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GROWTH, MATURATION AND PERFORMANCE
J. Pápai, /. Szmodis, and É. B. Bodzsár

Central School of Sports, Budapest; Department of Anthropology, Eötvös Loránd University, Budapest,
Hungary

Abstract: A  de ta iled  cross-sec tiona l s tu d y  w as carried  out in the Jászság  reg ion  in  1983. T he p re sen t p a p e r  
com pares the body s tru c tu re  a n d  p erfo rm ance  o f  ch ildren  in the d ifferen t p h a se s  o f  sexua l m atura tion .

T h e  sub jects were 1326  children living  in the rural area  o f  Jászság . The 780 g irls  a n d  5 4 6  boys w ere  
d iv id e d  in to  two groups each  accord ing  to w hether o r  not they h a d  p a ss e d  th e ir  m enarche!o igarche. A g e  
g roups o f  0 5  y r  in terva ls w ere fo rm e d , beginning  a t 1 0 5  a n d  12 yrs  o f  a ge  in  the g irls  resp. boys.

A m ong  others, body h e ig h t a n d  m ass w ere m ea su red  a n d  a n thropom etric  som a to type  w as ca lcu la ted . 
P erform ance  scores in fo u r  m o to r  tests were a lso  reco rd ed  (g rip  strength , s ta n d in g  long ju m p , 60  cm  ru n  a n d  
C o o p er  test).

D escrip tive  sta tis tics w ere calculated. D ifferences betw een  the g roups w ere te s ted  by the  t -test.
T h e  re la tive ly m ore m a ture boys had  la rger abso lu te  d im ensions, but there  w ere no  d ifferences in  m ean  

som ato type. The p erfo rm ance  scores o f  the tw o g roups d iffe red  sign ifican tly  excep t the C ooper test. G irls  a fte r  
m en a rch e  w ere a lso  m ore a h ea d  in grow th  an  physique  than p rem en a rch ea l ones. G rip  s treng th  w as g re a te r  in 
p o stm e n a rch e ; in  the o th er m otor tests there w ere not a ny  d ifferences.

T he resu lts suggest that spon taneous d eve lopm en t can g ive  but a g o o d  basis to deve lo p  fu n c tio n a l  
characteristics. H ow ever, i f  hab itua l a c tiv ity  is o f  low  intensity, p er fo rm ance  ca p a city  o f  you th  can  n ever  reach  
i ts  p o ten tia l o r optim al level.
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Introduction

The study of body dimensions and performance in children of the same chronological 
age but differing in biological development has been the topic of a good number of 
reports (Hebbelinck and Borms 1975, Borms et al. 1977, Carron et al. 1977, Beunen et 
al. 1978, 1988, Beunen and Simons 1990). The use of this approach is quite apparent. 
The results can be applied not only to normal, but also to athletic children.

Depending on the respective periods of life, the suitability of the methods to estimate 
the status of biological development may differ (Hebbelinck 1979). Here the onset of 
sexual maturity was applied.

The purpose of our work was to study adolescent children of different sexual maturity 
if they differed in some selected somatic characteristics and motor performances.

Material and Methods

Cross-sectional data were collected in the villages of the Jászság region of Hungary in 
1983. No selection was made in respect of the athletic activity of the children.

The subjects of the respective chronological age groups were subdivided by their 
sexual maturity status. Children were regarded as being more mature within their age 
group if they reported their menarche, resp. first ejaculation had occurred. The subjects' 
distribution for gender, age and maturity status is shown in Table 1.

Stature and body mass as the most widely used dimensions were chosen to describe 
physical development. As a more complex approach to body build, also the 
Heath-Carter somatotype was studied (Carter 1975). Somatotype components were 
estimated by using regression equations (Szmodis 1977).
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Table 1. The number of the elements of more and less mature groups

G i r l s B o y s
Post- Pre- T ogether Age Post- Pre- T ogether

menarcheal menarcheal O’) oigarcheal oigarcheal

1 83 84 10.5
3 83 86 11.0
6 82 88 11.5

16 79 95 12.0 2 106 108
27 50 77 12.5 6 83 89
65 39 104 13.0 19 70 89
54 24 78 13.5 39 50 89
77 19 96 14.0 70 27 97
66 6 72 14.5 61 13 74

315 465 780 Together 197 349 546

T able 2. The stature of more and less mature groups (mean and SD, cm)*

G
Post­

men archeal

1 r 1
t

1 s
Pre­

nt enarcheal
Age
0 )

B
Post-

oigarcheal

o y 
t

s
Pre-

oigarcheal

150.010.0 140.616.2 10.5
151.914.7 144.316.1 11.0
152.513.7 + 145.816.7 11.5
155.416.4 + 149.817.1 12.0 171.51 13.6 147.51 7.4
156.116.0 + 151.415.4 12.5 159.91 7.6 + 151.21 7.7
157.816.6 + 153.215.6 13.0 160.01 5.8 + 154.61 7.7
157.815.4 + 154.615.8 13.5 165.51 7.5 + 154.91 7.0
159.315.3 + 154.317.7 14.0 168.21 7.3 + 156.1110.7
159.115.5 156.613.5 14.5 167.51 6.8 + 158.31 6.6

* t  =  co m p ariso n  o f  m ore a n d  le ss  m a tu re  g ro u p s 
+  =  p  Ú  0 .05

T able 3. The body mass of more and less mature groups (mean and SD, kg)

G
Post­

men archeal

i r 1 
t

1 s
Pre-

m enarcheal
Age
(y )

Post-
oigarcheal

B o y s
t Pre-

oigarcheal

63.01 0.0 34.3 1 7.5 10.5
42.81 12.3 35.817.2 11.0
43.71 5.0 + 35.816.4 11.5
49.41 11.0 + 39.417.8 1 2 .0 55.51 3.5 38.01 8.5
48.51 8.9 + 39.416.5 12.5 48.414.5 41.31 9.1
48.91 8.3 + 40.7 1 5.9 13.0 48.315.4 44.21 9.0
48.61 7.4 + 41.818.7 13.5 53.719.1 + 44.51 7.1
49.11 6.2 + 40.9 1 5.7 14.0 55.7 1 8.6 + 45.8 1 10.7
49.01 7.5 42.712.6 14.5 55.619.2 51.3112.4

S y m b o ls  a n d  abbrev ia tio n s  a s  in T a b le  2.

Motor performance was estimated by four motor test items, namely grip strength, 
standing long jump, time of a 60 m dash and distance covered in the 12-min run-walk 
(Cooper's test) (Nádori et al. 1984).
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Intergroup differences were analyzed by Student's /-test for independent samples at 
the 5% level of random error. Statistical analysis was performed from age 11.5 in the 
girls and from 12.5 years in the boys.

Results
Girls
Data on height and mass (Tables 2 and 3) were comparable with the reports of other 

Hungarian authors (Bodzsár 1975, 1984, Csóka and Jung 1982, Farkas & Takács 1986, 
Farkas 1990) in that post-menarcheal girls were taller and heavier in all age groups. By 
the end of the ages studied, the girls who were still before menarche approached the 
stature of the post-menarcheal ones, but their body mass at the age of 14.5 was scarcely 
equal to that of the post-menarcheal girls aged 11.0. This fact shows a more linear body 
build in comparison with the relatively more mature ones and was supported by the 
observations concerning somatotype components (Table 4).

Table 4. The component of the endomorphy, mesomorphy and ectomorphy of more 
and less mature groups (mean and SD, kg)

G
Post-

menarcheal

i r 1 
t

1 s
Pre-

menarchcal
Age
(y)

B o y
Post- t 

oigarcheal

s
Pre-

oigarcheal

Endomorphy
8.50 ±0.00 5.41 ± 1.60 10.5
5.73 ± 1.65 5.00 ± 1.49 11.0
5.55 ± 1.86 4.87 ± 1.31 11.5
6.19 ± 1.72 + 5.14 ± 1.55 12.0 4.95 ± 0.07 4.62 ±1.77
6.18 ±1.49 + 4.83 ± 1.32 12.5 4.95 ±1.34 4.81 ±1.81
6.17 ±1.46 + 5.10 ± 1.23 13.0 4.40 ±0.73 4.80 ±1.65
5.89 ± 1.40 + 5.06 ± 1.37 13.5 4.90 ±1.62 4.52 ±1.28
5.91 ± 1.19 + 4.84 ± 1.39 14.0 4.63 ±1.39 5.10 ± 2.14
6.01 ± 1.32 5.58 ± 0.54 14.5 4.86 ±1.62 5.85 ±2.32

Mesomorphy
7.90 ±0.00 3.81 ±0.95 10.5
3.13 ±0.84 3.61 ±0.94 11.0
3.18 ±0.69 3.30 ± 0.96 11.5
3.71 ± 1.33 3.23 ±1.01 12.0 2.50 ± 1.84 3.94 ± 1.05
3.59 ± 1.21 + 2.89 ± 0.91 12.5 4.08 ±0.97 3.97 ± 0.99
3.37 ± 1.39 + 2.88 ±0.93 13.0 3.91 ±0.83 3.88 ±1.19
3.20 ± 1.39 + 2.61 ± 0.82 13.5 3.76 ±1.36 3.80 ±0.89
3.05 ± 1.09 2.78 ± 1.09 14.0 3.77 ±1.10 4.02 ±1.01
3.01 ±1.19 2.60 ± 0.60 14.5 3.87 ±1.05 4.44 ± 1.60

Ectomorphy
0.50 ±0.00 3.32 ±1.50 10.5
3.50 ±2.01 3.66 ±1.45 11.0
3.18 ± 1.31 3.95 ±1.31 11.5
2.67 ± 1.72 + 3.82 ± 1.39 12.0 4.25 ±1.91 3.80 ±1.63
2.94 ±1.43 + 4.13 ± 1.25 12.5 3.55 ±1.12 3.68 ±1.31
3.17 ± 1.39 + 4.13 ± 1.26 13.0 3.63 ± 0.83 3.63 ±1.45
3.20 ±1.39 + 4.22 ± 1.38 13.5 3.66 ±1.37 3.62 ±1.13
3.35 ± 1.31 + 4.29 ± 1.42 14.0 3.77 ±1.19 3.60 ±1.57
3.37 ± 1.36 4.23 ± 0.74 14.5 3.69 ± 1.30 2.89 ±1.88

S y m b o ls  an d  a b b re v ia tio n s  a s  in T a b le  2.
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II

Mean somatoplots for the girls before menarche started from balanced endomorphy 
and moved toward increasing ectomorphy. The somatotypes of the post-menarcheal girls 
displayed considerable stability and stayed in the field of balanced endomorphy {Fig. 1).

The relatively more mature girls had a greater grip strength {Table 5), but their 
performance in the other motor tests {Tables 6 through 8) was the same as for their less 
mature peers. Significantly better performance in the Cooper test was noted in the less 
mature girls at only two ages.

Table 5. The grip strength of more and less mature groups (mean and SD, N)

G
P o s t -

m e n a r c h e a l

1 r  1 
t

1 s
P r e -

m e n a r c h e a l
A g e

( y )

B
P o s t -

o ig a r r h e a l

o  y 
t

s
P r e -

o ig a r c h e a l

2 0 1 .0  ±  0 .0 1 5 2 .7  ± 4 0 . 8 1 0 .5
1 9 7 .0  ± 7 3 . 7 1 7 9 .0  ± 4 6 . 3 1 1 .0
2 0 3 .7  ±  3 3 .8 1 8 3 .8  ± 3 8 . 7 1 1 .5
2 2 9 .5  ±  7 7 .9 + 1 9 9 .7  ± 4 6 . 7 1 2 .0 3 5 0 .0  ±  3 8 .2 2 2 0 .7  ±  4 9 .2
2 5 3 .2  ± 6 7 . 0 + 2 1 3 .0  ± 4 3 . 0 1 2 .5 2 9 3 .0  ± 6 6 . 4 + 2 3 8 .3  ±  5 2 .2
2 4 9 .2  ± 4 9 . 1 + 2 0 8 .3  ± 4 6 . 1 1 3 .0 3 0 1 .8  ± 7 4 . 1 2 6 8 .4  ±  7 0 .9
2 5 3 .5  ±  4 8 .3 + 2 1 3 .7  ± 3 9 . 4 1 3 .5 3 3 6 .2  ±  9 2 .0 + 2 6 9 .1  ± 5 5 . 6
2 4 4 .6  ± 3 8 . 2 + 2 1 8 .0  ±  3 9 .1 1 4 .0 3 7 1 .6  ± 7 4 . 3 + 2 6 2 .4  ± 5 8 . 2
2 5 8 .0  ±  4 6 .5 2 4 2 .7  ± 3 1 . 2 1 4 .5 3 6 8 .2  ± 8 4 .1 + 2 7 5 .2  ±  4 7 .6

S y m b o ls  a n d  abbrev ia tio n s  as  in  T a b le  2.
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T able 6. The standing long jump of more and less mature groups 
(mean and SD, cm)

G i r l  
Post- t 

menarcheal

1 s
Pre-

menarcheal
Age
(y )

B
Post-

oigarcheai

o y 
t

s
Pre-

oigarcheal

112.0 ± 0.0 143.0 ± 17.6 10.5
148.3 ± 7.6 149.1 ± 15.9 11.0
154.5 ± 7.3 148.9 ± 16.4 11.5
153.2 ± 17.1 152.2 ± 15.8 12.0 182.5 ±10.6 159.6 ± 16.6
152.3 ± 19.4 158.4 ± 13.8 12.5 178.2 ± 11.7 + 163.0 ± 16.0
157.7 ±17.6 160.9 ± 17.2 13.0 178.9 ± 14.2 + 167.8 ± 17.7
158.7 ± 16.4 162.2 ± 19.6 13.5 180.7 ± 19.8 + 171.5 ± 14.2
158.8 ±19.9 164.7 ± 14.7 14.0 188.4 ± 19.5 + 172.8 ± 17.0
163.5 ±14.2 164.5 ± 14.5 14.5 190.1 ±20.0 + 170.2 ±20.2

S y m b o ls  a n d  a b b re v ia tio n s  a s  in  T a b le  2.

T able 7. The 60 m dash of more and less mature groups (mean and SD, sec.)

G i r 1 s B o y s
Post- t Pre- Age Post- t Pre-

menarcheal menarcheal (y) oigarcheal oigarcheal

13.8 ±0.0 11.6 ± 1.2 10.5
10.6 ±0.2 11.4 ± 1.0 11.0
11.0± 1.1 11.3 ±0.9 11.5
11.1 ±0.9 11.0 ± 0.9 12.0 9.2 ±1.1 10.5 ± 1.3
10.8 ± 1.0 10.8 ±0.9 12.5 9.8 ±0.9 + 10.6 ±0.8
10.8 ±0.9 10.8 ±0.8 13.0 9.7 ±0.6 + 10.3 ± 1.0
10.5 ±0.7 10.6 ± 0.7 13.5 9.6 ±0.8 + 9.9 ± 0.6
10.5 ± 0.9 10.3 ± 0.9 14.0 9.3 ±0.7 + 10.1 ±0.9
10.3 ± 0.8 10.8 ± 1.2 14.5 9.3 ±0.6 + 10.6 ± 1.0

S y m b o ls  an d  a b b rev ia tio n s a s  in T a b le  2.

Table 8. The 12-min run-valk of more and less mature groups (mean and SD, km.)

G I r 1 s B o y s
Post- t Pre- Age Post- t Pre-

menarcheal menarcheal (y) oigarcheal oigarcheal

1.46 ± 0 .0 0 1.82 ± 0 .3 3 10.5
1.86 ±0.10 1.86 ± 0 .3 2 11.0
1 .8 8 1 0 .1 9 1.97 ± 0 .2 7 11.5
1.88 ± 0 .3 2 1.97 ± 0 .3 0 12.0 2 .03  ± 0 .2 3 2 .2 0  ± 0 .3 2
1.83 ± 0 .3 6  + 2 .0 3  ± 0 .2 9 12.5 2 .49  ± 0 .3 1 2 .2 0  ± 0 .3 6
1.93 ± 0 .3 1  + 2.07  ±  0 .2 6 13.0 2.37 ± 0.45 2 .2 5  ± 0 .3 3
1.96 ± 0 .2 8 1.93 ± 0 .2 6 13.5 2 .40  ± 0 .3 5 2 .3 4  ±  0 .3 0
2 .0 2  ± 0 .2 7 2 .0 3  ± 0 .3 1 14.0 2 .46  ±  0 .4 2 2 .3 2  ±  0 .5 5
2.07  ±  0 .2 6 2 1 3 ± 0 .3 8 14.5 2 5 2  ± 0 .3 9 ♦ 2 .0 4  ± 0 .4 1

S y m b o ls  a n d  ab b re v ia tio n s  as  in T a b le  2.

Boys
Stature was significantly taller in the relatively more mature children at all ages while 

their body mass exceeded that of their less mature peers only at the ages of 13.5 and 14.0 
years. No difference was found between the mean somatotypes of the groups. 
Somatoplots of all ages were only on the borderline between central and balanced
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endomorphy, except at the age of 14.5 when the somatoplot of the relatively less mature 
boys was in the field of meso-endomorphy.

The relatively more mature children performed better in all tests except the 12-min 
run-walk.

I n te r g e n d e r  c o m p a r is o n

The boys having already their first ejaculation were taller, heavier and more linear 
than the post-menarcheal girls from on the age of 13.5 years. Also their physical 
performance was better.

There was no difference in stature between the relatively less mature boys and girls. 
Differences in body mass appeared only after the age of 13.5. There was a difference in 
somatotype, however, since the girls had a more linear build while the boys were more 
mesomorphic. Grip strength was greater in the boys without any other difference in 
physical performance.

Discussion

Children of the same chronological age but different sexual maturity were found to 
display considerable differences of body build and motor performance, depending in 
extent and manner on the respective gender. Such differences were more marked in the 
girls; not only body dimensions differed, but also the somatotype.

In respect of body build, these observations can be easily interpreted by the 
characteristics of female adolescence. Post-menarcheal girls are already past the peak of 
their adolescent growth spurt (Tanner 1962) and have entered the period of intense fat 
accumulation (Forbes 1975), while their less mature peers are still rapidly growing.

Boys differed only in their absolute dimensions. It is likely that the observed signs of 
sexual maturity do not occur in the same phase of growth in the two genders as shown 
also by the comparison of the boys and girls.

The point of physical performance is another matter. One may think that the larger the 
body dimensions the better the motor performance. Excepting the 12-min run-walk, this 
was the case indeed in the boys, but not in the girls. In the girls only grip strength 
behaved like that.

Of the tests it was grip strength that was most correlated with body dimensions 
(Asmussen 1973, Kriesel 1977, Beunen et al. 1988). In this test such children that had 
larger dimensions (Borms et al. 1977, Carron et al. 1977, Beunen et aJ. 1978, 1990), 
were more mesomorphic and robust performed better.

The effect of the dimensions was less in the other tests; obviously, other factors, e.g. 
maturation of neural control mechanisms, skill improving with age, had a greater role. 
However, the subgroups of differing maturity status were of the same chronological age. 
Thus, one has to assume that performance is influenced by the pubertal changes through 
hormonal effects, at least in part. It is the hormonal influence under which dimensions 
grow, muscle mass, respectively cross-sectional area increases, and in this way, strength 
improves (Jones 1949, Grumbach 1975, Malina 1975, 1978, Parker et al. 1990). 
Spontaneous strength development is likely to have an impact on the improvement of 
other types of physical performance.

The dissimilar hormonal control in boys and girls brings about different constellations 
of these processes. An earlier maturation in the boys seems to become well manifested
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in the development of physical performance. On the other hand, motor performance 
tends to be better in the later maturing and more linear girls.

Nevertheless, all what has been mentioned is but one possible approach to this 
compiex field of problems in interpreting the data. Another facet which cannot be 
neglected is the effect of child's social environment. The present state of affairs is such 
that preparation for the social role makes less demand to acquire physical skills in the 
girls while it attributes primary importance to the same in the boys. It is most likely that 
also these factors have an influence on the development of intergender differences.

Spontaneous biological development provides an opportunity to develop physical 
abilities. The associated processes take, however, a different course in the early than in 
the late maturers of the same sex as well as in the males and females. Child development 
can become better balanced under the influence of regular physical exercise of optimum 
intensity.

*

Paper presented at the Conference of the Pediatric-Anthropological Subsection of the Anthropological Sec­
tion, Hungarian Biological Society, Debrecen, Hungary, May 1992. — Received 12 September, 1992.
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