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Table 2. Collected somatometric data (Mean± SD) of male and female Artistic Gymnasts16.

Age Bone age Ä CA-BA Height SDS Weight SDS
(years) (years)

Female 15.7 ± 2.0 13.4 ± 1.8 2.26 ± 2.2 -1.52 ± 1.1 -1.09 ± 0.7

n=169 n=138 n=138 n=168 n=168

Male 16.9 ± 2 16.2 ± 1.6 0.76 ± 1.2 -0.97 ± 1.0 -0.13 ± 0.7

n=93 n=83 n=83 n=93 n=93

p p <0.001 p <0.001 p <0.001 p <0.001 p <0.001

t=-5,03 t=-11,99 t=5,78 t=-3,53 t=-11,06

Target Predicted PH-TH BMI Body fat
Height SDS Height SDS SDS (kg/m2) (%)

Female -0.18 ± 0.7 -0.70 ± 0.9 -0.6 ± 0.9 19.0 ± 1.7 19.5 ± 4.2

n=123 n=136 n=105 n=168 n=160

Male +1.91 ± 0.7 -0.35 ± 0.8 -2.3 ± 0.8 21.5 ± 1.7 10.6 ± 5.0

n=83 n=82 n=77 n=93 n=91

p p <0.001 p=0.007 p <0.001 p <0.001 p <0.001

t=-18,9 t=-2,7 t=13,03 t=-11,5 t=14,95

CA; Chronological age, BA; Bone age, PH; Predicted height, TH; Target height.

and thinner than average for age (Table 1)17,18, with
height velocity SD score for each age group above 0
at all ages18. Interestingly, although growth in normal
girls comes to an end by the year of 15, in RG growth
continued up to the age of 18 (Figure 1). The RG
presented a significant delay in skeletal maturation
of 1.8 years, which was compensated towards the end
of puberty. Their final adult height was identical to
the estimated predicted height at first evaluation, and
higher than the genetically determined target height,
denoting that genetic potentials for final height was
not only achieved but even exceeded. Moreover, tar-
get height was the only independent parameter which
has been proved to positively influence height veloci-
ty, therefore genetic predisposition remained the main
driving force for the observed efficient catch-up
growth. Comparison of AG with RG revealed that
their reported target height SD score was similar to
their own measured heights (above 0 for the RG and
below 0 for the AG), indicating once more the influ-
ence of genetic predisposition and preselection (Ta-
ble 1). RG followed a growth pattern that was higher
than their reported target height, while AG exhibited
a lower growth pattern.

The delay in skeletal maturation both in AG and
RG is probably multifactorial. Low serum concentra-
tions of sex steroids due to a delay in pubertal devel-
opment, lower GH secretion or a disturbance in insu-

Figure 1. Height velocity mean values per chronological age in
Rhythmic Gymnasts. Lines represent the 3rd, 10th, 25th, 50th, 75th, 90th

and 97th centiles of height velocity. The dark line represents the height
velocity of our examined gymnasts. The dark gray area includes the
velocity curves of all children who have their peak velocities up to
two standard deviations of age before and after this average age.
The arrows and diamonds mark the 3rd, 50th, and 97th centiles of peak
velocity when the peak takes place at these early and late limits18.

lin-like growth factor homeostasis19 are capable of al-
tering the hormonal control of growth. Intensive phys-
ical training, chronic psychological stress, and modifi-
cations in nutrition resulting in inadequate energy
intake relative to energy output20,21 are well known fac-
tors. Nevertheless, overuse lesions of growth plates,




