th a n  in  th e  re s t o f th e  c o u n try . 
T hough  a t  p re sen t a lm o st all ch ildren  in  th e  cam ps ge t th e  usual v acc in a tio n s, 
i t  is h a rd  to  in s tru c t th e  m o s tly  suspicious an d  o ften  illite ra te  m o thers. In fa n ts , 
to dd le rs and  schoo lch ild ren  often  h av e  a lim e n ta ry  d isorders, an d  a h igh p e r 
cen tage suffers from  a s th m a  an d  b ro n ch itis . T hese fac ts  have  been m en tio n ed  
in  rep o rts  concern ing  th e  s ta tu s  of h e a lth  o f th is  m in o rity -g ro u p , b u t  so fa r  
are  n o t y e t q u a n ti ta t iv e ly  ev a lu a ted .

F o r some tim e  v o lu n teers , m ostly  p riests , tr ie d  to  im prove th e  cond itions 
in  th e  cam ps. L a te r , civil se rv an ts  o f th e  g o v ern m en t s ta r te d  h e a lth  care  
am ong th e  caravan-dw ellers. A t p resen t, in  th e  la rg e r cen tres w a te r-su p p ly  
an d  sewage are  p ro v id ed  for, while th e re  is a b u ild ing  w ith  room  for a h e a lth  
clinic fo r in fa n ts  a n d  to d d le rs . O ften, th e re  is a sm all school, v is ited  b y  th e  
school d o c to r for in sp ec tio n  o f th e  ch ild ren  accord ing  to  th e  schedule t h a t  
applies for all D u tc h  ch ild ren  o f school age. School docto rs included  re p o r ts  
on th e ir  experiences w ith  ca rav an  ch ild ren  in  th e ir  y ea rly  rep o rts , b u t  u n til  
now  no n a tio n a l su rv ey  w as perform ed. I t  was th u s  considered  a good o p p o r
tu n i ty  to  collect d a ta  on ch ildren  of th e  above described  sub -popu la tion  d u rin g  
th e  th ird  n a tio n -w id e  D u tch  su rvey  on grow th .

M ethods

D uring  th e  th ird  na tion -w ide  b iom etric  su rv ey  in  T he N eth erlan d s (1980) 
d a ta  on h e igh t an d  w eigh t o f ab o u t 40 000 boys a n d  girls o f 0 — 19 years  o f 
age w ere collected. T he ac tu a l m easuring  an d  re g is tra tio n  was done b y  te a m s  
o f h ea lth  clinics an d  school doctors during  th e ir  reg u la r inspection  of th e  
ch ildren . T h ro u g h  personal v isits  to  all co opera ting  team s s tr ic t in s tru c tio n s  
a b o u t m easu ring  tech n iq u es were g iven, an d  th e  m easuring  in s tru m e n ts  
verified . A sm all n u m b er o f school docto rs p ro v ed  to  be in  th e  positio n  to  
g a th e r as well m easu rem en ts  of ca rav an  ch ild ren . T hus, d a ta  on 201 boys 
a n d  199 girls, 3 — 15 years  o f age, from  11 cam ps sp read  all over th e  c o u n try  
cou ld  be collected. T he m ateria l d id  include som e ch ildren  o f n o n -D u tch  
orig in , m ain ly  gypsies, b u t  these  have  been  excluded  from  th e  analyses.

H eig h t w as n o te d  dow n in  cen tim eters an d  m illim eters, w eight in  k ilog ram s 
a n d  hectogram s. I t  is th e  in ten tio n  to  com pare th e  D u tch  c a rav an  ch ild ren
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w ith  th e ir  s im ultaneously  m easured  c o u n te rp a r ts . H ow ever, while p rep arin g  
th is  p ap er, th e  fin a l re su lts  o f th e  re c e n t na tion -w ide  survey, on grow th  
w ere n o t y e t ava ilab le . H ence, i t  was decided  to  com pare  th e  D u tch  ca rav an  
ch ild ren  w ith  th e  re su lts  o f  th e  second n a tio n -w id e  su rv ey  on g row th  of 1965 
(v a n  W i e r i n g e n  1972). T h is s tu d y  w as perfo rm ed  accord ing  a sim ilar la y 
o u t as th e  one o f 1980. F o r  each c a ra v a n  child  its  s ta n d a rd  d ev ia tion  score 
(SDS =  (a tta in ed  heigh t — m ean h e ig h t) /s tan d a rd  d ev ia tio n  was ca lcu la ted , 
m ean  h e igh t and  s ta n d a rd  d ev ia tio n  b e ing  th e  1965 va lu es  fo r each p a rticu la r  
age. M oreover, for each child  w eight fo r h e igh t was ca lcu la ted , expressed  as 
p ercen tag e  of th e  D u tch  m ed ian  values o f w eight for h e ig h t o f 1965.

R esu lts

H eight. As s ta n d a rd  d ev ia tio n  scores a re  in d ep en d en t o f sex th e  SD -scores 
of boys an d  girls were com bined . Per age  group th e  average  SD -score an d  its  
s ta n d a rd  dev ia tion  are g iven  in  T able 1. Table 1 show s th a t  a t  all ages th e  
ca rav an  ch ildren  h av e  n eg a tiv e  SDS v a lu es , th u s  being sm aller th a n  th e  av e r
age h e igh t of th e ir  D u tch  con tem p o raries  of 1965. P re lim in a ry  resu lts  o f th e  
nation -w ide  su rv ey  of 1980 in d ica te  th a t  for b o th  boys a n d  girls a t  su bsequen t 
ages th e  s ta n d a rd  d ev ia tio n s do no t d iffer from  those  o f  1965, while th e  m ean  
values o f height o f 1980 positiv e ly  d e v ia te  from  th e  1965 values. The increase 
of h e ig h t being rou g h ly  a b o u t h a lf  a cm  for b o th  boys a n d  girls a t th e  age of

Age
in years N

s. d. score

X s. d.

3 13 — 1.02 0.82
4 14 - 0 .6 9 0.96
5 35 - 0 .4 7 1.00
6 37 - 0 .7 7 0.75
7 34 - 0 .3 0 1.15
8 48 - 0 .3 5 0.88
9 54 - 0 .5 4 1.03

10 50 - 0 .3 6 0.87
11 47 - 0 .2 3 1.17
12 30 — 0.21 1.54
13 18 — 0.37 1.43
14 4 —0.16 —

15 3 — 1.70 —

fiv e , a b o u t 2 cm  in  boys an d  3 cm in girls a t  th e  age o f  te n , an d  ab o u t 3 an d  
2 cm , re spec tive ly , a t  th e  age o f fifteen . T his leads to  th e  conclusion th a t  th e  
ca rav an  children  will p rove to  be even sm aller, w hen  co m p ared  w ith  th e ir  
con tem poraries m easu red  in  th e  sam e p e rio d  a ro u n d  1980.

W eight fo r  height. O f th e  ca rav an  boys 61.2 p er cen t a n d  of th e  ca rav an  
girls 70.3 per cen t p ro v ed  to  h av e  a w eigh t for h e ig h t v a lu e  above th e  m edian
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Table 1

Standard deviation scores (x and s.d.) (height) in caravancamp-children 
in 1980, as compared to Dutch P50 values of 1965



Weight for Height % (x and s.d.) in caravancamp-children in 1980, 
as compared to Dutch P50 W/H — values of 1965

Table 2

Cam p
o' d 9 9

N X s. d . N X s. d  .

A 26 106.6 17.2 29 111.2 18.2
B 12 125.5 36.0 19 119.6 21.6
C 31 101.2 7.8 43 105.5 10.5
D 26 105.1 14.2 18 113.7 15.8
E 14 102.7 9.3 8 98.5 8.7
F 13 106.6 11.2 15 110.3 13.5
G 9 103.7 18.3 14 112.1 12.1
H 19 106.7 9.9 11 104.9 13.9
I 30 111.5 15.0 20 102.5 11.2
J 20 105.0 18.4 20 104.4 24.6

of 1965. In, T able 2 per cam p  th e  m ean  w eight for h e ig h t p ercen tag e  an d  its  
s ta n d a rd  dev ia tion  are lis ted . This T ab le  shows th a t  on  th e  average  b o th  
ca ra v a n  boys an d  girls su rpass th e  1965 values. In  cam p B e x tra  h igh  values 
w ere found . On th e  re g is tra tio n  card  th e  docto r was asked  fo r his su b jec tive  
im pression  of s ta tu re  an d  w eigh t o f th e  child  in  te rm s o f sm all, average, or ta ll , 
an d  th in , average, or fa t, re spec tive ly . F o r cam p B su p p lem en ta ry  rem ark s 
w ere given such as “ ad ip o s ita s” , “ incred ib le  fa t” , or “ re m itte d  for d ie t in s tru c 
tio n s” . This m akes i t  reasonab le  th a t  in  m ost cases th e  overw eigh t o f th e  ca rav an  
ch ild ren  is due to  a su rp lus o f fa t.

A nation -w ide  su rv ey  on eigh t y ea rs  o ld  schoolch ildren  (d e  W i j n  et al. 
1979) an d  th e  N ym egen G row th  S tu d y  on 4 —14 years old ones ( R o e d e  1979) 
re p o rte d  th a t  since 1965 th e re  h a rd ly  has been an  increase in  w eight in  D u tc h  
ch ild ren . S u p p o rt fo r th is  phenom enon  is given b y  p re lim in a ry  resu lts  o f th e  
na tion -w ide  su rv ey  on g ro w th  of 1980. On th e  average th e  D u tc h  child  becam e 
ta lle r  b u t  m ore slender. A ccordingly , i t  m ay  be expec ted  th a t  w hen  th e  ca rav an  
ch ild ren  will be com pared  w ith  th e  f in a l w eight for h e ig h t s ta n d a rd s  of 1980, 
th e y  w ill be found  to  be even  m ore h eav y  th a n  th e ir  co n tem p o raries , m easured  
in  th e  sam e period  o f tim e . In  th is  resp ec t ch ild ren  o f c a ra v a n  dwellers w ith  
th e ir  in  m any  w ays d ev ia tin g  life-sty le  resem ble m ost ch ild ren  o f th e  low est 
social groups of th e ir  c o u n try m en  w ith  fix ed  abode. A t p re se n t in  T he N e th e r
lan d s these  h av e  overw eigh t, accord ing  to  sk in fo ld  m easu rem en ts , due to  fa t  
( d e  W i j n  et al. 1979).
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SEASONAL VARIATIONS 
IN CHILDREN’S WEIGHT GROWTH RATES

by T. H o a n g  and P. L a z a r

University of Paris V. Paris; National Institute of Health and Medical Research, 
Unit of Research 170, Paris, France

Abstract: The growth rates of 1583 children in 8 day care centers in Paris 
weighed from 1 to 4 times every months were analyzed for the presence of sea
sonal patterns.

In the age range 3—36 months there are seasonal variations of weight veloci
ties for both sexes which at least partly may be accounted for by the patterns of the 
children’s attendance at the centers.

Regardless of seasons boys but not girls show an acceleration of weight in their 
third year.

Key words: Seasonal variations, weight growth rates.

Introduction

Seasonal v a ria tio n s  in  g ro w th  ra te s  h a v e  been re p o rte d  in  W est E u ro p ean  
ch ild ren  F o r exam ple B r a n s b y  (1945) observed t h a t  ch ild ren  grew faste r 
in  s ta tu re  d u rin g  spring th a n  during  a u tu m n  an d  w in te r. M a r s h a l l  (1975) 
how ever found  m ax im um  m ean  g row th  ra te s  to  occur a t  m idw in te r. Few  
researchers h av e  included  age in  th e  analysis o f seaso n a l p a tte rn s  of g row th . 
Since find ings are conflic ting  an d  su ffic ien t d a ta  on th e  in te ra c tio n  o f age an d  
seasons lack ing  th e  p re sen t s tu d y  was carried  ou t to  in v es tig a te  th e  effects o f 
seasons on th e  change o f g ro w th  v e lo c ity  in  ch ild ren  a t  d ifferen t ages.

Subjects and Methods

H e a lth  surveillance in  d a y  care cen ters includes ro u tin e  w eighing of ch ild ren  
b y  tra in e d  nurses. F o r th is  s tu d y , fou r d ay  care cen te rs  in  P a ris , lo ca ted  in  
th e  11 th , 13 th , 14 th  an  17 th  w ards w ere selected w here access to  th e  w eight 
reco rds w as p ro v id ed  to  us from  th e  open ing  d ay  o f these  cen ters. C hildren 
fro m  age 1 m o n th  up  to  40 m o n th s are en ro lled  on th e  basis o f av a ilab ility  of 
p laces so th a t  th e  age o f en te rin g  and  leav in g  th e  cen te rs  varies as well as th e  
le n g th  o f s ta y : T hus th e  d a ta  are ty p ic a lly  m ixed  lo n g itu d in a l an d  involve 
1583 ch ildren  (844 boys an d  739 girls). O n a reg u la r schedule, th e  ch ildren  are 
w eighed w ith o u t clo thes in  th e  m orning  up o n  th e ir  a rr iv a l. W eights are n o ted  
a n d  filed  in  th e  m edical records. The dem ograph ic  e lem ents of th e  P aris  d ay  
care  cen ters (PD C) g row th  d a ta  are show n in T able 1.

123



Table 1
Demographic features of the PDC data

N u m b er o f  ch ild ren  
en ro lled  in  d a y  ca re  cen te r

M ean age 
(m onths)

M ean  d u ra tio n  
(m o n th s)

1 2 3 4* all entering leaving stay
between 2 
weighings

Boys 288 247 232 77 844 9.63 26.38 17.00 0.61
Girls
all

232 216 204 87 739 
52Ö 463 T36 164 1583

9.07 26.21 17.35 0.59

Day care center

1 2 3 4
Years of data recording 1961 — 77 46 — 77 61 — 77 62—79

* Due to technical problems not all children from this day care center are included

L e t a(t) deno te  th e  age o f  a child  a t  th e  ca lendar tim e  t. W eigh t velocity  
va(t) a t  age a an d  tim e  t is co m p u ted  as th e  ra te  o f w eigh t change

_ _  w a ( t + 1) ~~  w a (Q

°(0 a(*+l)  — a(t)
w here n;űö) is th e  w eight a t  age a(t).

T hus a(t) is classified in to  seasons an d  8 age classes of 3 m o n th s  len g th  
each  cen tered  a t  3, 6, 9, 12, 18, 24, 30 an d  36 m o n th s. In  each age class m ean  
w eigh t ve locity  is co m p u ted  fo r each  season an d  ran k s  are a llo ca ted  to  seasons 
in  increasing  o rder o f m ean  velocities. W e te s t th e  nu ll h y po thesis  o f no season
a lity  of w eight ve locity  in  th e  w hole age range  3— 36 m o n ths b y  using  K en d all’s 
coeffic ien t o f concordance o f th e  ran k in g s  o f seasons a t  all ages.

Results

In  T able 2, th e  3 -m on th ly  m eans o f w eight velocities are  g iven  w ith  th e ir  
s ta n d a rd  errors for successive ages. T he n u m b er of m easu rem en ts p resen ts  
a m ode a t age 18 m o n ths an d  is co n sis ten tly  th e  low est in  sum m er due to  th e  
o n e-m o n th  vaca tio n s ta k e n  b y  th e  ch ildren . Changes in  velo c ity  are perh ap s 
b e t te r  expounded  b y  g raph ics. F igu re  1 shows th e  m ean  w eigh t velocities for 
th e  four seasons for boys an d  girls sep a ra te ly . F igure  2 expresses th e  difference 
betw een  boys a n d  girls in  g ro w th  velocities a t  each season.

B oys show  a c o n s tan t decrease in  w eight g row th  velo c ity  u n til  age 24 m on th s 
in  w in te r an d  sum m er an d  age 30 m o n th s in  spring  an d  a u tu m n  followed b y  
an  increase a fte rw ard s. W eigh t g ro w th  velocity  in  girls decrease co n stan tly  
in  th e  s tu d ied  age range  3— 36 m on ths.

E x cep t in  sum m er, boys grow  fa s te r  th a n  girls before age 12 m on ths, d rop  
to  a low er g row th  ra te  u n til  age 30 m o n ths an d  ca tch  up  again  a t  36 m on ths. 
A t age 3 m o n ths w eight ve lo c ity  in  sum m er is low er for boys th a n  for girls
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Fig. 1. 3-monthly mean weight velocities for the four seasons. 1/a: Weight velocity for boys, 
3-monthly means plotted at successive ages; 1/b: Weight velocity for girls, 3-monthly means

plotted at successive ages

Fig. 2. 3-monthly mean weight velocities of boys and girls at each season; 3-monthly means 
plotted at successive ages. 2/a: Winter, 2/b: Spring, 2/c: Summer, 2/d: Autumn
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an d  from  6 to  36 m on th s th e  basic p a tte rn  rem ains th e  sam e, how ever, w ith  
g re a te r  irreg u la rity .

M ean velocities are m ore d ispersed  in  sp ring  th a n  in  o th e r seasons. M ean 
velocities in  sp ring  sp read  on th e  ran g e  81— 621 g/m o for boys an d  114— 536 g/m o 
for girls w hile th e  n e x t la rg est ran g e  is 9 9 —537 g/m o fo r boys a n d  156— 
618 g/m o for girls in  sum m er. (C om pare also F igure  2 to  F igures 1 — 3 4 in
T ab le  3).

Table 2

Weight velocities, PDC data

Age
M o n th s

W in te r Spring S u m m er A u tu m n

N M ean SE N M ean SE N M ean SE N M ean S E

G/M O

BOYS 3 217 495 37 248 621 39 150 480 79 163 537 58
6 646 456 34 836 489 34 581 456 22 767 411 11
9 778 369 21 782 351 17 613 372 12 933 312 22

12 830 318 28 789 270 23 601 279 26 864 246 20
18 1255 225 17 1366 195 15 953 243 23 1243 195 19
24 848 150 15 795 147 14 549 126 15 900 120 13
30 764 156 15 735 81 30 430 159 23 724 99 23
36 475 216 15 505 102 25 278 183 27 459 138 23

GIRLS 3 208 504 35 272 537 35 181 618 73 145 462 35
6 640 399 25 882 435 20 569 423 30 766 354 35
9 775 327 17 737 345 19 592 342 29 770 267 19

12 881 258 18 788 264 25 476 291 25 838 258 21
18 1202 240 23 1249 189 18 864 210 18 1111 183 17
24 774 195 21 794 117 16 475 165 17 691 102 21
30 700 177 21 642 117 16 475 165 17 691 102 21
36 499 114 20 476 114 19 217 156 24 356 78 15

T here  is a sign ifican t ag reem en t in  th e  ran k in g  o f seasons a t  all ages for 
b o th  boys (W  =  .61, p <  .001) an d  girls (W =  .68, p <  .001). B ased  on th e  
s ta tis tic s  o f th e  sum s o f ran k s , e s tim a tes  o f th e  tru e  ran k in g  o f w in te r , sp ring , 
su m m er an d  a u tu m n  in th is  o rder a re  also given in  T able 3. In  increasing  o rd er 
o f m ean  w eight velocities th e y  are (4, 2, 3, 1) for boys an d  (2.5, 2.5, 4,1) for girls. 
F o r th e  la t te r ,  th e  e s tim a ted  ran k s  o f w in ter an d  spring  are  tie d  a n d  g iven  th e  
m id v a lu e  2.5.

Table 3

Coefficients of coherence and ranks estimates

W P Seasons sequence E s tim a te  o f  th e  t ru e  
ran k in g

Boys .61 <.001 (W, Sp, Sm, A) (4, 2, 3,1)
Girls .68 <.001 (W, Sp, Sm, A) (2.5, 2.5,4,1)

W: Winter, Sp: Spring, Sm: Summer, A: Autumn 
1: Slowest growth, 4: fastest growth
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Discussion

B a c k m a n  (1934) suggested  th a t  th e  “ in fan tile  g ro w th ”  reached  its  peak  
velo c ity  in  th e  th ird  year. T he question  o f th e  ex istence  of “ w aves”  of g row th  
realized  as successive g row th  sp u rts  is s till an  open one. E x cep t for th e  re la 
tiv e ly  w ell d o cum en ted  adolescen t peak  v e lo c ity  phenom enon  an d  th e  less well 
in v es tig a ted  m id  g row th  sp u r t a t ab o u t 7 years, o th e r sp u rts  are of a m ore 
specu la tive  n a tu re  since “ h a rd ”  d a ta  are  lack ing  to  docum en t th e ir  ex istence. 
B ack m an ’s s tu d y  d ea lt only  w ith  h e ig h ts  in  boys. W ith  an  accelera tion  of 
w eight g ro w th  in  boys b u t n o t girls in  th e  age range  30 — 36 m on ths, our PD C  
d a ta  su p p o rt B a c k m a n ’s claim .

M a r s h a l l  (1975) rep o rted  th a t  ch ild ren  reach ed  th e ir  m ax im um  g ro w th  
ra te  in  m id -w in te r. F rom  3 to  30 m o n th s, th e  PD C  children  w eight velocities 
show  seasonal v a ria tio n s  w ith  p a r tic u la rly  m ax im a occurring  in  a u tu m n  an d  
h igh values in  sum m er. A n a lte rn a tiv e  ex p lan a tio n  for th is  seasona lity  m ay  
be th a t  d u rin g  th e  one-m on th  v aca tio n  in  sum m er ch ild ren  experience d ifferen t 
cond itions inc lud ing  a full tim e  care b y  th e ir  p a re n ts . T hey  resum e th e ir  
a tte n d a n c e  a t  th e  cen ters in  au tu m n .

T h a t boys gain w eight th e  fa ste st in  w in te r  m ay  also ju s t  well be a reb o u n d  
a fte r th e  re la tiv e  deceleration  in  a u tu m n . Such an  in te rp re ta tio n  does n o t a t  
least c o n tra d ic t a n o th e r con sis ten t fin d in g  a b o u t th e  g rea te r su scep tib ility  
to  en v iro n m en ta l influences in  boys th a n  in  girls. This a rg u m en t s tan d s  also 
to  acco u n t p a r tly  fo r th e  irreg u la rity  for boys m ean  velocities in  sum m er an d  
th e ir  low  sum m er ra te  o f w eight g row th  a t  age 3 m onths.

A ccording to  som e au th o rs  including  DÁLEN (1975), season of b ir th  ex erts  
an  in fluence  on h ea lth . T he g rea te r d ispersion  o f m ean  w eight velocities in 
spring  suggests an  in te ra c tio n  w ith  th e  season o f b ir th  since ch ildren  bo rn  
in  w in te r a t ta in  age 3 m on ths in  spring. F u r th e r  in v es tig a tio n  on an  ev en tu a l 
in te ra c tio n  betw een  th e  season of b ir th  an d  th e  season of g row th  will be 
carried .

The o b se rva tions rep o rted  in  th is  p a p e r  lead  to  th e  conclusion th a t  in  th e  
in te rp re ta tio n  o f seasona lity  o f  g row th , besides lig h t an d  atm ospheric  v a r ia 
tio n s (M a r s h a l l  1975), a tte n tio n  should  also be given to  th e  seasonal rh y th m ic - 
i ty  of th e  liv ing.
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THE INDICES OF THE PHYSIQUE 
AND THE SOCIO-ECONOMIC FACTORS BASED 

ON A GROWTH STUDY IN BAKONY GIRLS

b y  É . B. B odzsár

Department of Anthropology, Eötvös Loránd University,
Budapest, Hungary

Abstract: The author examined the connection between three components of 
the somatotypes of 1313 10—14 years old girls — determined with Heath—Carter’s 
method—as indices of the physique and the socio-economic status. When charac
terizing that status, she founded herself on the father’s profession, on the size of 
the family, on the number of siblings and on the earnings per capita.

The results of her monofactorial examination show that the socio-economic 
factors have a rather significant part in the manifestation of linearity. Between 
the components of fatness serving for characterizing endomorphy and the size of 
the family, as well as the 'number of siblings a negative, between the said 
component and the earnings per capita a positive correlation could be demon
strated. On the other hand, with the daughters of fathers of an intellectual pro
fession endomorphy was less marked than with the ones of physical workers. 
The Und component of the somatotype, the characteristic of robustness of the 
bones and muscles did not display significant differences on the various social 
levels.

Key words: Physique, somatotype, socio-economic factors influencing growth, 
father’s profession, size of the family, number of siblings, earnings per capita.

T here  are  m an y  fac to rs  th a t  e x e rt an  in flu en ce  on th e  pace o f developm ent. 
T he h e re d ita ry  com ponen ts in fluence  physio logical m a tu ra tio n  from  early  
y o u th  on , on th e  o th e r h an d , th e  effect o f  th e  e n v iro n m en ta l fac to rs upon  
dev e lo p m en t is m ore dynam ic  in  com pliance w ith  th e  changes in  th e  en v iro n 
m en t (T a n n e r  1955, J o h n s t o n  e t al. 1980). The effect o f th e  p h y siq u e  — as 
o f  a q u a lity  de te rm ined  in  h ig h  m easure  h e red ita rily  — on physio logical 
m a tu ra tio n  was exam ined  b y  num erous researchers, an d  th e y  u n am b iguously  
d e m o n s tra te d  a re la tio n sh ip  b e tw een  th e  tw o  ( R o b e r t s  1969, K r a l j  — C e r c e k  
1956, B o d z s á r  1975, B o r m s  e t al. 1977). A t th e  sam e tim e , severa l ex am in a 
tio n s called  a tte n tio n  to  th e  im p o r ta n t p a r t  p lay ed  b y  one o f th e  g roups o f  th e  
e n v iro n m en ta l fac to rs, b y  th e  socio-econom ic ones in  th e  a t ta in m e n t of an  
o p tim u m  developm ent ( K r a l j — C e r c e k  1956, B o d z s á r  1975, E i b e n  1972). 
N a tu ra lly , th e  d irec t effect o f th e  fac to rs in fluencing  dev e lo p m en t is ra th e r  
d ifficu lt to  d em o n stra te  on acco u n t of th e  m u ltid irec tio n a l in te rfe rences o f th e  
vario u s e x te rn a l an d  in te rn a l e lem ents. F o r exam ple, p h y siq u e  as a q u a lita tiv e  
p ro p e rty  is in  fac t g rea tly  d e te rm in ed  g enetica lly , how ever, th e  en v iro n m en ta l 
fac to rs  c o n tr ib u te  in  a qu ite  considerab le  degree to  its  p h en o ty p ica l fo rm ation . 
F o u n d ed  up o n  th e  tre n d s  o f th e  various m easu rem en ts  an d  u p o n  those  o f th e ir  
in te rre la tio n s  to  one an o th e r th e  m an ifes ta tio n  of p h ysique  can  be follow ed.
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T h e  q u e s t io n  a r is e s  w h e th e r  t h e  d e v e lo p m e n t  o f  t h e  c o m p o n e n t s  d e te r m in in g  
th e  p h y s iq u e  is  a f f e c te d  b y  t h e  so c io -e c o n o m ic  f a c to r s  in  a n  id e n t i c a l  m e a s u re .

I n  t h e  p r e s e n t  p a p e r  t h e  a u t h o r  in t e n d s  to  r e p o r t  t h e  r e s u l t s  o f  h e r  e x a m i n a 
t io n s  o n  th e  r e la t io n s h ip  b e tw e e n  th e  th r e e  c o m p o n e n t s  o f  p h y s iq u e  a s  d e t e r m i n 
e d  H e a t h  a n d  C a r t e r ’s a n th r o p o m e t r i c  s o m a to t y p in g  m e th o d  (C a r t e r  
1975), a n d  th e  s o c io -e c o n o m ic  f a c to r s .

Material and Methods

In  1978 we co n d u c ted  a m ore deta iled  an th ropo log ica l su rv ey  o f  th e  g ro w th  
of 7 — 14 y ea r o ld  ch ild ren  in  one o f th e  e thn ic  regions o f H u n g a ry , in  th e  
B ak o n y  Hills. To th is  su rv ey ed  sam ple belonged th o se  1313 girls o f 10— 14 
years o f  age am ong w hom  we exam ined  th e  re la tio n sh ip  betw een  th e  th re e  
com ponen ts o f th e  so m a to ty p e  each as an  in d ex  o f ph y siq u e  (th e  1st com ponen t 
is th e  index  of fa tn ess  a n d  fullness, respective ly , th e  U n d  one th a t  o f th e  
ro b u s tic ity  o f th e  bones an d  m uscles, th e  M r d  one t h a t  o f lin ea rity ) an d  th e  
social factors. T he socio-econom ic s ta tu s  w as ch a rac te rized  b y  th e  fa th e rs ’ 
occupation , by th e  size o f th e  fam ilies, b y  th e  n u m b e r o f siblings an d  b y  th e  
earn ings per cap ita .

T he indices o f th e  p h y siq u e  of th e  girls liv ing  on d iffe ren t social levels b u t  
being  o f th e  sam e age w ere com pared  by  m eans o f S tudent-F ischer's t-test.

Results and Discussion

A ccording to  th e  occupation o f  the fathers  we d is tin g u ish ed  th ree  g ro u p s: 
th e  in te llec tu a ls , th e  ph y sica l w orkers, an d  th e  one n o t  be to  be ran g ed  w ith  
in  th ese  tw o categories. T he girls belonging in to  th e  la t te r  m en tioned  ca teg o ry  
w ere n o t ta k e n  in to  considera tion  fu r th e r  on. T he m ean  va lu es  o f th e  1st 
com ponen t are  in  each g roup  low er am ong th e  ch ild ren  of th e  in te lle c tu a l 
w orkers (Table 1). T he deve lopm en t of th e  bones an d  m uscles of d a u g h te rs  
of th e  in te llec tu a l w orkers falls beh ind  th a t  o f tho se  o f  physica l w orkers, b u t  
th e  difference is n o t s ign ifican t. On th e  o th e r h an d , as reg a rd s  th e  co m p o n en t

Table 1

Somatotype components of the Bakony girls according to their 
father’s occupation

Age
group
(years)

1st com p o n en t U n d  co m ponen t I l l r d  com ponen t

in te llec tu a l p h y sica l in te llec tu a l p hysica l in te llec tu a l p h y s ica l

w orkers w orkers w orkers

X S X S X s X s * S X S

10 3.59 1.17 4.21 1.84 3.67 1.97 3.42 2.01 3.77 2.17 3.42 2.30
11 3.16 1.24 3.58 1.61 3.48 2.01 3.60 2.14 3.98 2.08 3.68 1.97
12 3.19 1.47 3.52 2.00 3.35 1.87 3.35 1.95 4.56 2.40 3.55 2.70
13 4.09 2.01 4.56 2.17 3.40 1.97 3.47 2.07 3.85 2.19 3.47 2.40
14 3.84 1.61 3.89 1.84 3.19 2.01 3.31 2.12 4.18 2.30 3.55 2.12
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Table 2

Somatotype components of the Bakony girls according to number
of their siblings

Age group 
(years)

First group 1 Second group | Third group

according to number of siblings

X
I

8 X s X 8

1st component
10 3.17 2.10 2.98 1.42 2.95 1.97
11 3.62 1.87 2.87 1.92 2.84 1.64
12 4.00 1.97 3.45 1.65 3.20 2.10
13 4.49 2.01 3.88 1.83 3.21 1.98
14 4.23 2.50 3.99 1.17 3.31 1.40

U nd component
10 3.19 1.17 3.65 1.30 3.44 1.40
11 3.44 1.82 3.74 1.99 3.50 1.87
12 3.39 1.64 3.43 2.10 3.41 2.40
13 3.37 1.91 3.56 1.87 3.41 1.98
14 3.02 1.42 3.41 1.68 3.35 2.01

I l lr d  component
10 3.98 2.17 3.55 1.88 3.50 1.77
11 4.21 2.71 3.61 2.23 3.10 1.94
12 4.19 2.40 ; 3.58 1.91 3.19 1.87
13 3.70 1.98 3.36 2.11 3.29 2.00
14 3.63 2.01 | 3.58 2.03 3.31 2.11

of fa tn ess , th e  d a u g h te rs  of th e  p h ysica l w orkers sig n ifican tly  surpass those  
o f th e  in te llec tu a l w orkers, ex cep tin g  th e  14 y ea r o ld  age-group. S im ilarly , 
th e  difference be tw een  th e  m ean  values o f th e  I l l r d  co m ponen t is s ign ifican t 
in  each  age-group. B ased  on th e se  we can  say  th a t ,  considering  th e ir  s ta tu re , 
th e  d au g h te rs  of th e  physical w orkers are  h eav ier, th e ir  skeleton  are b ro ad er 
an d  th e ir  m uscles a re  th icker.

A ccording to  th e  num ber o f  sib lings  an d  th e  size o f  the fa m ily  we sep a ra ted  
ou r sam ple  in to  th re e  groups. A s to  th e  n u m b er o f  siblings we ran g ed  w ith  
th e  f irs t  g roup  th e  g irls who h a d  no  an d /o r on ly  one sibling, th e  second g roup  
was fo rm ed  b y  th o se  w ho had  tw o , an d  th e  th ird  one b y  tho se  who h ad  th ree  
or m ore sisters a n d /o r  b ro thers. A ccord ing  to  th e  n u m b e r o f th e  m em bers o f 
th e  fam ilies we d istingu ished  am o n g  girls w ho lived  in  fam ilies o f 4, 5, 6 or 
m ore m em bers.

W hen  com paring  th e  groups b y  th e  n u m b er of siblings an d  th e  size o f th e  
fam ilies a sim ilar te n d e n c y  can b e  observed  (T able 2, 3). T he m ean  values of 
th e  fa tness co m p o n en t decrease w ith  th e  g row th  in th e  n u m b er o f th e  siblings 
an d /o r m em bers of th e  fam ily. T h e  d ifference in  th e  n u m b e r o f siblings betw een  
th e  1st an d  U n d  g ro u p s is s ig n ifican t a t  th e  ages o f 11, 12 an d  13 y ears , th a t  
betw een  th e  U n d  a n d  I l l r d  ones a t  th e  ages o f 13 an d  14 years. T he m ean  
values o f  th e  1st co m p o n en t o f  p h y siq u e  o f th e  girls liv ing  in  fam ilies o f 4 
an d /o r 5 m em bers a re  s ign ifican t in  th e  12, 13 an d  14 year-o ld  age-groups. 
A lthough  in  none o f  th e  age-groups th e  d ifference betw een  th e  second and
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Table 3

Somatotype components of the Bakony girls according to size of the family

First group Second group Third group
Age group 

(year«) according to size of the family

X s X s X s

1st component
10 3.27 1.70 3.08 1.60 2.95 1.67
11 3.42 1.73 3.17 1.74 3.10 1.58
12 3.70 1.90 3.25 1.11 3.15 1.41
13 3.81 1.87 3.30 1.47 3.17 1.80
14 4.18 2.40 3.60 1.67 3.31 1.91

Und component
10 3.25 1.17 3.34 1.30 3.55 1.40
11 3.34 1.82 3.47 1.99 3.68 1.87
12 3.39 1.64 3.43 1.87 3.47 1.72
13 3.37 1.42 3.56 1.24 3.58 1.65
14 3.42 1.58 3.78 1.77 3.80 1.90

I llrd  component
10 3.97 2.11 3.60 1.97 3.30 1.77
11 4.19 2.41 3.61 1.88 3.09 1.99
12 4.21 2.27 3.59 2.01 3.01 2.13
13 3.80 1.49 3.26 1.58 3.20 1.69
14 3.73 1.67 3.49 1.79 3.31 1.52

th i rd  g roups accord ing  to  th e  size o f th e  fam ilies was sig n ifican t, w ith  increase 
in  n u m b e r of th e  m em bers o f th e  fam ilies th e  com ponen t o f  en d o m o rp h y  
d isp lays a decreasing value .

In  th e  ro h u s tic ity  of th e  bones an d  m uscles th e re  is n o t s ig n ifican t difference 
am ong  th e  groups sep a ra ted  accord ing  to  th e  n u m b er of sib lings an d  to  th e  
size o f  th e  fam ilies. W ith  an  increase in  n u m b e r of th e  m em bers o f  th e  fam ilies 
a m in im al g row th  in  th e  m ean  values o f th e  index  o f ro h u s tic ity  can  be de
m o n s tra te d . O u t o f th e  th re e  g roups se p a ra te d  accord ing  to  th e  n u m b er of 
sib lings, th e  deve lopm en t o f th e  bones an d  m uscles of th o se  w ho h av e  tw o 
siblings is th e  m ost m arked . T he m ean  v alues of th e  f ir s t  g roups, rep resen tin g  
th o se  liv ing  in  a so-called “ b e tte r  social m ilieu”  are  th e  low est.

T he decrease o f th e  ra tio  in d e x  w ith  th e  g ro w th  in  n u m b er o f  siblings an d  
m em b ers  of th e  fam ilies, resp ec tiv e ly , can  be c learly  p roved . T he sm aller th e  
n u m b e r o f m em bers of th e  fa m ü y  (1 child  or 2 children) th e  m ore lin ea r is th e  
b u ild  o f th e  g irl’s body , t i  w eighs less as com pared  to  h er s ta tu re .

On th e  average, all th e  th re e  com ponen ts o f p h ysique  o f th e  g roups sep a ra ted  
acco rd ing  to  th e  incom e p e r c a p ita  d isp lay  h igher values th a n  th o se  of th e  
d a u g h te rs  of fam ilies o f h igher incom e (Table 4). In  th e  indices o f en d om orphy  
an d  ec to m o rp h y  th ese  d ifferences are  s ig n ifican t, — in  th e  in d ex  o f ro h u s tic ity , 
a lth o u g h  s ta tis tic a lly  th e  d ifferences are  n o t s ign ifican t, i f  expressed  in  ab so 
lu te  va lues th e  m eans b y  age-groups are  th e  low est in  th e  w orst social group .

Sum m ing u p  th e  re su lts , one can  f in d  th a t  th e  b e tte r  social cond itions have  
a sign ifican t p a r t  in  b rin g in g  a b o u t lin e a rity . In  th e  d evelopm en t o f th e  ro b u st-

132



Table 4

Somatotype components of the Bakony girls according to earnings per capita

Age group 
(years)

First group | Second group | Third group

according to earnings per capita

X s X 8 j £ 6

1st component
10 3.27 1.77 3.08 1.65 2.85 1.49
11 3.72 1.81 2.97 1.71 2.84 1.71
12 4.10 2.27 3.55 1.81 3.10 1.90
13 4.49 2.07 3.98 1.97 3.21 1.89
14 4.33 2.13 4.09 2.19 3.31 1.89

Und component
10 3.75 1.72 3.54 1.42 4.08 1.97
11 3.84 1.64 3.60 1.71 4.21 1.99
12 3.53 1.91 3.51 1.84 4.17 2.02
13 3.66 1.88 3.51 1.91 3.68 2.11
14 3.51 1.62 3.41 1.52 3.65 1.72

I llrd  component
10 4.08 2.17 3.55 1.79 3.40 1.82
11 4.21 2.03 3.57 1.82 3.10 1.70
12 4.17 1.97 3.58 1.75 3.08 1.81
13 3.68 1.89 3.37 1.99 3.19 2.00
14 3.65 1.91 3.47 1.79 3.21 1.82

ic ity  of th e  bones an d  m uscles th e re  is no  essen tia l d ifference am ong th e  ex am 
in ed  social g roups. B etw een  th e  fa tn ess  co m ponen t serv ing  for charac teriz ing  
th e  m an ifesta tio n  o f en d o m o rp h y  a n d  th e  b e tte r  social cond itions a positive  
re la tio n sh ip  can  be d e m o n s tra te d , w ith  th e  excep tion  of th e  social g roups 
d istingu ished  re ly ing  on th e  occu p a tio n  o f th e  fa th e rs . T he m ost obvious 
ex p lan a tio n  o f  th is  inconsistency  an d , a t  th e  sam e tim e  also its  reso lu tion  
shou ld  be soug h t for in  th e  d ifferen t n u tr i t io n a l h a b its  o f th e  p h ysica l an d  
in te llec tu a l w orkers.

F o u n d ed  on th e  re su lts  o f  these  m o n o fac to ria l ex am in a tio n s , we can  n o t 
d raw , of course, fa r-reach in g  conclusions, since th e  fac to rs  d e te rm in ing  th e  
socio-econom ic s ta tu s  are  also connec ted  w ith  each  o th e r. F o r a m ore com plete 
d isclosure o f th e  re la tio n sh ip  betw een  th e  p h y siq u e  an d  th e  socio-econom ic 
fac to rs  an  ex am in a tio n  o f  th e  jo in t effect o f th ese  fac to rs , a m u ltifac to ria l 
su rv e y  is needed .
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ON SOCIAL AND NATURAL FACTORS EXERTING  
INFLUENCE ON MATURATION OF GIRLS

by G. F arkas

Department of Anthropology, József Attila University, Szeged, Hungary

Abstract: Analysing the menarche data of about, 50,000 Hungarian girls 
showed that maturation is a function composed partly of biological and partly 
of sociological factors. The observations concerned, however, in the first place, 
changes in the median but the factors influencing it were not thoroughly examin
ed. To draw clear-out conclusions is rather difficult as the observations were made 
by different authors, between 1958 and 1978 and so the results are loaded with 
the possible influence of acceleration, too. A representative investigation would 
necessarily over the whole country and take into consideration all the possible 
factors.

Key icords: Menarche, social factors, natural factors.

Introduction

One of th e  m ost reliab le in d ica to rs  o f th e  m a tu rin g  of girls is th e  ap p earan ce  
o f th e  f irs t  m enses th a t  is m enarche. T he im p o rtan ce  o f th is  crite rio n  is in d i
ca ted  also by  th e  fac t th a t  in  th e  re lev an t lite ra tu re , especially  m ore recen tly  
an  increasing n u m b er o f papers has been pu b lish ed  dealing  w ith  th is  problem . 
T here  is p rac tica lly  no co u n try  w here researchers in v estig a tin g  ch ild ren ’s 
g row th  have  n o t to u ch ed  th e  m a tu rin g  of girls.

The investig a tio n s in H u n g a ry  were in itia te d  b y  P rof. S e m m e l w e i s , in 
1860, who was am ong  th e  f irs t  to  e s tab lish  th e  age a t  th e  f irs t  m enses (D a r á n y i  
1941). H ow ever, from  th is  tim e  on up  to  th e  end  o f th e  Second W orld  W ar 
th e re  are  on ly  th re e  papers to  be found  in  th e  H u n g a rian  an th ropo log ica l 
lite ra tu re  m en tion ing  th is  p henom enon . Since 1948, b u t  in  p a r tic u la r  since 
1958, several pu b lica tio n s h av e  d ea lt w ith  th is  question . As th e  re lev an t 
H u n g a rian  l i te ra tu re  has been review ed re c e n tly  ( E i b e n  1968), we dispense 
w ith  giving such  deta ils  as n u m b er o f cases, th e  y e a r o f sam pling  o f d a ta  an d  
th e  m edians found .

In  th is  com m unication , ou r p resen t know ledge a b o u t th e  age o f girls a t  th e  
m enarche  will be sum m arized  p a r t ly  on th e  basis  of these  artic les an d  p a r tly  
on th e  bases o f our own in v estiga tions.

U p -to -d a te  d a ta  on f irs t m en stru a tio n  o f a b o u t 50,000 girls, betw een  10 
an d  18 years, w ere collected b y  several a u th o rs . I t  m u st be added , how ever, 
th a t  on ly  p a r ts  o f  th e  c o u n try  w ere involved  in  th e  sam pling . On th e  F igure  1 
one can see th e  places o f th e  se ttlem en ts  from  w hich  our d a ta  h ad  o rig inated .
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Fig. 1. The places of the settlements in Hungary from which the menarche data had collected

T he collection o f d a ta  to o k  p lace alm ost en tire ly  using  th e  tech n iq u e  of 
s ta tu s-q u o . P ro b it analysis w as em ployed  b y  m ost o f th e  au th o rs  to  ev a lu a te  
th e  re su lts .

R esults an d  D iscussion

Acceleration

A ccording to  an  ev a lu a tio n  m ad e  in  1963, th e  m enarche-m ed ian  w as 13,23 
y ea rs  in  H u n g ary  (B o t t y á n  e t al. 1963). T his va lu e , as co m p ared  to  earlie r 
va lu es  (S e m m e l w e i s ; J a n k o v ic h  1941, V é l i  1956) is low er, b u t  th e  com parison  
is ren d ered  d ifficu lt b y  th e  fac t th a t  th e  processing o f th e  d a ta  w as carried  
o u t using  d ifferen t techn iques. A nyw ay , investig a tio n s m ade since t h a t  tim e  
p ro v e  th a t  ex istence o f accelera tion  also in  th is  connection . This fa c t is su p p o rt
ed  b y  observa tions m ade in  Szeged (S o u th  H u n g ary ) in  th e  years 1958 —1959, 
1961 an d  1966—1967. A ccording to  these  investig a tio n s th e  m ed ians v a ry  
from  13.2 to  12.73 y ear in  th e  course o f  8 years, w hich  corresponds to  an  ann u a l 
decrease of 0.08 — 0.1 y e a r in  th e  la s t  decade.

O ne reason , in  th e  case o f  H u n g a ria n  girls, is th e  m assive increase in  th e  
s ta n d a rd  o f liv ing  over th e  la s t few  years.

Succession o f  birth and age at menarche

C hanges in  th e  age a t  m enarche  m igh t h av e  genetica l reasons. E i b e n  
in v es tig a tin g  15,229 girls in  W este rn  H u n g a ry  found th a t  w ith in  one fam ily  
th e  v a lu e  o f th e  m en arche-m ed ian  increases accord ing  to  th e ir  num erica l 
positio n  as siblings ( E i b e n  1972). T his v a lue  w as 12.96 y ea r fo r f irs t-b o rn s , 
13.26 y ear for fifth -b o rn s an d  13.44 y ea r for e igh th -bo rns.

A nyw ay , i t  is our im pression  t h a t  th e  o lder a girls am ong h er siblings th e  
la te r  she becom es a d u lt. T he m ed ian  for th ird -b o rn s  co rresponds to  t h a t  o f th e  
av e rag e  H u n g a rian  va lue .
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F am ily  size and  menarche-median

A ccording to  th e  above m entioned  co llection  o f d a ta  from  W est-H u n g ary  
m ade b y  E ib e n  (1972) th e  m ed ian  p a ra lle l increases w ith  fam ily  size, th a t  is 
th e  bigger th e  fam ily  th e  la te r  th e  girls reach  physio logical m a tu r ity . In  th e  
case o f a fam ily  consisting  o n ly  of two m em bers, 50 p er cen t o f th e  girls becom e 
a d u lt a t  th e  age o f  12.99 y e a r  (a widow a n d  one g irl), th e  H u n g a rian  average 
m edian  is ex h ib ited  b y  fam ilies w ith  s ix  m em bers (13.21 years), th is  v a lue  
increases an d  even  fu rth e r , fo r instance , i t  is 13.5 y ea rs  in  fam ilies of 10 m em b 
ers.

A nyw ay  th e  H u n g a ria n  d a ta  su p p o rt th e  o b se rv a tio n s  o f  o th ers  show ing a 
p o sitiv e  co rre la tio n  betw een  fam ily  size a n d  m e n a rc h e  m edian .

Occupation o f parents and menarche-median

T here  is a  fu r th e r  co rre la tio n  betw een  th e  o ccu p a tio n  o f  p a re n ts  a n d  th e  
m en arch e-m ed ian  o f  th e ir  d au g h te rs . T h is  w as es tab lish ed  b y  an a ly z in g  th e  
o b se rv a tio n s m ad e  b e tw een  1958 an d  1978 in  a  w ay  t h a t  th e  p a re n ts  w ere 
d iv id ed  acco rd in g  to  th e  fo llow ing  categories:

a) m an u a l or physica l w o rk er (in d u stria l, ag ricu ltu ra l, o ther),
b) b ra in  w orker or in te lle c tu a l (h igher an d  secondary  school ed u ca tio n  

sep ara te ly ),
c) hom em aker (in th e  case o f  m others),
d) pensioned  p a re n ts ,
e) dead  p a re n ts .
I t  is a p p a re n t th a t  th e  m en arch e-m ed ian  varies accord ing  to  th e  occupa tion  

o f th e  p a re n ts  (T able 1). A re la tionsh ip  seem s to  ex ist betw een  th e  p a re n t’s 
educa tion  an d  th e  m enarche  m edian. I n  general, th e  d au g h te rs  o f m anual 
w orkers reach  m a tu r ity  la te r  th a n  those o f  th e  b ra in  w orkers.

Table 1

The menarche-median of girls according to the occupation of their parents

Parent’s occupation
The menarche median 
(year) of girls according 
to the occupation of their 

father and/or mother

Industrial manual worker 13.58 13.01
Agricultural manual worker 13.37 13.41
Other manual worker 13.16 13.29
Brain worker (university education) 12.92 12.81
Brain worker (secondary school ed.) 12.54 12.94
Pensioned 13.00 —
Dead parent 13.17 —

Homemaker 13.62

Settlement size and  menarche

W e com pared  th e  m enarche-m edians in  se ttle m e n ts  w ith  a differing n u m b er 
o f in h a b ita n ts  (T able 2). I t  is clear th a t  th e  sm aller a se ttle m e n t is th e  la te r  th e  
girls liv ing  th e re  becom e a d u lt.
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Table 2

The menarche-median of girls according to the size of settlements

Number of inhabitants on 
the settlement

Menarche-median
(year)

Over 200,000 12.86
Between 100,000 and 200,000 12.95
Between 50,000 and 100,000 13.02
Between 10,000 and 50,000 13.11
Between 500 and 10,000 13.28

A ltitu d e  above the sea level and menarche

In  H u n g a ry  th e re  are  no ap p rec iab le  d ifferences in a ltitu d e  above  sea level 
in  th e  d ifferen t se ttlem en ts . No d irec t in v estiga tions w ere carried  o u t to  e s ta b 
lish w h e th e r th e re  is a co rre la tion  betw een  th e  tw o phenom ena. H ow ever, 
su b seq u en t analysis o f th e  p reex is tin g  d a ta  show ed th a t  th e re  is s till a co rre 
la tio n  o f  95%  p ro b a b ility  be tw een  th e  m en arche-m ed ian  an d  th e  a lt i tu d e  
above sea level o f  th e  se ttlem en t. F ro m  th e  T ab le  3 i t  is p robab le  th a t  w ith  
increasing  a ltitu d es  th e  m a tu ra tio n  o f girls is delayed.

Table 3

The menarche-median of girls according to the altitude above the sea 
level of settlements

Average altitude above the 
sea level of the settlement 

(m)
Menarche-median

(year)

239 13.35
119 13.06
104 12.87

Meteorological factors and menarche

T he question , w h e th e r th e re  is a co rre la tion  betw een  m eteoro logical d a ta  a n d  
th e  m enarche-m ed ian , w as in v es tig a ted  in  th e  case o f 16 se ttlem en ts . W e 
fo u n d  th e  s tro n g est co rre la tio n  (r =  —0.76) betw een  th e  n u m b er o f su n lig h t 
h ou rs an d  th e  m enarche-m ed ian . T he p ro b ab ility  was over 99 p e r cen t. T he 
co rre la tio n  was neg a tiv e : w ith  an  increasing  n u m b er o f su n lig h t hours th e  
m en arche-m ed ian  decreased. C om parable  corre la tions w ere d e m o n s tra te d  for 
th e  av erag e  te m p e ra tu re , for th e  average  a n n u a l y ea rly  p re c ip ita tio n  (expressed  
in  th e  p ercen tage  o f  th e  average  annual] c loudy  days), an d  even fo r th e  low est 
average  p rec ip ita tio n . F ro m  these  ca lcu la tions th e  conclusion can  be d raw n  
th a t  in  sm aller geographical areas th e  physio logical processes lead in g  to  th e  
m a tu ra tio n  of girls respond  to  m eteoro logical fac to rs such as te m p e ra tu re  a n d  
illu m in a tio n .
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S everal d a ta  show  th a t  th e  f irs t m enses in  49%  o f th e  cases occurs in  th e  
w in te r season  (N ovem ber, D ecem ber, J a n u a ry , F eb ru ary ). T hus ro u g h ly  
50 p e r c en t o f th e  girls experience th e ir  f i r s t  m enses in  w in te r w hile th e  o th e r 
50 p er cen t are  d is tr ib u te d  over th e  rem ain in g  tw o -th ird s  o f th e  year. H ow ever, 
th e  d is tr ib u tio n  is uneven  also in  th is  l a t te r  case as m enarche these  frequency  
is h igher in  A ugust, th a n  in  th e  o th e r m o n th s . Superim posed  on these  seasonal 
changes is th e  geographical effect. T ak in g  all these  fac to rs to g e th e r it  can  be 
s ta te d  t h a t  th e re  is a seasonality  in  th e  m enarche  th e  w in te r a n d  su m m er 
m o n th s being  th e  m ost im p o r ta n t d e te rm in a n ts , while th e  sp ring  an d  a u tu m n  
m o n th s  are  on ly  secondary  in  im p o rtan ce .

Coincidency between the month o f  birth and  month o f  menarche

T he abo v e-m en tio n ed  observations m ad e  on W est H u n g a ry  th e  coincidency 
is 11.46 p e r cen t an d  th e  sam e is th e  case in  o th e r  regions of th e  co u n try .

T hese o b se rva tions are  in  ag reem en t w ith  th o se  m ade in  o th e r C en tra l 
E u ro p ean  coun tries an d  suggest th a t  th e  coincidence of th e  m o n th  o f b ir th  
an d  th e  m enarche  is a rea l, b u t  a t  p re sen t n o t fu lly  u n d ersto o d  fac t. I ts  p ra c 
tic a l im p o rtan ce  is, how ever, g rea t, especia lly  in  m edical su p erin ten d en cy  of 
schools.

Seasonal changes in menarche

Correlation between physica l development and the menarche

D a ta  on th e  re la tio n sh ip  betw een  th e  p h y sica l developm ent an d  th e  m enarche  
its acce lera tio n  h av e  been pub lished  b y  V É L I  (1956). H e com pared  d a ta  co llec t
ed in  1947 a n d  1962 an d  from  these a good co rre la tion  betw een  th e  physica l 
an d  physio logical deve lopm en t of girls o f  d iffe ren t ages is ev id en t, an d  clear 
t h a t  i t  is also an  accelera ting  phenom enon  ( V É L I  1968).

A n increase  is observab le  n o t only in  av erag e  b o d y  h e igh t an d  bo d y  w eigh t 
in  each  age g roup , b u t  also in  th e  freq u en cy  o f m e n s tru a tin g  girls.
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ON THE QUESTION OF SECULAR ACCELERATION 
IN JENA SCHOOL CHILDREN

b y  U. J a e g e r

Institute of Anthropology and Human Genetics, Department of Developmental Anthropology, 
Friedrich Schiller University, Jena, GDR

Abstract: The changes in the course of growing up and development in school- 
children in Jena during the past hundred years followed up.

A statement may be made on the present level and the extent of acceleration 
on the basis of examinations carried out in 1975 on children from Jena (nearly 
1100 boys and girls in each case) 7 to 15 years of age.

Hereby changes in body height, body weight and menarcheal age conditioned 
by acceleration since 11 years are especially examined.

The developmental differences between the schoolchildren of town and county 
at present will be examined.

It will be made a statement about growth and developmental trends of some 
body measures and proportions in children aged from 7—15 years.

Key words: Jena school children, body height, body weight, menarcheal age, 
secular changes.

Introduction

A nth ropo log ica l investig a tio n s of schoo lch ild ren  have  been carried  o u t in 
J e n a  a t  m ore or less reg u la r in te rv a ls  fro m  1880 onw ards. T herefore we have 
a t  ou r d isposal th e  longest in v es tig a tio n  series o f school-age ch ild ren  ever 
m ade. C ross-sectional s tud ies o f schoo lch ild ren  w ere also in itia te d  in  v a rious 
G erm an  to w n s (Leipzig, S tu ttg a r t ,  A ugsburg , H am b u rg , a. o.) a t  th e  en d  of 
th e  p a s t c e n tu ry . U n fo rtu n a te ly  these  series w ere m ostly  in te r ru p te d  in  th e  
fifties o r six ties o f  our c en tu ry , and  d id  n o t  h av e  th e  c o n tin u ity  of th e  stud ies 
m ade on schoolch ildren  from  Jen a .

T he f irs t su rveys in  Je n a  a n d  elsew here essen tia lly  a im ed a t  p ro v id in g  th e  
docto rs w ith  reference figures according to  w hich an  assessm ent of th e  p a r tic u la r  
in d iv id u a l dev e lo p m en ta l a n d  n u tr i t io n a l co n d itio n  of ch ild ren  w as possible.

B u t th e  ran g e  o f  ch a rac te ris tic s  o f th e  in v es tig a tio n  was re s tr ic te d  to  a few 
o n ly  (s ta tu re , w eig h t; m ore seldom : w id th  of chest). A lthough  th e  m en tio n ed  
ch a rac te ris tic s  give qu ite  a  good in s ig h t in to  th e  g row th  an d  deve lopm en t 
p rocess ch an g ed  b y  secular acce lera tion  in  ch ild ren  an d  adolescents, th e y  do 
n o t  p e rm it a n y  s ta te m e n ts  to  be m ad e  on possib ly  occurring  p ro p o rtio n a l 
sh ifts , ea rlie r m enarche  or earlie r onset o f  th e  1st a n d  in  p a r tic u la r  of th e  2nd 
d e n titio n . T he ran g e  of ch arac teris tics  fo r th e  re spec tive  in v es tig a tio n  p ro g ra m 
m es has been  co n tin u o u sly  ex ten d ed  in  J e n a  from  1964 onw ards (T able 1).
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Material and Methods

T he resu lts  re p o rte d  here  are  based  on an  in v es tig a tio n  carried  o u t b y  th e  
In s t i tu te  of A n th ropo logy  an d  H u m an  G enetics o f th e  F ried rich -S ch ille r 
U n iversity  o f J e n a  in  1975. In  p lann ing  th is  in v es tig a tio n  we fe lt th a t  such a 
com prehensive su rv ey  (som e 1100 boys an d  girls each aged betw een  7 an d  
15 years  were covered) w hich  a t  an y  ra te  invo lves a h igh e ffo rt b o th  in  te rm s 
o f s ta f f  an d  tim e  should  n o t  only  inc lude  th e  c la rifica tio n  o f a few in d iv id u a l 
questions, b u t  also th e  tre a tm e n t of ex tensive  com plexes o f sub jec ts , as fa r  as 
possib le. F o r th is  reason ,

Table 1

Investigations of schoolchildren in Jena 1880 — 1980

Y e a r  o f
N u m b e r  o f  p ro b an d s

N u m b e r o f  cha rac te ristic s

in v es tig a tio n
m etric m orphological physiological fu n c tio n a l

1880 1295 2 (+ 3 ) — — —

1921 6186 8 — - —
1932/33 122—323 <J* 

1 0 4 -  205 ?*
3 — —

1944 4868
(2259 (J; 2609 ?)

7 2 — —

1954/55 2110
(1022 (J; 1088 ?)

5 — l —

1964 2517
(1269 (J; 1248 ?)

9 — i —

1975 2115
(1062 <J; 1053?)

50 29 i —

1980 1057
( 540 <J; 517?)

62 65 i 4

* fo r  each  sem i-an n u a l group

— th e  ex am in a tio n  o f ch ild ren  from  th e  J e n a  co u n try sid e  was inc luded  in  
th e  Je n a  in v es tig a tio n  p rog ram m e o f 1975 to  rev ea l possib ly  ex isting  d ifferences 
be tw een  to w n  a n d  coun try sid e ;

th e  an th ro p o lo g ica l in v es tig a tio n  p ro g ram m e was considerab ly  ex p an d ed  
w ith  regard  to  th e  in d iv id u a l p a ram e te rs  reco rd ed  as com pared  to  fo rm er ones 
(to  a lto g e th e r 30 m etric , m orphological an d  physio logical d a ta );

— th e  an th ropo log ica l in v estig a tio n  was lin k ed  w ith  a re la tiv e ly  co m p reh en 
sive one (50 ch a rac te ris tic s) carried  o u t by  s to m ato log ists  (D e p a rtm e n t o f  
O rthoped ic  S to m ato lo g y  o f  th e  S tom ato log ica l Clinic an d  P olyclin ic o f th e  
F ried rich -S ch ille r U n iv e rsity  of Je n a ) an d  being  ancilla ry  to  th e  genera l 
ob jective.

T he p rin c ip a l aim  of th e  m a te ria l ev a lu a tio n  was to  fin d  ou t th e  age- a n d  
sex-specific v a r ia b ility  o f  th e  co rrespond ing  m etric  an d  m orphological d a ta  
in  ch ildren . I t  is also in te n d e d  to  use th e  va lu es  o b ta in ed  as a basis for th e  
p re p a ra tio n  o f  s ta n d a rd  (norm ) tab le s  for o u r research  area (T huring ia). T h e
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c la rifica tio n  o f th e  p resen t s ta te  o f  accelera tion  b o th  in  case of th e  in d iv id u a l 
ch a rac te ris tic s  an d  in  th e  p ro p o rtio n s o f th e  body an d  th e  in fluence  o f selected  
fac to rs  on th e  developm ent o f th e  bo d y  we reg a rd ed  as a n o th e r ta sk . M oreover, 
questio n s o f co rre la tions o f th e  ch a rac te ris tic s  w hich m ig h t p lay  a ro le in  th e  
d iagnosis o f diseases will be o f in te re s t. Som e rem ark s on th e  secu lar accelera
tio n  o f selected  dim ensions o f th e  b o d y  betw een  1880 an d  1975 will be m ade in  
th e  following.

Results and Discussion

B ody height

F o r boys th e  acce lera tion-cond itioned  increase in  th e  h e ig h t o f b o d y  betw een  
1880 an d  1975 is ab o u t 14.4 cm  on an  average  (the  average  o f a ll sem i-annua l 
classes) (Table 2).

T his m eans th a t  th e  boys of 1975 aged betw een  7 an d  14 are  a b o u t 14.4 cm  
ta lle r  th a n  th e  pupils o f 1880 o f th e  sam e age, on an  average. W e speak  of

Table 2

Overall differences in body height and body weight in Jena schoolchildren 
aged between 7 and 14 years (1880/1975)

Age
(years)

B o y s G i r l s

B o d y  h e ig h t 
(cm)

B o d y  w eig h t 
'(kg)

B o d y  h e ig h t 
(cm )

B o d y  w eigh t 
(kg)

7 13.4 6.6 11.7 4.9
7.5 13.5 5.9 10.9 4.8
8 13.5 5.3 12.7 6.0
8.5 13.4 6.5 11.5 6.3
9 14.1 6.8 13.1 6.4
9.5 12.7 5.5 13.2 6.5

10 13.2 5.0 13.2 8.1
10.5 11.3 6.8 13.1 7.4
11 14.2 8.5 13.9 8.3
11.5 13.4 7.6 14.0 9.7
12 12.5 9.9 16.1 12.8
12.5 15.9 10.9 13.7 10.3
13 17.9 14.0 15.6 12.3
13.5 17.7 12.4 10.4 10.7
14 19.7 14.6 14.7 11.3

Overall difference 14.4 cm 8.4 kg 13.2 cm 8.4 kg

‘ab o u t 14.4 cm ’ in ten tio n a lly  as th e  re su lts  pub lished  fo r 1880 to  1932/33 are 
b ased  on an  age c lassification  o f th e  boys u n d e r te s t  (n m inus 6 m onths) 
t h a t  differs from  th e  one used  for th e  su b seq u en t stud ies (n-j-3 m onths) 
a n d  con seq u en tly  an  ex ac t s ta te m e n t c an n o t be m ade. S ta r tin g  from  th is  
o vera ll period  o f tim e , th e  m ean  h e ig h t o f b o d y  increases' b y  1.5 cm  on an  
av e rag e  w ith in  10 years in  case o f boys (m in im um : 1.2 cm  for tho se  aged  10.5; 
m ax im u m : 2.1 cm  for those  aged 14).
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C onsidering th e  m ean  difference in  bo d y  h e ig h t ca lcu la ted  for all sem i
a n n u a l classes to g e th e r  be tw een  2 in v estig a tio n s in  im m ed ia te  succession 
(likew ise co n v erted  to  decades), th is  (T able 3) ran g es betw een  0.6 cm  (1932— 
1944) an d  3.0 cm  (1921 —1932). T he m edium  2.8 cm  increase in  bo d y  h e igh t 
observed  in  th e  p a s t e leven y ears  (1964—1975) suggests an  increased  accelera
tio n  in  Je n a  schoolch ildren  an d  am ong o th e r th in g s conform s w ith  th e  re su lt 
o f  th e  B runsw ick  lo n g itud ina l-sec tion  s tud ies m ade b y  K u r t h  an d  Ma y  
(1977).

T he m ean  sem i-annual increase in  h e ig h t o f b o d y  (T able 4) ranges betw een  
2.1 cm  (1921) an d  2.7 cm  (1975) for boys — 2.44 cm  on an  average.

Table 3

Mean differences in body height in Jena schoolchildren aged between 
7 and 14 years

Y e a r  o f 
in v es tig a tio n

1880/1921
cm

1921/1932
cm

1932/1944
cm

1944/1954
cm

1954/1964
cm

1964/1975
cm

Boys 4.7 3.0 0.6 1.2 l . i 2.8
(1.2)

Girls 3.9 2.9 -0 .6 2.4 1.0 2.7
(1.0)

Table 4

Mean semi-annual increases in body height and body weight in Jena schoolchildren 
aged between 7 and 14 years

Y e a r o f 
in v es tig a tio n

1880 1921 1932 1944 1954 1964 1975

Boys
Body height 
Body weight

2,2 cm 
1.1 kg

2.1 cm
1.2 kg

2,5 cm 
1.7 kg

2.4 cm
1.4 kg

2.6 cm
1.7 kg

2.6 cm
1.7 kg

2.7 cm
1.7 kg

Girls
Body height 
Body weight

2.5 cm 
1.4 kg

2.5 cm
1.6 kg

2.6 cm 
1.8 kg

2.6 cm
1.6 kg

2.5 cm 
1-8 kg

2.6 cm 
1.9 kg

2.7 cm
1.8 kg

T ak ing  th e  la s t  m en tio n ed  v alue  an d  th e  o vera ll bo d y  h e igh t d ifference 
be tw een  1880 a n d  1975 (ap p ro x im ate ly  14.4 cm ) as a basis for an  assertion  
o f  th e  s ta te  o f dev e lo p m en t o f th e  b o d y  h e ig h t, i t  can  be s ta te d  th a t  th e  boys 
o f  1975 reach  th e  va lu es  of bo d y  h e ig h t o f th e  pup ils  o f th e  sam e age o f 1880 
ro u g h ly  th ree  y e a rs  earlie r on an  average (14.4 : 2.44). T he v a ria tio n  w id th  
o f th is  develo p m en ta l accelera tion  o f th e  bo d y  h e ig h t ranges betw een  2 years, 
3 m o n ths (in case o f  10.5-year-olds) an d  a b t. 4 y ea rs  (in case o f 14-year-olds). 
To fin d  o u t in  w h ich  age stage  o f th e  in fan tile  ontogenesis th e  obvious dev e l
o p m en ta l ad v an ce  in  th e  p a s t 95 years occurred , i t  is he lp fu l to  com pare  th e  
m e a n  values o f th e  b o d y  h e ig h t o f 7-year-olds (as th e  y o ungest age class stud ied ) 
a n d  of th e  14-year-olds (as th e  eldest age class s tu d ied ) o f 1880 an d  1975 each. 
I t  can  be seen th a t  th e  m ean  differences in  b o d y  h e ig h t o f th e  7-year-olds of

144



th e  m en tio n ed  years  o f inv estig a tio n  a re  13.4 cm  an d  tho se  o f th e  14-year- 
olds 19.7 cm  (T able  2). This m eans th a t  th e  d ifferences a lread y  ex isting  in  th e  
in itia l g roup  (7 years) on ly  increase b y  6.3 cm  ( =  32% ) in  th e  sp an  o f age 
betw een  7 an d  14 y ears , w hereas 68%  o f th e  difference in  body  h e igh t are  a l
re a d y  reach ed  below  th e  age o f 7.

T his in d ica tes  th a t  th e  secu lar increase in  b o d y  h e igh t observed  over th e  
p a s t 100 years  m u s t have  essen tia lly  ta k e n  place before th e  7 th  y ear o f age 
(ab o u t tw o th ird s  accord ing  to  our resu lts) a n d  is in  accordance w ith  th e  resu lts  
o b ta in ed  b y  o th e r au th o rs  (O e h m is c h  1970, W a l t e r  1978, K n u s s m a n n  1980).

T he b o d y  h e igh ts o f th e  schoolgirls o f 1880 an d  1975 ca lcu la ted  for all sem i-, 
a n n u a l classes differ by  a lto g e th e r 13.2 cm  a p p ro x im a te ly  on an  average 
(T able 2), correspond ing  to  an  abou t 1.4 cm  increase o f th e  values o f b o d y  
h e ig h t (m in im um : 1.1 cm  in case of 13 .5-year-o lds; m ax im um : 1.7 cm  in  
case o f 12-year-olds) w ith in  a 10-year in te rv a l. C onsidering th e  overall d iffer
ences betw een  2 consecu tive  series (Table 3) on th e  o th e r h an d , th ese  range  
betw een  m inus 0.6 cm (1932- 1944) an d  plus 2.9 cm  (1921 — 1932) a t th e  
re sp ec tiv e  tim e  in te rv a ls .

T he average  sem i-annual increase in b o d y  h e ig h t (Table 4) ranges betw een  
2.4 cm  (1921) a n d  2.7 cm  (1975) in  girls fro m  J e n a  — m ean  2.56 cm . U sing 
th e  la s t m en tio n ed  value an d  th e  overall m ean  difference of bo d y  h e igh t for 
schoolgirls o f age 7 — 14 years  betw een 1880 a n d  1975 (ap p ro x im ate ly  13.2 cm) 
as a basis  to  give in fo rm atio n  on th e  d ev e lo p m en ta l accelera tion , i t  can  be 
said t h a t  th e  schoolgirls o f 1975 are ahead  o f  th e  girls o f 1880 o f th e  sam e age 
by  2 y ea rs , 7 m o n th s  as to  th e ir  dev e lo p m en t o f b o d y  h e igh t (m in im um : 
2 y ea rs ; m ax im u m : a b t. 3 y ears , 1 m o n th ).

The essen tia l increase in  b o d y  height d u e  to  accelera tion  in  girls is found  
a t th e  age below  7 years  (a b t. 80% ), th is  is s im ilar to  w h a t we have  a lread y  
n o ted  fo r th e  boys. T he rem ain ing  20%  o f th e  overall difference are  ad d ed  up  
to  th e  age o f  14.

A ccord ing  to  th e  in v es tig a tio n  resu lts o f  th e  b o d y  h e igh t i t  can  be said  
th a t  a fu r th e r  increase  due to  acceleration  can  be de tec ted . This increase has 
still grow n in in te n s ity  in our region, co m p ared  to  m ost o f th e  fo rm er stud ies 
o f schoo lch ild ren  (T able 3 a n d  6).

B ody weight

The increase  in  w eigh t b o th  fo r boys and  girls be tw een  1880 and  1975 am o u n ts  
to  ab o u t 8.4 kg on th e  to ta l  average (T ab le  2), th is  m eans ab o u t 0.9 kg 
con v erted  to  one decade.

A m ean  o f 1.5 k g  (m in im um : 1.1 kg 1880; m ax im u m : 1.7 kg  1932, 1954, 
1964, 1975) was c a lcu la ted  from  all 7 in v es tig a tio n s  m ade for th e  average  sem i
an n u a l increase  o f  b o d y  w eight in  boys (T ab le  4). S ta r tin g  from  th e  overall 
difference (8.4 kg) be tw een  1880 an d  1975 a n d  th e  average  sem i-annual increase 
in  w eight (1.5 kg), th is  deno tes th a t  th e  boys o f  1975 reach  th e  values o f b o d y  
w eight o f pup ils o f  th e  sam e age of 1880 a b o u t 2 y ears , 9 m on ths earlier, on 
an  average  (m in im um : 1 y ea r, 7 m onths in  case o f 10-year-olds; m ax im u m : 
4 years, 8 m o n th s in  case of 14-year-olds). U n like  th e  body  h e igh t w here th e  
increase due  to  accelera tion  su b s ta n tia lly  ta k e s  p lace before th e  age o f 7, 
th e  secu lar rise  o f th e  bo d y  w eigh t is m ore in ten se ly  (ab o u t 55% ) sh ifted  to -
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Table 5

Mean differences in body weight in Jena schoolchildren aged between 
7 and 14 years

Y ear o f  
in v es tig a tio n

1880/1921
kg

1921/1932
kg

1932/1944
kg

1944/1954
kg

1954/1964
kg

1964/1975
kg

Boys 2.2
(0.6)

2.3 -0 .7 i . i 0.7 1.9

Girls 2.6
(0.7)

2.1 - 1 .3 2.4 0.7 1.0

Table 6

Acceleration of “Body weight- and Body height-age”

A verage  d ifferences A cce le ra tion  o f  “ B ody  w eigh t- an d  B o d y  h e ig h t-a g e ”

d ? d1 ¥

1. Body height
abt. 2 years,

7 months
1880—1975 14.4 cm 13.2 cm abt. 3 years,

1964-1975 2.8 cm 2.7 cm abt. — ,
6 months

abt. — ,
6 months

2. Body weight
1880-1975 8.4 kg 8.4 kg abt. 2 years, 

10 months
abt. 2 years,

6 months
1964-1975 1.9 kg 1.0 kg abt. — ,

7 months
abt. — ,

3 months

w ards th e  age stages betw een  7 and  14 years (essen tia lly  betw een  11 a n d  14 
years).

T he m ean  sem i-annual increase fo r th e  en tire  period  of 95 years  in  girls  
is 1.69 kg (Table 4). A ccording to  th is  figu re , in  1975 th e  schoolgirls re a c h  th e  
v alues o f body  w eight of th e  1880 girls of th e  sam e age earlie r b y  ro u g h ly  2 
y ears , 6 m o n th s, on an average  (m in im um : 1 y ea r, 4 m o n ths in  case o f  7.5- 
y ear-o ld s; m ax im u m : 3 y ears , 8 m o n th s  in  case o f  12-year-olds).

T he increase in  body w eight connec ted  w ith  th e  accelera tion  in  th e  age 
classes be tw een  7 an d  14 is also s tro n g er in  th e  girls (ab o u t 57% ) as co m p ared  
to  th e  period  betw een  0 an d  7 years (T ab le  5). In  all i t  can  be s ta te d  t h a t  th e  
acce lera tion  of th e  body  w eight increased  in  th e  p a s t 11 years  co m p ared  to  
m ost o f  th e  o th e r tim e  in te rv a ls . H ow ever, th e  b o d y  w eight d id  n o t increase  
to  th e  e x te n t o f th a t  o f th e  bo d y  h e ig h t as i t  is expressed  in  th e  in crease  in  
b o d y  w eight (kg) per cen tim e tre  of bo d y  h e igh t increase (boys: 1 cm : 0.7 kg; 
g irls: 1 cm : 0.4 kg) (T able  6).

Chest breadth

A p a rt from  th e  body  h e igh t and  b o d y  w eight we also h av e  a t  our d isposal 
th e  m eans o f th e  w id th  o f chest o f J e n a  boys o f age 7 to  14 years  from  1880. 
Since th e  d a ta  of girls are  incom plete  (m erely  th e  7 to  9 .5-year-olds w ere e x a m 
ined  in  1880), th e y  will n o t be com pared  here  w ith  th e  values from  1975. For
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t h a t  reaso n  we re s tr ic t our s ta te m e n t to  th e  m ean  chest w id ths o f boys. T his 
ch a rac te ris tic  was reco rded  an d  e v a lu a te d  in  a lto g e th e r 5 in v estig a tio n s o f 
schoolboys from  Je n a  betw een  1880 an d  1975 (1880, 1921, 1932/33, 1954, 
a n d  1975).

T he chest w id ths in  boys c a lcu la ted  for all sem i-annual classes o f  1880 an d  
1975 differ by  a lto g e th e r 3.8 cm  o n  an average , corresponding  to  a m ean  
0.4 cm  increase  of tb e  w id th  of ch e s t values p e r decade. On th e  one h a n d  th is  
m eans (s ta r tin g  from  th e  above m en tio n ed  to ta l  differences) th a t  th e  secu lar 
acce lera tion  does n o t m ak e  itse lf  fe lt  as s tro n g ly  as th is  h ap p en s fo r bo d y  
h e ig h t an d  w eight. On th e  o th e r h a n d , also th e  re la tiv e  differences, fo r exam ple 
6 .0 %  fo r th e  w id th  of chest in  th e  m a le  sex (betw een  1880 a n d  1975) are  c learly  
below  th e  p e rcen tag e  increases fo r b o d y  h e ig h t (11.2% ) an d  w eigh t (31 .0% ).

T he average  sem i-annual d ifferences a m o u n t to  1.06 cm  o f all stud ies. 
T ak in g  th is  fig u re  an d  th e  to ta l  d ifference (3.8 cm ) as a basis, th is  m eans th a t  
th e  1975 boys on an  average  reach  th e  values o f  chest w id th  o f th e  1880 boys 
o f  th e  sam e age earlier b y  ab o u t 1 y e a r , 9 m o n th s. W h a t is s trik in g  in  our 
re su lts  is t h a t  th e  m eans o f  1975 a re  below  th o se  o f 1954 in  th e  m a jo rity  o f age 
classes, th a t  is to  say  th e  w id th  o f  ch e s t declined b o th  in  hoys (m ean : -0.4 cm) 
a n d  girls (m ean : -0.8 cm ) in  th e  p a s t  20 years.

T h is fa c t a n d  th e  p ro o f th a t  th e  w id th  o f chest is n o t su b jec ted  to  secu lar 
acce lera tio n  to  th e  sam e degree as th e  o th e r discussed d im ensions o f  th e  body  
are  suggesting  th a t  ch ild ren  and  ad o lescen ts now adays a re  slim m er th a n  tho se  
o f  fo rm er tim es.

W e hope to  be able to  m ake a c o n tr ib u tio n  to  th e  in fluence  o f accelera tion  
on  v a rious dim ensions o f th e  body  a n d  th e  re la te d  p ro p o rtio n a l sh ifts  b y  th e  
e v a lu a tio n  o f  o th e r charac teris tics . T h is could  close p a r t  o f th e  gap  in  our 
know ledge because accord ing  to  K n t js s m a n n  (1980) i t  is s till u n c lea r to d a y  
w h e th e r an d  to  w h a t e x te n t all d im ensions o f th e  body  undergo  secu lar accel
e ra tio n .

M enarche

As th is  ch a rac te ris tic  w as n o t in c lu d ed  in  fo rm er s tud ies of schoolch ildren  
in  J e n a , on ly  th e  resu lts  o f  th e  1954 in v es tig a tio n  for th e  occurrence o f m en- 
a rche  are  ava ilab le  for com parison. W hile  th e  m ean  m enarcheal age w as still 
15.49 y ears  (W i n t e r  1962) in  G erm any  a t  th e  beg inning  of th is  c e n tu ry , G r im m  
(1966) could  in d ica te  a m ean  m en arch ea l age o f 14.5 years fo r his s tu d ies  m ade 
in  H alle  b e tw een  1947 an d  1948. T b e  in v estig a tio n s ca rried  o u t in  J e n a  in  
1954 rev ea led  a m ean  m enarcheal age o f  13 y ea rs , 6.5 m o n th s. A m ean  m en a r
cheal age o f  12 years, 8 m o n th s was ca lcu la ted  fo r th e  1975 question ing  o f  girls. 
T he m ean  m en arch eal age o f  12 y ea rs , 3 m o n th s in d ica ted  b y  R i c h t e r  (1976) 
fo r G örlitz  is n o t  y e t reach ed  b y  o u r d a ta , b u t  th is  am ong o th e r th in g s  m ay  
be a t tr ib u ta b le  to  th e  d ifferen t reco rd in g  o f th is  ch a rac te ris tic . W hile R i c h t e r  
u n d e rta k e s  long itud in a l-sec tio n  s tu d ies  — i.e. question ing  o f th e  girls being 
possib le im m ed ia te ly  a fte r  th e  o ccu rrence  o f m enarche  —• th e  re tro sp ec tiv e  
m e th o d  we used  is liab le  to  certa in  e rro r  sources (e.g. girls w hose answ ers 
w ere n o t precise).

T h e  e a r l ie r  m e n a r c h e a l  a g e  is s u b s t a n t i a l l y  d u e  a lso  to  a  d e c lin e  o f  t b e  p o r 
t i o n  o f  l a t e  m e n s t r u a t in g  g ir ls  (a lso  c f .  W i n t e r  1962, a . o .) .
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Summary

To sum m arize i t  is n o ted  again  th a t  acce lera tio n  o f g ro w th  an d  developm ent 
goes on  in  our reg ion . T h e  in v es tig a tio n  re su lts  o f  bo d y  h e igh t an d  (w ith  
re stric tio n s) b o d y  w eigh t p e rm it th e  conclusion  th a t  th e  in te n s ity  of increase 
due to  acce lera tion  h as  s till grow n com pared  to  m o st o f th e  fo rm er in v es tig a 
tions o f  schoolch ildren  u n d e rta k e n  in  o u r region o f  research  (T huring ia). The 
described  dev e lo p m en t of th e  w id th  o f chest can  possib ly  in te rp re te d  in  th is 
d irec tio n , b u t  th is  req u ires  th e  inclusion o f o th e r  ch a rac te ris tic s  to  con firm  it.
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PHYSICAL FITNESS
AS RELATED TO BIOLOGICAL MATURITY

by G. B eu n e n , J. S im o n s , M. Os t y n , R . R e n so n  and D. Va n  Ge r v e n

Study Centre of the Physical Development, Institute of Physical Education, K.U. Leuven,
Heverlee, Belgium

Abstract: In the present overiew the relative importance of skeletal maturity in 
explaining body measurements and motor fitness components is reported.

The data result from the “Leuven Growth Study of Belgium Boys” as well as 
from pilot-studies of the “Leuven Growth Study of Flemish girls”. The im
portance of skeletal maturity in explaining body measurement and motor fitness 
results was investigated by means of regression analyses and comparisons be
tween maturity groups. In girls maturity groupings were also made according to 
the age at menarche.

In boys the relative importance of skeletal maturity reaches a maximum at 
14— 15 years and a fairly high percentage in body dimensions ( ±  50% for sta
ture) is explained by skeletal age. For the motor fitness components the interac
tion of chronological age and skeletal age as such or in combination with height 
and/or weight have the highest predictive value although the explained variance 
is rather low ranging from 0% to 17%, except for static strength for which 
the explained variance ranged from 33% to 38%.

Skeletaly more mature and average maturing girls of 12 through 14 years have 
larger hody dimensions than retarded girls. For the motor fitness components no 
clear differences were found except for static strength for which more mature girls 
obtained better results than the retarded girls. The observed differences between 
pre- and postmenarcheal 11 to 13 year old girls are in the same direction as the 
maturity-performance relationships for boys.

However, with increasing age these relationships are somewhat reversed re
sulting in a better performance for late maturing girls at ages 16—18 years.

Key words: Physical fitness, biological maturity, “Leuven Growth Study of 
Belgian Boys”, “Leuven Growth Study of Flemish Girls” , body measurements, 
motor fitness, skeletal age, menarche.

In tro d u c tio n

Before going in to  d e ta il o f  th e  re la tio n sh ip  betw een  d ifferen t aspects  o f 
ph y sica l f itn e ss  and  bio logical m a tu r ity  i t  seem s in d ica ted  to  d e fin e  m ore 
prec ise ly  w h a t is m eant b y  physical f itn e ss  an d  biological m a tu r ity .

L e t us f ir s t  consider th e  d e fin ition  o f  biological m a turity . A lread y  in  1908 
C r a m p t o n  o bserved  th a t  th e  chronological age does n o t rep resen t tru th fu lly  
how  fa r  an  in d iv id u a l has progressed  a long  its  ro ad  to  biological ad u lth o o d . 
A ccording to  T a n n e r  (1962) th e re  are m a in ly  four system s in  use to  assign 
a d ev e lo p m en ta l age; th ese  a re :

— sexual ch arac teris tics
— m orphological ch arac teris tics
— d en ta l developm ent
— skeletal developm ent
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In  th e  p resen t acco u n t we will n o t consider th e  d iffe ren t tech n iq u es p resen tly  
used to  estim ate  th e se  biological m a tu r ity  c rite ria . O verview s o f th e  d iffe ren t 
techn iques cu rren tly  used  are  given b y  D e m i r j i a n  (1978), M a r s h a l l  (1978), 
and  R o c h e  (1978).

As w a s  c le a r ly  s h o w n  b y  M a r s h a l l  (1974) a n d  f u r t h e r  i l lu m in a t e d  in  a n  
o v e rv ie w  b y  M a l in a  (1978), n o  s in g le  m a t u r a t i o n  s y s te m  p ro v id e s  a  c o m p le te  
d e s c r ip t io n  o f  t h e  g r o w th  a n d  t h e  m a t u r a t i o n  d u r in g  a d o le s c e n c e  b u t  t h e  s o m a t 
ic , s e x u a l  a n d  s k e le ta l  in d ic e s  o f  g r o w th  a n d  m a t u r a t i o n  a r e  s u f f ic ie n t ly  i n t e r r e 
l a t e d  t o  in d ic a te  t h e  d e v e lo p m e n ta l  le v e l  o f  a  g ro u p  o f  c h i ld r e n  o r  p o p u la t io n s .

F u rth e rm o re , D e m i r j i a n  (1978), a f te r  rev iew ing  th e  re la tio n sh ip  betw een  
d en ta l em ergence or ca lc ification  an d  o th e r m a tu r i ty  c rite ria , concluded  th a t  
d en ta l m a tu ra tio n  is su b s ta n tia lly  in d ep en d en t from  th e  o th e r c rite ria . A lthough  
d ifferen t system s a re  in  use, an d  are  to  som e e x te n t in d ep en d en t of each  o th e r, 
several au th o rs  (see e.g. M a r s h a l l  1977, T a n n e r  1978) agree th a t  th e  devel
op m en t of th e  sk e le to n  prov ides one o f th e  m ost usefu l indices of m a tu r ity .

Secondly  th e  co n cep t o f physica l fitn e ss  w ill be discussed. D efin itions o f 
physica l fitness can  be  found  in  tex tb o o k s  on m easu rem en t an d  ev a lu a tio n  
in  p h ysica l ed u ca tio n  (C l a r k e  1976, C u r e t o n  1947, L a r s o n  an d  Y o c o m  
1951, S a f r i t  1973). A ccording to  Sa f r i t  (1973) tw o  defin itions seem  to  be  
m ost com m only  used. F ro m  a m edical p o in t o f  view , physica l fitness is defined  
as th e  cap ac ity  to  a d a p t  an d  recover from  s tren u o u s  exercise, in  o th e r w ords 
card io -resp ira to ry  f itn ess . A m ore general d e fin ition  considers physical fitn ess  
as: “ T he ab ility  to  c a rry  o u t da ily  ta sk s  w ith  v igor an d  alertness, w ith o u t 
u n d u e  fa tigue , a n d  w ith  am ple energy  to  engage le isure  tim e  p u rsu its  an d  to  
m eet th e  above av erag e  physica l stresses en co u n te red  in  em ergency  s itu a tio n s  
(A n o n , 1979)“ . T h is defin itio n  has now  been  endorsed  b y  th e  A m erican  A cad 
em y o f P hysica l E d u c a tio n , an d  is a som ew hat m odified  version  of th e  d e fin i
tio n  p roposed  b y  C l a r k e  (1976, p . 12).

In  th e  L E U V E N  G R O W T H  S T U D IE S  on B elg ian  boys (O s t y n , S i m o n s , 
B e u n e n , R e n s o n , a n d  V a n  G e r v e n  1980) a n d  on F lem ish  girls (B e u n e n , 
S im o n s , O s t y n , R e n s o n , V a n  G e r v e n , C l a e s s e n s , V a n r e u s e l , C o l l á  a n d  
S c h u e r e m a n s  1980) we in te rp re te d  physica l fitn ess  in  th is  b ro ad  sense a n d

Table 1

The basic dimensions of motor fitness in boys and girls and the selected tests for the 
Leuven growth study on Belgian boys and on Flemish girls

Basic d im en sio n s T e s t B o y s’ s tu d y T e s t  G irls’ s tu d y

Eye-hand coordination Stick balance
Balance — Flamingo balance
Flexibility Sit and reach Sit and reach
Speed of limb movement Plate tapping Plate tapping
Running speed Shuttle run Shuttle run
Static strength Arm pull Arm pull
Explosive strength Vertical jump Vertical jump
Functional strength Bent arm hang Bent arm hang
Trunk strength Leg lifts 

1* step test
Leg lifts 
1’ step test 
500 m schüttle run 
Bicycle ergometer test

Endurance
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fo r th is  reason  bo d y  m easu rem en ts , b o d y  ty p e  an d  bio logical m a tu ra tio n  
w ere m easu red  to g e th e r w ith  a b a t te ry  o f m o to r fitn ess  co m p o n en ts  an d  sp o rt 
p a rtic ip a tio n . In  m ost s tu d ies  on m o to r fitness th e  to ta l  concep t is b roken  
dow n in to  subcom ponen ts. In  th e  above m entioned  s tud ies th e  basic  d im en
sions o f th e  m o to r fitness dom ain  o f grow ing boys a n d  girls could  be id en 
tif ie d  m ore accu ra te ly  th ro u g h  fac to r-an aly ses  o f th e  re su lts  o f each  age 
g roup  be tw een  12 an d  19 y ea rs  (S i m o n s , B e u n e n , O s t y n , R e n s o n , S w a l u s , 
V a n  G e r v e n , W il l e m s  1969, S im o n s , O s t y n , B e u n e n , R e n s o n , V a n  G e r - 
v e n  1978).

I n  T ab le  1 th e  e x tra c te d  fac to rs  to g e th e r  w ith  th e  te s ts  m easu red  in  th e  s tu d y  
on B elg ian  boys an d  on F lem ish  girls are  given.
W ith  reg a rd  to  th e  re la tio n sh ip  b e tw een  skeletal m a tu r i ty  a n d  p h ysica l fitness 
we will co n cen tra te  on th e  re la tio n sh ip  in  boys s ta r tin g  from  th e  b o y s’ s tu d y  
a lth o u g h  som e p re lim in ary  resu lts  w ill be p resen ted  on th e  re la tio n sh ip  in  
girls based  on a few  p ilo t stud ies.

M ateria l an d  M ethods

T he b o y s’ s tu d y  is a m ixed  lo n g itu d in a l s tu d y  o f th e  p h y sica l fitn ess  of 
B elgian  school boys (O s t y n , S im o n s , B e u n e n , R e n s o n , an d  V a n  G e r v e n  
1980). This grow th  s tu d y  consisted  o f  a six-year lo n g itu d in a l an d  cross-sec
tio n a l s tu d y  o f a re p re se n ta tiv e  sam ple o f B elgian school boys aged 1 2 ^  to  
1 9 ^ .  T he te s tin g  p rog ram  s ta r te d  in  1969 an d  ended  in  1974. A to ta l  of 
21,052 exam ina tions were m ade . E ach  y e a r be tw een  2500 an d  4500 boys of 
one secondary  school grade w ere te s te d  beginning  w ith  th e  f ir s t  g rade . T here
fore a s tra tif ie d  sam ple o f schools w as ran d o m ly  selected  ta k in g  in to  ac
co u n t th e  follow ing fac to rs :

— language  g ro u p : F ren ch  or F lem ish  speaking
— school a ffilia tio n : p r iv a te  (C atholic) or s ta te  schools
— ty p e  o f  schooling: v o ca tio n a l, tech n ica l schooling or h u m an itie s  

geographical d is tr ib u tio n  o f th e  school p o p u la tio n  p e r p rov ince.
In  each school a ran d o m  sam ple  consisting  of en tire  classes was selected  and  

all th e  boys in  each class w ere exam ined . The sam e schools w ere s tu d ied  
th ro u g h o u t, w hich resu lted  in  a com bined  lo n g itu d in a l an d  cross-sectional 
s tu d y . This design, in  w hich  several b ir th  cohorts  are follow ed fo r several 
y ea rs  w ith  overlapp ing  in te rv a ls , is recom m ended  b y  S c h a ie  (1965) and  
v a n ’t  H o f , W e l s  an d  K o w a l s k i  (1979) as th e  m ost e ffic ien t design fo r a de
v e lo p m en ta l s tu d y .

In  T ab le  2 th e  n u m b er o f  boys exam ined  is rep o rted  classified  accord ing  to  
th e  m easuring  period  an d  th e  n u m b er o f exam in a tio n s. T his ta b le  show s th a t  
39%  (5576) o f th e  boys w ere m easu red  tw ice or m ore w ith  a m ean  o f 2.2 obser
v a tio n s . 587 boys were follow ed for six  y ea rs , 1063 boys w ere follow ed for five 
y ears  etc.

T here was a considerable a m o u n t o f d rop -ou ts due to  th e  design o f th e  s tu d y  
a lth o u g h  th is  d ro p -o u t was n o t selective over th e  w hole s tu d y  (O s t y n , S im o n s , 
B e u n e n , R e n s o n , and  V a n  G e r v e n , 1980). All m easu rem en ts  w ere m ade 
each  y ea r d u ring  th e  sam e period  from  J a n u a ry  till  M arch w ith  n ea rly  exact 
y e a rly  in te rv a ls . Seasonal effects on g ro w th  an d  deve lopm en t w ere th u s  lim ited  
to  a m in im um .
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Number of boys enrolled in the Leuven growth study of Belgian boys

Table 2

N u m b er o f  ex a m in a tio n s
M easuring  period  j (

3 4 5 6

1969 4282
1970 1235 2921
1971 1214 832 1863
1972 1049 727 529 1177
1973 699 674 379 366 783
1974 312 422 482 239 280 587
Total 8791 5576 3253 1782 1063 587 21052

Seventeen  an th ro p o m e tric  m easures an d  n ine  m o to r a b ility  te s ts  w ere 
ad m in is te red , th ree  s ta n d a rd  p h o to g rap h s  w ere ta k e n  to  d e te rm in e  th e  som ato- 
ty p e  an d  an  X -ray  o f th e  le f t h an d  an d  w rist to  e s tim a te  th e  sk e le ta l develop
m en t. F u rth e rm o re  a s ta n d a rd iz e d  q u estionna ire  was designed to  ev a lu a te  
spo rts  p a rtic ip a tio n  a n d  socio -cu ltu ra l b ack g ro u n d  o f th e  sub jec ts  an d  th e ir  
p a ren ts . All q uestionna ires w ere filled  in  b y  th e  p a re n ts  an d  checked b y  in te r 
view  w ith  th e  boys. T he en tire  te s tin g  p rogram m e was ad m in is te red  to  each 
boy  a t  each m easuring  period . T he te s ts  an d  m easu rem en ts  w ere ta k e n  b y  
tw o  team s o f te n  w ell-tra in ed  in s tru c to rs , u n d e r th e  p e rm a n e n t superv ision  
o f th e  sam e research  a ss is tan ts  w ho tra in e d  an d  accom pan ied  th a t  te a m  
th ro u g h o u t th e  en tire  s tu d y . E ach  school w as v is ited  tw ice a t  an  in te rv a l o f 
one week.

As a lready  m en tio n ed , a va lid  an d  reliable m o to r te s t  b a t te ry  w as selected  
fo r boys o f th ese  age levels.

Skele ta l m a tu r ity  w as assessed accord ing  to  th e  m eth o d s o f T a n n e r  an d  
W h i t e h o u s e  (T a n n e r  a n d  W h i t e h o u s e  1959, T a n n e r , W h i t e h o u s e  an d  
H e a l y  1962, T a n n e r , W h i t e h o u s e , M a r s h a l l , H e a l y  an d  G o l d s t e in  
1975). All assessm ents w ere m ade b y  th e  sam e observer (G .B .) .  H igh  in tr a 
observer re liab ility  (0.98) w as o b ta in ed  betw een  tw o  in d e p e n d e n t assessm ents 
(B e u n e n  1970) and  no  sy s tem a tic  difference betw een  th e  m eans w as observed . 
F u rth e rm o re  a v e ry  good ag reem en t w as n o te d  betw een  th e  assessm ents m ade 
b y  th is  observer ( G .B .)  an d  th e  assessm ents m ade b y  ex p erts  in  th e  m ethod  
(R . H . W hitehouse a n d  N . Cameron)  (B e u n e n  an d  Ca m e r o n  1980).

T he d a ta  in  th e  tw o g irls’ stud ies are  ta k e n  from  tw o  cross sectional sam ples 
o f schools in  L euven.

T he f irs t sam ple consisted  o f 450 girls 12 th ro u g h  16. B esides our ow n m o to r 
fitn ess  te s t  b a tte ry  also th e  m o to r fitness te s t  p roposed  b y  th e  In te rn a tio n a l 
C om m ittee  on S ta n d a rd isa tio n  of P hysica l F itn ess  T ests  (L a r s o n  an d  Y o c o m  
1951) w ere ad m in is te red  to g e th e r w ith  27 a n th ro p o m e tric  m easurem ents. 
Skele ta l age w as also assessed accord ing  to  th e  TW 1 m e th o d  b y  th e  sam e o b 
server (G .B .J . F o r a m ore de ta iled  descrip tion  of th is  s tu d y  see B e u n e n , 
O s t y n , R e n s o n , S im o n s  an d  v a n  G e r v e n  (1976). In  th e  second sam ple 398 
girls aged 11 th ro u g h  18 w ere exam ined . B esides m o to r fitn ess  te s ts  age a t  
m enarche  w as reco rded  b y  m eans of th e  s ta tu s  quo m ethod .
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Results and D iscussion

A. P H Y S I C A L  F I T N E S S  -  S K E L E T A L  M A T U R I T Y  R E L A T I O N 
S H I P S  I N  B O Y S  (based on  p u b lica tio n s  b y  B e u n e n , O s t y n , R e n s o n , 
S i m o n s , S w a l u s , a n d  V a n  G e r v e n  1974, B e u n e n , O s t y n , R e n s o n , S i m o n s , 
an d  V a n  G e r v e n  1978, B e u n e n , O s t y n , S i m o n s , V a n  G e r v e n , S w a l u s , an d  
D e  B u e l  1978, B e u n e n , O s t y n , R e n s o n , S i m o n s , an d  V a n  G e r v e n  1979, 
B e u n e n , O s t y n , S i m o n s , R e n s o n , an d  v a n  G e r v e n  1981). In  th is  overv iew  
we w ill consider th e  following questions:

— w h a t are th e  age-specific re la tio n sh ip s  be tw een  skeletal m a tu r i ty  an d  
p h ysica l fitn ess  d u rin g  adolescence a n d

— is th e re  an  evo lu tion  in  th e  re la tio n sh ip  ?
— w h a t p a r t  o f  th e  v a r ia b ility  in  p h y sica l fitn ess  is accoun ted  fo r by  

chronological age, skeletal age an d  for m o to r  fitn ess  also b y  size?
F o r a ll these  re la tionsh ips we will on ly  consider th e  cross sectional analysis .

I. A ge specific relationships and  evolution in  these relationships

In  a f ir s t  analysis  correlations were c a lcu la ted  betw een  skele ta l age an d  
p hysica l fitness re su lts  a t each  age level. M oreover, com parisons w ere m ad e  
be tw een  th e  m ean  resu lts  o f boys of th e  sam e age b u t  o f v a ry in g  degree of 
sk e le ta l m a tu ra tio n .

B ody measurements

All b o d y  m easu rem en ts a re  fa irly  closely  re la te d  to  sk e le ta l age (T able 3). 
T he h ig h est co rre la tions are found  for lin e a r  d im ensions an d  th e  low est for 
skinfolds. F rom  12 to  14 th e  co rre la tions a re  fa irly  sim ilar or increase; th e re 
a fte r  a s ign ifican t decrease occurs f irs t  in  w eigh t, lin ea r dim ensions an d  
bone b re a d th  d im ensions, th e re a f te r  for th e  o th e r  d im ensions.

M otor fitn e ss

F or m o to r f itn e ss  resu lts o n ly  s ta tic  s tre n g th  (arm  pull) co rre la tes fa irly  
h igh  w ith  skeletal age a t  all age levels. A t 13 an d  m ore clearly  a t  14 a ll m o to r 
te s ts  a re  positiv e ly  re la ted  to  sk e le ta l m a tu r ity . O nly  for ey e-h an d  co o rd in a 
tio n  (stick  balance) an d  pulse r a te  a t re s t n o  sign ifican t corre la tions are  fo und , 
an d  a s lig h t n eg a tiv e  co rre la tion  exists w ith  pu lse  ra te  a fte r  exercise.

F o r s ta tic  s tre n g th  (arm  pu ll) and  exp losive  s tre n g th  (v e rtica l ju m p ) th e  
h ighest co rre la tions are found  a t  14 to  15 y ears , th e re a f te r  th e  co rre la tions 
decrease. F o r th e  o th e r  m otor fitn ess  com p o n en ts  th e  co rrelations increase from  
12 th ro u g h  14 w herea fte r th e y  rem ain  un ch an g ed .

I I .  Percentage o f  variability in  physical f i tn e s s  accounted for by skeletal age, 
chronological age and  size

To answ er th is  question  tw o sep ara te  s tu d ies  w ere u n d e rtak en . In  th e  f irs t  
s tu d y  th e  re la tiv e  co n trib u tio n  of ske le ta l age an d  chronological age w as 
in v e s tig a te d  in  hom ogeneous age groups. W ith in  each  chronological age g roup  
f irs t o rd e r p a r tia l corre la tions h av e  been ca lcu la ted  betw een  skele ta l age an d
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Table 3

Correlation coefficients between skeletal age, structural measures and motor fitness 
components at different age levels

T e s t 12 y e a rs 13 y ea rs 14 y ea rs 15 years 16 y ea rs

Weight 0.573 0.615 0.650* 0.627* 0.524*
Height 0.603 0.676* 0.702* 0.621* 0.405*
Sitting height 0.521 0.664* 0.728* 0.692* 0.577*
Biacromial width 0.481 0.547 0.633* 0.631 0.472*
Chest width 0.404 0.469 0.544* 0.561 0.462*
Bicond. humerus 0.520 0.594* 0.514* 0.470* 0.254*
Bicond. femur 
Chest circumference

0.477 0.464 0.433 0.320* 0.123*

insp.
Chest circumference

0.486 0.559* 0.622* 0.624 0.517*

exp. 0.478 0.510 0.592* 0.605 0.510*
Thigh circumference 0.464 0.434 0.497* 0.505 0.458*
Calf circumference 
Upper arm circum-

0.507 0.503 0.505 0.487 0.366*

ference 0.396 0.454 0.524* 0.539 0.495*
Supra iliac skinfold 0.277 0.297 0.344 0.362 0.366
Subscap. skinfold 0.280 0.257 0.316* 0.332 0.373
Triceps skinfold 0.134 0.077 _* — 0.042
Calf skinfold 0.195 0.118 0.116 ___* —0.062*

Stick balance _ _ _ _ _
Plate tapping — 0.151 0.214* 0.178 0.167
Sit and reach — 0.055 0.158* 0.190 0.145
Vertical jump — 0.196* 0.319 * 0.379* 0.321*
Arm pull 0.430 0.553* 0.652* 0.632 0.512*
Leg lifts —0.149 —0.118 0.039* 0.132* 0.188*
Bent arm hang —0.189 —0.137 ___* 0.145 0.132
Shuttle run A — — 0.128* 0.122 0.093
Pulse rate R.A — — — 0.039 —

Pulse rate A.A —0.103 —0.105 —0.077 —0.045 —0.082

K ey : A : S ign rev e rse d , in d ic a tin g  a  p o o re r  p e rfo rm an ce  for an  o ld er sk e le ta l age,
— : C o rrela tio n  not. s ig n ific a n t d iffe re n t fro m  zero ,

*: S ign ifican t d iffe rence  a t  5%  lev e l b e tw een  co rre la tio n s  o f  a d ja c e n t  age levels a f te r  tra n s fo rm a tio n  in to  F is h e r  Z ’- 
scores,

C oeffic ien ts in  ita lics  in d ic a te  a  s ig n ifican t low er c o rre la tio n  in  th e  o ld er age g ro u p  in  co m p ariso n  w ith  th e  a d ja c e n t  y o u n g e r  
age g ro u p  (a f te r  B e u n e n — O s t y n — S i m o n s —V a n  G e r v e n — S w a l u s  — D e  B e u l  1978).

th e  p h ysica l fitn ess  resu lts  w ith  chronological age p a rtia le d  o u t an d  w ith in  
each ske le ta l age g roup  f irs t  o rder p a r tia l  co rre la tions have been ca lcu la ted  
betw een  chronological age an d  th e  ph y sica l fitn ess  v ariab les w ith  sk e le ta l 
age p a rtia le d  o u t.

Since th e  re su lts  are  fa irly  sim ilar a t  all age levels on ly  th e  p a r tia l  co rre la 
tions for boys o f  13 (chronological or sk e le ta l age) will be discussed.

H e ig h t, w eigh t a n d  s ta tic  s tre n g th  (arm  pull) are  h ig h ly  re la te d  to  sk e le ta l 
age (Table 4). R e la tionsh ips w ith  o th e r m o to r fitn ess  com ponen ts are low  
b u t differ s ig n ifican tly  from  zero, excep t fo r ey e-h an d  coo rd ina tion  (s tick  
balance) an d  speed  (sh u ttle  run). T ru n k  s tre n g th  (leg lifts) an d  fu n c tio n a l 
s tre n g th  (b en t a rm  hang) are  n eg a tiv e ly  co rre la ted  w ith  skele ta l age a t  th is  
age, a lth o u g h  a t  14 or 15 a positive re la tio n sh ip  is found . C hronological age 
has a sligh t n eg a tiv e  re la tio n sh ip  to  w eight an d  no corre la tion  w ith  h e ig h t.
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Table 4

First order partial correlations between skeletal age (SA), chronological (CA), and 
physical fitness components. Data for thirteen-year-old boys

rSA-Var.CA rCA-Var.SA

Height 0.633
Weight 0.604 —0.086
Stick balance — 0.126
Plate tapping 0.096 0.265
Sit and reach — 0.063
Vertical jump 0.155 0.101
Arm pull 0.526 0.054
Leg lifts —0.122 0.100
Flexed arm hang —0.134 0.137
Shuttle run — —0.079

N 2162 1574

— p a r t ia l  c o rre la tio n  n o t  s ign ifican tly  d iffe re n t fro m  zero ( a f te r  B e u n e n  — Os t y n  — R e n s o n  Sim o n s  -  v a n  Ge r v e n  1978).

O f th e  m o to r fitn ess  item s, th e  low est p a r t ia l  co rre la tion  is fo u n d  for s ta tic  
s tre n g th  (arm  pu ll). For th e  o th e r  te s ts  th e  corre la tions are  so m ew hat h igher, 
especia lly  for speed  of lim b  m ov em en t (p la te  tap p in g ).

In  a second analysis s tep w ise  m u ltip le  regression eq u a tio n s w ere derived  
w ith  chronological age an d  sk e le ta l age as th e  in d ep en d en t v a riab les  for bo d y  
m easures an d  w ith  chronological age, sk e le ta l age, h e ig h t an d  w eigh t, an d  
in te ra c tio n  te rm s  as th e  in d e p e n d e n t v a riab le s  fo r th e  m o to r a b ility  te s ts . 
T h e  in te rac tio n s  betw een th e  v ariab les  w ere  ca lcu la ted  b y  th e  p ro d u c t o f th e se  
v a riab les . T he p ro p o rtio n  o f  th e  va rian ce  accoun ted  fo r b y  each  o f  th e  in 
d ep en d en t v a riab les  was ca lcu la ted  b y  th e  p ro d u c t o f th e  p a r tia l  b e ta  coefficien t 
a n d  th e  zero -o rder co rre la tion .

B o d y  mesurements

W ith in  each  age group o n ly  one or tw o  p e rc e n t of th e  to ta l  v a rian ce  in  body  
d im ensions is exp lained  b y  chronological age. F o r m ost m easu rem en ts th e  
ex p la in ed  v a ria n c e  is no t s ig n ifican tly  d iffe ren t from  zero. Skele ta l age accoun ts 
fo r a la rg e r p e rcen tag e  of m o s t body  d im ensions. A m ax im um  is reach ed  a t  
14 o r 15 y ears , a f te r  w hich a r a p id  decline in  th e  exp la ined  v a rian ce  is observed. 
A t th e  age o f 18 only 0 —11%  of th e  v a r ia n c e  is still acco u n ted  for (Table 5).

M otor fitn e ss

In  th e  age ra n g e  12 to  18 y ea rs  ey e -h an d  coo rd in a tio n  (stick  balance) is 
n o t  re la te d  to  a n y  of th e  in d e p e n d e n t v a riab le s .

O n ly  a v e ry  sm all percen tag e  (0 —3% ) o f th e  to ta l  va rian ce  in  ru n n in g  speed 
(sh u ttle  ru n ) is exp la ined  b y  th e  v ariab les  considered  herein . T he sam e holds 
t r u e  fo r pu lse  r a te  a t re s t a n d  a fte r exercise. F o r speed of lim b  m ovem en t 
(p la te  tap p in g ) an d  flex ib ility  (s it and  reach ) th e  exp la ined  v a rian ce  is low  
v a ry in g  from  1 to  7% . The p e rcen tag e  o f  v a rian ce  accoun ted  for rem ains fairly  
c o n s ta n t for t r u n k  s tren g th  (leg lifts) a t  8 — 9 % . F o r explosive s tre n g th  (verti-
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cal ju m p ) an d  fu n c tio n a l s tre n g th  (b en t a rm  hang) a s till h igher p ro p o rtio n  
is exp la ined  4 — 17% , b u t  th e  h ighest p red ic tiv e  va lu e  is found  for s ta t ic  
s tre n g th  (arm  pull). T he coefficien t o f d e te rm in a tio n  increases from  36 %  a t  
12 y ea rs  to  58%  a t 14 years  an d  decreases to  30%  a t  18 years. F rom  th e  an a ly sis  
i t  ap p eared  th a t  th e  in te ra c tio n  betw een  chronological age an d  sk e le ta l age  
as such  or in  co m b in a tio n  w ith  h e ig h t an d /o r w eigh t exp la ined  th e  la rg e s t 
p o rtio n  of th e  to ta l  v a rian ce  fo r m ost o f th e  m o to r fitn ess  com ponen ts (T ab le  
6).

B o d y  d im ensions

E x p la in ed  V ariance

12 —15 y e a rs 16 — 19 y ea rs

Body weight 0.34-0.41 0.03-0.25
Stature 0.35-0.49 ns—0.14
Sitting height 0.30—0.52 0.02-0.29
Biacromial diameter 0.20-0.38 0.03-0.18
Bicondylar humerus 0.18—0.35 ns—0.04
Bicondylar femur 0.08-0.25 ns—0.01
Chest circumference inspiration 0.25-0.38 0.03-0.25
Chest circumference expiration 0.24-0.36 0.03-0.24
Thigh circumference 0.21-0.25 0.03-0.20
Calf circumference 0.23-0.28 0.04—0.13
Upper arm circumference contracted 0.17—0.28 0.04-0.23
Supra-iliac skinfold 0.09-0.14 0.02-0.13
Subscapular skinfold 0.07-0.12 0.03-0.15
Triceps skinfold ns—0.03 ns—0.00
Calf skinfold 0.00-0.04 ns—0.00
Reaching height 0.32—0.46 ns—0.12

n s :  p a rtia l reg ression  co effic ien t n o t  s ig n ifican tly  d iffe re n t fro m  zero  (a  =  0.01). A d a p te d  a f te r  B e u n e n  — O s t y n  - 
S im o n s— R e n s o n  — V a n  Ge r v e n  (1981).

Table 6

Explained variance of motor fitness components

T est
R 2 range 

1 2 —18 y e a rs
M o st im p o r ta n t  in d ep e n 

d e n t  variab les

Stick balance ns—0.02 CA
Plate tapping 0.01-0.07 C A x S A x H T
Sit and reach 0.01-0.03 H T ; C A x S A
Vertical jump 0.04-0.17 C A x S A x H T
Arm pull 0.30-0.58 C A x H T x  W T ; C A x S A x H T x W T ;  

S A x  W T ; CA x  SA x  W T

Leg lifts 0.06-0.09 H T
Bent arm hang 0.09-0.16 W T
Shuttle run ns—0.03 C A x S A
Pulse rate at rest ns—0.01 W T
Pulse rate recovery ns—0.04 W T ; S A x  W T

R 2: coefficien t o f  d e te rm in a tio n ; ns:  R 2 n o t  sig n ifican tly  (a =  0.01) d iffe re n t fro m  ze ro ; CA: chronological ag e ; SA : s k e l 
e ta l  age; H T : h e ig h t— W T : w e ig h t; C A x S A : in te rac tio n  te rm  chrono log ical age a n d  sk e le ta l age. A d a p te d  a f te r  B e u n e n  — 
Os t y n —Sim on s —R e n s o n - V an  Ge r v e n  (1981).
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B. P H Y S I C A L  F I T N E S S  -  M A T U R I T Y  R E L A T I O N S H I P S  I N  G IR L S  
(based  on  pu b lica tio n s b y  B e u n e n , O s t y n , R e n s o n , S i m o n s , an d  V a n  
G e r v e n  1976, B e u n e n . D e  B e u l , O s t y n , R e n s o n , S i m o n s  and  V a n  G e r - 
V e n  1978).

H ere  we will consider th e  follow ing q u estions:
— w h a t are th e  re la tio n sh ip s  betw een  ske le ta l m a tu r i ty  an d  p h ysica l fitness 

in  ado lescen t girls an d  do th e y  change w ith  age?
w h a t are th e  re la tio n sh ip s  betw een  sex u a l d ev e lo p m en t (age a t  m enarche) 

an d  p hysica l fitness an d  do th e y  change w ith  age?

Table 7
Correlation coefficients between skeletal age, body measurements and motor tests*

Age 12 
N = 76 

skel. 
age

Age 13 
N = 129 

skel. 
age

Age 14 
N=94 
skel. 
age

Age 15 
N = 86 
skel. 
age

Age 16 
N=36 
skel. 
age

Height 0.508 0.566
Reaching height 0.482 0.555 — — —

Sitting height 0.641 0.618 0.381 — —

Leg length — 0.391 — — —

Weight 0.367 0.537 0.480 — —

Bicond. humerus — — — — —

Bicond. femur — 0.359 — — —

Bimal. ankle — 0.378 — — —
Shoulder width — 0.334 — — —
Hip width 0.435 0.455 0.517 — —

Chest width 0.364 0.333 — — —

Chest depth insp. 0.393 0.316 0.338 — —

Chest depth exp. 0.390 0.379 0.342 — —

Chest depth — — — — —

Chest girth insp. 0.488 0.501 0.446 0.289 —

Chest girth exp. 0.477 0.517 0.452 0.313 —

Chest ampliation — — — — —

Abdominal girth — 0.440 — — —

Hip girth 0.579 0.599 0.462 0.319 —

Thigh girth 0.397 — 0.367 0.355 0.506
Calf girth 0.475 0.526 0.416 0.351 —

Upper arm girth flexed — 0.361 0.347 0.295 —

Upper arm girth ext. — 0.315 0.415 0.306 —

Sub-iliac skinfold — 0.272 0.275 — —

Sub-scapular skinfold — 0.304 0.282 — —

Upper arm skinfold — — — — —

Sum three skinfolds — 0.262 0.315 — —

Vertical jump _ _ _
Sit and reach — — — — —

Leg lifts ___ — — — —

Shuttle run — — — — —

Plate tapping — — — — —

Arm pull 0.348 0.334 0.281 0.278 —

Bent arm hang —0.419 — — — —

Dodge run — — — — —

— c o rre la tio n  n o t  s ign ifican t ( a  =  0.01) d iffe re n t fro m  zero.

Adapted after B e u n e n — O sty n — R e n s o n — S im o n s— V an  Ge r v e n  (1976).
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I .  Skeletal age — p h ysica l fitn e ss  relationships

T he skeletal age — p h y sica l fitn ess  re la tio n sh ip s  will be tre a te d  f irs t. F ro m  
T ab le  7 i t  ap p ears  th a t  th e  h ighest re la tio n sh ip s  are  found  betw een  sk e le ta l 
age an d  linear d im ensions. Also for m ost b re a d th  an d  g ir th  m easu rem en ts  
sign ifican t co rre la tions a re  found . F o r h ip  w id th  e.g. co rre la tions b e tw een  
.44 an d  .52 are  found  fo r girls 12 th ro u g h  14. T he co rre la tions for sk info lds 
are  low  an d  ju s t  s ig n ifican tly  d ifferen t from  zero. S ta r tin g  a t  13 all co rre la tions 
becom e sm aller w ith  increasing  age a n d  v an ish  a t  15 to  16 y ears . F o r m o to r 
fitn ess  only  s ta tic  s tre n g th  (a rm  pull) is p ositive ly  re la te d  to  ske le ta l age from
12 to  15 years. A t 12 a n eg a tiv e  co rre la tio n  is fo u n d  fo r fu n c tio n a l s tre n g th  
(b en t a rm  hang). This can  be e x p la in e d  by  th e  n eg a tiv e  in flu en ce  o f w eigh t 
for th is  te s t  (co rre la tion  b e tw een  w eigh t an d  b e n t a rm  h an g  eq u a ls  r == — .432). 
F o r th e  o th e r fac to rs no  s ig n ifican t co rre la tions are  fo und .

I I .  Sexua l m a tu rity  — physica l f i tn e s s  relationships

In  o rder to  in v es tig a te  th e  p h ysica l fitness-sexua l m a tu r i ty  re la tio n sh ip s , 
a sam ple  o f 398 girls w as subd iv id ed  in to  m a tu r ity  categories accord ing  to  th e  
age o f  f irs t m e n s tru a tio n .

In  Tables 8 a n d  9, th e  s ign ifican t differences th a t  w ere fo u n d  b e tw een  th e  
m a tu r ity  categories in  each  age group are in d ica ted . F o r girls be tw een  11 a n d ,
13 y ears , p o stm en arch eal girls w ere ta lle r  a n d  h eav ie r a n d  o b ta in ed  b e t t e r  
re su lts  for s ta tic  s tre n g th  (arm  pu ll a n d  h a n d  grip) an d  equ ilib riu m  (b a lan ce  
te s t) . O nly sligh t d ifferences occurred  b e tw een  th e  th re e  m a tu r ity  g roups o f
14 th ro u g h  15 year-o ld  girls. These d ifferences w ere n o t sig n ifican t ex cep t for 
one s ta tic  s tre n g th  te s t  (h an d g rip ) an d  one tru n k  s tre n g th  te s t  (leg ra ise r) .

A to ta lly  d iffe ren t t r e n d  w as found  fo r girls 16 18 y ears . F o r tru n k  s tre n g th
(sit u p ), explosive s tre n g th  (s tan d in g  b ro ad  ju m p ), fu n c tio n a l s tre n g th  (b e n t 
a rm  hang), ru n n in g  speed  (dodge ru n , sh u ttle  ru n  40 m  an d  50 m) an d  speed

Table 8

Significant differences (i-test; a =  0.05) between girls 12 —15 years of different menarcheal age 
for height, weight and motor fitness components

C om ponen t
11 — 13 y e a rs  

p re-p o s t 
m en arch e

14 -  15 y ea rs

la te -a v e r.
m en arch e

la te -e a r ly
m en arch e

a v e r.-e a r ly
m en a rc h e

Body measures Height _ _ _
Weight — — —

Static strength Arm pull — — —

Handgrip — Handgrip —
Equilibrium Balance test — — —
Trunk strength — — — Leg raiser
Explosive strength — — — —
Functional strength — — — —
Running speed — — — —
Speed of limb movement — — — —
Flexibility — —

~

A ll d iffe rences a re  in  fav o r  o f  th e  M O R E  m a tu re  g irls
A f te r  B e u n e n  — D e  B e u l  —O s t y n  — R e n s o n  -  S i m o n s  —V a n  G e r v e n  (1978).
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Table 9

Significant differences (i-test; a =  0.05) between girls 16—18 years of different menarcheal age 
for height, weight and motor fitness components

C om ponent L a te-av e r. L a te -E a r ly A v er.-ea rly

Body measurements
Static strength — — —

Equilibrium — — —

Trunk strength sit up — —

Explosive strength stand, broad jump — —

Functional strength — bent arm hang —

Running speed dodge run — —

shuttle run 50 m shuttle run 50 m —

shuttle run 40 m — —

figure 8 duck — —

Speed of limb movement 1 foot tapping 1 foot tapping —
Flexibility _ — —

A ll d ifferences a re  in  fav o r  o f  th e  L E S S  m a tu re  girls.
A fte r  B e u n e n  — D e  B e u l - Os t y n -  R e n s o n  S im on s V an  Ge r v e n  (1978).

of lim b m ovem ent (one foo t tap p in g ), several h igh  sig n ifican t differences w ere 
fo u n d  betw een  girls w ith  a la te  m enarche  an d  girls w ith  an  ea rly  an d /o r average 
d a te  o f f irs t m e n s tru a tio n . T he la te  m a tu rin g  girls a lw ays o b ta in ed  b e tte r  
re su lts  th a n  th e  average  or ea rly  m a tu rin g  girls.

In  sum m ary  th e  resu lts  o f th e  L euven  g ro w th  s tu d ies  c learly  d em o n stra te  
th e  co n tras tin g  m atu rity -p e rfo rm an ce  re la tio n sh ip s  d u ring  adolescence th a t  
are  a p p a re n t for boys an d  girls.

In  an  overview  o f th e  fac to rs in fluencing  s tre n g th  an d  perfo rm ance M a l i n a  
(1980) cam e to  th e  sam e conclusion. T he a d v e n t o f  adolescence brings a b o u t 
a m ark ed  increase in  m ost m o to r perfo rm ance fac to rs  (see e.g. B e u n e n , 
S i m o n s , R e n s o n , V a n  G e r v e n  an d  O s t y n  1980) a n d  consequen tly  consider
ab le differences are  found  in  boys of co n tra s tin g  m a tu r i ty  s ta tu s . C onversely 
a s ta g n a tio n  or even a decline in  m o to r perfo rm ance  is found  in  adolescent 
girls (see e.g. A s m u s s e n  1974, E s p e n s c h a d e  an d  E c k e r t  1967). This c o n tra s t
ing  m a tu rity -p e rfo rm an ce  re la tio n sh ip  is also fo u n d  in  m ale  an d  fem ale a th 
le tes. In  an  a t te m p t to  exp lain  th ese  inversed  re la tio n sh ip s  in  girls M a l i n a , 
S p i r d u s o , T a t e  a n d  B a y l o r  (1978) offered a tw o  p a r t  h y po thesis:

F irs t, th e  p h y siq u e  ch a rac te ris tic s  of la te  m a tu r in g  fem ales are p ro b ab ly  
m ore su itab le  fo r success in  perfo rm ance.

Second, am ong fem ales th e  ad v an cem en t in  m a tu r i ty  m ay  rep resen t a p e r
fo rm ance a d v a n ta g e  early  in  adolescence b u t  w ith  th e  a t ta in m e n t of m enarche 
th e  early  m a tu rin g  girl is p e rh ap s  socialized aw ay  from  p hysica l perfo rm ance 
a n d  sp o rts  co m p etitio n  th ro u g h  a m y riad  o f so c ia l-an d -s ta tu s-re la ted  m otives.

O ur resu lts  also in d ica te  tb a t  th e  m o to r fitn ess  co m p o n en ts  are ra th e r  in 
d ep en d an t o f th e  an th ro p o m e tric  d im ensions an d  biological m a tu r ity  o f 
adolescents. Since th a t ,  w ith  th e  exception  o f s ta tic  s tre n g th , skeletal age, 
chronological age, h e ig h t, w eigh t, n e ith e r ta k e n  sep a ra te ly , n o r in  com bina
tio n  w ith  each o th e r, exp la in  h igh  p ercen tage  o f v a rian ce  in  m o to r fitness item s.
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BODY FAT PATTERNING OF THE SUBCUTANEOUS
ADIPOSE TISSUE

b y  M. S. Y uhasz

Faculty of Physical Education, The University of Western 
Ontario, London, Canada

Abstract: The body’s fat suit lies adherent to the muscle and is covered and 
held in place by the skin. The suit is not of even thickness. It varies from a few 
millimeters to 60 or more. It is a living suit — rich in blood and nerve supply. It 
grows with the developing body, changing in size and thickness with age, activ
ity and nutrition.

Measurement. The variable thickness of the fat suit can be represented by a 
sampling of thickness measurements in the various regions of the body. A plot 
of the raw score thickness values represents the absolute subcutaneous adipose 
tissue pattern and gives a visual graphical representation of it. When the absolute 
score values are converted into their Z score equivalents, pattern differences due 
to amount of fat are eliminated. The degree of similarity between relative fat 
patterns can be determined b y  using Ga r n ’s (1955) standard deviation of the 
differences in z scores (sigma d z), the correlation of the Z transforms, or by a 
delta vector technique developed by MacD onald  (1978).

Results. Subcutaneous adipose tissue thickness measurements were taken at 15 
sites on 20 sets of twins at The University of Western Ontario anthropometrical 
laboratory. The patterns were assessed for similarity and were found to differ 
no more than a single individual could differ from himself. The genetic control 
over the variation was found to be extremely high.

Y u h a s z  (1977) has shown that male and female athletes as separate groups have 
patterns similar to each other and to their normal peers. However, intrasport 
comparison reveals dissimilar individual fat patterns among athletes in the 
same sport discipline. The relative fat pattern appears to be an individual char
acteristic, and shows a high degree of stability throughout one’s adult life. Dietary 
restrictions or overnutrition, resulting in changes in total body fatness don’t 
appear to influence the body fat pattern.

Key words: Body composition, fat, subcutaneous adipose tissue, athletes.

Introduction

H u m an  beings sto re  th e ir  energy  as fa t in specialized  cells lo ca ted  in te r 
n a lly  — in  th e  chest c a v ity , an d  ex te rn a lly  u n d er th e  sk in  an d  ad h e ren t to  th e  
fascia an d  m uscle. T he su b cu tan eo u s  adipose tissue  can  be  dep icted  as a close 
f i t t in g  bo d y  fa t  su it t h a t  is held  in  p lace b y  th e  skin . W ith  gross an a to m ica l 
d issection  th e  fa t  su it can  be d issected  from  th e  overly ing  m uscle. T he overall 
d im ension, size an d  m ass o f  th e  fa t  su it is d ep en d en t u p o n  th e  b o d y ’s skele ta l 
an d  m uscu la r s tru c tu re .

T he fa t  su it — u n like  o th e r c lo th ing  used as th e rm a l in su la to rs  is n o t 
o f even th ickness, h u t  v a rie s  ap p rec iab ly  in  th e  sam e in d iv id u a l. O ver som e 
bo d y  p a r ts  th e re  is v e ry  l i t t le  fa t, over o thers th e re  is a g rea t deal. These fa t  
pads — th e  re la tiv e ly  g re a te r  th ickness of th e  su b cu tan eo u s ad ipose tissue in
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specifically  iso la ted  b o d y  reg ions — are com m on an d  n o rm al. F a t  pads are 
lo ca ted  on th e  abdom en , over th e  iliac crest, over th e  sac ru m , betw een  and  
below  th e  scapulae, on th e  in n e r  th ig h , over th e  tro c h a n te r , on  th e  calf, an d  
elsew here. Several v a ria tio n s  an d  com binations are  possible a n d  th e y ’re  n o t 
necessarily  associated  w ith  sex , age, o b es ity  or leanness, o r b o d y  ty p e . There 
is no fa t  on th e  eyelids, a n d  none on th e  m ale sex  organ. I t  is a ‘liv ing ’ su it, 
rich  in  b lood su p p ly  an d  n e rv e , an d  m etabo lica lly  ac tive . I t  grow s w ith  th e  
developing  body , a n d  can change in  th ickness from  season to  season, an d  for 
som e m o n th  to  m o n th . T he su it is b ila te ra lly  sym m etrica l. I ts  w eight m ay  be 
as low  as 4 — 5 %  o f th e  b o d y  w eigh t (2 or 3 kg) an d  as h igh as 60%  o f th e  body  
w eight (1 2 5 -1 3 0  kg).

The m a tu re  m ale’s fa t  su it can  be d iffe ren tia ted  from  th e  m a tu re  fem ale 
su it n o t only  b y  its  size an d  b y  th e  b reasts  b u t  by  th e  re la tiv e  g re a te r  th ickness 
o f  th e  fem ale su it in  th e  u p p e r a rm , an d  u p p e r leg a n d  over th e  g lu tea ls , w hereas 
th e  m a le ’s su it is th ic k e r  in  th e  tru n k  a n d  th in n e r in  th e  a rm s an d  legs w ith  a 
sm aller am o u n t over th e  g lu tea ls . T he th ickness o f  th e  su b cu tan eo u s  adipose 
tissu e  m easured  a t  53 sites (E dw a rd s  1951) an d  th e n  av erag ed  for th e  en tire  
fa t  su it has been e s tim a ted  to  be 12 m m  for w om en an d  7.5 m m  for m en. 
The n o rm a l fem ale has an  average  su bcu taneous fa t  th ick n ess  ap p ro x im ate ly  
1.75 tim es  th a t  o f  th e  n o rm a l m ale. E dw ards also found  th a t  th e  ty p ica l 
fa t  p a t te rn  for w om en rem ain s c o n s ta n t over a w ide ran g e  o f bo d y  w eight 
an d  fa tn ess .

H u m a n  adipose tissue  com prises a  very  large share  o f th e  b o d y ’s m ass. 
W om en, over 30 y ea rs  of age, have  av erag e  to ta l  b o d y  fa t  va lu es  o f 32 to  36 
p er cen t, w hile th e ir  m uscle w eigh t is a p p ro x im a te ly  2 8 —30 p e rcen t an d  th e ir  
bone w eight ap p ro x im a te ly  14— 15 p e rcen t w hen com pared  to  th e ir  to ta l  body  
w eight. T he sam e age group  o f m ales w ill average 25 to  28 p e rcen t b o d y  fa t, 
40 %  m uscle an d  15 p e rcen t bone. W om en have over o n e-h a lf o f th e  w eight 
o f th e ir  su bcu taneous adipose tissue on th e ir  legs, ab o u t 3 0%  on th e ir  t ru n k  
an d  15%  on th e ir  arm s. T he e s tim a te  fo r m en differs. T hey  h av e  m ore on th e ir  
tru n k , a p p ro x im a te ly  60% , 3 0%  on th e ir  legs an d  10%  on th e ir  arm s.

T he su b cu tan eo u s adipose tissu e  is th e  largest sto rehouse  o f  energy . R ecent 
ca d a v e r analysis (R o ss  e t al. 1981) suggests th a t  75 to  85%  o f th e  to ta l  adipose 
tissu e  is loca ted  ex te rn a lly , a n d  15 to  25%  in te rn a lly . T he p ercen tag e  varies 
b e tw een  ind iv id u a ls  an d  w ith  sex, an d  increases w ith  increasing  fa tness. I t  
w ould  be unw ise to  assum e th a t  a c o n s ta n t p ro p o rtio n  an d  a h igh  re la tionsh ip  
ex ists  betw een th e  a m o u n t o f  in te rn a l and  ex te rn a l b o d y  fa t.

T he am o u n t an d  d is tr ib u tio n  o f th e  sub cu tan eo u s adipose tissu e  has a g rea t 
deal to  do w ith  one’s b o d y  shape an d  ap p earan ce . Changes in  co n to u r o f th e  
m a tu re  b o d y  occurs p re d o m in a n tly  because of increases in  th e  th ickness of th e  
sub cu tan eo u s ad ipose  tissue . In  m a n y  cases, a lte ra tio n s  in  th e  a m o u n t and  
lo ca tio n  o f one’s ex te rn a l f a t  is o f deep concern an d  w o rry  to  m an y  people. 
R esearch  in v es tig a tio n s  in  th is  area are  a tte m p tin g  to  solve som e o f these  
problem s.

Measurement

In  v ivo  m easu rem en t of th e  th ick n ess  of th e  su b cu tan eo u s adipose tissue 
la y e r  h as  been accom plished  rad io g rap h ica lly , an d  m ore re c e n tly  b y  u ltra 
sound, b u t  h a sn ’t  gained w idespread  use w ith  e ith e r  in s tru m e n t due to  equip-
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m en t cost an d /o r safe ty . Specifically  designed  calipers such  as th e  H arp en d en  
ca liper are  sim ple to  use, re la tiv e ly  inexpensive , have  been  v a lid a te d  and  
h a v e  gained w idespread  accep tan ce  fo r th e  m easu rem en t o f  th e  subcu tan eo u s 
ad ipose  tissue . I f  a su ffic ien t n u m b er o f  f a t  s ite  locations a re  selected  from  one 
side a n d  from  th e  various regions of th e  body , th e  m ass o f  th e  e x te rn a l fa t  
a n d  th e  v a r ia tio n  in  th ick n ess  of th e  f a t  su it can  he p ro p e rly  rep resen ted . To 
sa tis fy  these  c rite ria , th e  n u m b e r  of m easu rem en t sites shou ld  be from  10 to  
16. T he site  lo ca tions th a t  h a v e  been u sed  are  th e  b iceps, tr ic ep s , sub  scap u la r, 
supra-iliac , m id  ax illa ry , p ec to ra l or ju x ta  n ipp le , um bilicus, fro n t an d  rea r 
th ig h , re a r  an d  m edial calf, tro c h a n te r , low er m edial an d  u p p e r m edial th ig h , 
p u b is  an d  fo rearm . The h e a d , hands a n d  fee t a re  ra re ly , i f  ever, m easu red . T he 
g lu tea l region o u g h t to  be  m easured  b u t  for p rac tica l a n d  personal reasons 
has n o t been m easured .

Subcutaneous adipose tissue classification by body region

The no rm al m ale and fem ale  fa t p a t te rn  or co n fo rm atio n  b y  bo d y  reg ion  is 
w ell recognized an d  easily  described. F u r th e r  a tte m p ts  h a v e  been  m ade a t  
v e rb a l or descrip tive  sub-c lassifica tions w ith in  these  p a tte rn s  w ith  lim ited  
success. In d ic a tin g  th e  g re a te r  re la tive  th ick n ess  of th e  ad ipose tissu e  in  one 
or m ore of th e  regions an d  labelling  th e  c lassifica tion  is o f  general use a t  best. 
T here  are  a few  fem ales w ho d is tr ib u te  th e ir  b o d y  fa t  like th e  m ale n o rm , and  
th e re  are  m ales who d is tr ib u te  th e ir  f a t  s im ilar to  th e  fem ale no rm . Some 
ind iv id u a ls  h av e  co n cen tra tio n s  in  th e  low er b o d y  region. T h is la t te r  c lassifica
tio n  occurs w ith  som e freq u en cy  w ith  w om en. T hey  h av e  excep tio n a lly  large 
am o u n ts  of fa t  on th e  low er an d  up p er leg , over th e  g lu tea ls , and  th ro u g h o u t 
th e  pelvic reg ion , w ith  v e ry  low deposits on th e  tru n k  a n d  low er a n d  upper 
arm s. V isual ju d g m en ts  o f  b o d y  fa t c lass ifica tio n  have  o n ly  re su lted  in  a few 
gross classifications. W e m u s t  rely  on m easu rem en t an d  p a tte rn  analysis  to  
be m ore precise in  recognizing  ad d itio n a l fa t p a tte rn s . F o r exam ple, an  ind i
v id u a l m ay  d isp lay  a ty p ic a l male n o rm a l p a tte rn , ex cep t for w ide v a ria tio n  
in  th e  sub -scap u la r area, o r in  tw o a reas such  as th e  sup ra-iliac  and  the  ju x ta -  
n ipp le  sites. A re th e  v a r ia tio n s  su ffic ien tly  large , an d  do th e y  occur w ith  su f
fic ien t frequency  to  be lab e lled  as d iffe ren t ty p e s?

|Subcutaneous adipose tissue patterning

T he d is tr ib u tio n  of th e  su b cu tan eo u s ad ipose tissue  can  be ob jec tified  b y  
m easuring  th e  th ickness o f  th e  adipose tissu e  lay e r a t  d iffe ren t b o d y  sites an d  
p lo ttin g  th e  ra w  score th ick n ess  va lu es  on a su itab le  co o rd in a te  g rap h ; in  
a specific or se t sequence a n d  jo in ing  th e  p lo tte d  p o in ts . T h is v isua l g rap h ica l 
rep re sen ta tio n  o f  th e  raw  score th ickness v alues rep re sen ts  th e  ab so lu te  su b 
cu tan eo u s adipose tissue p a t te r n  or p ro file . T his iso la ted  s ite  tech n iq u e  allows 
in d iv id u a l or g roup  values to  be p lo tte d  an d  com pared  as to  th e ir  levels of 
fa tn ess  as well as th e  sh ap e  o f  th e  p a t te rn .

I f  th e  abso lu te  (raw) score values are  c o n v e rted  in to  th e ir  z score eq u iv a len ts , 
an d  these  m easu rem en ts p lo tte d  on a su ita b le  coo rd in a te  g rap h , p a t te rn  differ
ences due solely to  th e  a m o u n t of f a t  w ou ld  be  e lim ina ted . E ach  in d iv id u a l
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m easu rem en t is expressed  re la tiv e  to  th e  g roup  m ean  value . The group v a lu e  
is th e  reference s ta n d a rd  o r  zero p a t te rn  an d  w hen expressed  g raph ica lly  is 
a s tra ig h t line p ara lle l to  th e  abscissa. T he s ta n d a rd  score or z score series o f  
p lo ts has been called  th e  re la tiv e  fa t  p a tte rn .

Ga rn  (1955) w as th e  f ir s t  to  w ork w ith  re la tiv e  bo d y  fa t  p a tte rn s  in  his 
quest to  id en tify  an d  categorize  h u m an  b o d y  fa t  p a tte rn s . H e developed a n  
ob jec tiv e , num erica l ap p ro ach  to  p a t te rn  com parison . T he degree o f s im ila rity  
be tw een  an  in d iv id u a l p a t te rn  to  th e  no rm al or zero p a t te rn  was d e te rm in ed  
b y  fin d in g  th e  s ta n d a rd  d ev ia tio n  o f th e  z scores o f th e  series o f p lo ts. H igher 
values o f  th is  in d ex  rep re sen ted  a m ore va riab le  p a tte rn , low er values, ap p ro a c h 
ing zero rep resen ted  a p a t te rn  sim ilar to  th e  no rm al p a tte rn . As a re su lt 
of th is  w ork, Ga rn  concluded  th a t  th e re  w ere m ore an d  m ore co m plica ted  
re la tiv e  fa t p a tte rn s  th a n  we could co n ven ien tly  forced in to  categories.

Ga r n  developed a n o th e r  s ta tis tic  to  com pare tw o re la tiv e  fa t p a tte rn s . 
The p rincip le  w as essen tia lly  th e  sam e as th e  one ju s t  ou tlin ed . The s ta n d a rd  
dev ia tio n  of th e  d ifferences in  z scores betw een  correspond ing  p lo ts o f th e  
tw o  p a tte rn s  (sigm a dz) w as ca lcu la ted . A value  o f  zero d efin ed  a perfec t m a tc h  
betw een  th e  z p a tte rn s , a n d  values g rea te r  th a n  0.50 in d ica ted  d iss im ila rity  
b e tw een  th e  p a tte rn s .

Ga r n ’s ap p ro ach  to  p ro v id e  a single index  fo r p a tte rn  analysis  was th e  o n ly  
tech n iq u e  developed s tr ic tly  for th is  purpose , b u t  seems to  be u n d u ly  in f lu 
enced b y  crossovers an d  co inc id en ta l po in ts . T he p ro d u c t-m o m en t co rre la tio n  
o f th e  p a ired  values w ould be  a n o th e r w ay  to  p rov ide  an  in d ex  value for p a t te rn  
com parison.

O b jective  n u m erica l app roaches to  p a tte rn  analysis h av e  and  are re s tr ic te d  
to  th e  com parison  o f th e  shapes of tw o p a tte rn s  or p ro files a t  a tim e . T h e  
com bined  effect o f th e  slopes o f th e  lines jo in ing  one p lo tte d  p o in t to  a n o th e r  
reveals th e  specific ch a rac te ris tic s  o f one’s b o d y  p a tte rn . In  o rder to  com pare  
th e  shapes o f tw o  p a tte rn s , one m u st com pare th e  slopes of co rrespond ing  
segm en ts in  sequence, a n d  com bine th em , d u  Mas (1946) in tro d u ced  th e  m e th o d  
an d  MacD onald  e x ten d ed  a n d  app lied  it  to  bo d y  fa t p a tte rn in g . MacD onald  
(1978) developed th e  d e lta  v ec to r tech n iq u e  th a t  com bines th e  segm en t-by - 
segm en t resu lts  to  p ro v id e  a precise, single m ean ingfu l v a lu e  describ ing th e  
s im ila rity /d iss im ila rity  o f  th e  p a tte rn s . The cosine o f th e  angle betw een  th e  
v ec to rs  o f a d ja c e n t p a irs  o f  m easu rem en t in  sequence w ill range from  1.0 
to  1.0.

Genetic influence

In  a s tu d y  b y  MacD o n a ld  an d  Y uhasz a t  th e  U n iv e rs ity  o f W estern  O n ta 
rio , su b cu tan eo u s adipose tissu e  m easu rem en ts were ta k e n  a t  15 sites a t  p re 
m ark ed  ana to m ica l la n d m a rk s  on 20 sets o f tw in s (nine p a irs  o f id en tica l a n d  
eleven pairs o f fra te rn a l). T he raw  score values were co n v erted  in to  th e ir  z 
score eq u iv a len ts , an d  th e se  m easu rem en ts p lo tte d  on a su itab le  co o rd in a te  
g rap h . In tra  p a ir  com parison  o f these  re la tiv e  p a tte rn s  w as m ade using  th re e  
tech n iq u es; Ga r n ’s s ta n d a rd  dev ia tio n  of th e  differences in  z scores (sigm a dz), 
th e  co rre la tion  o f  th e  z tran sfo rm s in  th e  tw o p a tte rn s  an d  a d e lta  v ec to r  
te ch n iq u e  developed b y  Ma cD o n a ld . T he resu lts  show ed a h igh  degree o f 
s im ila rity  betw een  tw ins, w h e th e r id en tica l or f ra te rn a l (F igures 1, 2).
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Fig. 1. Body fat patterns of identical twins

Fig. 2. Body fat patterns of fraternal twins

T he tw in s’ p a tte rn  p lo ts  w ere found  to  differ no m ore th a n  a single in d iv idua l 
w ould  differ from  him self. T he genetic  con tro l over th e se  values w as found  to  
be ex trem ely  high.

Athletes

A th le tes , as a group, h av e  less b o d y  fa t  th a n  th e ir  peers, b u t  th e ir  su b c u ta 
neous adipose tissue  co n fig u ra tio n  paralle ls th e ir  reference peers (Y uhasz  
1977). M ale an d  fem ale college a th le te s , in  a range o f  in d iv id u a l an d  team



Fig. 3. Relatíve body fat patterns of football players, swimmers, and wrestlers
(each 8 per cent fat)

sp o rts  such as sw im m ing, b a sk e tb a ll, gym nastics, row ing, w restling  an d  ice 
hockey , follow th is  p a tte rn  (F ig . 3). Y oung  fem ale a th le te s , g y m n asts , sw im m ers 
an d  sk a te rs , who h av e  ach ieved  a re la tiv e ly  h igh level o f success in  th e ir  sp o rt 
a t  th e  n a tio n a l level are s im ila r in  b o d y  fa t  p a tte rn in g  to  th e ir  norm al peer 
group .

T his also m eans th a t  a th le te s  in  d iffe ren t spo rts , w hen  co m p ared  as sep a ra te  
groups, will d isp lay  p a tte rn  p lo ts  sim ilar to  each o th e r as long  as th e  sam ple 
size is su ffic ien tly  large.

Intra sport comparison

I n t r a  spo rt com parison reveals d issim ilar fa t p a tte rn s  am ong  th e  a th le tes 
in  th e  sam e sp o rt discipline. A ll sw im m ers do n o t have  th e  sam e or sim ilar 
f a t  p a tte rn s ;  no r do w restlers , b a sk e tb a ll p layers or hockey  p layers.

In  a p re lim inary  analysis o f 20 m em bers of a u n iv e rs ity  m en ’s ice hockey 
te a m , i t  w as found  th a t  seven  o f th e  hockey  p layers show ed p a tte rn  p lo ts 
th a t  could  be recognized as sim ilar to  th e  no rm al m ale  p a t te rn  (F ig. 4). Three 
o th ers  were sim ilar to  th e  m ale no rm  ex cep t for an  ex trem e  difference in  one fa t 
s ite  loca tion . T he rem ain d er ap p ea red  to  be d ifferen t from  each  o th e r, an d  could 
n o t be classified (F ig. 5). W hen  sw im m ers, w restlers a n d  foo tb a ll p layers 
w ho h av e  th e  sam e to ta l  p e rcen tag e  o f bo d y  fa t, d e te rm in ed  b y  body  density  
tech n iq u es, are com pared  th e y  often  h av e  d ifferen t fa t  p a tte rn s  (Fig. 6). 
W hen  w restlers an d  foo tb a ll p layers, w itb  th e  sam e to ta l  th ick n ess  o f adipose 
tissu e  are com pared , th e y  also h av e  d issim ilar b o d y  fa t  p a tte rn s  (Fig. 7).

T here  appears to  be no re q u irem en t for a specific bo d y  fa t  p a tte rn  in  th e  
sp o rt disciplines m en tioned . T he a th le te s  b ring  th e ir  own gene tica lly  estab lished  
b o d y  fa t  p a tte rn  to  th e  sp o rt in  w hich th e y  p a rtic ip a te , a n d  i t  appears no t 
to  in fluence th e ir  perfo rm ance. W e should  expect to  see som e se lec tiv ity  in 
th e  adipose tissue p a tte rn , i f  a specific p a tte rn  w ere essen tia l to  th e  spo rt.
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Fig. 4. Ice hockey players normal relative fat patterns
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Fig. 5. Ice hockey players relative fat patterns



Fig. 6. Relative body fat patterns of four wrestlers (each 4 per cent fat)

Fig. 7. Relative body fat patterns of three football players (each 3 per cent fat)
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Effect of training and detraining

In d iv id u a l m ale  and  fem ale  a th le te s  who decrease th e ir  level o f bo d y  fatness 
u n d e r in ten se  tra in in g  cond itions in  a specific sp o rt a p p e a r to  m a in ta in  th e ir  
su b cu tan eo u s adipose tissu e  fa t  p a tte rn ,  regard less o f th e  specific req u irem en ts  
o f  th e  sp o rt. A th le tes  w ho a re  m easu red  som e tim e  a fte r  th e  com pletion  o f th e ir  
co m p e titiv e  sp o rt season, also m a in ta in  th e ir  re la tiv e  f a t  p a tte rn .

A fem ale d iscus and  sh o t p u tte r  w ho was u n d e r an  in ten siv e  tra in in g  p ro 
gram , in c lud ing  heavy  w eig h t tra in in g  for a 12 m o n th  perio d  decreased  her 
body  fa t  s ig n ifican tly , w hile her p a t te rn  m a in ta in ed  th e  sam e shape. W hen 
we p lo tted  a college w re s tle r’s fa t p a tte rn s  a t  his p eak  tra in in g  period, an d  a fte r 
a  m o n th  o f no  tra in in g , w e found  th a t  th e  su b cu tan eo u s ad ipose tissue  p a tte rn  
re ta in e d  its  con fo rm ation .

A ging effects

A group o f 25 w om en, rang ing  in  age from  35 — 54 y ears , were m easured  
p rio r to  a n d  follow ing a 9 m o n th  exercise  tra in in g  p ro g ram  con d u cted  3 tim es 
a week b y  th e  a u th o r. S u b cu tan eo u s ad ipose tissu e  m easu rem en ts w ere m ade 
a t  7 sites, a n d  bo d y  d e n s ity  and  %  to ta l  body fa t  ca lcu la ted . T w en ty -five  of
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Fig. 8. A woman’s longitudinal relative fat patterns
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th e  orig inal 55 w om en w ere re te s ted  8 y ea rs  la te r . T he organized  exercise 
p rog ram  h ad  been  d iscon tinued  in  th e  in te rv e n in g  period . A sm all n u m b er 
o f  th e  w om en h a d  rem ain ed  physica lly  ac tiv e  w ith  in d iv id u a l p rog ram s, or 
w ith  o th e r o rgan ized  exercise classes in  th e  co m m u n ity  b u t  th e  m a jo rity  h ad  
rev e rted  to  th e ir  no rm al in ac tiv e  lifesty les. A nalysis o f th e  in itia l an d  th e  8 y ear 
la te r  bo d y  fa t  p a tte rn s  show ed  th a t  th e  p a tte rn s  w ere sim ilar in  m ost in stances. 
M easurem ents w ere ava ilab le  on 1 su b jec t a t  18, 29 an d  37 years of age, w hich 
show ed a re la tiv e ly  sim ilar b o d y  fa t p a t te rn  (F ig . 8).

P re -puberta l girls

In  a s tu d y  p re sen tly  u n d e r  analysis in  our la b o ra to ry , young fem ale elite  
sw im m ers, g y m n asts , an d  sk a te rs  were s im ila r to  each  o th e r an d  to  a sam ple 
o f  th e ir  peers in  th e ir  subcu taneous ad ipose  tissu e  p a tte rn  (F ig . 9). W hen 
com pared  w ith  college age sw im m ers a n d  g y m n a s ts , th e re  ap p eared  to  be no 
difference in  p a tte rn .

S um m ary  an d  D iscussion

The lo ca tio n  a n d  n u m b er of fa t cells a re  gen e tica lly  in fluenced , w hile th e  
level of fa tn ess  is env iro n m en ta lly  co n tro lled , u n d e r no rm al cond itions. 
C o n cen tra tio n  o f  fa t  cells in  th e  su b cu tan eo u s ad ipose tissue  are re la tiv e ly  
th ic k e r in  som e b o d y  reg ions th a n  in  o th e rs , a n d  a ty p ic a l m ale an d  fem ale 
p a tte rn  has been  described . M ost m ales te n d  to  d isp lay  p a tte rn s  sim ilar to  th e  
ty p ic a l m ale a n d  fem ales to  th e  typ ica l fem ale  p a tte rn . T he fa t  p a tte rn , how 
ever, appears to  be  an  in d iv id u a l ch a rac te ris tic  t h a t  is re la tiv e ly  stab le  over 
tim e , a t  v a ry in g  levels o f th in n ess-fa tn ess , an d  is n o t a lte re d  b y  d iffe ren t form s 
o f  physica l a c t iv i ty  or d ie t. T he deposition  or m ob iliza tion  o f fa t  from  th e  cell 
c an n o t v o litio n a lly  or p re fe ren tia lly  be a lte re d  b y  specific form s of exercise, 
sp o rt or p hysica l a c tiv ity .
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THE SOMATOTYPE OF HUNGARIAN MALE 
AND FEMALE CLASS I PADDLERS AND ROWERS

by J. Mészáros and  J. Mohácsi

Department of Medicine, University of Physical Education,
Budapest, Hungary

Abstract: The paper reports on the body build of paddlers and rowers. A1 of 
them are qualified at least as class I athletes, some of them are members of na
tional teams. The report contains the respective characteristics of a physically 
active group of young adults. The height of the female paddlers is similar to the 
average Hungarian values. Their larger weight seems to be related to strength 
training. Of the males rowers are the tallest. Body composition being similar in all 
studied group of males rowers’ greater weight is largely explained by their taller 
stature and the mentioned training effect.

Key icords: Physique, somatotype, paddlers, rowers.

K a y a k  an d  canoe belong  even to d a y  to  th e  successful sp o rts  in  H u n g a ry . 
O ur n a tio n a l te am s genera lly  tak e  p a r t  in  th e  fin a ls  o f th e  co n tin en ta l o r w orld  
cham pionsh ips an d  often  w in  p lacing, to o . U n fo rtu n a te ly , s im ilar s ta te m e n ts  
can n o t be m ade in  respect o f th e  n a tio n a l te am s o f row ers. Few  o f th e  H u n g a r
ian  row ing com petito rs or crews reach  in te rn a tio n a l s tan d a rd s .

M aterial and  M ethods

The p resen t p ap e r rep o rts  on th e  b o d y  b u ild  o f H u n g a rian  padd le rs a n d  
row ers. All o f th e m  are qualified  a t  le a s t as n a tio n a l class I  a th le te s , som e of 
th e m  are  m em bers o f th e  n a tio n a l team s. As a basis o f com parison , th e  re p o rt 
co n ta in s  th e  respective  ch a rac teris tic s  o f  a p h y sica lly  ac tiv e  g roup  o f y oung  
ad u lts . This group  consists o f  s tu d en ts  aged  18 to  19 who passed  th e  en tran ce  
ex am in a tio n  of th e  H u n g a rian  U n iversity  o f  P h y sica l E d u c a tio n  in  th e  recen t 
years. T he d is tr ib u tio n  o f th e  subjects is su m m arized  in  T ab le  1.

Table 1

Distribution of subjects

Group Male Female Total

Paddlers 26 30 56
Rowers 15 17 32
Physical education fresh

men 819 831 1650
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B ody  b u ild  an d  com position  w ill be ch a rac te rized  b y  re ferring  to  th e  com po
n en ts  o f th e  H e a th —C arte r’s so m a to ty p e  (C a r t e r — H e a t h  1971) a n d  to  th e  
m eans a n d  v a r ia b ility  o f b o d y  w eight a n d  s ta tu re .

R esults and  D iscussion

M eans an d  s ta n d a rd  dev ia tions of b o d y  h e ig h t a n d  w eight o f th e  reference  
g roup  are  d en o ted  b y  fu ll b a rs , those  o f th e  p ad d le rs  b y  open b a rs  a n d  th e  
ones referring  to  th e  row ers b y  th e  h eav ily  lined  b a rs  (F ig . 1). S ta tu re  in  th e  
co m p e titiv e  fem ales does n o t differ fro m  th a t  o f th e  p h y sica lly  ac tiv e  reference  
w om en. B o t hfem ale  pad d le rs  an d  row ers a re  o f th e  sam e w eigh t, b u t  th e y  
are  heav ie r th a n  th e  fem ale freshm en. O f th e  m ales th e  row ers a re  th e  ta lle s t  
exceeding b o th  pad d le rs  a n d  freshm en  w ho do n o t differ in  h e ig h t. R ow ers

Fig. 1. Means and SDs of height and weight
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are  also th e  h eav iest, b u t in  th is  va riab le  pad d le rs  too  exceeded th e  reference 
group .

F ig u re  2 d em o n stra te s  th e  so m a to ty p es  o f th e  fem ales. T he full circle refers 
to  th e  m ean  o f th e  reference group , th e  open  ones to  th e  pad d le rs  a n d  th e  
squares belong to  th e  row ers. No s ta tis t ic a l  analysis w as m ade to  com pare  
th e  so m ato ty p es . C om ponents differing  b y  m ore th a n  h a lf  a u n it w ere reg a rd ed  
as d iffe ren t. T he f irs t  com ponen t of th e  tw o co m petitive  groups is s trik in g ly

sim ilar, b u t  th e  re la tiv e  fatness o f  th e  fre sh m en  is h igher. V a riab ility  is la rg est 
in  th e  second com ponen t, freshm en  h av in g  an  average score w hile pad d le rs  
scored fo u r an d  a half. R e la tiv e  ro b u stn ess  w as g rea test in  th e  row ers an d  
exceeded  th a t  o f th e  paddlers b y  m ore th a n  th re e  q u arte rs  o f  a u n it. T h e  th ird  
co m p o n en t was low er th a n  av erag e  an d  sim ilar in  all th e  th re e  groups. T he 
d o m in a n t c h a ra c te r  is robustn ess  in  th e  co m p e titiv e  groups while th e  share  
o f th e  o th e r  tw o com ponents in  th e  so m a to ty p e  is equally  below  average . The 
re ference  g roup  m ay  be called endom orph ic  m esom orphs.

F igu re  3 d em o n stra te s  the  so m ato ty p es o f  th e  m ales. T he g roups are  d en o ted  
b y  th e  sym bols used  before. T h e  share o f  th e  f irs t  com ponen t is th e  sm allest 
in  all th e  th re e  g roups of th e  m ales, an d  th e  groups do n o t d ev ia te  from  each 
o th e r  b y  m ore th a n  h a lf  a u n it. R e la tive  ro b u stn ess  is above average  here , too , 
w ith o u t a n y  rem ark ab le  in te rg ro u p  d ifference. L in ea rity  co n tr ib u te s  to  the  
so m a to ty p e  to  n e a rly  th e  sam e e x te n t as th e  f irs t  com ponen t. Since th e  groups 
do n o t d iffer in  th is  ch a rac te ris tic  e ith e r, all o f th em  m ay  be d esig n a ted  as 
b a la n c e d  m esom orphs.

O u r re su lts  harm onize  w ith  th e  d o m in a n t ten d en cy  of our days, n am ely  
th a t  in  th e  m a jo rity  o f sports co m p e tito rs  o f  above average s ta tu re  a n d  a th le tic  
b u ild  a re  th e  b est perfo rm ers. T h e  h e igh t o f  th e  padd lers is v e ry  sim ilar to  th e  
average H u n g a rian  s ta tu re , an d  we m ay  reaso n  th a t  vessels hav in g  a s ta n d a rd

177

Fig. 2. Somatotypes of the females



size do n o t offer enough room  for g ian ts  th e  b a lan ce  o f w hom  is also c ritica l. 
T he la rg e r w eight o f  these  a th le te s  is like ly  to  be re la te d  to  s tre n g th  tra in in g . 
In  v iew  of th e  co m p arab le  s ta tu re  o f th e  fem ale g roups th e  s ig n ifican tly  g re a te r  
w eight of th e  p ad d le rs  an d  row ers is due to  d ifferences in  b o d y  d en sity . T h is 
conclusion is, how ever, in d irec t and  is based  on th e  low er score in  re la tiv e  
fa tn ess . In  th is  w ay , g rea te r w eight m eans g re a te r  ac tiv e  m ass as well a n d  is 
d irec tly  re la ted  to  th e  w ell-know n effects o f physica l tra in in g .

A m ong th e  m ales th e  row ers are  d is tin c tly  th e  ta lle s t, th o u g h  b y  th e ir  
m ean  s ta tu re  o f 181 cm th e y  look alm ost like dw arfs beside th e  n a tio n a l te a m  
o f th e  G erm an D em ocratic  R epublic  w ho now  belong to  th e  b est o f th e  w orld  
an d  are  abou t 190 cm  ta ll. B o d y  com position  being  sim ilar in  th e  th ree  g ro u p s, 
th e  a th le te s ’ g re a te r  w eight is la rge ly  ex p la in ed  b y  th e  ta lle r  s ta tu re . As we 
saw , th e  h e igh t o f  th e  p ad d le rs  was com parab le  to  th e  reference g roup , th e ir  
g rea te r  body  w eig h t has to  be exp la ined  th e re fo re  b y  th e  sam e tra in in g  a ffec t 
th e  ana logy  o f w h ich  we h av e  seen in  th e  fem ales.

F arm osi (1980) found  th a t  th e  h e igh t o f a n o th e r sam ple of H u n g a ria n  
fem ale row ing co m p e tito rs  w as above n a tio n a l average , w ith  an  average  score 
in  1st an d  U n d  co m ponen ts.

T he m ean  h e ig h t o f b o th  fem ale an d  m ale P o lish  row er was also above th e  
average  Polish  s ta tu re  (D rozdow ski 1979).

T he m ale C zechoslovakian  padd lers w ere slig h tly  ta lle r  an d  m ore ro b u s t 
th a n  th e  p o p u la tio n  m ean  (St é pn ic k a  1977), an d  th e n  th e  H u n g arian  p ad d le rs  
o f th is  s tu d y . In  th is  C zechoslovakian sam ple en d om orphy  was ab o u t 1.5, th is  
is r a th e r  low  th o u g h  Y uhasz (1977) too  re p o rte d  a f a t  co n ten t o f  7 — 8 %  
on ly  in  C anadian  row ers. T h is is as low  as th a t  o f  sp o rt g y m n asts  who are know n  
to  h av e  th e  low est co n te n t in  fa t.

S om atom etric  so m a to ty p in g  has its  n a tu ra l lim its , o f  course, an d  in  th e  
absence of such im p o r ta n t fac to rs as th e  d is tr ib u tio n  o f body  p ro p o rtio n s  it
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m ay  be som etim es m islead ing . In  p a r tic u la r  for padd le rs, th e  analysis o f th e  
p ro p o rtio n s betw een  s ta tu re  a n d  low er lim b  le n g th , s ta tu re  an d  to rso  as w ell 
as th o se  o f re la tiv e  a rm  le n g th  an d  sh o u ld e r w id th  w ould  be a v a lu ab le  c o n tr i
b u tio n  to  disclose essen tia l fea tu res .
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THE KÖRMEND GROWTH STUDY: 
BODY MEASUREMENTS

b y  O. G. E ib e n
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Abstract: Based on his 25 years’ human biological research activity at Kör
mend (Western Hungary), the author is giving a review on the “Körmend Growth 
Study” . He investigated every healthy child between 3 and 18 years of age in 
1958 (K-58), in 1968 (K-68), and in 1978 (K-78). During this period Körmend 
developed from an agricultural village into a relatively strong industrialized town. 
Its population increased, the town obtained an urbanized character. Medical 
attention developed, the interpersonal relations influencing education process of 
the children improved considerably. Physical activity of the children changed 
both in quality and quantity.

During the afore-mentioned quarter of a century the growth process of chil
dren changed remarkably, however, there are findings which augment our con
cerns. In 1968 the means of body weight both in boys and girls were found to be 
heavier than in 1958, and in 1978 weights showed an increase again. In 1968 the 
means of height were taller in both sexes than in 1958, and in 1978 height also 
increased, however, on the whole not so intensively than earlier. Biacromial 
width in every age group and in both sexes was narrower in 1968 than in 1958; 
in 1978 it was wider than in 1968, but narrower than in 1958. Bicristal width shows 
a similar trend, however, the decrease of means in 1968, related to those in 1958, 
were greater. Chest circumference does not show any one tendency. Girth mea
surements of the extremities did not change remarkably between 1968 and 1978, 
except calf circumference. Bicondylar widths were wider in 1978 than in 1968, es
pecially in femur. Skinfolds were thicker in 1978 than in 1968. — The age at 
menarche of Körmend girls changed to earlier ages; in 1958 m =  13.6 ±  0.06 year, 
in 1968 m =  12.75 ±  0.04 year, and in 1978 m =  12.80 ±  0.04 year.

The physique of Körmend children became more linear, but a little bit fatter.
The reasons of these changes are mostly due to environmental factors, belong

ing to the concept of secular changes.
Key words: Körmend Growth Study, Western-Hungarian youth, body measure

ments, age at menarche.

In tro d u c tio n

A  special k in d  of g row th  s tu d ies , a series o f recalled  cross-sectional g row th  
s tu d ies  w ere carried  o u t a t  K ö rm en d , a sm all tow n  in  W estern  H u n g a ry . The 
f ir s t  in v es tig a tio n s  of th is  series w ere m ade in  1958, th e n  10 y ea rs  la te r , in  
1968 th e  second series, and  again  10 years  la te r , in  1978 th e  th ird  series.

T he p re se n t co n trib u tio n  is a im ed  a t
1. p resen tin g  an  exam ple  for secu lar changes in body  m easu rem en ts  o f th e  

y o u th  in  H u n g a ry ,
2. d e m o n s tra tin g  th e  effect o f u rb a n iz a tio n  an d  d iffe ren tia tio n  o f social 

s t r a ta  in flu en c in g  g row th  an d  d ev e lo p m en t of ch ildren  a t  K ö rm en d , as well as
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3. lay in g  dow n a d o c u m e n ta tio n  of th e  re su lts  o f th e  K örm end  G row th  
S tu d y  in  bo d y  m easu rem en ts , before  a m onograph ic  p u b lica tion .

Besides of the Körmend Growth Study (hereafter KGS) follow-up investigations, also some 
other, mostly partial human biological investigations were carried out at Körmend by the 
same author. As an “ inventory” of these investigations it is worth mentioning that the first 
informing growth investigation on grammar school pupils was carried out in the mid-1950s, 
and a nation-wide systematic growth study of the Hungarian youth was proposed ( E i b e n  
1958a, 1958b). The survey of growth was combined with a study of physical fitness ( E i b e n  
1959a, 1959b, 1966). The first series of KGS started in 1958. Based on these investigations 
it was possible to describe a certain periodicity of growth process ( E i b e n  1960a, 1961a, 1961b, 
1962a, 1963a). On some aspects of these growth studies — such as nutrition of the children 
( E i b e n  1961c), the head and face measurements ( E i b e n  1967a), body surface ( E i b e n  1967 — 
68), some methodological problems of growth studies ( E i b e n  1961d), some pedagogical conse
quences ( E i b e n  1961d, 1962b, 1963c, 1964, 1976) — the author published several papers. He 
also analysed the secular changes, and in the late 1960s he elaborated the first Hungarian 
reference-zones ( E i b e n  1967b, 1969a, 1969b, 1972b, 1972c).

As additional data to all these, he published the body measurements of Körmend new
borns ( E i b e n  1960b, 1963b), as well as the age at menarche of Körmend girls ( B o t t y á n  et al. 
1963, E i b e n  1961a, 1968, 1970, 1971, 1972a, E i b e n — B o d z s á r  1970). He published the first 
data on bicondylar widths in Hungary in the mid-1970s which were based on the 1968 inves
tigation of the KGS ( E i b e n  1975). Based on the KGS in 1958 and 1968, he investigated the 
changes in motor activity and the mode of Körmend children’s life ( E i b e n  1977a), and ana
lyzed the changes in body measurements and proportions of children ( E i b e n  1977a, 1977c, 
1978, 1979a, 1979b). Some information on KGS can also be found in IBP-volume of C o l l i n s  
and W e i n e r  ( E i b e n  1977b).

Recently, the author has presented these investigations and their results at several congresses 
( E i b e n  1981a, 1982a, 1982b, 1932c), in a report ( E i b e n  1981b), and in a supplementum- 
volume ( E i b e n  — P a n t o  1981).

The place of the investigations: Könnend
Körmend, often referred to as the “Gate of the Őrség region” is located in the valley of the 

river Rába in the western part of county Vas. The left bank of this river was already inhabited 
in ancient times. The history of the settlement, mentioned in early documents written in Latin 
by the name of Curmend, dates back to the Roman times. In the neighbourhood of the town 
the remains of the “Amber Road” or, as mentioned in a document dating from the year of 
1274, the Via Latinorum can be found even in our days.

Körmend was granted the franchises of a town, a right of local government in 1244 by 
King Béla IV; it ceased to be a royal domain in 1394 and became the property of the Peleskei 
and later that of the Széchy family. Up to 1606 it changed hands several times, and then it 
became the property of the Batthyány family for more than three centuries.

Owing to its favourable geographic situation, the settlement is an important communica
tion centre; therefore both the municipality and the population of the town have always made 
every effort to develop commerce. The merchants of Körmend asserted their exemption from 
tolls all over the country, moreover, even in the territories beyond its borders.

The development of industry does not present so favourable a picture. Even as late as in 
the 19th century and in the first half of the 20th, its advance was rather slow. In consequence 
also the number of the inhabitants grew at a slow pace: in 1909 the population was only 6757. 
Although in the period of economic prosperity after the Compromise of 1867 (between Hungary 
and Imperial Austria) the progress accelerated also in Körmend, its town status, however, 
was withdrawn in 1871. In subsequent years its status alternated between that of a small 
and large village, respectively. Since 1979 Körmend has had its town status again.

At the close of the 19th and early in the 20th century several attempts were made at estab
lishing factories at Körmend. However, these endeavours were short-lived. The number of 
persons employed in the industry was all in all 1113 even in 1930.

Following World W arll, the years of reconstruction, the reorganization of agriculture, 
and, in particular, industrialization determined its development fairly favourably. Parallel 
with the large-scale industrial development beginning in the early 1960s, the number of 
Körmend’s inhabitants grew rapidly. Important industrial branches were formed: pharmaceut-
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ical and food industrial, shoe manufacturing, timber conversion, brick-making. As a result 
of industrialization, the settlement has displayed and accelerated development in all fields 
of life in the past two decades. Besides the factories and vast modern housing estates also the 
new hospital, the public infants’ nurseries, nursery school, the secondary school, the building 
of the primary-school students’ boarding house, and of the new gymnasium, as well as the 
extended services of the Town and District Library, the prosperous and successfully working 
amateur ensambles of art, hallmark the effort was covered by the people of Körmend 
towards obtaining the status of a town.

One of the sights which attracts perhaps most foreign tourists is the Batthyány Castle, 
an artistic monument built upon the foundation of a water-fortress of the Árpád dynasty. 
Out of the medieval castle the two-storey, mansard-roofed baroque-like baronial mansion 
was formed in the 18th century. The order of columns of the entrance, the balcony resting on 
them, and the reversed adornment of the annexes already remind one of classicism. The 
ancient monuments of the castle yard: the buildings having more than one storey to be seen 
on the right and left sides of the main wing, the former marble hall and archive, as well as the 
riding-hall have at present cultural and industrial functions.

A further outstanding monument of art at Körmend is an example of classicist statues, 
infrequent even in all-Hungarian respect: the statue of St. John Nepomucenus to be found on 
the left bank of the river Rába. — The one-steepled Roman Catholic church of Petőfi square 
has a sanctuary of medieval origin. — The Immaculata (Immaculate Virgin Mary) statue 
in Szabadság square, the Calvinist and Lutheranian churches, as well as several dwelling 
houses and public buildings are art monuments, and of great importance in the townscape. 
The town is surrounded by pleasant places of excursion and fine forests.

M aterial and  M ethods

T hree  in v estig a tio n s w ere ca rried  o u t a t  K ö rm en d : in  1958 (K -58), in  1968 
(K -68), an d  in  1978 (K -78). T he n u m b er o f th e  sam ples an d  th e  n u m b er of 
th e  in h a b ita n ts  of K örm en d  developed  as follows:

K -58 N =  1656, 7,500 in h a b ita n ts ,
K -68 N  =  1736, 10,000 in h a b ita n ts , and
K -78 N  =  2420, 12,500 in h a b ita n ts .

P ra c tic a lly  every  h e a lth y  child  a t  K örm end  betw een  3 an d  18 years o f age 
o f  b o th  sexes w as in v es tig a ted . Those suffering from  serious anom alies or 
co n g en ita l defects w ere excluded. T he n u m b er o f th e  age g roups o f every  
in v e s tig a tio n  is g iven in  T able  1. T hese figures are c o n s ta n t for all bo d y  m easu re
m en ts  ta k e n  in  each cohort.

Besides o f  th e  in d iv id u a l id en tif ic a tio n ’s d a ta  (su b jec t’s nam e , place an d  
d a te  o f b ir th )  som e socio-dem ographic d a ta  w ere also reg is te red  (e.g. b ir th  
ra n k ;  n u m b er o f sib lings, liv ing , d ead ; nam e, place o f b ir th  a n d  occupation  of 
th e  fa th e r  a n d  o f th e  m o th e r; d istance  from  hom e to  school, etc.).

T he an th ro p o m e tric  p rog ram m e w as qu ite  d e ta iled . In  K -58 15 b o d y  
m easu rem en ts an d  also 10 face an d  h ead  m easu rem en ts w ere ta k e n , how ever, 
a t  th is  tim e  th e  a u th o r  w as n o t able to  m easure th e  skinfolds an d  th e  b icondy lar 
w id th s . In  K -58 p rog ram m e th e re  w ere some o th e r an th ropo log ic  ch arac ters  
such  as g rasp  o f th e  h an d s , colour o f eyes, colour o f  h a ir , in  girls also th e  age 
a t  m enarche , e tc . In  K -68 21, an d  in  K -78 23 b o d y  m easu rem en ts were tak en . 
F ro m  th ese  d a ta  seven  fu r th e r  m easu rem en ts a n d  indices w ere ca lcu la ted  
(e.g. len g th  o f  th e  u p p e r an d  low er ex trem ities, K au p  index , e tc .). All these  
a re  id en tifiab le  in  th e  tab les.

T he K -68 in v es tig a tio n  w as perfo rm ed  w ith in  th e  In te rn a tio n a l Biological 
P ro g ram m e (IB P /H A ).
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The number of Körmend children investigated in frame of the Körmend Growth Study

Table 1

Age
(year)

K-58 K-68 K-78

Boys Girls Boys Girls Boys Girls

3 13 18 12 17 23 21
4 24 33 22 33 71 68
5 38 22 35 20 59 75
6 49 41 41 29 75 72
7 79 103 53 43 78 75
8 71 62 53 39 80 80
9 61 60 67 52 94 87

10 65 68 51 46 60 69
11 67 65 60 48 93 61
12 41 76 67 43 121 76
13 59 64 87 72 103 88
14 66 65 85 81 81 108
15 50 56 140 73 109 59
16 66 31 109 45 92 62
17 53 22 89 65 86 77
18 44 24 25 34 77 40

Together: 
Sum total:

846
1Í

810
56

996
r

740
36

1302
24

1118
20

T he m easuring  m ethods used  correspond  to  M a r t i n ’s m easu re-techn iques 
(M a r t i n — Sa l l e r  1957), ta k in g  in to  considera tion  also th e  recom m endations 
o f th e  IB P  (see T a n n e r  e t al. 1969).

In  th e  course o f m a th e m a tic a l-s ta tis tic a l e lab o ra tio n , th e  u su a l p a ram ete rs  
w ere ca lcu la ted  (x  =  m eans, s =  s ta n d a rd  d ev ia tio n , W  =  ran g e), h y  w hich 
th e  resu lts  o f th e  th ree  in v estig a tio n s (K -58, K -68 a n d  K -78) w ere com parab le . 
T hese resu lts  a re  show n in  T ables 2 — 41 w ith  an  in te n tio n  to  give a w ide 
d o cu m en ta tio n  o f  an th ro p o m e tric  d a ta  o f th e  K G S. F u r th e r  e lab o ra tio n  o f 
th e se  d a ta  is s till in  process.

Collecting d a ta  of age a t  m enarche  also belongs to  K G S. D a ta  collection 
w as carried  o u t w ith  “ s ta tu s  q u o ”  m eth o d , ca lcu la tion  w ith  p ro b it analysis.

R esults

In  K-68 th e  m ean  weights o f K örm end  ch ildren , 0.3 — 3.2 k g  in  boys an d  
0 .4 —5.5 kg in  girls, w ere h eav ie r th a n  in  K -58. In  K -78 w eight increased  again ; 
i t  w as found  to  be 0.5 — 6.2 kg  an d  0.9 — 4.6 kg in  d ifferen t age-groups of boys 
a n d  girls, resp ec tiv e ly  (Tables 2 an d  3).

In  K-68 th e  m ean  o f height w as 1.2 — 5.5 cm  in boys a n d  0.8 — 5.4 cm  in girls 
ta lle r  th a n  in  K -58. In  K -78 h e ig h t also increased , how ever, on th e  w hole n o t 
so in ten siv e ly  as earlie r: 0 .9 —6.1 cm in  boys and  0.1 — 6.4 cm  in  girls (Tables 
4 an d  5).

S ittin g  h e ig h t, th e  len g th  o f th e  u p p e r ex trem ities , an d  th e  len g th  of th e  
low er ex trem ities m easured  as h e ig h t o f an te rio r superio r iliac spine corre la te  
co rrec tly  w ith  h e igh t o f th e  ch ild ren , th u s  these  m easu rem en ts  show  m ore
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or less a s im ila r ten d en cy  as he igh t. M ean v alues o f sitting  height do n o t change 
betw een  K -68 an d  K -78 as in ten siv e ly  as h e ig h t, especially  in  o lder age- 
groups (T ables 6 an d  7). T he length o f  the upper extrem ities  show  sm all changes 
betw een  K -58 an d  K -68, an d  also be tw een  K -68 an d  K -78 (Tables 8 an d  9). 
T he length o f  the lower extrem ities, as a p a r t  o f th e  s ta tu re , follows d u ly  its  
changes (T ables 10 an d  11).

B iacrom ial w idth  in  ev e ry  age-group a n d  in  b o th  sexes was n a rro w er in  
K-68 th a n  in  K -58: th e  differences w ere 0.2 — 0.9 cm  in  boys an d  0 .2 — 1.9 cm 
in  girls. In  K -78 i t  was w ider th a n  in K -68, b u t  n a rro w er th a n  in  K -58 (Tables 
12 an d  13). B icrista l width  shows a s im ila r tre n d , how ever, th e  decrease o f  th e  
m eans in  K -68, re la te d  to  those in  K -58, w ere g rea te r . In  K -78 th e  m ean  
values w ere g rea te r  th a n  in  K -68, b u t n o t as g rea t as in  K -58 (Tables 14 an d  
15). M ean values o f transverse chest diam eter inc reased  m odestly  fro m  K -58 
to  K-68, an d  again  from  K -68 to  K-78. E x c e p t for tw o  cases, d ifferences are  
less th a n  1 cm  (Tables 16 an d  17). One can  f in d  th e  sam e in  th e  antero-posterior 
chest diam eter: th e  d ifferences are  sm all (T ables 18 an d  19).

Chest circumference does n o t show  a n y  one ten d e n c y  b u t  one can n o t speak  
of an increase in  m eans e ith e r  (Tables 20 an d  21). T he circum ferences o f th e  
ex trem ities w ere m easu red  b y  th e  K -68 in v es tig a tio n . M ean v alues o f upper  
arm circumference are n o t g rea te r (if n o t sm aller) in  K -78 th a n  in  K -68 (Tables 
22 and  23). Thigh circumference s ta r ts  in  th e  ea rly  ch ildhood w ith  sm aller 
m ean values in  K-78 th a n  in  K-68, in  boys till 7 years  o f age, in girls on ly  till 
5 years  o f age. B y  th ese  ages m eans are  genera lly  h igher in  K -78, in  boys 
m ore exp ressed  th a n  in  girls (Tables 24 a n d  25). C a lf circumference show s 
re la tiv e ly  g re a te r  increases in  K-78 as co m p ared  to  K -68 in  b o th  sexes, b u t  
th is  change is m ore rem ark ab le  in  boys (T ables 26 an d  27).

B icondy lar w id ths w ere m easured  on ly  in  K -68 an d  K -78, th e re  are  no  d a ta  
from  K -58. Bicondylar width o f  hum erus  does n o t show  an y  u n am biguous 
ten d en cy , how ever, m ean  values in  K -78 are  h igher in  m ore age g roups th a n  
in  K -68, especially  in  boys (Tables 28 an d  29). Bicondylar width o f  fe m u r  
p roduces th e  sam e phenom enon , m ore re m a rk a b ly  in  boys (Tables 30 a n d  31).

Subcutan fa t  w ere m easu red  in  K-68 a t  f iv e , in  K -78 a t  six  places o f th e  b o d y , 
no d a ta  in  K -58. M eans of skinfolds  in  K -78 are  p rac tica lly  in  all cases h igher 
th a n  in  K -68 (Tables 32 — 41).

A nalyzing th e  age at menarche o f K ö rm en d  girls c o n s titu te s  th e  basis  o f 
an o th e r p a p e r, how ever, i t  seem ed to  be n ecessary  to  give its  m ed ian  va lu es  
in  th e  A b s tra c t o f th is  p ap e r.

Discussion

The K G S — as th e  cross-sectional g ro w th  stud ies in  general — is n o t m e a n t 
to  exp lain  th e  g row th  an d  developm ent process o f  th e  K ö rm en d  ch ild ren , 
how ever, i t  p resen ts  in form ation with hum an  biological contents and value  ab o u t 
differences b e tw een  age groups. On th e  o th e r  h a n d , m eans o f bo d y  m easu re 
m ents in d iffe ren t age groups following each  o th e r in  a ce rta in  series do n o t show  
in all cases a n y  increase. B u t th is  is c h a ra c te ris tic  o f cross-sectional g ro w th  
stud ies.

In s te a d  o f s tu d y in g  th e  ra te  of g ro w th  we can  ana lyze  th e  age differences. 
Supposing th a t  th e  age groups following each  o th e r h av e  v e ry  sim ilar p o p u la tio n
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g enetica l an d  en v iro n m en ta l (socio-econom ic, etc .) fac to rs in fluencing  th e ir  
g ro w th  an d  deve lo p m en t, age differences m a y  serve as “ quasi g ro w th  ra te s ” .

In  th is  p a p e r special em phasis is la id  on th e  age differences in  height. In  K -58 
boys show  th e  g rea te s t age differences, 8.16 cm , betw een  th e  11 an d  12 y e a r  
age groups, th e n  betw een  th e  14 an d  15 y e a r  age g roups (8.62 cm ). T hese “ quasi 
p eak  h e ig h t ve locities” m ay  be ex p la ined  as p rep u b era l an d  p u b e ra l g ro w th  
sp u rts . In  K -68 p rep u b e ra l gain  is n o t so exp ressed , i t  seem s to  be d is tr ib u te d  
in  th e  10—12 y e a r  age groups. B etw een  th e  14 an d  15 y e a r age g roups th e re  is 
a gain  o f 7.19 cm , as a “ quasi p u b e ra l g ro w th  s p u r t” . ín  K -78 p rep u b e ra l 
g ro w th  gain  seem s to  m erge in  th e  10— 11 — 12 y e a r  age groups, b u t  be tw een  
th e  12 an d  13 y e a r age groups th e re  is a gain  o f  6.95 cm , an d  betw een  th e  13 
an d  14 y ea r age groups th e re  is a gain  o f 7.70 cm . T hus i t  m ay  be concluded  — 
correspond ing  to  th e  concep t o f secu lar changes — th a t  p u b e ra l g row th  sp u rt 
also occurred  earlie r in  K örm end  boys.

T he age g roups o f girls  show  a d iffe ren t ch a ra c te r . In  K-58 betw een  9 an d  
10 y e a r  age groups th e re  is a difference o f  6.94 cm , an d  th e n  ev ery  age group  
is ta lle r  by  5 — 6 cm  th a n  th e  previous one. In  K -68 th e  g rea t age differences 
are  d is tr ib u te d  betw een  9 an d  13 years, b u t  th e re  is a s trik in g  age difference 
(7.91 cm) b e tw een  11 an d  12 y ea r age groups. In  K -78 th is  p h en o m en o n  is 
m ore or less sim ilar: th e  g rea t age d ifferences are  also betw een  9 an d  13 y ea rs . 
T he g rea te s t one, how ever, appears b e tw een  10 an d  11, th e n  betw een  12 an d  
13 y e a r  age groups. I t  seem s to  be a te n d e n c y  th a t  a p u b e ra l g ro w th  sp u r t  
also in  K ö rm en d  girls occurs earlier.

T he w ell-know n d ifference  betw een  boys a n d  girls in  th is  re la tio n  is recog
n izab le  also in  K ö rm en d  ch ild ren : th e  above described  “ quasi p eak  h e ig h t 
v e lo c ity ”  ap p ears  earlier in  girls.

T he K GS show ed th a t  th e  K örm end  ch ild ren , in  general, h a d  becam e larger. 
D u rin g  a q u a r te r  of a c e n tu ry  th e ir  s ta tu re  a n d  w eight h ad  increased , b u t  th e ir  
t r u n k  h ad  becam e slender. B uild ing-up  o f th e ir  ex trem ities h ad  n o t changed  
to o  m uch . C ircum ference of th e  u p p e r a rm  p ra c tic a lly  h ad  n o t changed  a t  
all. T he on ly  rem ark ab le  changes in  a po sitiv e  d irection  were fo u n d  in  ca lf  
c ircum ference; th ese  rea lly  d em o n stra te  som e increase in  m uscle-m ass. T he 
m o d est increase  in  th ig h  circum ference seem ed to  be in  connection  w ith  
increase o f fa t  an d  n o t o f th e  m uscles.

T he fac t, th a t  g ir th  m easu rem en ts, in  genera l, d id  n o t show  an  increasing  
ten d e n c y  du ring  th e  in v es tig a ted  period , b u t  a t  th e  sam e tim e  su b c u ta n  fa t  
becam e g rea te r, calls ou r a tte n tio n  to  an  u n d esirab le  phenom enon : a w eak  
deve lopm en t o f ch ild ren ’s m u scu la tu re . P h y sica l education , an d  th e re b y  
m uscle pow er o f th e  ch ild ren  should  be im p ro v ed  m ore in ten tio n a lly . T hese 
fin d in g s in d ica te  necessity  of fu r th e r  in v estig a tio n s connected  w ith  physica l 
f itn e ss  of K ö rm en d  ch ildren .

T he above-described  insuffic iency  seem s to  be in te rre la ted  to  changes in  
m ode o f life a t  K örm end . T he developm ent o f th e  se ttlem en t from  an  ag ricu l
tu ra l  v illage in to  a re la tiv e ly  s trong  in d u stria liz ed  tow n , increasing  o f its  p o p u la 
tio n , in  genera l: its  u rb an iza tio n  consists o f  severa l p a rts .

M edical a tte n tio n , com pared  to  K -58, h as  developed ab o u t 150—200 per 
cen t, f ir s t  o f all in  th e  school d o c to rs’ service, th e  n u m b er of docto rs, n u m b e r 
o f beds in  th e  h o sp ita l, c a p ac ity  of th e  polyclin ic, an d  in  like areas.

N u tr itio n  o f  th e  ch ild ren  has also changed . In s te a d  of a fa t-  an d  c a rb o 
h y d ra te  n u tr i t io n  (cereals) w hich was ch a rac te ris tic  for th e  H u n g a rian  d ie t
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of K -58’s period , to d a y  (K-78) i t  is m ore m ixed , r ic h e r in  p ro te in s. O n th e  o th e r 
han d , how ever, i t  is r ich  in  calories, too . In  th e  la s t  decade th e  increase o f  
sugar co n su m p tio n  is considerable.

N u rse ry  schools a n d  schools becam e m ore m o d ern . In te rp e rso n a l re la tio n s 
in fluencing  th e  ed u ca tio n a l process o f ch ild ren  im proved  rem ark ab ly . In  
K -58’s p e rio d  m a n y  teach ers  h a d  on ly  college certifica tes , now  (K-78) th e  
m a jo rity  o f th e m  h as h is/her un iversity -leve l d ip lom a.

P hysica l a c tiv ity  o f  ch ild ren  changed  b o th  in  q u a lity  an d  q u a n tity . In s te a d  
of tak in g  p a r t  in  h a rd  p easan t w ork  beside th e ir  p a re n ts  (in K -58 period), 
ch ildren  can  now  (K -78) p a r tic ip a te  in  d ifferen t sp o rts  in  a v e ry  large , m odern  
gym nasium . T he g ra m m a r school pupils do n o t  n eed  to  bicycle every  d ay  
10 — 20 k m  from  hom e to  school an d  back , as sev era l o f th e m  liv ing  in  th e  
su rround ing  villages d id  in  K -58’s period . T his could  cause th e ir  w ide h ip  
(c.f. va lues o f b ic ris ta l w id th  in  K -58 an d  K -68 !). T oday , th e y  live in  a well- 
equ ipped  s tu d e n t hom e. There is a ten d en cy  to  h a v e  every  m odern  com fort. 
On th e  o th e r  h a n d , how ever, spon taneous p h ysica l a c tiv ity  o f ch ild ren  becam e 
to  be lim ited , a m ode o f “ s ittin g  life”  sp read . T he less physical a c tiv ity  com 
b ined  w ith  h igh  ca lo ry  in tak e  led  to  overw eight in  m an y  ch ild ren , also a t  
K örm end .

All th e se  p h en o m en a : biological, socio-econom ical, an d  dem ographic  changes 
to g e th e r led  also to  a d iffe ren tia tio n  o f social s t r a ta ,  as well as to  th e  fac t, 
th a t  th e  p o p u la tio n ’s genetic ba lance  o f K ö rm en d  also changed  sligh tly , f ir s t  
o f all because o f  m ig ra tio n .

A ccordingly , th e re  are  some problem s. W ith  fu ll know ledge o f  th e  re su lts  
o f K-68 in v es tig a tio n , we p u t  th e  questions:

Do we consider th e  m ore lin ear physique  o f  th e  ch ild ren  an  “ im p ro v e
m en t”  o r is i t  a phenom enon  show ing a ten d e n c y  for regression?

— H ow  can  th e se  ch ild ren  resis t “ th e  b e n e fits”  or in juries o f c iv ilization , 
an d  how  w ill th e y  ach ieve th e  balance  of th e ir  som atic  an d  m en ta l develop
m en t ?

— H ow  will th e se  ch ildren , hav ing  a m ore lin ea r  physique , be ab le to  a d a p t 
to  th e  b u rd en s o f  a m odern  life?

Are th e se  questions tim e ly  also to d a y ?
In  th e  m ean tim e  th e  “ m ore lin e a r”  physique  o f  K örm end  ch ild ren  becam e 

a little  b i t  fa tte r .  T h e ir g row th  an d  d eve lopm en t on th e  w hole seems to  be 
sa tisfac to ry . T ak in g  in to  considera tion  th e  rem ark ab le  im p ro v em en t of th e  
en v iro n m en ta l fac to rs  in fluencing  th e ir  g row th , th e y  seem  to  com e close to  
th e ir  genetically g iven  possib ilities in  grow th  a n d  developm ent. The earlier 
regression in  g ro w th  (c.f. E i b e n  1967b, 1972b) seem s to  be e lim ina ted  also in  
K örm end  ch ild ren . H ence, som e good tendenc ies a re  recognizable. T he m en 
tioned  e n v iro n m en ta l fac to rs h av e  fu r th e r , up  to  th e  p resen t n o t y e t well- 
u tilized  aspects . W ith  a m ore in te n tio n a l im p ro v em en t o f these , th e  desirab le 
tendencies could  be  m ore considerab le . To sum  i t  u p , based  on a q u a rte r  o f 
a c e n tu ry ’s g ro w th  s tu d y , secu lar changes seem  to  b e  m an ifested  in  K örm end  
children.
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Table 2

Weight of Körmend boys (kg)

OBEa K -58 K -68 K -78

5 B w X » w X B w

3 14.54 1.56 12.5-16.7 14.83 1.91 12.0-19.5 14.87 1.42 12.5-18.0
4 26.75 2.28 13.5-21.0 15.64 1.85 13.0-19.5 16.05 2.01 11.5-23.0
5 18.23 2.22 14.0-24.0 18.03 2.49 13.5-23.5 17.58 1.97 12.5-21.5
6 19.28 2.28 15.0-23.5 20.36 3.16 16.0-29.0 19.89 2.72 15.0—28.0
7 19.67 2.55 15.0-25.0 21.74 2.35 17.5-27.5 22.96 3.74 16.5-35.0
8 23.54 3.75 16.0-35.0 24.34 3.57 17.5-37.0 27.10 4.26 17.0-41.0
9 25.13 3.48 19.0-34.5 27.07 5.59 16.0-50.5 28.91 5.27 19.0-47.7

10 29.12 4.65 19.5-42.0 30.35 4.78 20.0—65.0 32.33 6.44 22.0-56.0
11 29.96 4.11 20.0-39.0 32.65 5.79 26.0-54.0 34.40 6.45 22.5-59.0
12 33.74 5.88 27.0-55.0 35.42 5.65 27.0-50.0 38.78 7.69 26.0-75.0
13 37.98 5.43 25.0-53.0 39.57 7.27 29.0-65.5 43.79 9.24 29.0—81.0
14 41.30 8.97 26.0-77.0 44.47 8.06 29.5-73.0 50.91 10.31 29.0-92.0
15 50.16 8.88 31.5-75.0 51.59 9.45 33.5-91.0 54.33 8.58 36.0—79.0
16 54.41 6.60 35.0-70.0 56.60 9.86 34.0-95.0 59.34 8.49 42.5-90.0
17 57.17 8.52 45.0-80.0 60.21 6.63 45.0-79.0 59.42 7.75 38.5-81.0
18 61.77 8.22 45.5-80.0 59.48 4.72 52.0-68.5 64.40 7.96 48.5-80.0

Table 3

Weight of Körmend girls (kg)

T K -58 K -68 K -78

M> P
X 6 w - S w X B w

3 14.33 2.13 12.6-19.0 13.35 1.75 10.5-17.5 14.67 1.77 11.0-19.0
4 16.09 1.77 13.0-20.5 16.09 2.31 12.5-22.0 15.75 2.10 11.0-21.0
5 17.59 2.28 12.5-21.0 17.32 2.37 14.0—20.5 17.87 2.29 12.0-24.0
6 20.49 3.39 13.5-26.5 21.11 3.93 15.5-35.0 19.47 2.89 14.5-29.8
7 20.42 3.30 17.5-38.0 21.84 2.58 17.5-28.0 22.73 3.73 15.5-40.0
8 21.82 3.96 17.0-41.0 24.21 3.57 29.0-33.0 24.69 4.16 17.0-35.5
9 25.40 4.65 16.0-40.0 26.31 4.07 19.0-40.0 28.81 4.16 19.5-46.0

10 29.08 4.35 22.0-43.0 31.46 5.83 22.0-52.0 31.06 5.66 21.0-51.5
11 39.92 5.52 21.5-48.0 34.19 7.13 25.0-59.5 35.30 7.00 25.0-56.0
12 35.21 7.23 23.0-58.0 39.72 7.63 27.0—63.0 40.28 8.26 24.5—68.5
13 38.06 5.82 28.0—54.5 43.54 7.75 28.0-63.0 45.36 8.53 27.5-71.0
14 44.91 7.14 33.0—70.0 47.81 7.22 35.5-75.0 48.77 8.31 26.0—86.0
15 48.96 6.30 33.0-62.0 51.69 7.09 40.0-75.0 51.17 8.16 35.5-75.0
16 48.97 6.09 34.5-60.0 52.20 7.36 40.5-68.5 51.92 6.96 38.0-77.0
17 51.41 6.36 41.0—64.0 52.74 6.86 41.0-70.0 54.92 9.10 34.0-88.0
18 54.00 2.90 42.0-78.0 55.56 6.49 43.0-68.0 52.38 6.21 42.0-65.0
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Table 4

Height of Körmend boys (cm)

<s
bß

<  ^

K-58 K -68 K -78

X 8 w X . w
_
X S w

3 94.46 4.38 96.4— 99.0 97.99 3.74 94 .3-104 .5 97.57 3.46 91 .8-106 .3
4 100.12 4.44 93 .3 -110 .3 101.73 4.13 95 .3-111 .5 102.23 4.04 91.7-110 .5
5 107.66 5.13 98 .2 -112 .0 109.40 5.34 100.5-125.3 108.70 4.24 98 .3-115 .8
6 112.43 4.77 99.9—121.4 114.88 5.38 106.1-132.6 115.72 5.10 100.4-138.8
7 116.86 4.83 106.8 — 128.6 120.60 4.92 108.9-130.1 121.22 5.37 111.5-138.8
8 123.43 5.43 109.3-133.8 126.07 5.30 117.0-137.3 126.93 6.10 111.5-141.3
9 128.62 5.76 115.6-144.2 131.18 6.26 112.7-143.0 132.87 6.36 111.7-148.5

10 134.20 6.60 121.3-149.8 137.29 7.08 115.8-160.3 139.10 6.28 126.0-152.7
11 135.60 6.60 115.8-151.5 141.20 7.54 122.8-158.0 142.46 6.22 128.1-155.7
12 143.76 7.53 132.6-165.0 145.26 6.71 133.3—162.5 148.26 6.86 134.0-164.8
13 148.81 6.78 133.8—164.7 152.07 7.34 135.7—170.8 155.21 8.39 137.4-173.0
14 153.00 8.85 134.1-169.5 156.85 8.36 135.1-177.5 162.91 7.71 146.0—180.8
15 161.62 8.31 143.7—179.8 164.04 8.46 130.0-191.0 166.76 8.05 148.2-189.8
16 164.82 5.79 147.5 — 176.4 167.74 7.07 152.0-187.7 170.59 6.73 146.4—188.4
17 166.45 7.08 149.9-181.4 171.07 6.54 158.0-190.3 172.21 7.74 157.8-186.1
18 171.18 7.44 153.7-182.4 171.12 7.37 157.7-186.5 172.83 6.38 159.6-187.1

Table 5

Height of Körmend girls (cm)

Ag
e (ye
ar

s) K -58 K -68 K -78

X S w X S w X S w

3 95.00 4.41 86 .4-110 .4 94.23 3.69 86 .5 -102 .5 96.67 3.48 87 .4 -103 .4
4 101.00 3.39 93 .5 -109 .6 103.09 4.29 96 .0 -113 .3 102.03 5.52 85.0-115 .3
5 105.27 4.53 98.9—110.0 109.25 5.26 99 .0-119.3 109.11 4.89 94.6—120.8
6 113.56 5.37 110.9-123.3 115.65 4.31 107.5-124.8 114.94 4.67 106.0-127.2
7 117.40 4.92 105.2—130.5 121.43 5.98 108.5-131.3 121.03 5.08 109.3-130.8
8 120.77 6.18 109.3-132.5 126.15 5.69 115.8-137.3 126.25 5.92 114.4-139.3
9 125.45 6.51 111.8-141.2 130.09 4.64 119.7-142.2 132.60 6.75 115.6-154.4

10 132.39 7.68 119.1-148.7 137.06 6.37 125.8—153.0 137.97 7.24 119.5-160.8
11 137.72 7.41 118.1-156.3 141.44 6.22 128.0-153.8 144.07 5.41 132.0-155.5
12 144.35 7.11 126.6-159.1 149.35 6.55 138.3-164.2 148.09 6.19 133.4—164.5
13 149.81 6.06 133.4-168.8 154.75 7.13 139.8—172.0 155.80 6.48 134.4-170.8
14 155.31 4.89 138.8-167.7 156.33 4.73 143.8-165.4 158.26 5.83 140.9-172.5
15 157.76 5.73 147.3—168.4 158.62 4.87 148.0—170.3 160.54 6.29 146.3-181.3
16 157.55 5.07 147.3-172.4 159.59 5.89 148.5 — 170.3 159.95 5.30 148.0-176.6
17 161.45 5.79 153.8—176.0 159.17 5.48 146.8-171.5 161.21 4.93 145.0-171.7
18 168.25 4.44 148.0-172.2 158.85 5.29 149.5-159.0 160.22 5.19 146.7-170.7
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Table 6

Sitting height of Körmend boys (cm)

OD
B

K -58 K -68 K -78

v ^
X 8 w X 8 w X s w

3 54.92 2.73 52.8-58.8 56.75 2.38 54.0-59.8 55.74 2.42 5 1 .8 - 60.0
4 57.00 3.45 52.4-65.3 58.41 2.82 54.8-65.0 58.56 2.63 5 3 .3 - 64.0
5 58.34 3.57 49.7—66.7 61.14 2.65 56.8-66.1 60.83 2.44 5 5 .7 - 68.0
6 61.53 2.85 54.2—66.4 63.95 3.18 59.5-73.3 63.97 2.69 55 .3 - 69.7
7 64.18 2.58 60.1-69.1 65.64 2.61 59.8-70.0 66.32 3.22 5 9 .8 - 75.0
8 66.34 2.73 59.2—72.8 67.72 3.15 61.5-74.7 68.98 2.97 62.0— 76.4
9 68.81 2.76 63.2-74.0 70.12 3.34 60.8-77.5 71.33 3.34 6 1 .8 -  80.1

10 71.59 3.33 64.2-78.5 73.06 3.38 65.8-83.1 73.85 3.07 6 6 .0 -  80.0
11 72.07 3.12 63.0-77.9 74.50 3.59 67.3-83.0 75.04 3.22 6 7 .1 -  82.5
12 75.95 3.24 68.7—87.9 75.89 3.31 69.8-84.0 77.33 3.99 64.7— 88.0
13 77.80 3.51 69.9-86.5 78.57 3.74 71.0-90.1 80.44 4.41 7 1 .4 -  91.3
14 79.32 4.80 69.4-89.3 81.51 4.56 72.0-94.0 84.64 4.86 7 5 .4 - 93.8
15 83.28 4.68 73.3-94.7 84.85 4.89 67.5-97.0 85.56 4.45 73.4— 98.9
16 85.64 3.39 77.2-93.2 87.00 4.85 79.5-96.4 88.48 3.87 77.4-100.1
17 86.21 3.60 77.1—94.1 88.90 3.86 80.5—98.9 89.27 3.48 78.7— 96.3
18 88.64 3.81 80.5-95.1 89.76 3.49 80.6-94.5 89.80 3.85 80.3-100.3

Table 7

Sitting height of Körmend girls (cm)

Ta K -58 K -68 K -78

8) ?►» < w * B w X B w X 8 w

3 54.48 3.03 50.7 — 60.4 54.65 2.35 57.3-50.9 54.86 2.08 51.3-59.1
4 55.53 2.22 51.4—61.3 58.27 0.87 55.0-63.2 57.63 3.16 46.5-65.5
5 57.66 2.04 53.4-61.4 61.00 4.13 55.5-76.0 59.76 2.97 50.9-68.3
6 62.10 2.64 56.2-67.0 63.42 3.33 67.2—70.2 62.94 2.82 56.4-69.1
7 63.81 2.91 58.5 — 70.9 66.16 3.04 59.0-72.5 66.13 3.19 57.7—72.6
8 65.16 2.88 57.7-71.8 67.69 3.26 60.4-75.5 68.25 3.15 62.8-74.7
9 67.53 3.42 59.3-77.0 69.02 3.02 63.2-76.1 70.86 3.55 63.8-72.6

10 70.14 3.00 63.4—77.4 72.41 3.52 67.0-82.8 72.38 3.59 64.8-85.7
11 72.09 3.78 62.7—80.5 74.19 3.44 69.3-81.8 75.56 3.46 69.1-85.5
12 75.69 4.02 66.8—86.3 78.77 3.94 71.0—84.4 77.92 3.71 69.3-88.0
13 78.09 3.99 67.3—86.8 81.21 3.88 74.3-88.7 82.90 3.75 69.5-90.4
14 81.09 3.78 71.8-88.9 82.26 2.92 75.5—89.6 33.58 2.92 71.7-88.7
15 81.17 2.94 75.5-88.7 83.31 2.96 74.8-91.8 83.95 3.61 73.1-91.6
16 82.74 3.30 78.4 — 88.7 84.13 3.16 78.6-89.5 84.11 2.74 75.4-93.4
17 84.93 2.31 79.6—90.5 84.12 3.03 78.4—89.5 84.83 3.25 76.0-90.8
18 84.24 3.84 78.3—90.2 84.47 2.75 79.6-91.7 84.80 2.98 70.8-91.4
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Table 8

Length of the upper extremities in Körmend boys (cm)

hi
03

K -58 K -68 K-78
v  S'h0

<  W "x 8 w X 8 w X 8 w

3 3 8 .0 6 1 .80 3 4 . 9 - 4 0 .9 3 9 .0 0 1.81 3 6 . 6 - 4 1 .0 3 9 .2 6 2 .09 3 5 . 1 — 4 4 .8
4 4 0 .6 2 3 .4 5 3 2 . 7 - 4 7 .3 4 1 .1 8 3 .61 3 0 . 3 - 4 7 .3 4 1 .4 8 2 .3 4 3 5 . 2 - 4 6 .5
5 4 4 .4 5 4 .8 8 3 9 . 2 - 50.8 4 5 .8 9 3 .0 4 4 0 . 9 — 5 3 .8 4 4 .7 1 2 .25 3 7 . 8 — 4 8 .8
6 4 7 .9 2 3 .9 3 4 1 . 2 - 5 4 .0 4 8 .0 5 3 .2 0 4 0 .8  —  55 .7 4 8 .2 7 3 .72 4 2 . 2 — 5 3 .8
7 5 0 .2 1 3 .0 6 4 4 . 4 - 5 6 .6 51 .13 3 .2 9 4 5 . 0 - 6 0 .5 5 1 .2 2 2 .8 9 4 5 . 4 — 5 7 .5
8 5 2 .9 8 3 .1 2 4 6 . 0 - 61.1 54 .07 3 .2 9 4 3 . 3 — 6 0 .5 5 4 .0 8 3 .5 2 4 2 . 8 — 6 4 .0
9 5 6 .1 2 2 .88 4 9 . 0 - 6 4 .4 5 6 .6 0 3 .3 8 4 7 . 3 - 6 3 .8 57 .01 3 .73 4 7 . 5 — 6 6 .8

10 5 9 .3 1 3 .5 4 5 1 . 5 - 6 8 .7 5 9 .4 7 4 .0 9 4 9 . 7 — 7 0 .0 6 0 .7 0 3 .63 6 3 . 2 — 6 7 .1
11 5 9 .8 7 3 .3 0 4 8 . 0 - 6 7 .3 6 1 .6 9 4 .6 1 5 2 . 0 — 7 2 .0 6 1 .8 5 3 .5 8 4 9 . 3 — 7 3 .4
12 6 3 .2 9 3 .7 2 5 6 . 9 - 71 .6 6 3 .4 2 4 .4 0 5 6 . 0 - 7 7 .7 6 4 .6 1 3 .4 3 5 6 .1  —  7 4 .0
13 6 6 .0 3 3 .4 5 5 8 . 6 - 75.1 6 7 .2 8 4 .7 0 5 2 . 9 — 7 7 .7 6 7 .5 0 4 .53 5 2 . 6 — 7 7 .9
14 5 7 .3 9 4 .6 5 5 8 . 8 - 75 .5 6 9 .8 3 4 .8 8 5 7 . 1 - 80 .5 7 1 .1 7 4 .5 7 6 1 . 7 — 8 2 .6
15 7 2 .0 0 3 .5 4 6 1 . 2 - 8 0 .6 73 .31 4 .7 0 6 1 . 5 - 8 4 .3 7 3 .4 3 5 .55 6 3 . 3 — 9 5 .9
16 7 3 .6 8 3 .6 0 6 3 . 3 - 80 .8 75 .25 4 .0 2 6 3 . 8 - 9 0 .3 7 4 .7 8 3 .95 6 2 . 9 — 8 5 .9
17 7 3 .7 5 3 .8 4 6 4 . 3 — 8 0 .8 7 7 .2 8 3 .5 0 6 9 . 3 - 8 6 .0 7 5 .6 6 3 .1 4 6 8 . 9 - 8 7 .5
18 7 6 .1 6 3 .7 8 7 0 . 0 - 83 .8 7 6 .4 4 4 .1 7 6 8 . 3 - 8 5 .5 7 5 .9 7 3 .3 9 6 8 . 0 — 8 3 .5

Table 9

Length of the upper extremities in Körmend girls (cm)

u
a

K -58 K -68 K-78
45 ^

X . w X s w X 8 w

3 3 2 .1 9 3 .5 7 3 2 . 8 - 4 6 .5 3 8 .1 2 2 .6 0 3 3 . 0 — 4 2 .8 3 8 .9 5 1 .50 3 6 . 2 — 4 2 .9
4 4 0 .6 2 2 .97 3 5 . 8 - 46 .8 4 2 .3 6 3 .0 7 3 6 . 5 - 4 9 .5 4 1 .1 0 2 .7 9 3 4 . 3 — 4 9 .1
5 4 3 .7 7 2 .1 6 3 9 . 7 — 48 .3 4 4 .9 0 3 .1 0 4 0 . 8 - 5 0 .3 4 4 .5 3 2 .5 4 3 6 .1  —  5 0 .8
6 4 7 .9 4 2 .4 9 4 2 . 8 — 54 .2 4 9 .5 0 2 .6 0 4 4 . 5 - 5 3 .7 4 7 .3 9 2 .7 9 4 1 .3  —  5 4 .4
7 50 .01 2 .9 4 4 2 . 8 — 5 6 .3 51 .91 3 .11 4 3 . 3 — 5 8 .8 5 1 .6 3 3 .08 4 4 . 9 — 5 4 .0
8 5 1 .1 8 2 .5 8 4 5 . 7 — 57 .2 5 3 .4 6 3 .3 2 4 5 . 7 — 6 3 .3 5 3 .5 9 3 .67 4 3 . 4 — 6 1 .3
9 5 3 .6 5 3 .3 9 4 7 . 0 - 6 1 .9 5 4 .9 8 2 .8 4 4 4 . 1 - 6 0 .5 5 6 .7 8 4 .6 0 3 3 . 3 - 6 7 .3

10 5 7 .2 1 3 .6 0 4 6 . 8 - 66.1 5 8 .7 0 3 .9 6 5 0 . 7 - 6 8 .2 5 9 .6 4 3 .9 8 4 4 . 6 — 6 8 .7
11 59 .91 4 .1 4 5 0 . 4 - 7 1 .3 6 1 .0 0 4 .3 9 5 1 . 0 - 7 5 .0 6 2 .3 4 3 .1 5 5 4 . 3 — 6 8 .5
12 6 2 .8 8 4 .2 3 4 9 .5  —  72 .0 6 4 .9 5 3 .9 9 5 8 . 1 — 7 5 .8 6 4 .4 5 3 .4 3 58 .1  —  7 7 .7
13 6 5 .5 5 3 .6 0 5 3 . 2 - 7 3 .9 6 7 .2 9 3 .9 8 5 9 . 0 - 7 7 .5 6 7 .3 3 3 .6 4 5 6 . 4 — 7 5 .5
14 6 7 .8 9 3 .21 5 6 . 8 - 76.5 6 8 .1 5 3 .1 8 6 1 . 0 - 7 6 .5 6 8 .6 6 3 .4 0 5 7 .3  —  7 5 .5
15 6 8 .3 1 3 .5 4 5 9 . 1 - 7 8 .4 6 9 .7 2 3 .01 6 3 . 3 — 7 9 .7 6 9 .7 5 4 .6 2 6 0 . 5 — 8 9 .7
16 6 9 .1 8 3 .4 2 6 2 . 9 - 76 .9 7 0 .2 7 3 .4 2 5 7 . 2 — 77 .8 6 9 .1 8 3 .4 6 5 9 . 9 - 7 9 .0
17 7 1 .0 4 2 .91 6 5 . 9 - 7 8 .4 7 0 .1 7 3 .6 7 6 0 . 2 - 81 .1 6 9 .3 2 3 .0 3 6 1 . 7 - 7 6 .0
18 6 9 .4 8 3 .8 4 6 3 . 0 - 78 .8 6 9 .4 1 3 .6 4 6 3 . 1 - 7 7 .5 6 8 .5 2 3 .25 6 1 . 4 — 7 5 .9
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Table 10

Length of the lower extremities (height of anterior superior iliac spine) in Körmend boys (cm)

I
K -58 K -68 K -78

X • w X S w X . w

3 4 6 .9 2 3 .1 2 3 9 . 4 -  4 9 .7 4 8 .0 0 1.81 4 5 . 8 -  51 .0 4 8 .5 7 2 .91 4 4 . 0 -  5 5 .0
4 51 .71 3 .8 0 4 5 . 8 -  59 .1 5 1 .0 0 2 .93 4 5 . 3 —  58 .5 5 1 .7 9 2 .6 7 4 4 . 3 —  5 6 .8
5 56 .05 3 .6 6 4 9 . 7 -  6 5 .1 56 .41 4 .0 5 5 0 . 5 -  6 4 .0 5 6 .4 6 3 .03 4 9 . 8 -  6 1 .6
6 5 9 .4 7 3 .1 7 5 1 . 3 -  6 3 .7 6 0 .5 6 3 .89 5 4 . 8 -  76 .4 6 0 .9 2 3 .3 0 5 3 . 8 -  6 9 .8
7 6 2 .3 7 3 .5 4 5 2 . 7 -  7 3 .4 6 4 .1 3 3 .85 5 3 . 8 —  72 .3 6 5 .0 0 3 .5 7 5 8 . 7 —  7 6 .5
8 6 6 .4 7 3 .7 3 5 8 . 5 -  7 4 .0 6 8 .0 5 3 .65 6 1 . 5 -  7 5 .5 6 8 .5 8 4 .1 3 5 8 . 3 -  7 7 .5
9 7 0 .4 9 4 .4 9 6 2 . 8 —  8 4 .8 7 1 .5 2 4 .2 3 6 0 . 8 —  79 .1 7 2 .6 8 4 .5 5 6 2 . 3 —  8 3 .3

1 0 7 4 .5 9 4 .7 9 6 3 . 8 -  8 7 .0 7 4 .5 9 4 .5 9 6 0 . 0 -  9 0 .8 7 7 .3 3 4 .2 0 6 8 . 4 -  8 6 .5
1 1 7 5 .5 8 4 .4 9 6 2 . 2 —  8 5 .2 7 8 .4 0 5 .33 6 7 . 9 -  9 7 .8 7 9 .8 1 4 .2 4 7 0 . 7 —  8 9 .9
1 2 8 0 .5 6 4 .9 5 7 1 . 2 -  9 3 .2 8 0 .2 6 4 .6 3 6 9 . 2 -  90 .1 8 3 .6 7 4 .7 0 7 3 . 3 -  9 3 .3
13 8 4 .6 4 5 .0 1 7 1 . 0 -  9 6 .9 8 4 .3 6 4 .7 8 7 4 . 0 -  9 4 .4 8 8 .1 3 5 .3 3 7 5 . 1 -  9 8 .5
14 8 6 .3 6 5 .7 7 7 2 . 8 -  9 8 .0 8 6 .2 7 5 .23 7 3 . 3 -  9 7 .0 9 1 .6 9 5 .07 7 8 .8  —  1 0 8 .5
15 9 1 .7 2 4 .9 0 8 1 . 0 - 1 0 2 .4 9 0 .0 9 4 .9 6 7 8 . 0 - 1 1 3 .0 9 4 .7 2 4 .9 3 8 3 .0  —  112 .5
16 93 .11 4 .2 3 7 9 . 9 - 1 0 1 .0 9 1 .3 7 4 .4 3 8 1 . 2 — 102 .8 9 5 .5 7 4 .2 2 8 1 . 0 - 1 0 5 .6
17 9 3 .5 9 5 .3 1 8 0 . 1 - 115 .1 9 2 .7 2 3 .9 2 8 4 . 2 - 106.1 9 6 .6 5 3 .9 9 8 7 . 8 — 1 0 8 .8
18 95 .52 4 .7 6 8 6 . 4 - 103 .1 9 1 .8 4 4 .2 6 8 4 . 3 - 103 .4 9 6 .8 1 4 .4 4 8 7 . 0 - 1 0 4 .8

Table 11

Length of the lower extremities (height of anterior superior iliac spine) 
in Körmend girls (cm)

T
CB

K -58 K -68 K -78
4» ^

X s w X S w X 8 w

3 4 7 .5 6 4 .4 2 4 1 . 7 - 56 .8 4 6 .5 9 2 .5 9 4 2 . 0 - 52 .8 4 9 .5 2 3 .48 4 2 . 2 - 6 1 .0
4 52 .33 3 .0 4 4 5 . 3 - 5 9 .0 5 3 .2 7 3 .5 4 4 5 . 4 - 6 0 .7 5 2 .2 1 3 .81 4 1 . 5 - 6 3 .1
5 54.91 2 .3 9 5 0 . 8 - 5 8 .0 5 6 .9 0 4 .4 7 5 0 . 0 - 65 .3 5 7 .3 2 3 .48 4 9 .4  — 6 6 . 1

6 61 .17 3 .1 4 5 6 . 1 - 6 8 . 1 6 1 .3 8 2 .9 8 5 3 . 4 - 6 5 .0 6 1 .5 4 3 .31 5 4 . 9 - 7 0 .4
7 6 3 .8 0 3 .5 7 5 6 . 2 - 7 3 .0 6 5 .3 7 3 .8 6 5 6 . 2 - 7 2 .6 6 5 .0 1 3 .7 0 5 6 . 3 - 7 2 .8
8 6 5 .9 5 3 .5 4 5 8 . 8 - 7 4 .0 6 7 .9 9 3 .3 4 5 8 . 8 - 7 3 .0 6 9 .1 1 4 .3 3 5 9 . 5 - 8 0 .3
9 6 9 .5 8 4 .7 5 6 0 . 2 - 7 9 .8 7 1 .0 2 3 .1 4 6 3 . 3 - 7 6 .4 7 3 .0 8 5 .35 5 6 . 2 - 8 8 .5

10 74 .18 4 .5 4 6 4 . 8 - 85 .1 7 5 .2 8 4 .5 4 6 8 . 3 - 83 .3 7 6 .6 1 6 .0 3 5 2 . 0 - 9 0 .5
1 1 7 7 .8 4 5 .5 5 6 4 . 9 - 9 0 .6 7 8 .5 0 3 .9 7 6 8 . 9 - 8 6 .4 8 1 .0 0 4 .0 5 7 2 . 2 - 8 9 .0
12 8 1 .3 3 5 .5 2 6 5 .7  — 9 2 .9 8 2 .6 0 4 .1 2 7 3 . 5 - 9 1 .3 8 3 .6 4 4 .0 2 7 5 . 1 - 9 3 .4
13 8 4 .7 7 4 .4 4 7 5 . 2 - 9 4 .8 8 4 .3 3 4 .7 0 7 4 . 0 - 94 .1 8 7 .4 3 4 .2 4 7 4 .8  — 9 7 .5
14 8 6 .7 1 5 .7 7 7 5 . 2 - 9 8 .5 8 5 .3 3 3 .6 5 7 6 . 0 - 9 4 .3 8 8 .1 4 5 .9 6 5 4 . 8 - 9 8 .7
15 8 8 .3 8 4 .2 1 7 9 . 8 — 9 8 .7 8 6 .9 5 3 .3 9 8 0 . 5 - 9 2 .5 8 9 .8 1 4 .6 2 8 0 . 6 - 1 0 4 .8
16 87 .71 4 .2 3 8 0 . 8 - 1 0 0 .9 8 7 .0 7 3 .7 4 7 9 . 0 - 95 .1 8 8 .9 7 3 .9 8 7 8 . 5 — 9 8 .0
17 9 0 .5 5 3 .4 9 8 5 . 1 - 9 9 .4 8 6 .2 6 3 .8 3 7 7 . 0 - 9 6 .8 8 9 .5 8 3 .8 5 7 8 . 4 - 9 9 .3
18 89 .21 4 .9 2 7 7 . 0 - 100 .2 8 6 .1 7 4 .11 8 0 . 5 - 9 2 .5 8 9 .0 0 3 .9 8 7 8 . 8 - 9 7 .5
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Table 12

Biacromial diameter of Körmend boys (cm)

? K -58 K -68 K -78

X 8 w X 8 w X 8 w

3 2 2 .4 6 1 .0 8 2 1 . 3 - 2 4 .0 2 2 .2 5 0 .61 2 0 . 0 - 23 .2 2 3 .0 4 0 .9 3 2 1 . 0 - 2 4 .7
4 2 3 .6 7 1 .84 2 0 . 4 — 2 8 .4 2 3 .0 0 1 .25 2 0 . 5 - 2 4 .7 2 3 .5 2 1 .07 2 1 . 3 - 2 6 .0
5 2 4 .8 2 1.21 2 2 . 2 - 2 9 .0 2 4 .4 9 1 .34 2 1 . 8 - 2 6 .7 2 4 .7 5 1 .32 2 1 . 0 - 2 7 .0
6 2 5 .4 3 1 .27 2 2 . 0 - 2 7 .9 2 4 .9 3 1 .59 1 8 . 8 - 2 8 .4 2 5 .8 0 1 .5 0 1 7 . 5 — 2 8 .2
7 2 6 .4 7 1 .28 2 3 . 0 — 2 9 .3 2 6 .1 1 1.31 2 2 . 6 — 2 9 .2 2 7 .5 5 1 .7 0 2 5 . 1 - 3 1 .5
8 2 7 .6 2 1.41 2 5 . 1 — 3 1 .0 27 .11 1 .86 1 9 . 2 — 3 0 .3 2 8 .2 6 1 .41 2 2 . 0 — 3 2 .3
9 2 9 .1 3 1 .3 9 2 6 . 1 - 3 1 .5 2 8 .2 8 2 .03 2 3 . 0 — 3 2 .2 2 9 .6 8 1 .63 2 6 . 4 — 3 5 .7

10 3 0 .0 5 1 .63 2 6 . 8 — 3 3 .8 2 9 .4 5 1 .75 2 6 . 0 — 34 .8 3 1 .0 8 1 .97 2 7 . 4 - 3 6 .1
11 3 0 .4 3 1 .7 3 2 3 . 7 - 3 4 .4 3 0 .2 5 2 .0 4 2 6 . 4 — 3 4 .7 3 1 .5 5 1 .55 2 7 . 6 - 3 7 .9
12 3 1 .7 2 2 .0 6 2 6 . 2 — 3 6 .4 3 1 .2 1 1.88 2 7 . 8 — 3 6 .3 3 2 .9 8 1 .77 2 8 . 4 — 3 7 .8
13 3 3 .1 0 1.65 3 0 . 1 — 3 9 .2 3 2 .7 1 2 .12 2 3 . 4 — 3 8 .5 3 4 .1 0 2 .4 2 2 3 . 5 - 3 9 .3
14 3 4 .0 9 2 .4 9 2 8 . 9 - 3 9 .6 3 4 .2 3 2 .37 2 9 . 6 - 3 9 .4 3 6 .4 1 2 .4 6 3 0 . 8 - 4 1 .7
15 3 6 .3 4 2 .8 0 3 1 . 9 - 4 1 .7 3 6 .0 5 2 .61 3 0 . 7 — 4 7 .5 3 7 .3 0 2 .1 9 3 2 . 6 - 4 1 .6
16 3 7 .7 4 1 .91 3 3 . 2 - 4 2 .2 3 6 .8 5 2 .23 3 2 . 2 — 4 2 .3 3 8 .0 2 2 .2 0 3 2 . 9 - 4 5 .2
17 3 7 .9 1 2 .0 6 3 3 . 5 - 4 3 .4 3 8 .0 8 2 .07 3 0 . 0 - 42 .1 3 9 .2 4 2 .2 4 3 2 . 0 - 4 7 .1
18 3 8 .8 6 1 .89 3 3 . 1 - 4 2 .8 3 8 .6 4 2 .01 3 4 . 4 — 4 2 .0 3 9 .9 6 1 .77 3 6 . 1 - 4 3 .6

Table 13

Biacromial diameter of Körmend girls (cm)

Ta K -58 K -68 K -78

&
X • w X s w X , w

3 2 3 .2 7 1 .8 0 1 9 . 5 - 2 5 .8 2 1 .8 2 1 .24 1 9 . 5 - 2 4 .5 2 3 .0 5 1 .83 2 0 . 3 - 2 9 .0
4 2 3 .7 6 1 .2 6 2 0 . 9 - 2 6 .4 2 3 .2 7 2 .2 3 2 1 . 1 - 2 6 .2 23 .41 1 .33 19 . 9 — 2 6 .7
5 2 4 .0 4 1 .1 8 2 2 . 7 — 2 6 .1 2 3 .7 5 1 .18 2 1 . 2 - 2 5 .4 2 4 .0 1 1.31 2 1 . 4 - 2 6 .5
6 2 5 .9 3 1 .18 2 3 .1  —  2 8 .3 2 5 .4 2 0 .9 9 2 4 . 1 — 2 8 .2 2 5 .6 8 1 .56 2 1 . 0 - 2 9 .5
7 2 6 .4 8 1 .51 2 1 . 1 — 2 9 .9 2 6 .3 0 1 .04 2 3 . 8 - 2 8 .5 2 7 .1 7 1 .16 2 4 . 1 - 2 9 .8
8 2 7 .2 0 1 .44 2 4 . 7 — 3 3 .6 2 6 .8 0 1 .35 2 4 . 0 - 29 .2 2 7 .9 9 1.92 1 9 . 1 - 3 1 .9
9 2 8 .2 8 1 .7 3 2 4 . 5 - 3 4 .7 2 7 .9 0 1.31 2 4 . 5 - 3 0 .3 2 9 .2 9 1 .7 4 2 4 . 7 - 33 .1

10 2 9 . 7 0 ' 1 .46 2 7 . 1 — 3 4 .5 2 9 .4 8 1.53 2 6 . 8 — 3 2 .9 3 0 .2 6 1.52 2 7 . 6 - 3 6 .3
11 3 0 .3 8 1 .75 2 6 . 5 - 3 6 .6 3 0 .1 0 1.70 2 6 . 5 - 3 2 .9 3 1 .6 8 1 .89 2 3 . 3 - 3 4 .8
12 3 1 .9 2 2 .1 8 2 4 . 6 - 3 7 .3 3 1 .6 7 2 .31 2 3 . 1 - 3 6 .3 3 2 .9 6 1.70 2 9 .5  —  3 7 .4
13 3 3 .0 9 1.91 2 8 . 4 - 3 9 .0 3 3 .2 8 1.89 2 9 . 0 - 3 8 .0 3 4 .3 9 1 .96 2 8 . 8 — 39 .1
14 3 4 .7 0 1 .65 3 0 . 9 - 3 9 .2 3 4 .0 0 1 .54 2 9 . 4 - 3 9 .5 3 5 .2 6 1 .66 3 1 . 0 - 3 9 .4
15 3 5 .4 8 1 .6 4 3 1 . 9 - 3 9 .3 3 4 .8 8 1 .66 3 1 . 6 - 3 8 .4 3 5 .1 2 1 .69 3 0 . 1 — 3 8 .8
16 3 5 .7 0 1 .52 3 1 . 9 - 3 8 .0 3 4 .6 0 1 .38 3 1 . 4 - 3 7 .5 3 5 .5 8 1 .84 3 1 . 5 - 4 0 .2
17 3 6 .4 5 1 .72 3 3 . 8 - 4 0 .8 3 5 .1 1 1 .84 3 1 . 8 — 4 0 .5 3 6 .1 3 1.81 3 1 . 3 - 3 0 .9
18 3 6 .8 4 1 .72 3 4 . 5 - 4 0 .4 3 4 .9 4 1.65 3 1 . 3 — 38 .8 3 5 .8 3 1 .36 3 2 . 0 - 3 8 .4
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Table 14

Bi-iliocristal diameter of Körmend boys (cm)

T
CB

K -58 K -68 K -78

S) ►» _x 8 w X S w X 3 w

3 1 7 .5 4 0 .8 4 1 6 . 0 - 19 .0 16 .17 0 .9 4 1 5 . 3 - 18 .3 16 .65 0 .8 9 14 . 5 — 1 8 .4
4 1 8 .6 7 1.31 1 6 . 8 - 2 0 .4 1 7 .1 4 1 .08 15 . 5 - 18 .8 17 .42 1 .18 15 . 9 - 24 .1
5 1 9 .4 5 1 .04 17 . 2 - 21 .8 1 8 .0 3 1.01 16 . 3 - 20 .5 18 .15 0 .9 3 15 . 5 - 1 9 .9
6 1 9 .8 0 0 .9 2 1 7 . 9 - 21 .7 1 8 .6 8 1.01 17 . 2 - 2 1 .2 18 .80 1 .09 1 5 . 9 — 2 2 .3
7 2 0 .4 8 1.15 1 8 . 2 - 2 4 .7 19 .15 1 .15 1 6 . 5 - 2 1 .5 19 .74 1 .2 3 17 . 4 — 2 2 .8
8 2 1 .5 1 1.51 1 9 . 9 — 2 6 .4 2 0 .0 8 1 .17 18 . 1 - 22 .8 20 .48 1 .5 4 18 . 0 - 2 4 .9
9 2 2 .2 0 1.51 1 9 . 3 — 26 .1 2 0 .9 3 1 .32 17 . 6 - 2 4 .8 21 .45 1.81 1 9 . 2 — 3 0 .0

10 2 3 .6 6 1.86 2 0 . 2 — 2 8 .8 2 1 .7 6 2 .02 1 8 . 5 - 2 9 .0 2 2 .4 3 1 .79 18 . 7 - 2 7 .5
11 2 3 .7 2 1.62 1 8 . 7 — 2 7 .0 2 2 .6 0 1 .96 19 . 5 - 2 7 .5 2 2 .8 4 1 .73 1 9 . 6 — 2 8 .6
12 2 4 .7 6 1.70 2 1 . 8 - 3 0 .6 23 .11 1.61 19 . 7 - 2 7 .8 23 .91 1 .8 4 2 1 . 2 - 3 0 .5
13 2 6 .2 9 1.86 2 1 . 9 — 3 0 .4 2 4 .0 7 1.62 2 1 . 1 - 3 0 .3 24 .98 2 .2 4 2 1 . 4 — 3 3 .0
14 2 7 .2 3 2 .53 2 2 . 6 — 2 9 .9 2 4 .9 3 1 .83 2 0 . 1 - 2 9 .8 26 .22 2 .31 2 1 . 0 - 3 3 .7
15 2 9 .2 6 2 .0 0 2 4 . 6 - 35 .1 2 6 .2 6 2 .1 0 2 1 . 0 - 3 4 .0 2 6 .8 4 1 .79 2 1 . 3 - 3 1 .7
16 2 9 .6 2 1.72 2 5 . 8 — 33 .3 2 7 .2 4 2 .0 4 2 2 . 1 - 31 .7 27 .85 1 .95 2 3 . 9 - 3 4 .8
17 3 0 .7 2 2 .03 2 5 . 7 - 35 .8 2 7 .7 7 1 .55 2 3 . 7 - 31 .9 28.21 2 .2 0 2 4 . 1 - 3 9 .5
18 3 1 .6 4 2 .15 2 7 . 3 - 3 6 .4 2 8 .2 4 1 .7 4 2 5 . 4 - 3 2 .2 28 .60 1 .5 7 2 4 . 8 - 3 2 .3

Table 15

Bi-iliocristal diameter of Körmend girls (cm)

£<0 K -58 K -6  8 K -78

<  w X S w X 8 w X 8 w

3 1 8 .2 7 1 .24 1 6 . 0 - 20 .2 1 6 .0 6 0 .9 7 14 . 5 - 17 .7 16 .67 1.11 1 3 .5  —  18 .7
4 18 .91 1.11 1 8 . 8 - 21 .3 1 7 .4 8 0 .7 6 15 . 6 - 19 .7 16 .99 1 .06 1 4 . 6 — 2 0 .4
5 1 9 .7 5 1.31 1 8 . 2 - 22 .8 1 7 .7 0 0 .8 5 16 . 4 - 19 .3 17 .93 1.41 1 5 . 5 - 2 6 .0
6 2 0 .5 1 1.25 1 8 . 4 — 23 .6 1 8 .7 3 1 .35 1 5 . 4 - 2 1 .6 1 8 .5 6 1.37 15 . 3 - 2 1 .5
7 2 0 .5 5 1 .26 1 8 . 1 - 26 .1 1 9 .4 7 1 .22 1 7 . 1 - 2 1 .9 19 .99 1.35 1 7 . 2 - 24 .1
8 2 1 .0 9 1.47 1 9 . 0 - 27 .3 2 0 .0 8 1 .33 1 8 . 2 - 2 5 .3 2 0 .1 3 1.67 1 3 . 8 - 2 8 .2
9 2 1 .8 0 1.30 1 9 . 4 - 24 .8 2 0 .8 1 1 .6 7 1 8 . 4 - 2 6 .6 21 .31 1.68 1 8 . 2 - 2 7 .9

10 2 3 .3 2 1.67 2 0 . 0 - 28.8 2 1 .8 5 1 .5 4 18 . 8 - 2 5 .5 2 2 .0 6 1.52 1 8 . 5 - 2 7 .4
11 2 4 .4 7 1.97 2 0 . 8 — 2 8 .9 2 2 .5 4 1 .55 1 9 . 7 - 2 7 .5 2 3 .2 6 1 .88 19 . 0 - 2 9 .5
12 2 5 .8 4 2 .72 1 9 . 3 - 27 .0 24 .21 1 .71 2 1 . 5 - 28 .1 2 4 .3 4 2 .0 0 2 0 . 9 - 3 1 .7
13 2 7 .3 5 1.81 2 2 . 7 - 3 1 .0 2 5 .4 4 1 .67 2 1 . 5 - 2 8 .8 2 5 .7 5 1 .93 2 1 .2  —  30 .7
14 2 9 .6 4 1.92 2 5 . 0 - 34 .8 2 6 .3 3 1 .6 8 2 2 . 9 - 3 1 .9 2 6 .5 1 2 .0 6 2 1 . 3 - 3 3 .4
15 3 0 .4 8 1 .82 2 6 . 1 - 32 .3 2 7 .4 2 1 .61 2 3 . 0 - 3 1 .5 2 7 .2 5 1 .69 2 3 . 8 - 3 3 .3
16 3 0 .4 8 1 1 .74 2 6 . 2 - 3 3 .5 2 7 .3 3 1 .55 2 4 . 2 - 3 0 .3 2 7 .2 6 2 .1 2 2 1 . 6 - 3 4 .5
17 3 1 .1 3 1 .96 2 7 . 4 - 3 5 .0 2 7 .7 5 1 .41 2 4 . 5 - 3 0 .4 2 8 .1 3 1 .89 2 3 . 0 - 3 3 .7
18 3 1 .4 5 1.91 2 7 . 3 - 36 .3 2 8 .0 6 1 .57 2 4 . 9 - 32 .1 2 7 .4 8 2 .27 2 3 . 5 - 38 .3
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Table 16

Transverse chest diameter of Körmend boys (cm)

<s
K-58 K-68 K-78

8 > i
X 8 w X S w X S w

3 16 .67 0 .6 6 1 5 . 9 - 17 .4 17 .25 0 .8 7 1 6 . 0 - 18 .7 16 .91 0 .9 0 15 . 4 - 18 .5
4 17 .21 1 .03 15 . 3 - 19 .8 1 7 .6 8 0 .57 16 . 6 - 18 .6 1 7 .3 0 0 .9 6 14 . 1 - 19.7
5 17 .92 0 .2 7 1 5 . 6 - 20 .1 18 .03 0 .82 1 6 . 7 — 2 0 .2 1 7 .6 3 0 .8 0 16 . 1 - 19 .7
6 18 .10 0 .9 9 1 6 . 7 — 2 0 .4 18 .37 0 .89 16 . 9 - 20 .1 1 8 .2 0 0 .8 9 16 . 1 - 2 1 .3
7 1 8 .4 9 1 .11 1 7 . 0 - 2 0 .2 18 .58 0 .9 9 17 . 4 - 2 0 .5 1 9 .1 5 1 .08 17 . 0 - 2 1 .3
8 1 9 .8 0 1 .41 1 7 . 4 - 2 2 .3 1 9 .1 9 1.11 16 . 9 — 2 2 .8 1 9 .7 0 1 .37 1 5 . 2 - 2 4 .3
9 20 .21 1 .32 1 7 . 5 — 2 2 .3 19 .98 2 .05 1 6 . 8 — 2 8 .3 2 0 .5 0 1 .43 17 . 5 - 2 7 .7

10 2 0 .8 6 1 .5 9 18 . 7 - 2 8 .0 2 0 .4 7 1.79 1 8 . 2 - 2 9 .6 2 1 .4 0 1 .68 17 . 8 - 2 6 .7
11 2 1 .1 8 1 .71 18 . 1 - 2 9 .4 2 1 .0 5 1.41 19 . 2 — 2 5 .2 2 1 .8 3 1.91 15 . 8 - 2 7 .5
12 2 2 .0 3 1 .62 19 . 8 — 28 .1 2 1 .6 8 1.80 18 . 6 - 2 4 .6 2 2 .7 7 1 .62 18 . 7 — 29 .1
13 2 2 .8 8 2 .7 4 2 0 . 3 — 2 6 .3 2 3 .2 5 1.97 19 . 6 - 2 8 .2 2 3 .5 4 1 .90 2 0 . 5 - 3 1 .7
14 2 3 .6 8 2 .4 9 2 0 . 3 — 3 1 .8 2 3 .8 9 1.67 2 0 . 0 - 2 7 .6 2 5 .1 6 2 .1 4 2 1 . 3 - 3 1 .3
15 2 5 .1 4 2 .2 5 2 1 . 2 - 2 9 .6 2 5 .2 1 2 .02 2 0 . 8 - 3 2 .8 2 5 .6 9 1 .79 2 1 . 3 — 3 0 .3
16 25 .91 1.71 2 2 . 2 - 3 0 .2 2 6 .4 2 2 .37 2 1 . 9 - 3 3 .5 2 8 .8 6 1 .88 2 2 . 8 - 34 .1
17 2 6 .7 8 2 .1 6 2 1 . 4 - 3 2 .5 2 7 .4 0 1.59 2 3 . 9 - 3 1 .0 2 7 .0 2 1 .74 2 2 . 9 - 3 3 .5
18 27 .41 2 .1 9 2 3 . 3 - 3 2 .9 2 7 .3 6 1.32 2 4 . 5 - 3 1 .5 2 8 .0 0 1 .83 2 4 . 4 - 3 1 .7

Table 17

Transverse chest diameter of Körmend girls (cm)

K-58 K-68 K-78

Ag
e

(y
ea

i

X 8 w X S w X S w

3 17 .21 0 .7 7 15 . 8 - 18.7 16 .65 1.23 1 5 . 0 - 18 .8 16 .48 0 .9 9 12 . 2 - 2 8 .6
4 17 .12 0 .8 5 15 . 5 - 2 8 .9 17 .06 0 .99 1 5 . 5 - 19 .4 1 6 .8 4 0 .8 3 1 5 . 4 - 19 .3
5 17 .84 0 .8 4 16 . 5 - 19 .0 1 7 .1 5 0 .93 1 5 . 5 - 18 .8 1 7 .4 3 0 .9 6 15 . 5 - 19 .9
6 18 .31 0 .8 9 1 6 . 4 — 2 0 .5 1 8 .0 8 1.23 1 5 . 9 - 2 2 .4 1 7 .9 2 0 .9 9 15 . 4 - 2 0 .2
7 1 8 .4 9 0 .9 7 1 6 . 3 - 2 1 .0 1 8 .2 3 0 .72 16 .8  —  2 0 .4 1 8 .7 6 1 .29 1 4 . 3 - 24 .2
8 1 8 .7 4 1 .27 16 . 5 — 2 4 .6 1 8 .4 4 0 .94 1 6 . 8 - 20 .8 1 9 .2 9 1 .26 1 6 . 9 - 2 8 .4
9 19 .51 1.15 14 . 4 — 2 2 .6 19 .25 1.36 16 . 7 - 23 .5 2 0 .0 7 1 .45 1 7 . 3 - 2 6 .9

10 2 0 .2 2 1.32 1 8 . 3 — 2 4 .1 2 0 .3 9 1.89 16 .8  —  2 8 .3 2 0 .5 5 1 .36 1 8 . 3 - 2 4 .0
11 3 0 .9 3 1.26 18 . 6 - 25 .1 2 0 .7 5 1.78 1 8 . 3 - 2 6 .5 2 4 .4 3 1 .60 1 8 . 8 - 2 6 .6
12 2 2 .1 3 1.59 18 . 9 — 2 7 .9 2 2 .1 9 2 .2 9 1 8 . 9 — 2 7 .7 2 2 .6 7 2 .1 3 1 8 . 4 - 2 9 .0
13 2 2 .6 8 1.41 1 9 . 9 — 2 6 .4 2 3 .3 9 2 .08 1 9 . 0 — 29 .1 2 3 .5 5 1 .76 1 9 . 1 - 2 7 .7
14 2 4 .1 2 1.58 2 1 . 6 — 2 8 .0 2 4 .2 1 2 .02 2 1 . 0 - 3 0 .6 2 4 .5 2 1 .73 1 9 . 5 — 3 0 .9
15 2 4 .6 4 1.51 2 1 . 7 - 2 7 .6 2 5 .1 9 1.83 2 2 . 6 - 3 2 .4 2 4 .5 8 1.61 2 2 . 1 - 2 8 .7
16 2 4 .4 8 1 .48 2 1 . 7 — 2 7 .7 2 5 .0 2 1.95 2 0 . 9 — 2 8 .8 2 5 .0 2 1 .5 4 2 1 . 5 - 3 1 .3
17 2 5 .6 9 1.61 2 2 . 8 — 2 9 .7 2 5 .3 5 1.57 2 2 . 4 - 2 8 .3 2 5 .5 5 1 .95 2 0 . 7 - 32 .2
18 2 5 .5 8 1.41 2 3 . 5 — 2 8 .5 2 9 .9 4 1.61 2 3 . 0 - 3 0 .2 2 5 .0 5 1 .36 2 2 . 6 - 2 8 .7
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Table 18

Antero-posterior chest diameter of Körmend boys (cm)

T
03

K-58 K-68 K-78

hD
< w x S w X S w X S w

3 1 2 .0 0 0 .5 7 1 1 . 4 - 12 .8 1 2 .0 0 0 .8 5 10 . 8 - 13.5 1 2 .3 0 1 .58 1 0 . 0 - 1 7 .4
4 1 2 .6 7 1 .07 10 . 3 - 14.7 1 2 .3 2 0 .7 2 1 0 . 9 - 13 .5 1 2 .3 4 0 .8 8 1 0 . 4 - 14.1
5 13 .18 0 .6 9 1 2 . 0 - 15 .2 12 .77 0 .7 4 1 1 . 3 - 14.2 12 .71 0 .9 1 1 0 . 2 — 14 .5
6 13 .41 0 .81 12 . 0 — 15.3 1 3 .0 2 0 .7 2 1 1 . 6 - 15 .4 1 3 .2 4 0 .8 7 1 1 . 5 - 15 .1
7 1 3 .5 6 0 .7 3 11 . 8 - 15 .3 1 3 .3 6 0 .7 9 12 . 0 - 14.9 13 .45 0 .9 9 1 1 . 8 - 16 .5
8 13 .61 0 .8 5 1 0 . 3 - 16 .0 13 .81 0 .9 9 1 1 . 9 - 15 .8 1 3 .9 8 1 .25 1 1 . 2 — 17 .8
9 1 3 .9 4 0 .8 5 12 . 4 - 15.8 1 4 .4 2 1 .37 1 2 . 4 - 21 .5 14 .37 1 .1 6 11 . 7 - 1 8 .3

10 14 .17 1.01 1 2 . 2 - 16 .6 14 .71 1 .55 1 2 . 2 - 2 9 .6 1 4 .7 8 1 .43 1 1 . 4 — 18 .3
11 14 .27 0 .4 9 12 . 3 - 16 .6 1 5 .1 3 1.51 12 . 7 - 18.8 15 .05 1 .25 1 2 . 7 - 2 0 .1
12 1 4 .6 4 1.14 13 . 1 - 17 .9 1 5 .4 9 1 .10 13 . 5 — 18 .0 15 .63 1 .47 1 3 . 1 - 2 1 .2
13 1 5 .5 4 1 .29 12 . 4 - 18 .6 16 .01 1.53 1 3 . 3 - 21 .3 1 6 .4 0 1 .65 1 3 . 0 - 2 2 .6
14 1 5 .9 6 1 .60 13 . 3 - 20 .1 16 .88 1.49 13 . 9 - 2 0 .0 17 .19 1 .5 7 1 3 . 7 - 2 2 .8
15 17 .22 1.52 1 4 . 2 — 2 0 .5 17 .62 1.57 14 . 2 — 24 .2 1 7 .7 4 1 .42 1 4 . 0 — 21 .9
16 17 .71 1.22 15 . 1 - 2 1 .2 1 8 .1 0 1.41 1 5 . 6 - 21 .5 18 .12 1.71 1 4 . 9 — 22 .2
17 17 .91 1.36 1 5 . 9 - 2 1 .4 1 8 .7 6 1 .39 1 4 . 7 - 21 .8 18 .46 1 .6 6 1 4 . 8 - 2 2 .2
18 17 .61 1.17 1 5 . 7 - 21 .3 1 8 .7 2 1 .15 16 . 1 - 2 1 .2 19 .00 1 .4 2 1 6 . 1 - 23 .1

Table 19

Antero-posterior chest diameter of Körmend girls (cm)

Tcö K-58 K-68 K-78

X . w X S w X S w

3 1 3 .1 4 0 .5 8 12 . 6 - 14 .6 11 .82 0 .8 8 10 . 9 - 14.1 11 .95 0 .9 2 1 0 . 0 - 13 .9
4 13 .00 0 .9 5 10.7  —  14 .3 1 1 .7 0 0 .8 3 1 0 . 1 - 13.1 1 2 .1 9 0 .8 2 1 0 . 0 - 14.1
5 13 .27 1.01 12 . 2 - 15 .8 1 2 .0 5 0 .6 9 11 . 2 - 1 3 .3 1 2 .5 2 0 .8 3 1 0 . 5 - 14 .3
6 1 3 .3 9 0 .9 4 11 . 8 - 1 6 .4 12 .85 1 .1 6 11 . 5 — 16 .7 12 .91 0 .8 2 1 1 . 2 - 15 .4
7 1 3 .3 4 0 .3 4 1 1 . 5 - 1 5 .4 1 2 .9 8 0 .8 4 11 . 2 — 14 .2 1 3 .3 2 1 .18 1 1 . 2 - 18 .0
8 1 3 .5 8 1 .02 12 . 2 - 16 .2 13 .41 1 .07 11 . 8 - 1 5 .6 1 3 .4 4 1 .08 1 1 . 3 - 16 .9
9 1 3 .7 2 1 .00 12 . 2 — 16 .2 13 .90 1 .17 10 . 8 - 1 6 .7 1 4 .0 5 1 .3 2 1 1 . 0 - 1 9 .4

10 14 .25 1 .30 1 1 . 8 - 18.7 14 .41 1 .53 12 . 6 - 19 .8 1 4 .4 6 1 .15 1 2 . 0 - 18 .3
11 14 .13 1 .08 11 . 4 - 17 .2 1 4 .9 6 1.71 11 . 7 - 1 9 .6 14 .75 1 .4 3 1 1 . 0 - 19 .5
12 1 4 .9 6 1 .26 12 . 8 — 18.7 1 5 .7 4 1 .45 12 . 7 - 1 8 .9 1 5 .5 8 1 .45 1 3 . 0 — 18.5
13 1 5 .3 3 1 .14 1 2 . 6 - 18.1 16 .32 1 .43 13 . 4 - 2 0 .7 1 6 .2 4 1 .7 4 1 3 . 3 - 2 3 .3
14 16 .53 1.11 13 . 8 - 19 .4 16 .78 1 .38 14 . 2 - 21 .1 1 6 .8 0 1.41 1 3 . 0 — 2 0 .6
15 1 6 .6 0 1 .26 13 . 8 - 1 9 .4 1 7 .3 2 1.45 15 . 1 - 2 1 .7 17 .08 1 .6 4 14 . 5 - 2 3 .8
16 16 .32 0 .8 2 14 . 8 - 18 .2 17 .33 1.11 14 . 7 - 19 .9 1 7 .0 5 1 .55 1 3 . 4 — 2 1 .2
17 16 .82 1 .1 9 14 . 6 - 19 .5 17 .28 1 .43 13 . 1 - 19 .8 17 .51 1 .8 2 14 . 0 - 27 .2
18 19 .96 1 .37 14 . 2 - 2 0 .0 1 7 .5 3 1 .38 1 3 . 8 - 2 1 .3 1 6 .8 3 1 .5 3 1 3 . 4 — 21 .3
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Table 20

Chest circumference of Körmend boys (cm)

s K-58 K-68 K-78

bD frS 
<  W X 3 w X 9 w X S w

3 5 2 .0 8 2 .4 3 4 8 . 0 - 5 4 .8 5 2 .5 0 2 .0 7 4 8 . 5 - 5 6 .5 5 1 .1 7 2 .08 4 6 . 3 — 5 4 .6
4 5 4 .6 2 2 .85 4 9 . 0 - 6 1 .0 5 3 .5 5 2 .1 4 5 0 . 0 - 58 .1 5 2 .4 4 2 .47 4 5 . 0 — 6 0 .3
5 5 6 .0 0 2 .3 7 5 0 . 8 - 60 .1 5 5 .8 6 2 .8 8 5 0 . 3 - 6 1 .2 5 3 .7 4 2 .3 6 4 8 .5  — 6 1 .0
6 5 6 .6 1 2 .8 8 5 0 . 0 - 6 2 .0 5 6 .6 8 2 .7 8 5 1 . 3 - 6 4 .7 5 6 .2 0 3 .37 5 0 . 5 - 7 4 .2
7 5 7 .8 6 2 .5 8 5 1 . 0 - 6 3 .2 5 7 .6 8 3 .6 1 5 3 . 5 - 6 5 .5 5 8 .1 8 3 .47 5 1 . 5 - 6 8 .0
8 6 0 .0 6 3 .3 4 5 4 . 3 - 7 4 .6 5 9 .9 2 3 .5 0 5 5 . 0 - 7 0 .2 6 1 .0 1 4 .1 3 5 0 . 2 - 7 7 .4
9 6 2 .1 5 3 .0 0 5 5 . 8 - 7 0 .0 6 2 .5 2 6 .1 2 5 3 . 8 - 9 2 .0 6 2 .5 7 4 .2 3 5 4 . 8 - 9 0 .0

10 6 4 .6 8 3 .9 0 5 7 . 2 - 7 6 .0 6 3 .9 9 5 .81 5 6 . 2 - 9 3 .0 6 5 .5 8 5 .4 9 5 3 . 5 - 8 5 .7
11 6 5 .7 1 3 .69 5 7 . 8 - 7 3 .5 6 6 .0 0 4 .5 2 5 9 . 6 - 8 5 .0 6 7 .0 4 5 .4 6 5 8 . 3 — 8 8 .3
12 6 9 .0 2 4 .3 5 6 1 . 8 - 8 0 .5 6 7 .7 9 5 .0 6 5 2 . 8 - 8 0 .8 6 9 .7 9 5 .8 6 6 0 .7  — 9 0 .5
13 7 2 .2 7 4 .1 7 6 1 . 8 - 83 .1 7 1 .4 3 5 .8 7 5 7 . 3 - 9 4 .0 7 2 .2 2 6 .2 7 6 3 . 3 - 100 .0
14 7 4 .6 4 6 .0 6 6 3 . 5 - 9 6 .5 75 .05 5 .8 6 6 1 . 8 - 9 2 .2 7 7 .8 8 7 .75 5 6 . 0 - 102 .5
15 8 0 .3 2 5 .82 6 7 . 4 — 9 5 .3 7 8 .9 2 7 .0 7 5 3 . 8 - 100 .1 7 9 .5 6 5 .85 6 6 . 8 - 9 5 .0
16 8 3 .0 3 4 .5 3 7 1 . 3 - 9 3 .3 8 2 .9 3 7 .4 5 5 6 . 7 - 9 8 .1 8 3 .3 9 6 .2 8 6 4 . 0 - 1 0 5 .0
17 8 4 .7 6 5 .7 3 7 5 . 3 - 1 0 2 .8 8 5 .4 3 5 .3 9 5 9 . 0 - 9 5 .3 8 4 .1 6 5 .43 6 8 . 0 — 1 0 3 .8
18 8 8 .3 2 4 .3 8 7 8 . 8 - 1 0 1 .0 8 6 .0 0 3 .3 5 7 8 .1  — 9 3 .0 8 7 .8 3 6 .45 7 6 . 2 - 102 .8

Table 21

Chest circumference of Körmend girls (cm)

? K-58 K-68 K-78

M) G  
< X 9 w X 9 w X S w

3 5 3 .1 7 2 .7 9 4 7 . 0 - 56 .3 5 1 .4 7 2 .8 6 4 8 . 2 - 5 8 .2 5 0 .6 7 3 .28 4 3 . 8 - 6 0 .5
4 5 3 .8 2 2 .55 4 9 . 0 - 59 .0 5 3 .1 8 2 .9 4 4 8 . 2 - 5 9 .6 5 1 .4 3 2 .4 0 4 7 .0  — 5 7 .3
5 5 5 .6 4 2 .1 6 5 2 . 8 — 6 1 .8 5 3 .5 0 2 .8 6 4 9 . 5 - 5 8 .2 5 3 .6 8 2 .7 0 4 6 . 8 — 6 1 .3
6 5 7 .5 9 3 .0 6 5 2 . 4 — 6 3 .4 5 6 .5 4 2 .6 3 5 0 . 7 - 7 6 .2 5 5 .1 9 3 .4 6 4 8 . 4 — 6 9 .0
7 5 8 .0 8 2 .7 9 5 1 . 5 - 6 6 .6 5 6 .8 4 2 .2 2 5 1 .8  — 6 2 .0 5 7 .5 9 3 .7 0 5 1 . 0 — 7 7 .3
8 5 9 .5 1 4 .11 5 1 . 5 - 7 9 .0 5 7 .9 2 2 .8 7 5 3 . 8 - 6 4 .5 5 9 .1 9 3 .8 8 5 1 . 5 — 7 3 .5
9 6 0 .6 0 3 .2 7 5 5 . 0 - 72 .7 5 9 .7 3 3 .7 4 5 3 . 0 - 6 9 .2 6 2 .1 7 5 .1 4 5 2 . 5 - 8 5 .0

10 6 3 .0 0 4 .0 2 5 6 . 3 - 7 6 .7 6 4 .7 2 6 .3 6 5 5 . 0 - 9 1 .2 6 3 .8 0 4 .5 6 5 5 . 3 - 7 7 .3
11 6 4 .8 9 4 .7 7 5 7 . 3 - 7 9 .0 6 6 .9 4 7 .51 5 7 . 1 - 9 0 .6 6 7 .2 3 6 .0 5 5 8 . 5 — 8 9 .0
12 6 9 .7 1 5 .4 6 6 0 . 0 - 8 8 .0 7 2 .3 5 7 .61 5 9 . 0 - 8 7 .5 7 0 .9 6 6 .7 9 5 9 . 5 - 9 1 .0
13 7 2 .0 5 4 .4 7 6 1 . 5 - 8 2 .5 7 6 .9 6 7 .3 0 5 7 . 3 - 9 2 .8 7 4 .6 8 6 .4 3 6 2 . 2 — 9 6 .5
14 7 6 .6 6 5 .2 2 6 9 . 0 - 9 2 .5 8 0 .5 5 7 .1 7 6 6 . 6 - 1 0 2 .2 7 7 .9 0 6 .5 0 5 9 . 5 - 1 0 0 .5
15 7 7 .9 5 5 .01 6 4 . 0 — 9 2 .7 8 3 .8 8 6 .9 2 7 5 . 0 - 115 .5 7 8 .7 3 5 .4 2 6 9 . 0 - 9 4 .0
16 7 8 .8 7 3 .3 3 7 3 . 0 — 8 6 .6 8 3 .3 3 6 .4 9 7 3 . 1 - 1 0 1 .8 8 0 .1 9 5 .7 7 6 8 .1  — 1 0 2 .8
17 8 1 .5 4 4 .6 5 7 2 . 0 - 9 6 .0 8 5 .0 6 5 .21 7 3 . 8 - 9 8 .0 8 1 .8 3 6 .6 4 6 8 .3  — 1 0 8 .5
18 8 1 .5 0 4 .8 6 7 2 . 3 - 9 3 .8 8 7 .0 0 5 .48 7 6 . 8 - 1 0 2 .8 7 9 .3 5 4 .5 9 7 3 . 0 - 9 1 .8
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Table 22

Upper arm circumference of Körmend boys (cm)

V “
K -68 K -78

Ag (y
ea

X 6 w X w

3 1 5 .5 8 1 .09 1 4 . 2 - 17.0 1 5 .0 9 1 .60 1 3 . 3 — 18 .0
4 15 .86 0 .9 4 1 4 . 4 - 18.0 1 5 .3 0 1 .38 1 1 . 0 - 2 1 .5
5 1 6 .1 4 1 .40 1 3 . 0 — 20 .3 1 5 .4 6 0 .9 9 1 3 . 4 - 18 .8
6 1 6 .5 6 1.85 1 2 . 0 — 20 .0 15 .81 1 .23 1 2 . 7 — 19 .3
7 1 6 .4 9 1 .17 1 4 . 6 — 19 .0 1 6 .3 5 1.46 1 3 . 8 - 2 1 .0
8 1 7 .1 0 2 .0 9 1 4 . 0 — 22 .2 1 6 .8 4 1.60 14 . 3 - 2 3 .4
9 17 .78 2 .1 8 1 4 . 2 — 26 .8 1 7 .7 9 2 .0 3 1 4 . 8 - 2 5 .5

10 18 .53 2 .45 1 5 . 5 - 30 .2 1 8 .6 3 2 .3 4 1 5 . 3 — 2 6 .9
11 1 9 .4 0 2 .0 6 1 6 . 3 — 2 5 .4 1 9 .1 5 2 .1 6 1 5 . 3 - 2 6 .6
12 1 9 .9 9 2 .15 1 6 . 8 - 25 .3 1 9 .8 8 2 .3 5 1 5 . 8 - 2 7 .8
13 2 1 .0 7 2 .5 4 1 7 . 8 - 3 1 .0 2 0 .7 4 2 .8 9 1 6 . 9 - 3 2 .8
14 2 2 .4 0 2 .44 1 7 . 3 - 2 8 .5 2 2 .4 0 3 .01 1 6 . 3 - 3 1 .3
15 2 3 .5 5 2 .59 1 8 . 1 — 3 3 .4 2 2 .9 3 2 .0 3 17 . 5 — 2 9 .0
16 2 4 .9 3 2 .7 0 1 8 . 5 - 32 .1 2 4 .0 2 2 .0 6 19 . 7 - 2 9 .8
17 2 5 .7 1 2 .15 2 0 . 8 - 3 2 .3 2 3 .9 7 2 .2 3 1 7 . 8 — 3 3 .0
18 2 5 .6 4 1 .80 2 3 . 0 - 2 9 .3 2 5 .3 6 2 .1 3 19 . 9 - 3 1 .0

Table 23

Upper arm circumference of Körmend girls (cm)

«  a  

■ ¥ § .

K-68 K-78

X 8 w X 6 w

3 15 .53 0 .8 8 1 4 . 0 - 17 .2 1 5 .2 9 1 .09 12 . 2 - 18 .0
4 16 .03 1.13 1 4 . 2 — 1 7 .2 1 5 .2 9 0 .3 3 13 . 0 - 17 .6
5 1 5 .6 5 1.23 1 4 . 0 - 17 .8 1 5 .5 6 1 .18 1 3 . 0 - 18 .5
6 1 6 .6 2 1 .86 1 4 . 2 - 2 2 .6 1 5 .9 9 1 .39 1 3 . 4 — 18 .8
7 1 6 .6 3 1.28 1 4 . 0 - 19 .5 1 6 .5 7 1 .62 1 3 . 7 - 23 .3
8 17 .41 1.31 1 5 . 6 - 2 0 .5 1 7 .3 4 1 .71 1 4 . 0 — 2 1 .4
9 1 8 .0 6 1.90 1 5 . 3 - 2 3 .5 1 8 .1 0 2.01 1 4 . 1 — 24 .8

10 19 .41 2 .22 1 5 . 4 - 2 6 .8 1 8 .5 5 1 .88 1 5 . 3 — 2 4 .8
11 2 0 .1 9 3 .05 1 6 . 6 - 2 8 .5 1 9 .3 8 2 .72 1 5 . 3 - 2 9 .4
12 21 .21 2 .4 8 17 . 6 - 2 7 .2 2 0 .1 6 2 .63 1 6 . 3 — 2 9 .5
13 2 2 .1 7 2 .22 1 7 . 9 - 2 6 .8 2 1 .0 8 2 .3 6 15 . 8 - 2 8 .0
14 2 3 .0 8 2 .45 1 9 . 3 - 30 .1 2 2 .0 0 2 .6 5 1 7 . 2 - 3 1 .8
15 2 4 .1 4 2 .37 2 0 . 7 - 3 0 .6 2 2 .5 4 2 .4 0 1 7 . 3 - 2 7 .0
16 2 4 .1 8 2 .43 2 0 . 4 — 2 9 .0 23 .11 1.92 1 8 . 4 - 3 0 .3
17 2 4 .6 2 2 .35 2 9 . 2 - 2 9 .6 2 3 .6 9 2 .44 1 7 . 0 - 31 .7
18 2 5 .4 7 2 .1 9 2 2 . 5 - 3 2 .0 2 3 .0 0 2 .13 1 9 . 4 - 2 7 .9
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Table 24

Thigh circumference of Körmend boys (cm)

t o  «

K-68 K-78

X 8 w X s w

3 2 9 .3 2 2.21 2 5 . 5 - 33 .6 2 9 .3 3 1 .43 2 4 . 8 - 31 .9
4 3 1 .0 5 2 .6 4 2 7 . 7 - 38.8 2 9 .4 6 2 .4 0 2 0 . 3 - 3 7 .0
5 3 1 .3 2 3 .2 6 2 2 . 5 - 37 .7 3 0 .9 3 2 .2 8 2 6 . 0 - 3 6 .4
6 3 2 .9 7 2 .75 2 8 . 5 - 39 .2 3 2 .5 5 2 .7 2 2 4 . 8 - 3 9 .4
7 3 3 .3 8 2 .3 8 2 9 . 3 - 4 0 .2 3 2 .0 9 3 .4 6 2 8 . 0 - 4 6 .6
8 3 5 .3 0 3 .3 6 3 0 . 9 - 43 .5 3 6 .6 9 4 .1 0 2 8 . 8 - 4 8 .3
9 3 6 .8 8 4 .3 7 3 0 . 4 - 53 .2 3 8 .5 7 4 .3 8 3 1 . 8 - 5 5 .8

10 3 8 .7 1 4 .6 6 3 1 . 5 - 60 .0 4 0 .3 3 5 .01 3 2 . 5 - 56 .5
11 4 0 .8 5 4 .8 8 3 4 . 0 - 6 0 .0 4 1 .4 2 4 .5 9 3 1 . 5 - 5 4 .9
12 4 1 .0 0 3 .8 0 3 5 . 0 — 63 .3 4 3 .1 6 5 .0 2 3 4 . 0 - 6 2 .0
13 4 3 .3 6 3 .9 7 3 6 . 8 - 60 .0 4 4 .8 3 4 .9 7 3 6 . 3 - 65 .3
14 4 4 .7 6 4 .31 3 4 . 9 - 59 .0 4 7 .4 1 5 .05 3 5 . 0 - 6 2 .0
15 4 7 .0 0 4 .8 4 3 2 . 5 - 65 .5 4 8 .1 4 3 .7 7 3 9 . 4 - 6 0 .3
16 4 8 .8 1 4 .4 9 3 5 . 6 - 63 .0 5 0 .2 2 4 .2 9 4 0 . 4 - 65 .5
17 5 0 .8 3 3 .9 0 4 5 . 0 — 60 .4 4 9 .5 0 4 .71 4 0 . 0 - 59 .7
18 4 9 .8 8 2 .8 0 4 5 . 2 - 54 .0 5 1 .2 3 3 .6 3 4 3 . 3 - 59 .2

Table 25

Thigh circumference of Körmend girls (cm)

«  j-j
K-68 K-78

< ! S w X 8 w

3 3 0 .8 2 2 .11 2 6 . 8 - 34.7 3 0 .1 9 3 .3 9 2 4 . 8 — 3 8 .5
4 3 2 .3 6 2 .51 2 8 . 0 - 38.5 3 0 .6 9 2 .5 3 2 4 . 9 — 38 .3
5 3 1 .9 5 3 .0 0 2 6 . 8 - 37 .2 3 2 .2 9 2 .7 0 2 5 . 8 - 4 1 .2
6 3 1 .8 5 2 .93 2 9 . 0 - 41 .3 3 4 .0 8 3 .0 4 2 8 . 3 — 4 4 .0
7 3 5 .1 2 2 .3 8 3 0 . 0 - 40 .9 3 5 .9 6 3 .56 2 9 . 5 - 48 .8
8 3 7 .1 5 3 .01 3 2 . 0 - 44 .5 3 7 .0 3 3 .89 2 9 . 0 - 4 6 .4
9 3 8 .4 2 3 .7 3 3 3 . 0 - 49 .0 3 9 .4 9 4 .1 5 3 1 . 7 - 51 .8

10 4 1 .5 0 4 .3 7 3 3 . 1 - 55 .8 4 0 .4 6 3 .90 3 2 . 4 - 50 .3
11 4 2 .9 4 5 .63 3 5 . 2 - 60 .5 4 3 .3 0 4 .8 8 3 4 . 2 - 5 7 .3
12 4 5 .7 7 4 .7 7 3 7 . 3 - 56.0 4 5 .3 9 5 .47 2 9 . 4 - 60 .4
13 4 7 .6 6 4 .8 8 3 7 . 4 - 57.8 4 8 .2 7 5 .03 3 5 . 5 - 58.5
14 5 0 .0 4 4 .6 0 4 1 . 0 — 6 4 .3 5 0 .1 0 5 .27 3 7 . 9 - 73 .3
15 5 1 .7 0 4 .6 5 4 4 . 5 — 69 .5 5 1 .3 4 4 .7 3 4 1 . 7 - 62 .1
16 5 1 .8 0 4 .4 0 4 5 . 0 - 63 .0 5 1 .5 3 4 .1 0 3 6 . 8 - 63 .0
17 5 2 .6 0 3 .7 6 4 5 . 3 - 61 .5 5 3 .4 0 4 .8 2 3 9 . 4 - 68 .8
18 5 4 .6 5 4 .1 6 4 6 . 5 - 66 .0 5 3 .4 5 3 .98 4 3 . 4 - 6 2 .0

199



Table 26

Calf circumference of Körmend boys (cm)

Í K-68 K-78

X . w X B w

3 20.25 1.44 1 8 .8 -2 2 .6 20.39 0.99 18.8—21.6
4 20.83 1.03 1 8 .6 -2 3 .5 20.65 1.41 1 8 .4 -3 4 .8
5 21.40 1.70 1 6 .3 -2 4 .4 21.47 1.25 28.1—24.0
6 22.46 1.66 1 9 .7 -2 6 .6 22.53 1.62 1 9 .3 -2 6 .2
7 22.72 1.46 2 0 .0 -2 6 .3 23.69 2.00 20.1—29.3
8 24.06 2.32 20.8—29.7 25.00 1.92 21.3—29.0
9 25.15 2.66 1 9 .5 -3 5 .3 26.22 2.54 1 9 .5 -3 6 .8

10 25.88 2.48 2 1 .6 -3 6 .2 27.15 2.67 22.0—35.2
11 26.75 2.57 2 0 .1 -3 5 .3 27.92 2.47 23.0—35.9
12 28.00 2.54 24.0—32.1 29.11 2.69 21.7—40.0
13 28.68 3.00 18.6—36.8 30.72 3.26 22.8—41.3
14 30.61 2.77 25.2—40.0 32.68 3.15 24.5—40.8
15 32.02 2.78 2 6 .8 -4 1 .0 33.36 2.41 2 8 .0 -4 0 .5
16 33.39 3.03 2 6 .6 -4 3 .3 34.48 2.49 29.7—41.8
17 33.88 2.27 27.9—39.4 33.90 2.32 2 9 .1 -3 9 .6
18 33.28 1.33 3 0 .9 -3 7 .2 34.80 2.24 30.2—40.7

Table 27

Calf circumference of Körmend girls (cm)

Ag
e

(y
ea

rs) K -68 K -78

X S w X 8 w

3 20.06 1.20 18.0—22.2 20.62 1.80 14.5—23.8
4 21.82 1.97 18.8—28.0 21.10 1.39 1 8 .0 -2 5 .2
5 21.10 1.25 1 8 .0 -2 3 .2 22.00 1.61 18.1—28.3
6 22.96 1.66 1 9 .8 -2 8 .3 22.74 1.51 18.3—27.4
7 23.53 1.30 21.2 — 27.4 24.12 1.85 20.0—31.0
8 24.21 1.63 20.8 — 27.8 24.96 2.13 20.8—29.3
9 25.13 2.07 2 1 .4 -3 1 .0 26.34 2.51 2 1 .1 -3 8 .2

10 26.43 2.36 21.1 — 34.8 27.07 2.68 2 2 .3 -3 5 .2
11 27.13 2.60 20.7 — 33.2 28.52 2.89 23.3—37.5
12 29.24 2.79 23.6—36.2 29.63 3.16 19.8—38.5
13 30.50 2.62 2 5 .2 -2 7 .2 30.86 2.82 23.3 — 37.5
14 31.56 2.52 3 6 .6 -3 8 .0 32.16 2.98 26.0—40.8
15 32.56 2.51 2 8 .3 -3 7 .7 32.66 2.52 26.8—37.0
16 32.27 2.76 2 7 .3 -4 0 .7 33.15 2.13 27.6—37.7
17 32.94 2.47 28.3—39.0 33.44 2.60 26.0—41.3
18 33.79 1.99 2 9 .2 -3 7 .8 32.95 1.91 2 7 .9 -3 6 .9
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Table 28

Bicondylar humerus of Körmend boys (mm)

ou 
A) u

K-68 K-78

y  2
X 9 w X 6 w

3 44.75 2.00 42—49 43.91 2.92 39 -49
4 44.73 1.83 42 -4 9 45.00 2.77 3 9 -5 4
5 47.08 2.95 42—53 46.47 2.35 41 -52
6 48.07 3.18 43 -5 4 48.00 2.82 42 -5 7
7 49.47 4.47 42—72 50.06 3.32 43 -5 9
8 50.28 3.39 38 -56 52.63 3.98 46 -7 3
9 53.25 3.74 43 -6 5 54.91 4.00 49 -78

10 56.00 4.19 49 -6 9 56.35 3.90 48 -69
11 57.50 4.18 52 -79 57.96 3.58 50-75
12 58.84 4.13 50-68 60.00 3.78 52 -74
13 61.78 4.47 52—74 62.34 4.29 53 -74
14 65.23 4.91 54—85 65.58 4.32 54 -73
15 67.04 4.07 53-77 67.48 4.24 58—80
16 68.75 4.34 60 -8 4 68.89 3.60 60 -77
17 69.79 3.53 62 -78 69.48 3.40 51-78
18 70.04 2.73 6 5 -7 4 69.29 3.53 60 -77

Table 29

Bicondylar humerus of Körmend girls (mm)

s' K-68 K-78

“is X S w X S w

3 41.41 2.17 37 -44 42.29 2.40 35-45
4 43.91 2.65 39 -50 43.24 2.43 36-49
5 43.50 2.86 35-48 44.97 2.92 38-56
6 45.92 3.38 42-53 46.29 2.89 41 -53
7 47.79 2.96 43 -54 48.24 3.23 39-57
8 50.00 2.63 44—55 49.30 3.06 44 -57
9 51.06 3.17 45 -58 52.15 3.70 44 -65

10 54.50 4.55 47—74 54.17 3.26 46 -6 4
11 55.75 3.36 4 9 -6 4 55.80 3.22 48-63
12 57.84 3.95 50-69 57.20 3.61 51-67
13 58.41 3.43 52-68 58.64 3.70 50-76
14 59.89 3.13 53 -70 59.65 3.60 52-73
15 61.12 3.59 54 -69 58.24 3.25 54-67
16 60.79 3.59 53-68 60.81 3.66 54 -76
17 61.00 3.48 54-68 61.29 3.63 52 -70
18 62.00 3.30 54-68 60.00 3.18 52 -68
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Table 30

Bicondylar femur of Körmend boys (ram)

K-68 K-78

“ S
X 8 w X S w

3 66.50 3.35 6 0 -  72 66.17 3.61 5 5 -  72
4 68.18 3.64 60— 75 69.18 3.58 6 1 -  80
5 71.97 4.24 6 3 -  82 70.95 3.54 6 1 -  78
6 73.80 3.80 6 6 -  82 73.08 3.55 6 6 -  84
7 75.07 2.96 6 8 -  81 77.35 4.77 6 5 -  90
8 78.55 4.26 7 0 -  88 80.13 4.24 7 1 -  92
9 81.21 4.90 7 0 -  96 83.30 4.97 72— 99

10 83.82 5.66 63-104 86.20 5.53 76-104
11 86.70 5.11 79-100 87.23 6.63 62-102
12 89.27 4.95 8 1 -  99 90.64 5.59 74—110
13 91.29 5.23 80-103 94.04 6.55 78 — 118
14 94.91 5.21 84—108 97.27 5.93 85-122
15 96.62 5.56 83-118 96.90 4.64 85-109
16 97.87 5.57 84-123 98.65 5.01 85-110
17 99.11 5.11 88-110 97.80 4.65 88 — 108
18 97.24 3.96 90-106 98.64 4.41 89-110

Table 31

Bicondylar femur of Körmend girls (mm)

K-68 K-78

X S w X 8 w

3 64.23 3.21 5 9 -  72 65.14 3.27 5 8 -  73
4 67.36 3.69 6 1 -  74 66.99 3.49 5 6 -  74
5 67.50 4.20 6 1 -  72 68.73 3.47 5 8 -  76
6 71.54 4.22 6 6 -  84 70.64 3.92 6 1 -  81
7 73.46 3.73 6 6 -  82 73.88 4.16 6 6 -  92
8 75.77 3.49 6 8 -  83 75.55 3.96 6 8 -  84
9 77.54 4.26 6 8 -  87 79.21 5.09 6 6 -  96

10 81.32 5.52 7 3 -  93 81.96 5.01 7 2 -  95
11 83.88 4.95 7 4 -  95 84.51 4.45 7 5 -  94
12 86.28 5.66 74-104 86.38 5.89 70-106
13 87.29 4.45 7 8 -  97 88.77 4.71 78-101
14 89.11 4.83 78—103 89.94 5.81 77-114
15 90.63 4.37 81-100 90.20 4.87 80 — 102
16 90.93 6.28 81-108 90.73 5.21 81-103
17 89.89 4.65 78-101 91.34 5.26 80 — 104
18 91.56 3.84 8 2 -  98 89.48 4.41 8 0 -  96
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Table 32

Skinfold thickness over biceps in Körmend boys (mm)

8* S
K -68 K -78

X S w X 8 w

3 5 .83 1.47 4 —  9 .5 7 .4 8 2 .2 6 3 - 1 4
4 5 .6 6 1.35 3 -  8 .5 6 .7 6 2 .3 3 2 - 1 4
5 5 .4 2 1 .17 4 —  8 .0 6 .8 6 2 .3 3 2 - 1 2
6 5 .36 1.53 3 —  8 .0 5 .9 5 3 .1 4 2 - 1 2
7 4 .91 1 .22 3 —  8 .0 5 .1 0 2 .71 2 — 17
8 5 .41 1 .36 3 —  9 .0 5 .3 5 2 .7 2 2 - 1 4
9 5 .6 6 2 .21 3 - 11 .5 6 .2 7 2 .8 8 3 - 1 8

10 4 .4 3 1.68 3 - 11 .0 6 .3 7 3 .5 7 2 - 1 5
11 4 .8 3 1.71 2 —  9 .5 7 .01 4 .3 4 2 — 24
12 4 .4 2 1.75 2  —  1 0 .0 7 .0 4 4 .2 3 2 - 3 0
13 4 .7 6 2 .0 0 2 - 11 .0 7 .1 7 4 .0 8 2 - 2 2
14 4 .3 9 1.48 2  —  10 .0 6 .2 6 3 .2 6 2  —  18
15 3 .0 4 0 .9 6 3 —  7 .5 5 .6 5 2 .6 4 2 - 1 3
16 4 .2 6 1.14 3 -  9 .5 5 .2 2 2 .6 0 2 - 1 8
17 4 .1 8 2 .6 8 2 —  7 .5 5 .1 5 2 .85 3 - 2 2
18 3 .93 0 .71 3 -  6 .0 5 .21 2 .6 9 2 — 14

Table 33

Skinfold thickness over biceps in Könnend girls (mm)

V
m  a

K -68 K -78
<! v

X s w X 8 w

3 5 .7 4 1 .72 3 - 1 0 7 .9 7 2 .4 8 3 - 1 4
4 5 .61 1 .38 3 -  9 7 .41 2 .0 9 3 - 1 3
5 5 .42 1 .17 4 —  8 7 .3 6 2 .2 2 4 - 1 2
6 5 .3 6 1 .53 3 —  8 7 .3 3 2 .4 6 3 - 1 2
7 4 .91 1 .22 3 -  8 6 .8 9 3 .0 0 2 - 2 1
8 5 .41 1 .36 3 —  9 5 .4 4 2 .6 6 3 — 18
9 5 .6 6 2 .21 3 - 1 1 7 .78 2 .9 0 3 - 1 7

10 6 .4 5 2 .0 7 3 — 11 7 .7 0 3 .3 7 2 - 1 7
11 6 .2 4 2 .4 8 4 - 1 2 8.21 3 .6 6 2 - 1 7
12 6 .2 0 1 .8 6 4 — 10 8 .1 2 3 .9 8 3 - 2 7
13 6 .8 6 2 .2 9 4 — 13 8 .61 3 .7 8 2 — 2 2
14 7 .08 2 .1 7 3 — 12 8 .8 8 3 .6 6 2 - 2 5
15 8 .2 2 2 .9 8 4 - 1 6 1 7 .4 0 4 .1 7 2 - 2 5
16 7 .9 9 3 .1 0 5  —  15 1 0 .5 8 3 .9 2 4 - 2 6
17 7 .5 6 2 .3 7 3 — 13 10 .48 4 .0 4 3 - 2 4
18 8 .0 4 1.91 5 - 1 1 8 .8 5 3 .8 6 2 - 2 2
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Table 34

Skinfold thickness over triceps in Körmend boys (mm)

T K-68 K-78
<U C8

X 8 w X 8 w

3 1 0 .4 4 1 .58 7 - 1 5 1 1 .7 8 2 .5 5 9 — 18

4 9 .1 9 1 .36 6 - 1 1 1 0 .7 2 2 .8 0 5 - 1 9

5 8 .5 6 1 .48 6 — 13 9 .8 5 2.21 6 - 1 5

6 8 .31 1 .69 5 - 1 3 9 .5 1 2 .6 2 5 - 1 8

7 7 .3 4 1 .70 4 - 1 3 8 .9 0 3 .3 3 4 - 2 2

8 7 .8 5 1 .85 5 - 1 3 9 .5 9 4 .0 2 3 — 24

9 7 .4 3 1 .65 4 - 1 2 1 0 .3 4 4 .0 3 4 - 2 4

10 7 .7 8 2 .31 4 - 1 3 1 0 .3 0 4 .4 7 3 - 2 3

11 8 .4 0 2 .6 5 4 - 1 6 10 .31 5 .3 7 5 — 32

12 6 .4 2 2 .0 6 3 - 1 4 1 0 .8 2 5 .03 3 - 2 8

13 7 .9 6 2 .6 7 4 - 1 6 10 .21 5 .2 6 3 - 3 5

14 7 .6 5 1 .94 4 - 1 3 9 .8 8 5 .3 4 3 — 32

15 6 .9 8 1 .87 4 — 12 9 .0 2 3 .7 7 2 — 19

16 7 .1 3 2 .1 7 4 - 1 4 8 .7 3 3 .9 6 3 - 2 8

17
18

7 .8 7 1 .83 4 - 1 1 8 .0 6 4 .0 8 3 — 25

Table 35

Skinfold thickness over triceps in Körmend girls (mm)

— K-68 K-78
4> CO

X S w X 8 w

3 1 0 .1 1 2 .30 6 — 15 1 1 .9 0 2 .7 6 6 - 1 6

4 1 0 .1 2 1.55 7 - 1 4 1 1 .7 5 2 .7 9 6 - 1 8

5 8 .5 0 1 .07 6 - 1 1 1 1 .1 7 2 .86 6 — 20

6 8 .6 4 1 .93 4 - 1 1 1 0 .7 9 2 .8 6 4 - 1 8

7 8 .5 4 2 .0 5 5  —  12 1 1 .1 9 4 .1 3 5 - 2 8

8 9 .3 7 2 .15 6 - 1 4 1 0 .6 5 3 .9 7 6 - 2 1

9 9 .3 1 2 .5 8 5 - 1 5 1 1 .9 7 4 .2 0 5 - 2 9

10 1 0 .2 7 3 .00 6 - 1 7 1 2 .1 0 4 .1 4 5 - 2 7

11 1 0 .7 4 3 .0 3 7  —  17 1 1 .7 2 4 .1 6 4 - 2 3

12 1 0 .0 0 2 .4 3 6 — 14 1 2 .1 8 5 .5 0 6 — 37

13 1 0 .5 4 2 .85 6 - 1 6 1 2 .8 9 5 .63 5 - 3 5

14 1 0 .3 4 2 .96 7 - 1 7 1 4 .2 2 5.61 6 - 3 5

15 1 4 .5 7 3 .67 6 — 23 1 4 .6 8 4 .9 2 5 - 2 7

16 1 3 .8 0 4 .8 7 8 - 2 4 1 6 .1 9 5 .3 8 5 - 3 9

17 1 3 .6 5 4 .17 8 - 2 4 1 6 .9 9 5 .9 3 2 - 3 3

18 1 4 .7 4 3 .3 0 8 - 2 1 1 5 .6 5 8 .0 8 5 - 2 5
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Table 36

Subscapular skinfold thickness in Körmend boys (mm)

K-68 K-78
ÖC CD

X s w X 6 w

3 6 .15 1.21 5 -  9 6 .0 0 1.62 3 -  8
4 5 .36 1 .13 4 —  8 6 .13 2.77 3 - 1 7
5 5 .03 0 .9 4 3 -  7 6 .03 2.12 3 - 1 1
6 5 .14 1 .21 3 —  9 5 .87 2.40 3 - 1 6
7 5.01 1 .18 4 -  8 5 .24 2.82 2 - 1 8
8 4 .4 4 1 .29 3 - 1 0 6 .79 5.07 2 - 3 4
9 5.27 1 .28 3 -  9 6 .9 3 4 .33 2 - 3 0

10 5 .77 1 .54 3 - 1 0 5 .13 5 .60 3 - 3 1
11 6 .47 2 .2 7 4 - 1 5 8 .38 6.05 3 - 3 5
12 6 .08 1 .96 4 - 1 5 8 .96 5 .89 2 - 3 2
13 6 .49 2 .2 9 4 - 1 5 9 .15 6.81 3 - 4 8
14 6 .53 2 .4 4 3 - 1 4 9.21 5 .80 3 - 3 8
15 6.95 1.52 4 - 1 2 8 .85 3.71 3 - 2 3
16 7 .49 1.86 5 - 1 5 9 .67 4 .24 5 - 3 1
17 7.97 2 .02 5 - 1 4 9 .48 4 .34 4 - 3 0
18 8.18 1 .5 6 5 - 1 2 11.26 5 .39 5 - 3 6

Table 37

Subscapular skinfold thickness in Körmend girls (mm)

K-68 K-78
he a)

X S w X S w

3 6 .19 1 .26 4 -  8 6 .95 2 .62 3 - 1 4
4 6 .43 1 .35 4 - 1 0 6.51 2 .49 3 - 1 7
5 6 .06 1 .49 4 -  9 7 .13 2 .43 4 - 1 5
6 5.89 1 .28 4 -  9 7 .36 3 .05 3 - 1 8
7 5.75 1 .49 4 - 1 0 7 .87 4 .96 2 - 3 3
8 6 .83 2 .3 4 4 - 1 2 7 .89 5 .09 3 - 2 8
9 6 .92 2 .63 4 - 1 5 9.18 5 .52 3 - 3 2

10 8 .05 2 .47 4 - 1 5 9.46 5.28 3 - 2 5
11 9 .16 3 .96 6 - 1 8 9.89 5.90 2 - 3 4
12 8 .52 2 .11 6 — 14 11.17 7.61 3 - 4 8
13 9 .57 2 .90 5 - 1 5 12.45 6 .58 5 - 3 7
14 10.93 3 .15 6 - 1 7 13.63 6 .19 4 - 3 5
15 13.43 3.61 8 - 2 1 13.76 5.90 5 - 3 3
16 13 .74 4.21 9 - 2 3 15.11 7 .28 7 - 4 7
17 13.33 3 .73 8 — 20 16.47 6 .42 5 - 4 1
18 13 .44 4 .02 8 - 2 2 15.18 5 .27 7  —  32
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Table 38

Supra-iliac skinfold thickness in Körmend boys (mm)

K-68 K-78

< b X 8 W X S w

3 6.31 2.57 4 -1 2 6.70 1.64 4 -1 1
4 5.49 2.02 3 -1 0 6.69 2.82 2 -2 2
5 4.79 2.10 3 -1 3 6.81 2.52 2—13
6 4.76 1.35 3 -  8 7.20 3.11 2—20
7 4.70 2.46 3 -1 4 6.65 4.12 2 -2 4
8 5.55 2.68 3 -1 4 8.88 7.56 2 -3 9
9 5.04 2.09 3 -1 3 10.29 7.73 2 -4 5

10 5.49 2.07 3 -1 0 11.92 8.94 2 -4 2
11 6.42 2.80 3 -1 3 12.59 9.99 3 -5 0
12 6.10 2.71 3 -1 4 12.82 8.99 3 -4 6
13 6.67 2.96 3 -1 5 13.29 9.92 3—58
14 6.53 2.44 4—14 13.16 8.86 2 -5 5
15 6.89 2.54 4—18 12.01 6.69 3 -3 5
16 7.19 2.31 4—,14 12.52 7.33 4 -5 8
17 8.20 3.14 4 -1 7 12.08 7.25 5 -5 2
18 6.86 2.08 5 -1 3 14.74 7.82 4—46

Table 39

Supra-iliac skinfold thickness in Körmend girls (mm)

oi £ K-68 K-78
M> aj

X S w X S w

3 7.33 2.68 4 -1 3 7.61 2.74 3 -1 4
4 7.54 2.21 5 -1 3 8.10 2.98 3 -1 8
5 7.03 2.71 4 -1 3 8.99 3.27 4—19
6 6.65 2.14 4 -1 2 9.40 3.77 3 -2 1
7 6.39 3.11 4 -1 2 10.48 6.18 3 -3 8
8 7.24 2.49 4 -1 4 9.88 4.99 2 -3 1
9 7.67 2.86 4—13 13.11 7.68 3—38

10 9.48 3.15 4 -1 5 13.19 6.59 5 -3 3
11 9.05 3.27 4 -1 4 14.07 7.63 3 -3 5
12 8.84 2.53 5 -1 3 15.29 9.63 3—41
13 10.46 3.61 6 -1 8 16.49 8.43 5—40
14 10.93 3.15 6 -1 7 17.50 7.95 3 -4 7
15 16.10 3.99 9 -2 3 17.81 7.52 6 -3 7
16 17.73 4.80 12-28 19.18 7.33 10-52
17 15.13 4.44 8 -2 3 21.66 8.80 7 -5 0
18 20.60 4.93 14-31 18.18 6.92 7 -4 2
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Table 40

Abdomen skinfold thickness in Körmend boys (mm)

A
ge

(y
ea

rs
) K -68 K -78

X s w S w

3 8 .45 3 .2 4 4 - 1 4 5 .88 2 .42 3 - 1 3
4 6 .25 2 .2 4 4 - 1 2 5 .97 2 .8 9 2 - 1 4
5 5 .73 1 .47 3 -  9 5 .42 2 .2 9 2 - 1 3
6 6 .11 1.81 3 - 1 0 6 .3 3 3 .6 4 1 - 2 0
7 5 .32 1 .79 3 - 1 2 5 .69 4 .1 0 2 - 2 4
8 6 .72 3 .3 7 3 - 1 6 7 .70 6 .8 4 2 — 38
9 6 .1 0 2 .47 3 - 1 3 8 .81 7.11 2 - 3 8

10 6 .6 5 2 .7 8 3 - 1 4 10 .68 8 .5 8 3 - 3 6
11 8 .36 4 .2 8 4 - 2 1 10 .43 8 .5 5 3 — 45
12 7 .88 2 .7 5 4 - 1 4 11 .20 9 .2 5 2 — 47
13 9 .2 4 3 .88 4 - 2 0 11 .57 8 .8 0 3 - 5 0
14 10 .11 3 .8 4 6 - 1 9 11 .47 8 .3 4 3 — 50
15 9 .1 9 3 .11 4 - 1 7 11 .57 8 .8 0 3 - 5 0
16 10 .16 3 .1 4 5 - 1 9 12 .37 7 .1 0 4 — 4 8
17 10 .89 4 .31 5 - 2 1 11 .92 8 .0 0 4 - 5 4
18 1 1 . 0 0 3 .08 6 - 2 0 13 .89 8 .4 4 5 - 4 8

Table 41

Abdomen skinfold thickness in Körmend girls (mm)

A
ge

(y
ea

rs
) K -68 K -78

X 6 w X S w

3 7 .31 1 .58 4 -  9 8 .38 3 .52 5 - 2 1
4 7 .53 3 .3 9 5 - 1 6 7 .31 2 .52 2 - 1 5
5 6 .4 2 2 .38 4 - 1 2 7 .20 3 .39 2 — 18
6 8 .05 3 .4 0 4 - 1 5 8 .01 4 .0 6 2 - 2 0
7 6 .7 0 2 .11 4 - 1 3 8 .65 5 .77 3 - 3 4
8 8 .25 3 .20 4 - 1 5 8.31 5 .34 2 - 2 7
9 8 .77 3.01 4 - 1 5 11.21 7 .5 7 2 - 4 8

10 10 .63 3.61 5 - 1 7 11 .49 6 .21 3 - 3 1
11 10 .20 3 .3 7 5 - 1 5 13 .41 7 .71 3 - 3 6
12 1 3 .3 4 4 .6 0 7 - 2 0 15.41 9 .15 3 — 44
13 15.41 4 .5 2 9 - 2 4 1 6 .5 6 8 .01 6 - 4 2
14 18 .93 6.01 1 0 - 3 0 18 .94 8 .1 4 4 - 5 3
15 2 2 .0 8 4 .1 8 1 6 - 3 0 19 .93 7 .85 8 - 4 2
16 2 2 .8 0 4 .9 9 1 7 - 3 3 2 1 .6 3 8 .8 4 9 - 5 5
17 17 .79 4 .6 0 1 1 - 2 7 2 2 .7 3 8 .8 9 8 — 44
18 2 4 .2 8 4 .71 1 4 - 3 1 2 0 .0 0 9 .15 8 - 3 5
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Summary

Changes in  bo d y  m easu rem en ts  in v es tig a ted  in  K GS d em o n stra te  secu lar 
changes in  K örm end  ch ild ren . All these  changes are  th e  consequence of an  
u rb an iza tio n  process of th e  se ttle m e n t, includ ing  m ig ra tion . In  th is  p a p e r th e  
a u th o r  p resen ted  v alues o f b o d y  m easu rem en ts as a com plete  series of a n th ro p o 
m etric  d a ta  of th e  KGS.

Special Acknowledgements: It was difficult to speak without any emotion on 28th May, 1981. 
This day was a splendid landmark in the history of the Körmend Growth Study. After many 
conferences in Hungary and abroad I had an opportunity to give a presentation on my Kör
mend Growth Study there, just at Körmend. Many of the participants of our Symposium had 
known more or less about this study years before, however, very few of them know Körmend 
itself. We were there, and I was able to report some selected data of my investigations at Kör
mend. Our Körmend friends were happy to see the participants of our Symposium there. It is 
a fact that in the 700 years’history of Körmend there had never been organized such scientific 
conference with the attendance of such an international group of outstanding scientists. 
Therefore, my first words were those of thanks. I really was and I am extremely happy and 
grateful for the extensive and permanent help and exceptionally willing co-operation of my 
Körmend colleagues and friends during the course of this study. Without their help and colla
boration I would never have been able to carry out this study. I am convinced that they knetY 
for as certain as I did that with this Körmend Growth Study all of us served the better knowl
edge of our Körmend youth, and with it we wanted to create better circumstances for their 
growth and development process.
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AZ 1982. ÉVBEN

220. szakülés, 1982. március 8.

F r á ter  E r z s é b e t : A Kaszásdűlői (Budapest, III. kér.) késő római kori temető csontleleteinek 
paleoszerológiai vizsgálata.

Gy e n is  Gy u l a : Dermatoglyphiai vizsgálatok a Palócföldön: 1. Az ujjbegyi rajzolatok variációja.

221. szakülés, az M BT Didaktikai Szakosztályával közösen, 1982. április 26. 

Gy e n is  Gy u l a : A z em berré v á lá s  n éhány  kérdésérő l.

222. szakülés, a Magyar Gyógypedagógusok Egyesülete Iskolaegészségügyi 
Szakosztályával közösen, 1982. május 12.

Méh e s  J ó zsef : M egnyitó.
N agy  Má r ia —Ma r k e l  É v a —K ónya  Gu sz t á v n é : A z egészségügyi fő isko lá t v ég ze ttek  sze 

repe a fogyatékosságok  m egelőzésében és g y ó g y ítá sáb an .
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Szilárd  J ános  —K osa F e r e n c —T akács K a ta lin  — Cse t e  K lá r a : É rte lm i fo gyatékosság  és 
a f ia ta lk o rú a k  k rim in a litása .

K e l e m e n  A n d r á s : Biológiai szempontok a skizofrénia nozológiájához.
Sk r ipe c z k y  K a t a l in : Az öröklődő h a llá szav a ro k  n éh án y  d ifferenciá l-d iagnosztikai kérdése .
M olnár M ik l ó s : A pajzsmirigy funkciói, jelentősége a szellemi retardációban.
Ma n d el  Gy ö r g y i: A m in o ac id o p ath ia  szűrés é rte lm i fogyatékos gyerm ekek  körében .
N e m e s k é r i J á n o s : A b u d ap es ti agglom eráció népességének ad ap tác ió s kérdése  — h u m á n 

biológiai v izsgálatok .
Suhosits I stv á n : A fonematikus hallás biológiai és társadalmi determináltsága.
N yila s K á r o l y —Gönczi An d r á s : Dermatoglypha vizsgálatok Szabolcs-Szatmár megyei 

értelmi fogyatékos gyermekeken.
H éra  Gy ö r g y —B é n d e k n é  K u ro v szk i I l d ik ó : Atipusos tenyéri redők előfordulása értelmi 

fogyatékos gyermekeknél.
Szilá g y i K a t a l in : É rte lm i fogyatékosok  bő rlécrendszerének  k v a n ti ta t ív  jellegei.
Szabó T e r é z ia : Értelmi fogyatékos gyermekek metrikus jellegeinek variációi Szabolcs-Szatmár 

megyében.
D arvay  Sa ro lta : Fogyatékos leánygyermekek testi fejlettsége és menarche kora.
J o u bert  K á lm án : A v e le szü le te tt fejlődési rendellenességgel szü le te ttek  te s tfe jle ttség én ek  

a laku lása .
E ib e n  Ottó  —B ü da y  J ó zsef : Down-kóros felnőttek testalkata.
Ger g e l y  J u d it —T o rna i Al a jo s : Különleges jellegű Down esetek.

223. szakülés, 1982. június 21.

Susa  É v a —Se g e s d i K a t a l in : A talpi bőrlécrendszer vizsgálata egy budapesti mintában, 
2. A talpi területek elemzése.

F azekas A n drá s  —F arkas Gy u la  —Sz e k e r e s  E r z s é b e t —K ocsis Gá b o r : Különböző meny- 
nyiségfi fluoridot tartalmazó ivóvízű települések 6,5 — 16,5 éves fiataljainak szomatikus 
fejlettsége.

224. szakülés, 1982. október 11.

L iptá k  P á l : Az Embertani Szakosztály 30 éve.
P ap I l d ik ó : Egy Arpádkori temető (Szabolcs, Petőfi u.) embertani anyagának vizsgálata.

225. szakülés, 1982. december 13.

J uhász N agy  P á l : G ondolatok  az an tropo lóg iai és biológiai m odellezés v iszonyáró l.
I zsák  J á n o s : A halálok i k o n cen trác ió  ú jszerű  s ta tisz tik a i v izsg á la tán ak  eredm ényei a  h u m án - 

bio lógia tük réb en .
K ö r n y e i V ilm o s—Gy ó d i Gy u l a —Ge l e n c sé r  E r z s é b e t—K ercsó  K lá r a —Szokola  Á g n e s :

Kaposvári leányok menarche kora 1981-ben.
Gy. Gy.
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KÖNYVI SMERTETÉSEK Anthrop. Közi. 26; 213— 219., 1982.

F a l k n e r , F. & T a n n e r , J .  M. (Eds): Human Growth. 1. Principles and Prenatal Growth, 2. 
Postnatal Growth, 3. Neurobiology and Nutrition. (Plenum Publ. Co. New York, 1978, 1979. — 
634 +  634-|-606, összesen 1876 oldal, számos táblázattal, ábrával.)

Ez a háromkötetes munka összefoglalja mindazt, amit az 1970-es évek közepén a tudomány 
a gyermek növekedéséről, testi fejlődéséről tudott. A gyermek növekedésének kutatása az 
utóbbi évtizedekben egyre intenzívebbé és komplexebbé vált. A hagyományos tudomány
ágak, mint az anatómia, az élettan, a biofizika, a biokémia, az endokrinológia, újabban az 
epidemiológia és különösen a gyermekgyógyászat eredményei óriási mértékben vitték előbbre 
a gyermek növekedésére vonatkozó ismereteinket. Egy részletes összefoglaló kézikönyv azon
ban eddig nem létezett. E három kötet olyan standard munka, amely a biológia és az orvos- 
tudomány eddigi ismereteit, kutatási eredményeit ötvözi egybe, az elmélet és a gyakorlat 
szoros egységében.

A szerkesztők a növekedéskutatás nemzetközileg elismert, vezető tudósai. A három kötet
ben nyolc nagyobb egységet, összesen 57 fejezetet találunk. Ezeket tíz országból származó 77 
szakember írta; két szerző 2 — 2 fejezettel járult hozzá a munkához, számos fejezetet több szer
ző írt meg. Yalamennyiük nevének felsorolása szinte lehetetlen, az ismertetés szubjektivitásá
ból adódik, hogy néhány szerző nevét mégis megemlítjük. Mindenesetre a puszta számadatok 
alapján is fogalmat alkothatunk e vállalkozás óriási méreteiről.

Az 1. kötet négy nagyobb egységet foglal magában. Az első rész, Fejlődésbiológia, négy feje
zetben tárgyalja a növekedési folyamat mechanizmusát és a biokémiai alapokat, sőt bizonyos 
sejtéseket is felvázol az összehasonlító növekedéskutatás problémáiból. — A második rész 
a növekedéskutatásban alkalmazott biometriai módszereket foglalja össze. E három fejezetben 
igen alaposan tájékozódhatunk a növekedési standardek statisztikai kérdéseiről (H e a l y ), 
a mintaválasztás (G o l d st e in ) és a longitudinális növekedési vizsgálatok sajátos matematikai — 
statisztikai problémáiról (Ma r u b in i). E fejezetek ismerete különösen fontos a vizsgálatok meg
tervezésének fázisában. — A harmadik rész öt fejezetben mutatja be a növekedés genetikai 
problémáit, alapvető módszereit. A magzati növekedés genetikája (R o b er ts), továbbá olyan 
speciális kérdések, mint a születési súly vagy a felnőttkori termet vagy az érési folyamat 
genetikai aspektusai kapnak itt helyet.

A k ö te t negyedik  része kilenc fe jeze tb en  fog la lja  össze a p ren ata lis  növekedés p ro b lém áit. 
A p lac en ta  a n a tó m iá ja  és fizio lógiája, a m agzati m é re te k  éppúgy  szerepelnek i t t ,  m in t az ik rek  
növekedésének  kérdése i (F a l k n e r ), v ag y  olyan n a g y o n  is g y ak o rla ti kérdések , m in t az an y a  
táp lá lk o zása  és a m ag za t növekedése k ö z ö tti összefüggések, az an y án ak  és m ag z a tá n ak  a n y a g 
csere-prob lém ái, vag y  a p renata lis  és p e rina ta lis  k o r  endokrino lóg iai kérdései, az im m u n re n d 
szer k iépülése, av agy  a m agzati növekedés speciális szülészeti aspek tusai.

A 2. kötet a postnatalis növekedést tárgyalja — a hazai növekedésvizsgálatok mindennapi 
gyakorlata számára is igen hasznosan. Két fejezet foglalkozik a különféle szervek sejtnövekedé
sével. Részletes fejezet mutatja be a növekedésvizsgálatoknál alkalmazott antropometriai 
módszereket (Ca m ero n ). Kitűnő a korai gyermekkorról ( J o h n sto n ) és a pubertásról (M a r
sh a ll) írott fejezet. Különös érdeklődésre tarthatnak számot a testösszetételről, a növekedés 
endokrinológiájáról, egyes szervrendszerek, elsősorban az idegrendszer fejlődéséről írott feje
zetek. Kiemelkedően fontos a csontérésről írott alapvető fejezet (R o ch e), és a hozzá kapcso
lódó részletek, az agy- és arckoponya növekedése, a fognövekedési minták, valamint a fogzás, 
a fogéletkor kérdései (D e m ir jia n ). A szekuláris növekedésváltozásokról (Van  W ie r in g e n ) 
és a testgyakorlásnak, a fizikai aktivitásnak a növekedésre gyakorolt hatásáról (Ma l in a ) 
olvashatunk kitűnő írásokat. E kötetet két olyan dolgozat zárja, amely elsősorban a gyermek- 
gyógyászati gyakorlatot érinti: a kissúlyú újszülöttek és ezek növekedésének kérdései.
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A 3. kötet két nagyobb egységből áll. Előbb a növekedés, testfejlődés neurobiológiai kérdé
seiről találunk kilenc fejezetet, kezdve a korai magzati stádiummal és befejezve a magatartási 
aspektusokkal. Fontos a cortex éréséről írott fejezet ( R a b i N o w i c z ) .  A központi idegrendszer 
organizációs kifejlődése és az agy plaszticitása, a légzés beidegződésének fejlődése, az alvás 
egyes kérdései éppúgy megtalálhatók, mint az agy sexualis differenciálódása vagy a korai 
idegrendszeri differenciálódás kérdései ( B r a n d t ) .  E fejezetek szinte mind klinikai tapasztala
tokon is alapulnak.

A kötet másik része a táplálkozással, ill. annak a növekedéssel való összefüggésével foglal
kozik. Kitűnő a csecsemő táplálkozását és növekedését összefüggéseiben elemző ( B e r g m a n n  
házaspár), valamint a fehérje- és energiahiányból adódó rossz táplálkozásnak a növekedésre 
gyakorolt káros következményeiről írott fejezet ( M a l c o l m ) .  A z  egyes populációk gyermekcso
portjainak növekedésére ható genetikai és környezeti tényezők okozta különbségeket az 
IBP HA szekció munkái alapján mutatja be E v e l e t h . A gyermektáplálkozás epidemiológiai 
aspektusai ( J e l l i f f e  házaspár) és az obesitas kérdései ( C a h i l l  és R o s s i n i )  mellett a hiányos 
táplálkozás és az egyedfejlődésben mutatkozó zavarokról, valamint a táplálkozás és a mentális 
fejlődés, ill. tanulás kapcsolatáról olvashatunk.

E  k ö te tb e n  m ég egy te rjede lm es fe jeze te t ta lá lu n k , am elyben  T a n n e r  fe lvázo lja  a  n ö v e k e 
dés, testfe jlődés k u ta tá s á t  BüFFONtól BoAsig. (A zó ta  ez t a  té m á t önálló k ö n y v b en  is fe ld o l
gozta .) K á r, hogy  a ke le t-eu ró p a i k u ta tá so k ró l alig esik  szó e tan u lm án y b a n .

A szerkesztőket dicséri a könyv logikus felépítése és az egyes fejezetek egységes szerkezete. 
Minden fejezet ugyanis az adott probléma felvázolásával kezdődik, majd kísérletes (részben 
saját) eredmények bemutatásával jut el a következtetésekig, az eredmények összefoglalásá
hoz, és igen részletes, pontos irodalomjegyzéket is ad.

Mindhárom kötetben tárgymutató is van; néha olyan érzésünk támad, hogy ezek még rész
letesebbek is lehetnének.

Ez a könyv nemcsak a humánbiológiai, auxológiai kutatások legújabb eredményeinek össze
foglalását adja, hanem a gyermekgyógyászat vagy általánosabban a gyermekegészségügy sajá
tos szempontjait is érvényesíti. Valamennyi tudományterület, amely a növekedéssel, testi fej
lődéssel kapcsolatban van, adta legújabb eredményeit, és ugyanakkor kap más, ugyancsak 
fontos adatokat. Kijelenthetjük, hogy ez a könyv a növekedés morfológiai, fiziológiai, bio
kémiai, valamint elméleti és módszertani problémáinak első hiteles és majdnem teljes össze
foglalása. Nemcsak kézikönyv, amelyből fontos, új adatokat, elméleti és gyakorlati ismerete
ket szerezhetünk, de szemléletformáló funkciója is kiemelkedő. Ezért minden, növekedéssel 
foglalkozó laboratórium könyvtárában meg kellene lennie.

A Plenum Kiadó igen szép kiállításban, bőven illusztrálva jelentette meg ezt az alapvető 
könyvet. Nem ismerjük a példányszámot, de feltételezzük, hogy az szokatlanul magas lehetett, 
így is biztosra mehetett a Kiadó; a kötetenkénti 30—40 dolláros ár mellett is nagy keletje és 
páratlan sikere van a könyvnek. (Ezt igazolja, hogy máris előkészületben van az újabb kiadás.) 
Köszönet a szerkesztőknek, a szerzőknek és a Kiadónak !

Dr. Eiben Ottó

W a l t e r ,  H.: Sexual- und Entwicklungsbiologie des Menschen. (Georg Thieme Verlag, Stuttgart, 
1978. 268 oldal, 27 táblázattal és 89 ábrával. Ára: DM 14.80)

A „Flexible Taschenbücher” sorozat e kötetének olvasásakor úgy tűnik, hogy W a l t e r  
professzor célul tűzte ki, hogy az emberi sexual- és fejlődésbiológia alapvető kérdéseinek tárgya
lásánál összekapcsolja a humánbiológiai és az orvosi szemléletet, hogy ezáltal e sokrétű téma 
leglényegesebb pontjainak komplex megvilágítását tegye lehetővé. Az anatómiai és élettani, 
a genetikai és patológiai kutatások legfrissebb eredményeinek logikus áttekintésén túl sor kerül 
az ide tartozó szociálantropológiai problémák elemzésére is.

A könyv két nagy témakörre oszlik a prae- és postnatalis fejlődési szakasznak megfelelően.
Először megismerkedhetünk a nemi szervek fejlődésével, felépítésével és funkciójával, majd 

a megtermékenyítés biológiájával. E két fejezetben különös hangsúlyt kapnak az egészségügyi 
és szociálantropológiai fejtegetések. A születés előtti időszakról szóló részben az embriogenezis, 
ill. a magzati fejlődés általános biológiájának — főleg élettanának — leírásán túl a szerző 
néhány antropológiai érdekességre hívja fel a figyelmet, jóllehet a rasszbeli hovatartozás, ill. 
a környezeti hatások okozta különbségek között még nem húzhatók meg egyértelműen a hatá
rok. A szülés folyamatának és a szoptatás kérdéseinek tárgyalásán túl e fejezet foglalkozik 
még a praenatalis rendellenességekkel. Részletes képet kapunk a genetikai (génmutáció, kromo
szómaaberráció) eredetű, ill. a szerológiai összeférhetetlenség miatt fellépő fejlődési rendelle
nességekről. Értékes gyakorlati ismereteket nyújt a genetikai tanácsadásról szóló alfejezet.
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Ezt követi a nem genetikai feltételhez kötött rendellenességek sorbavétele, a kiváltó okok 
minősége szerinti csoportosításban.

A postnatalis fejlődésről szóló rész első egysége a pubertás végéig tart. A fejezet nemcsak 
az antropometria és szomatotipizálás, a csontfejlődés és fiziológiai jellemzők szemszögéből 
vizsgálja ezt az igen érdekes és sokat kutatott fejlődési szakaszt, hanem remek áttekintést ad 
a neurobormonális változásokról is, különös tekintettel a nemi érésre. Nem marad el természe
tesen az ide tartozó genetikai és nem genetikai eredetű betegségek, valamint a szocioökonómiai 
különbségekre visszavezethető eltérések alapos magyarázata sem. Igen érdekes és viszonylag 
nagy volumenű az „akceleráció’‘-nak szentelt szakasz, mely számos vizsgálati eredményt 
közöl, valamint különböző hipotéziseket ismertet és vitat meg. A továbbiakban a fejlődésbio
lógia alkalmazási területeire kerül sor, s ebben a gyermekgyógyászattól az apasági vizsgálato
kon át az ipari antropológiáig minden lényeges szakág helyet kap.

A felnőttkorról szól a már sokkal rövidebb utolsó fejezet, mely a testi, a fiziológiai és az 
endokrin változásokkal, morbiditási és mortalitási adatokkal, valamint az öregség és a halál 
biológiájának ismertetésével zárja az ivarsejtek létrejöttének eredetével induló, és a Homo 
Sapiens prae- és postnatális fejlődésén át ívelő kört.

A mondanivaló sokfélesége ellenére ez a munka egységes egész, logikus szerkesztése és 
kitűnő stílusa miatt az egyetemi hallgatókon és a szakembereken túl minden érdeklődő élve
zettel forgathatja.

Dr. Pantó Eszter

T a n n e r ,  J .  M.: A  history o f the study o f human growth. (Cambridge University Press, Cambridge — 
London—New York—New Rochelle—Melbourne —Sydney, 1981. 499 oldal. Ára: £ 30.00)

T a n n e r  professzor új könyve az emberi növekedés tanulmányozásának történetét vázolja 
fel. A mintegy bárom és fél évtizedes szakmai tevékenysége során rengeteg történeti adat gyűlt 
össze kezében, ezeket adja most közre. Az előszóban kifejezi ugyan aggályát, hogy ő nem törté
nész, és könyvét nem is szánja történeti munkának. Valóban, nem az; több annál. Egy széles 
látókörű, mindenre, ami összefügg a gyermek növekedésével, érzékeny szakember kitűnő írása. 
Óriási időtartamot, 26 évszázadot fut be 400 oldalon. A feldolgozott irodalom több mint 1200 
tétel, felsorolása 52 oldalt tesz ki, és 38 oldalt foglalnak el a jegyzetek, amelyek jórészt szemé
lyes hangvételű, érdekes adalékok. A 7 oldalnyi Index hasznosan egészíti ki a könyvet, amely 
15 fejezetből áll.

Az ókorral kezdődő áttekintésből SoLONt érdemes kiemelni, aki hétéves periódusokban bio
lógiailag is jó  jellem zést ado tt az emberi életszakaszokról. A középkorban a dominikánus 
B e a u v a i s  Speculum május c. m unkájában az alapvető testnedvek predom inanciáját úgy írja  
le, hogy a gyerm ekkorra 14 éves korig a phlegma, aztán  28 éves korig a cholera, m ajd  60 éves 
korig a sanguis jellemző, végül az időskor a melancholia kora. A reneszánszban F é r n é l  hasz
ná lta  először a fiziológia kifejezést a növekedésvizsgálatokban.

Az emberi proporciók vizsgálatával, mint tudjuk, igen korán kezdtek foglalkozni, a képző
művészetekben ennek a problémának óriási hagyományai vannak. A természettudományos 
gondolkodásnak is megfelelő megközelítés ugyancsak eléggé korán jelentkezett. E fejezetben 
többek között V i t r u v i u s , A l b e r t i ,  D ü r e r ,  E l s h o l t z ,  B e r g m ü l l e r , A u d r a n , S c h a d o w  
munkásságával ismerkedhetünk meg.

A negyedik fejezet az antropometria kialakulását írja le. S t ö l l e h  könyvének címében elő
ször szerepel a növekedés szó (1729). B u f f o N  és D a u b e n t o n  csecsemőket, kisgyermekeket, sőt 
abortumokat vizsgált és mért, és itt olvashatunk D e  M o N T B E iL L A R D r ó l ,  az első longitudinális 
növekedésvizsgálatról. Érdekesen elevenedik fel J a m p e r t  munkája: ő a berlini Friedrich-kór- 
báz (árvaház) neveltjeinek növekedését vizsgálta. Adatait T a n n e r  felvitte a mai brit növeke
dési standardekre. Tanulságosak az első korszerű növekedésvizsgálatok leírásai, a Carlschule 
(stuttgarti kadétiskola) vagy az angol Marine Society kadétjainak növekedésvizsgálata, avagy 
az első regruta-vizsgálatok, majd Q u e t e l e t  matematikai megalapozású antropometriai vizs
gálatai.

A növekedésvizsgálatok a múlt század közepe táján jutottak fontos szerephez a közegészség- 
ügyben. Az 1830-as években Manchesterben, Leedsben 8 —17 éves gyári munkás gyermekek 
testmagasságát vizsgálták, különösen H o r n e r  munkássága kiemelkedő. Amerikában ez idő 
tájt vizsgálták a rabszolgagyermekek növekedését.

Az 1870-es években a növekedésvizsgálatok szocio-demográfiai aspektussal bővülnek, első
sorban B r i d g e s ,  H o l m e s ,  Ch. R o b e r t s , G a l t o n  és B o w d i t c h  munkássága nyomán. R o b e r t s  
1878-ban adta ki az első antropometriai kézikönyvet, G a l t o n  megszerkesztette az első stadio-
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métert, B o w d itch  Bostonban egy család 22 gyermekének növekedését kísérte nyomon 1-től 
22 éves korukig, és jól ismerte a környezeti tényezőknek a növekedésre gyakorolt hatását.

Kialakult az auxologia, és az iskolaorvosi vizsgálatok egyre több növekedési adatgyűjtéssel 
egészültek ki. P a g l ia n i torinói vizsgálataiból leszűrte a következtetést, bogy a növekedés 
egyediségét longitudinális módszerrel, míg a növekedés általánosságát keresztmetszeti növe
kedésvizsgálatokkal lehet eredményesen tanulmányozni. G o d in  volt az első, aki a másodlagos 
nemi jellegek kifejlődését egzakt kritériumok alapján osztályozta. Ő írta meg az első pedagógiai 
antropológiai kézikönyvet 1919-ben. (A testgyakorlásnak a növekedésre gyakorolt hatását 
elemző vizsgálatairól Malán  professzor az 1930-as években beszámolt.)

B oas nevéhez fűződik a növekedésvizsgálatok (fizikai) antropológiai szemléletű megszer
vezése. D ’A rcy  T h o m pso n  pedig elsőként vizsgálta a növekedés folyamatát, a növekedési 
sebességet. A múlt század utolsó éveiben kezdődtek el az Amerikai Egyesült Államokban azok 
a longitudinális vizsgálatok, amelyekből az első növekedési standardeket kidolgozták. E tekin
tetben az 1930-as évek hozták a második nagy korszakot, amikor a növekedéskutatásban a kör
nyezeti és a genetikai faktorok hatását már módszeresen vizsgálták.

A k lin ik a i szem pon tok  is egyre in k áb b  é rv én y esü ltek  a n ö v ek edésv izsgála tokban . E n n ek  
jeg y éb en  1753-tól g y ű jtö t te k  te s tsú ly -, testhossz-, fe jk e rü le t-ad a to k a t az ú jszü lö ttek rő l, növe
kedési s ta n d a rd e k e t d o lgoztak  k i az 1850-es év ek tő l kezdve. STRATZnak a növekedés során  
bekövetkező  p roporcionális vá lto záso k ró l a d o tt  le írásá t, ak á rc sak  a „n y ú lá si”  és „ te lés i”  id ő 
szakok  le írá sá t az idő  nem  igazo lta  (vö. E ib e n  1960), jó lleh e t szám os k ö n y v  á tv e tte , ső t Ze l - 
LERt is fé lrev eze tte . E z  u tó b b i kü lö n b en  a k o ra i gyerm ekkor végén je len tk ező  a lak v á lto záso k 
ró l a d o tt  le írásáv a l az „ isk o laé re ttség i”  v izsgála tok  e lő fu tá rá n a k  tek in th e tő . ScAMMON (1930) 
á b rá já t  a növekedés négy  a lap típ u sáró l i t t  e red e tib en  lá th a tju k .

Olvashatunk a fejlődéslélektan és a növekedésvizsgálatok találkozásáról, amely leginkább 
az amerikai longitudinális vizsgálatokban realizálódott (Iowa, Harvard, Berkley, Fels stb. 
növekedésvizsgálatok).

A növekedési rendellenességeket főleg az európai longitudinális növekedésvizsgálatokból 
ismerhetjük meg. Itt olvashatunk a híres Harpenden-növekedésvizsgálatokról és a párizsi 
Centre International de l’Enfance által koordinált nemzetközi kutatásokról, M o n c r iff  első 
szociálpediátriai vizsgálatairól stb. Az „egyéb európai” vizsgálatok címszó alatt csehszlovák, 
lengyel, finn, NSZK-beli és török kutatásokról vannak adatok. Magyarországról egy szó sem 
esik. A „nemzeti” (országos) növekedésvizsgálatok között amerikai, angol, holland és kubai 
munkákat említ a szerző.

B efejezésül a növekedésv izsgála tok  oki m egalapozásáró l ír  T a n n er  figyelem re m éltó  záró 
so rokat: a szociális ig ényekrő l, am elyek az iparosodással e g y ü tt  fe jlesz te tték  k i a n ö vekedés
v izsg á la to k a t, fe lh ív ták  a fig y e lm et a különböző popu lác iók  növekedési rá tá ib a n  levő és gene
tik a ilag  m eg h a tá ro z o tt kü lönbözőségekre; az orvosi szem p o n to k ra , am elyek az egyed növeke
dését long itu d in á lis  m ódszerre l v izsgálják ; és végü l o lyan  in te llig en cia-asp ek tu so k ra , am elyek 
egy-egy érdekes je lenség  oki v izsg á la tá ra  v o n a tk o zn ak .

E könyvben T a n n e r  professzor jó összefoglalását adja a növekedésvizsgálatok történeté
nek, és az utolsó 100 —150 év nyugat-európai és észak-amerikai történéseinek. Kár, hogy a 
közép-kelet-európai vizsgálatok szinte szóba sem kerülnek. Mindazonáltal a könyv élvezetes 
stílusban megírt olvasmány mindazoknak, akiket a növekedésvizsgálatok érdekelnek.

Dr. Eiben Ottó

Go l d st e in , H.: The Design and Analysis o f Longitudinal Studies. Their Role in  the Measurement 
o f Change. (Academic Press, London, New York, San Francisco, 1979. 199 oldal. Ara £ 13.00. 
ISBN 0-12-289580-0)

A növekedésvizsgálatok két változata, a longitudinális és a keresztmetszeti egyaránt fel- 
virágzott az utóbbi évtizedekben. Mindkettőnek megvan a maga helye a humánbiológiai kuta
tásokban, és a tanulmányozni kívánt problémától függ, hogy melyik módszert alkalmazzuk. 
Mindenesetre, a longitudinális módszer az, amely több módszertani problémát vet fel.

Ezek megoldására, e módszerek összefoglalására tesz kísérletet H a rv ey  Go l d st e in  profesz- 
szor könyve. Go l d st e in  professzor több mint másfél évtizeden át dolgozott T a n n e r  profesz- 
szor matematikusaként a híres Institute of Child Health Növekedés és testfejlődés Osztályán. 
Nem túlzás azt állítani, hogy aligha van olyan probléma e témakörben, amellyel a Tanner- 
laboratórium ne foglalkozott volna. Már maga ez a tény is garancia arra, hogy a könyv a gya
korlat talajára épül. Ezt különben T a n n er  professzor is kiemeli a könyvhöz írott előszavában.
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Az első fejezetben a szerző a longitudinális vizsgálatok elméletét és gyakorlatát vázolja föl. 
Szóba kerül itt a mintaválasztás, a mérési technika, a statisztikai modellek kérdése, az idő
skála, a fejlődési standardek és normák, az adatok feldolgozása stb. Szó esik a „pilot study” és a 
„quality control” fontosságáról.

A második fejezetben fejti ki a szerző részletesen a mintaválasztás és a vizsgálat megtervezése 
fontos kérdéseit. Régi igazság ui., hogy a vizsgálat értéke már szinte a tervezésnél eldől. Ha ez 
szó szerint nem is olvasható így, az egész fejezet ezt támasztja alá. Goldstein a populáció 
definiálásával kezdi. Köztudott, hogy egy geográfiailag körülírt populáció jellemzői idővel vál
toznak. Például a 7 éves brit gyermekek testmagasságát említi, amely a 20. század első felében 
évtizedenként kb. 1,5 cm-t emelkedett, és ez a „szekuláris trend” egy olyan részesemény időbeli 
megjelenését is befolyásolta, mint amilyen pl. a menarche (lásd Tanner 1955). Ez a történel
mi folyamat tehát uralja azokat a változásokat, amelyek az életkorral jelennek meg. És, bár 
mind az életkort, mind pedig a történelmi időt azonos egységekkel mérjük, soha nem lesznek 
logikailag különböző fogalmak. Ezért tehát, amidőn egy populációt definiálunk, mindig szük
séges annak történelmi eredetét is meghatároznunk, éppúgy, mint földrajzi helyzetét és egyéb 
jellemző tulajdonságait. Eszerint minden humánbiológiai tanulmány arra a sajátos történelmi 
korra érvényes, amelyben a kérdéses populáció élt. Nem árt erre emlékezni a hazai növekedés
vizsgálatok értékelésénél is.

E fejezetben figyelemre méltó részeket olvashatunk még a minta nagyságával szemben tá
masztott követelményekről, amelyek életkoronként mások és mások.

A harmadik fejezet a „mérőeszközök” (measuring instruments) időbeli változásairól szól. 
Mérőeszköz lehet bármely módszer, amellyel információkat gyűjtünk, pl. egy antropométer, 
amellyel testmagasságot mérhetünk, de mérőeszköz lehet egy jól megszerkesztett interjú
kérdőív is. A példák zöme emberi növekedésvizsgálatokkal kapcsolatos.

A negyedik fejezet az időhöz viszonyított méretek modellezését és a vizsgálatok elemzését 
tárgyalja, megfelelő matematikai apparátussal. Az ötödik fejezet a különböző alkalmakkor 
végzett vizsgálatokból származó adatok, pl. testméretek elemzésével foglalkozik. Különösen 
fontos a kettőnél több vizsgálat eredményeinek feldolgozásáról írott rész. De olvashatunk itt a 
mérési hibáról (amely a hazai antropológiai vizsgálatokban ugyancsak elhanyagolt probléma), 
a diszkrét adatok, minőségi jellegek feldolgozásának problémáiról (log-lineáris modellekről, log- 
lineáris path analízis modellekről, recurzív és non-recurzív rendszerekről stb.). Figyelmet érde
mel a retrospektív adatok feldolgozásának kérdése is.

A hatodik fejezet hozza talán a legfontosabb és a leggyakorlatibb tudnivalókat, a populáció 
standardek és/vagy normák problémáját. Ahhoz azonban, hogy ezt valóban felhasználhassuk a 
mindennapi munkánkban, át kellett rágnunk magunkat a könyvön (ami különben kellemes és 
nyelvi szempontból sem nehéz olvasmány).

A hetedik fejezet az adatfeldolgozást tárgyalja. Szerény, mindössze 5 oldalas tárgymutató 
zárja a könyvet.

Goldstein professzor könyve nagy nyereség a növekedésvizsgálatokkal foglalkozó hum án
biológusok, antropológusok, gyermekorvosok, sportku tatók  stb . szám ára.

Dr. Eiben Ottó

Laughlin , W. S. — H arper , A. B. (Eds): The first Americans: origins, affinities, and adapta
tions. (Gustav Fischer, New York — Stuttgart, 1979, 340 oldal).

Amerika őslakói, az indiánok egyre inkább az antropológusok érdeklődésének a központjába 
kerülnek. Ennek az a magyarázata, hogy Amerika gyakorlatilag csak egy irányból — Szibériá
ból — népesült be egy keskeny földhídon keresztül, a bevándorlás rövid ideig tartott, és vi
szonylag rövid idő alatt igen erősen eltérő földrajzi körülményekhez (szubarktikus, mérsékelt- 
övi erdős, préri, trópusi erdők, forró sivatagok és magas hegyek) alkalmazkodtak a bevándorol
tak. A kultúráknak igen széles skálája alakult ki, mert például a közép-amerikai indiánok a 
földművelést, az építészetet, a csillagászatot, a matematikát, a 0 fogalmát és az írást is ki
fejlesztették, míg az amazonaszi indiánok között kőkori szinten élők is vannak.

A kötet a Wenner—Gren Alapítvány által 1976-ban Burg-Wartensteinben megrendezett kon
ferencia anyagát tartalmazza. A szerkesztők közül W. S. Laughlin  a Connecticut! Egyetem 
Biológiai Antropológiai Laboratóriumának vezetője, A. B. H arper  pedig a munkatársa. Mind
ketten több kutatást végeztek az Aleutákon, a Parancsnok-szigeteken, Alaszkában, Kanadá
ban, Grönlandon, és Szibériában is jártak.

A kötet tartalmilag három részre oszlik: az első amerikaiak eredetével, az egymással való 
kapcsolataikkal és az adaptációjukkal foglalkozó tanulmányokra. A 14 tanulmány mindegyike
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érdekes és értékes információkat tartalmaz. Részletes ismertetésük nem valósítható meg egy 
rövid recenzió keretén belül, csak egy kis figyelemfelkeltő „ízelítő” adható belőlük.

Az első tanulmányban D. M. H opkins Beringiának az utolsó eljegesedése (i. e. 20 — 14 ezerig), 
valamint a holocén felmelegedés alatti geomorfológiai és klimatikus változásait és ennek az 
élővilággal való kölcsönhatásait elemzi. J. B. Gr iffin  tanulmánya azt tükrözi, hogy a régészek 
között még mindig tartja magát az az álláspont is, hogy Észak-Amerika benépesülése csak 
25 — 20 vagy 12 ezer évvel ezelőtt kezdődött volna. Ugyanakkor az újabb kormeghatározási 
eljárásokkal Del Maré 40 ezer, Lewisville pedig 37 ezer éves ! V. P. Alek szejev  a mások (D eb ec , 
Trofimova, Levin  stb.) által közölt antropometriai adatokat elemzi. Megállapítja, hogy a szi
bériai lokális rasszok kialakulása igen komplex folyamat volt, továbbá, hogy a mai szibériai 
népek ősei kevesebb mongoloid jelleget mutatnak, mint utódaik, és inkább emlékeztetnek az 
észak-amerikai indiánokra. W. S. Laughlin  és munkatársai tanulmánya szerint az aleuták és az 
eszkimók 9 —10 ezer éve váltak el egymástól, a Bering-híd partja mellett vándoroltak át 
Amerikába, míg a többiek a híd közepén. A további kutatásokat elsősorban az nehezíti, hogy az 
aleuta lelőhelyek mintegy egyharmada, az eszkimóknak pedig kétharmáda ma már víz alatt 
van. M. Lampl és B. S. Blumberg szerint a vércsoport-polimorfizmusoknak igen nagy a variá
ciója az újvilági populációk között, és ezek részletes feltérképezése még a következő évek fel
adata. J. N. Spu heer  53 észak-amerikai törzs vércsoport-polimorfizmusaiból számolt genetikai 
távolságot. Részletesen tárgyalja a vizsgálatok értékeléseinek nehézségeit, és végül megálla
pítja, hogy az indiánok, az eszkimók és az aleuták genetikailag eltérő földrajzi rasszhoz tartoz
nak, de közel állnak Ázsia mongoloid népességeihez. E. J. E. Szathmáry ettől teljesen eltérő 
végkövetkeztetéshez jut, mert szerinte az indiánok és az eszkimók igen közel állnak egymáshoz 
a jellegeik alapján. Ä többi tanulmány közül kiemelkedik F. E. J ohnston és L. M. Schell 
tanulmánya, akik szerint még nincs elegendő adat ahhoz, hogy az észak-amerikai törzsek 
antropometriája alapján adaptív eltérések megmagyarázhatók legyenek.

A nem említett metodológiai, epidemiológiai és demográfiai témájú tanulmányok is fontosak 
lehetnek az Amerika őslakóival kapcsolatos újabb adatok iránt érdeklődőknek.

Dr. Gyenis Gyula

Sakano, N.: Latent left-handedness. Its relation to hemispheric and psychological functions. 
(YEB Gustav Fischer Verlag, Jena, 1982. 122 oldal, 26 ábrával és 19 táblázattal. Ára DDR 
3 5 ,-  M).

Az Agy- és viselkedéskutatás című monográfia-sorozat 9. köteteként megjelent könyv a szer
zőnek a latens balkezességben megnyilvánuló hemiszférikus és pszichológiai működések latera- 
lizációjára és aszimmetriájára vonatkozó vizsgálatait tartalmazza.

Sakano, N. a Kyoto Egyetem pszichológiaprofesszora, 15 éves munkássága alatt két évet 
a lipcsei Kari Marx Egyetem Klinikai Neurofiziológiai Tanszékén közösen dolgozott PlCKEN- 
HAIN professzorral, aki kiadója ennek a mongráfia-sorozatnak. Számos beszédaktivitással kap
csolatos elektrofiziológiai vizsgálatot végeztek együtt, melyek a két hemiszférium funkcionális 
aszimmetriájának feltárását célozták.

Sakano vizsgálatainak kiindulópontja Luria  1947-ben közzétett hipotézise volt, mely sze
rint a jobbkezesekben a nyelvi működés bilaterális reprezentációjának bizonyítéka arra enged 
következtetni, hogy nagy számban kell lenniük latens balkezeseknek a jobbkezes egyének 
között, és hogy ez a latens balkezes csoport egy olyan populációt alkot, mely összehasonlítható 
a tiszta jobbkezesekkel. A szerző vizsgálataiban megállapította, hogy a latens jobb- és balkezes- 
sek aránya kb. 1:1 volt a normál népességben. Érdekes az a megállapítása, mely szerint a német 
egyetemi hallgatók 60%-a volt latens balkezes és 40%-a latens jobbkezes, míg a megvizsgált 
japán egyetemi hallgatók között 50 — 50%-ban talált jobb- és balkezeseket (latens kezesek).

A monográfia két részből áll: az első rész a L uria  meghatározása szerinti latens kezességre 
és a kezesség (handedness) manifesztációjára vonatkozó statisztikai és pszichometrikus adato
kat, valamint az adatgyűjtés módjának leírásait tartalmazza. Ezek az adatok megerősítik a 
kognitív mód, a skolasztikus teljesítmény-tesztekkel mért individuális különbségek és a latens 
kezesség közötti kapcsolatra vonatkozó hipotézist. A második része a könyvnek öt elektrofizio
lógiai kísérletet és a kísérletek eredményeinek értékelését tartalmazza. Ezek a kísérletek a 
latens kezességgel kapcsolatban levő hemiszférikus túlsúly két típusának neuropszichológiai 
alapjait magyarázzák.

A szerző kb. 2000 személyt vizsgált meg. A vizsgált személyek életkora óvodáskortól felnőtt
korig terjedt. Alkalmazta a Luria-féle latens kezességre vonatkozó teszteket, a szóbeli—térbeli 
faktorok vizsgálatának érdekében 8 —16 éves gyermekeket intelligencia-tesztekkel, 8 — 14 éve
seket skolasztikus teljesítmény-tesztekkel, míg a 13 —16 éveseket, valamint az egyetemi hallga
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tókat a gondolkodási módra vonatkozó kérdőívekkel (Cognitive Mode Questionnaires =  CMQ) 
vizsgált. Keresztmetszeti és egy 2 évig, illetve 6 évig tartó longitudinális vizsgálatot végzett. 
Az elektrofiziológiai kísérletek a temporálisan rendezett megítélésre (Temporal order judge- 
ments-TO) vonatkoztak. A TO észleléseket összekötötték a verbális és nem-verbális válaszok 
különböző kombinációjával, és ezeknek a CMQ-hoz és a latens balkezességhez való viszonyát 
tanulmányozták.

Sakano megállapította, hogy a latens balkezes fiúk jobban teljesítették a térbeli, mint a verbá
lis feladatokat, míg a latens jobbkezes lányok jobban teljesítették a verbális, mint a térbeli 
feladatokat. A Kyoto Egyetem bölcsész- és társadalomtudományi fakultásainak hallgatói 
gyakrabban voltak a Pavlov szerinti ,,művész”-típusúak, míg a természettudományi fakultá
sok hallgatói nagyobb százalékban voltak a Pavlov szerinti ,,gondolkodó”-típusba sorolhatók. 
A természettudományi kar hallgatói között, a latens balkezes egyének között gyakrabban for
dultak elő „művész” típusúak, míg a latens jobbkezes egyének között nagyobb százalékban 
talált a ,,gondolkodó”-típushoz tartozókat. A nők erősebben asszociálódtak a ,,művész”- 
típushoz, a férfiak pedig a „gondolkodó”-típushoz. Végül megállapította, hogy az összes fent 
említett eredményekben a ,,crossing-arms test” (a „folding arms” módszer) volt az egyetlen 
hatásos indexe a latens jobb- és balkezességnek.

A szerző könyvében feldolgozza a jobb- és balkezességgel foglalkozó csaknem teljes szakiro
dalmat. A bő adatanyaggal ellátott monográfia értékes munka eredménye; legfőbb eredménye, 
hogy új utat nyitott a L uria  kritériumai szerinti latens balkezesség értékeinek teszteléséhez, 
a kezesség és a beszéd-lateralizáció, valamint a hemiszférikus predominancia közötti rejtélyes 
kapcsolatnak a vizsgálatára. Az eredményeket tömör táblázatokkal és jól szerkesztett ábrákkal 
szemlélteti.

Hasznos információkat nyújt mindazoknak a szakembereknek: antropológusoknak, fizioló- 
gusoknak és neuropszichológusoknak, akik a jobb- és balkezességgel, a két hemiszférium funk
cionális aszimmetriájával és ezek pszichológiai hatásával foglalkoznak.

Velkey László
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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 eredményei és azok (összehasonlító) értékelése. 4. Összefoglalás.

9. A tanulmány, közlemény végén irodalomjegyzéket kell megadni, de csak azok a 
művek idézhetők, 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 tagjai: D r . E ib en  Ottó (szerkesztő), D r . É ry  K ing a , D r . F arkas 

Gyula , Dr. H orváth László, D r . L ipták  P ál, D r . N em eskéri J ános, D r . P ap Miklós és 
D r. Tóth T ibo r .

A szerkesztő címe: Dr. E ib en  Ottó, 1088 Budapest, Puskin u. 3. ELTE Embertani 
Tanszéke.

A kiadvány előfizethető és példányonként megvásárolható:
az AKADÉMIAI KIADÓNÁL: 1363 Budapest, Alkotmány u. 21., 
telefon: 111—010. Pénzforgalmi jelzőszám: 215—11488. 
az AKADÉMIAI KÖNYVESBOLTBAN: 1368 Budapest, Váci u. 22., 
telefon: 185—680.

Előfizetési díj egy évre: 52,— Ft 
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