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RELATIONSHIPS OF BONE AGE, PHYSICAL 
DEVELOPMENT AND ATHLETIC PERFORMANCE 

AT THE AGE OF 11 TO 12 YEARS

b y  T . Szabó and J .  Mészáros

(Central School of Sports, Budapest, Hungary; Department of Medicine, Hungarian 
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A b s t r a c t .  Performance in five athletic tests and seven body dimensions 
were measured, Conrad’s two indices of growth type and wrist bone age were 
assessed in 26 girls and 16 boys engaged in track and field events. The chrono­
logical age of the subjects ranged from 10.9 to 12.9; their bone age showed a 
mean acceleration of 6 to 8 months (about 7%). The purpose of the study was 
to see if physique and performance were related to biological age. The girls 
were less robust and more leptomorphic than the non-athletic reference group, 
but had a similar stature and minimally lighter weight. The boys were taller, 
heavier and more robust than their nonathletic age-mates. Bone age was signifi­
cantly related in both sexes to all body dimensions and the plastic index, to three 
performance items in the boys and to four in the girls. In order to help estima­
tion of biological age in a simple way, prediction formulae were developed for 
the two sexes from stature, hand circumference and calendar age. These may 
help the coach to avoid mistaking accelerated youths for talented ones, and to 
assign training exercise more adequately.

Key words: biological age and performance, estimation of bone age, track and 
field athletes.

Introduction

Coaches are a lw ays on th e  h u n t fo r ind iv id u a ls  ta le n te d  in  a th le tic  ac tiv itie s . 
I n  selecting  tra in ees  from  am ong th e  ch ild ren  who v o lu n tee r fo r lo n g -te rm  
tra in in g  th e  risk  of m istakes is p a rtic u la r ly  g rea t. This led  th e  coaches to  p refer 
phy sica lly  w ell-developed pup ils, because these  are like ly  to  p erfo rm  b e tte r  
a t  an  earlie r age. I t  is a com m on erro r of th e  coaches, how ever, th a t  th e y  te n d  
to  consider ch ildren  w ith  an  advanced  m a tu ra tio n  being  m ore ta le n te d  th a n  
th e  ones follow ing th e  no rm al course o f developm ent.

T he p re se n t s tu d y  was in it ia te d  to  see i f  in  m o to r te s ts  com m only  em ployed  
in  th e  selection  procedure  perfo rm ance w as re la te d  to  biological age, a n d  how  
p h ysique  re la te d  to  th e  sam e.

Material and Methods

Tw elve m in  run -w alk , 60 m  dash, long an d  high ju m p , f is tb a ll th ro w  an d  
seven  b o d y  dim ensions w ere m easu red  in  42 tra c k  an d  fie ld  a th le te s  be tw een  
10.9 an d  12.9 y ears , 26 girls an d  16 boys. T es t perfo rm ance was reg is te red  
accord ing  to  a th le tic  p rincip les. In  reco rd ing  bo d y  dim ensions IB P  suggestions
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(W e in e r  and  L o u r ie  1969) w ere observed . B one age w as e s tim a te d  b y  co m p ar­
ing  w ris t X -ray s  to  a s ta n d a rd  a tla s  (G r e u l ic h  an d  P y le  1959). B ody  d im en ­
sions w ere used  also to  ca lcu la te  Co n r a d ’s m etric  an d  p lastic  indices (Conrad  
1963) w hich p rev iously  w ere ev idenced  to  follow  a ch a rac te ris tic  p a t te rn  d u r ­
ing  d eve lopm en t (Szmodis e t al. 1976). W here av ailab le , a com parison  w ith  
h e a lth y  n o n -a th le tic  reference groups w as also m ade (Mészáros and  Mohácsi 
1978). F o rm ulae  developed fo r bone age e s tim a tio n  were derived  b y  m u lt i ­
v a r ia te  regression equations.

R esults an d  D iscussion

D ev e lo p m en ta l s ta tu s  o f th e  su b jec ts  is show n in  Fig. 1. T he boys were ta lle r  
th a n , an d  th e  girls agreed w ith  th e  reference  s ta tu re . T he boys were heav ie r 
w hile th e  girls w ere m in im ally  lig h te r an d  less ro b u s t (p lastic  index) th a n  th e ir  
ag e -m ates . T he b o y ’s m etric  index  ag reed  w ith  th e  reference d a ta . G irl a th le te s

Fig. 1: Physique of adolescent track and field athletes. The arrows denote non-athletic refer­
ence means. Presence and number of bold circles indicate significant differences on the 5% 
(single circle) or 1% (double circle) level. — Bone/chron age: ratio of bone age to chronological 

age; C.U.: Conrad units of leptomorphy—pyknomorphy scale
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Fig. 2: Performance in adolescent track and field athletes. Except the bars of bone age 
where they refer to the subjects’ own chronological age, the arrows denote non-athletic reference 

means. Variability is standard deviation

show ed m ark ed  lep to m o rp h y  (m etric  index), exceeding  in  lin ea rity  n o t only  
th e  boys (as u su a l before p u b e rty ) , b u t  also th e  reference group. B o th  sexes 
d isp layed  a m ean  acce lera tio n  of a b o u t 7%  in  bone age.

P erfo rm ance  o f  th e  te s t  g roup  (Fig. 2) in  th e  12-m in ru n -w a lk  th o u g h  h igher, 
fa iled  to  exceed reference  values s ig n ifican tly  because o f th e  v e ry  w ide range 
of v a r ia b ility  in  th e  n o n -a th le tic  group . All perfo rm an ce  item s show ed a su ­
p e rio rity  o f th e  boys desp ite  th a t  in  girls th is  is u su a lly  a period  of ra p id  g row th  
b o th  s tru c tu ra lly  an d  fu n c tio n a lly . As a p p a re n t in  f is tb a ll th ro w  w here re fe r­
ence v alues w ere ava ilab le , b o th  te s t  g roups d isp lay ed  m uch  g rea te r explosive 
s tre n g th  th a n  n o n -a th le tic  ch ild ren . A p a r t  of th is  h ig h er perfo rm ance is a p p a r­
e n tly  also due to  th e ir  acce lera ted  m a tu ra tio n  w hich  w as b y  ab o u t 8 m o n ths 
ahead  o f ca len d ar age.

To f in d  o u t i f  i t  w as th is  accelera tion  in d eed  th a t  c o n tr ib u te d  to  b e tte r  
perfo rm ance and , in  som e dim ensions o f p h y siq u e , to  la rg e r values, we re la ted  
all m easu rem en ts  an d  th e  p las tic  in d ex  to  bone age. As seen in  T ab le  1, a ll th e  
physica l d im ensions an d  also severa l o f th e  perfo rm ance  item s h ad  a sign ifican t 
connection  w ith  sk e le ta l age. T h is challenged us to  look fo r a m eans of e s tim a t-
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ing  bone age fo r th is  age-group o f a th le tic  ch ild ren  b y  inc lud ing  these  p a ra m ­
eters in  a m u ltiv a ria te  regression. I t  tu rn e d  o u t, how ever, th a t  b eh in d  a g re a t 
n u m b er o f  re la tions a com m on fa c to r  w as o p era tiv e . The m ain  c o n tr ib u to r  to  
th is  com m on effect w as th e  re la tio n  be tw een  bone age and  s ta tu re . As show n 
b y  th e  resp ec tiv e  r ig h t side co lum ns in  T ab le  1, th e  exclusion o f  th e  effect 
m ed ia ted  th ro u g h  b o d y  h e igh t m ark ed ly  red u ced  th e  coefficien ts fo r b o th  
m o to r perfo rm ance  an d  body  d im ensions.

Table 1

Full and partial correlation coefficients of measured parameters with bone age*

B o y s (N  =  16)
D im en sio n s

G irls  (N  = 26)

fu ll p a rt ia l fu ll p a r t ia l

.45 .42 Decimal age .46 .23

.59 .33 Cooper test .27 .04
— .45 -  .09 60 m run - .6 0 - .4 1

.54 .08 Long jump .68 .45

.62 .23 High jump .82 .54

.47 - . 0 2 Fistball .54 . 2 0

.83 — Height .80 —

.77 .39 Weight .78 .34

.77 .34 Chest width .66 .27

.75 .16 Chest depth .67 .18

.77 .18 Biacromial width .75 .39

.82 .55 Forearm girth .72 .44

.78 .41 Hand circumference .86 .61

.85 .47 Plastic index .83 .54

.50 .51 r (  5%) .39 .40

.62 .64 r (1%) .49 .50

* I'artial correlation exclud ed the variab ility in  stature. B ottom  row s indicate tabular values o f  the linear correlation  
coefficient on  th e  5 and 1 per cen t levels o f  sign ificance w ith  degrees o f  freedom  n-2 (full) and n-3 (partial).

W h en  v a riab ility  o f s ta tu re , as one of th e  m ain  signs o f d ev e lo p m en ta l 
s ta tu s , is held  co n s tan t, low er a rm  g ir th  in  th e  boys and  h a n d  circum ference 
in  th e  girls rem ain ed  qualified  fo r p red ic tin g  bone age b y  non-rad io log ica l 
m eans. Since low er a rm  g irth  as a p re d ic to r  fo r th e  boys w as on ly  s ligh tly  
b e tte r  a n d  th e  gain  in  accu racy  b y  using  i t  in  p lace of h an d  c ircum ference  was 
neglig ib le , we em ployed  th e  la t te r  fo r b o th  sexes (Table 2). A ccord ingly , to  
p ro v id e  th e  possib ly  sim plest a n d  easiest w ay  fo r assessing bio logical age, 
s ta tu re , h a n d  circum ference an d  chronological age expressed  in  decim al years 
w ere e v e n tu a lly  in c lu d ed  in  th e  m u ltiv a r ia te  p red ic tion  eq u a tio n s . A ll th e  
th re e  p re d ic to r  v ariab les  are easily  m easu rab le , an d  m ay be u sed  to  ad v an tag e  
b y  coaches, too.

T he d ra s tic  d rop  in  th e  co rre la tions be tw een  bone age an d  m o to r perfo rm ance 
due to  th e  exclusion  of v a r ia b ili ty  in  s ta tu re  supp o rts  th e  a ssu m p tio n  th a t  
fu n c tio n a l im p ro v em en t re su ltin g  fro m  reg u la r  tra in in g  in  m o to r skills m ay  
h av e  a la rg e r share  am ong th e  fac to rs  c o n tr ib u tin g  to  a th le tic  p ro fic ien cy  th a n  
m ere ly  s tru c tu ra l ad v an tag e . A cce le ra ted  m a tu ra tio n  will an y w ay  com e to  an
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Table 2

Estimation of bone age in track and field athletes of 10 to 13 years of age: Sex- 
dependent formulae to predict bone age

BOYS
Y =  0.084ST +  0.608HC +  0.498DA -  17.496 ±  0.508; R =  0.980

GIRLS
Y =  0.034ST +  0.562HC +  0.362DA -  6.720 ±  0.481; R =  0.888

where
Y =  bone age in yrs;
ST =  body height in cm;
HC =  hand circumference in cm;
DA =  chronological age in decimal yrs.;

variability is scatter around regression line, and 
R =  multiple linear correlation coefficient.

en d  in  th e  long ru n . U n til b e t te r  m eans o f p red ic tion  are developed , such  sim ple 
w ays of assessing d ev e lo p m en ta l age m ay  serve coach  an d  co n su lting  k in an th ro - 
p o m e tris t alike in  avo id ing  m is tak es  w hen  ch ild ren  are  se lec ted  fo r com petitive  
a th le tic s .

Acknow ledgem ent: F o r th e  w ris t X -ray s  a n d  th e ir  e v a lu a tio n  we are in d e b t­
ed  to  th e  R adio logical D e p a r tm e n t o f th e  T o ln a  C o u n ty  H o sp ita l, Szekszárd .
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