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PHYSICAL FITNESS
AS RELATED TO BIOLOGICAL MATURITY
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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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