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Abstract
We compared 35 prepubertal girls, 9 artistic gymnasts and 13
rhythmic gymnasts with 13 nonphysically active controls to
study the effect of gymnastics on bone and muscle mass. Lean
mass, bone mineral content and areal density were measured
by dual energy X-ray absorptiometry, and physical fitness was also assessed. The artistic gymnasts showed a delay in pubertal development compared to the other groups (p < 0.05). The artistic
gymnasts had a 16 and 17 % higher aerobic power and anaerobic
capacity, while the rhythmic group had a 14 % higher anaerobic
capacity than the controls, respectively (all p < 0.05). The artistic
gymnasts had higher lean mass (p < 0.05) in the whole body and
the extremities than both the rhythmic gymnasts and the controls. Body fat mass was 87.5 and 61.5 % higher in the controls
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than in the artistic and the rhythmic gymnasts (p < 0.05). The
upper extremity BMD was higher (p < 0.05) in the artistic group
compared to the other groups. Lean mass strongly correlated
with bone mineral content (r = 0.84, p < 0.001), and multiple regression analysis showed that total lean mass explained 64 % of
the variability in whole body bone mineral content, but only
20 % in whole body bone mineral density. Therefore, recreational
artistic gymnastic participation is associated with delayed pubertal development, enhanced physical fitness, muscle mass,
and bone density in prepubertal girls, eliciting a higher osteogenic stimulus than rhythmic gymnastic.
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Introduction
Bone is responsive to exercise during prepubescence in boys and
girls [1, 20, 33]. Therefore, the prepubertal years are an opportune
time to increase bone density through exercise to attain the
highest bone mineral peak. Since residual benefits can be maintained into adulthood [29], exercise before puberty may reduce
fracture risk after menopause [1].
Considering that high-impact, weight-bearing exercise seems to
be particularly associated with the increase in bone mineral density (BMD) [20], most of the investigations studying bone mass

accrual in girls have been carried out with an artistic gymnast
population [5, 7, 23]. Ground reaction forces during artistic gymnastic participation are close to 10 times body mass in prepubertal children [8]. This high impact loading has been associated
with greater BMD in the whole body [1, 5], spine and lower extremities [1, 23]. However, all the latter studies had in common
not only the high-impact during gymnastics participation, but
also the high training volumes, in most of the cases up to 15
hours per week. Nevertheless, the question of sport participation
should be faced from a realistic point of view. These huge volumes of exercise are unrealistic for most girls whose sports participation is only recreational. We have reported a remarkable
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Artistic Versus Rhythmic Gymnastics:
Effects on Bone and Muscle Mass in Young Girls

Lean mass has been largely associated with bone mass [12, 30, 31,
34], however, despite the fact that long-term exercise training
may produce neuromuscular adaptations in children [24], it is
not known whether exercise training may produce muscular hypertrophy in prepubertal girls. It also remains unknown if muscle
hypertrophy is or is not associated with a greater bone mass in
prepubertal girls.
Therefore, the main aim of the present study was to test the hypothesis that recreational participation in gymnastics is associated with enhanced bone mass and areal density in prepubertal girls. A second aim was to determine if artistic and rhythmic
gymnastic training present different bone tissue adaptations in
response to the regular participation in these sports already at a
prepubertal age.

Materials and Methods
Subjects
Thirty-five prepubertal girls (Tanner 1 – 2) from different schools
and sport clubs from the island of Gran Canaria agreed to enroll
in the study. Both parents and children were informed about the
aims and procedures of the study, as well as the possible risks
and benefits. The study was performed in accordance with the
Helsinki Declaration of 1975 as regards the conduct of clinical research and was approved by the Ethical Committee of the University of Las Palmas de Gran Canaria. Written informed consent
was obtained from subjects and their parents.
The subjects were divided into three groups depending on their
physical activity patterns. Thirteen were ascribed to the rhythmic group, 9 to the artistic group and the other 13 composed
the control group. Active girls had been participating in either
rhythmic or artistic gymnastics at least 3 times a week for at
least one year. The rhythmic gymnasts trained 15 h/week (3.3 yr
± 1.2 with one month summer holiday per year). The artistic
gymnasts trained 12 h/week (3.4 yr ± 2.8 with 3 months summer
holidays per year). However, the physical activities practiced by
the controls were limited to those included in the compulsory
physical education curriculum (2 weekly sessions of 45 minutes
each). The control group subjects did not participate in any kind
of sports other than occasional children’s games at least one year

Pubertal status assessment
Tanner pubertal status was determined by auto-evaluation, a
method of recognized validity and reliability [9].
Physical fitness
Anaerobic capacity. A 300-meter running test was used to estimate the anaerobic capacity, because the anaerobic capacity is
the first determinant of performance in maximal all-out efforts
eliciting exhaustion between 30 and 60 seconds [2]. The test
was performed on a 400-m track, and timings were measured
manually. The girls were asked to run the 300 m as fast as possible.
Running speed test. The time needed to cover 30 meters (T30)
was measured with photoelectric cells (General ASDE, Valencia,
Spain) because this test has predictive value for BMC and BMD
in prepubertal boys [33]. The timer is automatically activated
when the subject crosses the first cell and every 5 meters thereafter. The girls were motivated to run as fast as they could, and
the best performance achieved in three trials separated by at
least a 1-min rest period was taken as the representative value
of this test.
Aerobic maximal power. The maximal oxygen uptake (V̇O2max)
was estimated using a maximal multistage 20-m shuttle run test
as devised by Luc Leger [19]. Subjects were required to run back
and forth on a 20-m course and be on the 20-m line at the same
time that a beep is emitted from a tape. The frequency of the
sound signals increases in such a way that running speed starts
at 8.5 km · h–1 and is increased by 0.5 km · h–1 each minute. The
length of time the subjects were able to run was recorded to calculate the V̇O2max. The maximal multistage 20-m shuttle run test
has been shown to be valid and reliable for the estimation of the
V̇O2max [19].
Dynamic strength. The forces generated during a vertical counter
movement jump (CMJ) were measured with a plate force (Kistler
9281B, Winterthur, Switzerland). The CMJ starts from a standing
position allowing for counter movement, with the intention of
reaching knee bending angles of around 908 just before impulsion. The jumping height (Hj), the take of velocity, the peak force
(Fp, being Fp = maximal force-body mass), the positive impulse,
the instantaneous maximal velocity (ImaxV), the instantaneous
maximal power (ImaxP) and the mean power of the concentric
phase (MP) generated were determined in the best of three trials.
Bone and lean mass
The bone mass and lean mass (body mass – [fat mass + bone
mass]) were measured using dual-energy X-ray absorptiometry
(DXA) (QDR-1500, Hologic Corp., Software version 7.10, Waltham, MA, USA). DXA equipment was calibrated using a lumbar
spine phantom and following the Hologic guidelines. Subjects
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Although rhythmic and artistic gymnastics are two different
sports within the same area of gymnastics, these two types of
gymnastics are quite different in terms of sport skills. Therefore,
the physiological adaptations elicited by artistic and rhythmic
gymnastics on bone tissue are likely different. While physical
training has been associated with delayed skeletal maturation
and pubertal development in elite rhythmic gymnasts [13], the
effect of rhythmic gymnastic participation on bone mass and
density in prepubertal girls remains unknown.

prior to the start of the study. The girls completed a medical and
physical activity questionnaire, and their parents gave additional
medical information. Information regarding physical activity,
past injuries, medication and known diseases was obtained from
every subject. Subjects were specifically asked to give their usual
daily intake of dairy products to estimate the daily intake of calcium.
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enhancement of femoral bone mineral content and areal density
in prepubertal boys with just 3 hours of football (soccer) participation per week [31]. What remains unanswered is whether
these osteogenic benefits attained with high volumes of artistic
gymnastics participation are also achievable with recreational
participation in artistic gymnastics.

Table 1 Subjects’ age, anthropometrics, body composition and physical fitness related variables (mean ± SD)
Variables

Rhythmic

Age (year)

Controls

N

10.4 ± 0.72

9.7 ± 1.50

9.9 ± 0.72

Height (cm)

138.8 ± 6.13

133.6b ± 6.00

141.4 ± 5.41

13 – 9 – 13
13 – 9 – 13

Body mass (kg)

31.6a ± 3.24

29.8b ± 4.20

36.5 ± 5.41

13 – 9 – 13

Lean mass (kg)

13 – 9 – 13

23.2 ± 2.88

22.6 ± 3.00

23.9 ± 2.16

%BF

21a ± 6.13

19b ± 4.20

28.8 ± 7.21

13 – 9 – 13

BMI

16.4a ± 1.44

16.6b ± 1.20

18.2 ± 2.16

13 – 9 – 13

Fat mass (kg)

6.5a ± 2.16

5.6b ± 1.80

10.5 ± 3.97

13 – 9 – 13

V30 (m · s–1)

4.97 ± 0.42

4.96 ± 0.32

5.04 ± 0.32

13 – 9 – 13

0.40a ± 0.04

0.41b ± 0.02

0.35 ± 0.05

13 – 9 – 13

47.46 ± 5.31

13 – 9 – 13

V300 (m · s–1)
–1

–1

V̇O2max (ml · kg · min )

51.14 ± 2.40

55.10b ± 7.0

%BF: percentage of body fat; BMI: body mass index; V30: velocity in 30-m running speed test; V300: velocity in 300-m running test; V̇O2max: maximum oxygen uptake.
a
p < 0.05 between rhythmic and control groups; bp < 0.05 between artistic and control groups

were scanned in supine position and the scans were performed
in high resolution. Lean mass (g), fat mass (g), total area (cm2),
and BMC (g) were calculated from total and regional analysis of
the whole body scan. BMD (g · cm–2) was calculated using the formula BMD = BMC · area–2. The regional analysis was performed as
described elsewhere [3]. Lean mass of the limbs was assumed
equivalent to the muscle mass.
Two additional examinations were conducted to estimate bone
mass at the lumbar spine and proximal region of the femur. Bone
mineral content and density values of the femoral neck, greater
trochanter, inter-trochanteric, and Ward’s triangle subregions
are also reported.
The laboratory precision error for the regional analysis of the
whole body scan, as defined by the coefficient of variation (CV)
for repeated measurements in young volunteers, was 0.4, 0.7,
3.1, and 1.0, respectively, for the BMC, BMD, fat mass and lean
mass at the whole body; and 1.4, 2.4, 5.2, and 1.4 at the extremities [4].
Statistical analysis
Mean and standard deviation (SD) are given as descriptive statistics. Differences between groups were established using ANOVA.
The chi-square test was applied to check the similarity of the
Tanner stages distribution between groups. Analyses of covariance (ANCOVA) were performed to evaluate differences in bone,
lean mass and physical fitness related variables, entering height
and body mass as covariates. The reason for using these covariates is based on evidence identifying height and body mass as influential factors on the growing skeleton [11, 27]. Additionally,
bivariate correlation and linear stepwise multiple regression
was applied to identify the relationship between physical fitness,
lean mass, fat mass and bone mass variables. To test the similarity of slopes and intercepts of these relationships, the corresponding t-test was applied for the model: Yij = αi + βiXij + εij for
i = 1,2 (1 = active, 2 = controls) and j = 1, … n1 being εij i. i. d. random variables following a distribution N(0,σ1). SPSS package
(SPSS, Inc., Chicago, IL, USA) for personal computers was used

for the statistical analysis. Significant differences were assumed
when p < 0.05. Statistical size and power are also reported.

Results
Physical characteristics
The subject’s age, anthropometric and body composition data are
summarized in Table 1. The girls of the artistic gymnastics group
where thinner and shorter than the controls (p < 0.05). Also,
rhythmic gymnasts were thinner than the controls (p < 0.05),
but no differences were found in body weight or height between
rhythmic and artistic gymnasts. The body fat mass was comparable between gymnasts, but the controls showed a 87.5 % and
61.5 % higher body fat mass than the artistic and the rhythmic
gymnasts, respectively (p < 0.05). No significant differences between groups were observed in daily calcium intake, which was
above the recommended dietary allowances (RDA) (1300 mg of
calcium intake per day in 10-year-old children). All subjects had
a Tanner value ≤ 2. However, the artistic gymnasts showed a significant delay in pubertal development compared to both the
rhythmic gymnasts and the controls, as reflected by the Tanner
frequency distribution (Tanner 1: 77.8 % vs. 23.1 % and 15.4 %;
Tanner 2: 22.2 % vs. 76.9 % and 84.6 %, respectively; p < 0.05), even
after control for age differences. The rhythmic gymnasts and the
controls were similarly developed.
Physical fitness
Overall, both artistic and rhythmic gymnasts had similar physical fitness, and both groups of athletes had better physical fitness
than their matched controls. Even after accounting for the differences in body mass and height, the artistic gymnasts achieved
better results in dynamic strength-related variables than rhythmic gymnasts and controls (Table 2). The artistic gymnasts had a
16 % higher V̇O2max and a 17 % higher anaerobic capacity than the
control girls (p < 0.05; size = 0.30 and 0.35 and power = 0.73 and
0.79, respectively; Table 1). The rhythmic gymnasts had a 14 %
higher anaerobic capacity than the control girls (p < 0.05;
size = 0.24 and power = 0.70, Table 1). No differences were found
in the 30-m running speed between groups.
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Table 2 Subjects’ jumping height (Hj), take of velocity, peak force
(Fp), positive impulse, instantaneous maximal velocity
(ImaxV), instantaneous maximal power (ImaxP) and mean
power of the concentric phase (MP) generated during the
best vertical counter movement jump (mean ± SD)

Hj (cm)
Take off velocity
(m · s–1)

Rhythmic

Artistic

Controls

18.4 ± 0.4

24.0a,b ± 0.7

17.3 ± 0.320

1.898 ± 0.115

2.162a,b ± 0.210

1.833 ± 0.104

44.9 ± 0.6

50.9 ± 1.0

46.0 ± 0.5

Positive impulse
(kp · s–1)

6.42 ± 0.21

7.15a,b ± 0.38

6.26 ± 0.19

ImaxV (m · s–1)

1.995 ± 0.118

2.231a,b ± 0.213

1.959 ± 0.108

ImaxP (W)

1090 ± 3

1235a,b ± 5

1066 ± 3

671 ± 2

733 ± 4

637 ± 2

MP (W)

a
p < 0.05 between artistic and rhythmic gymnasts; bp < 0.05 between artistic gymnasts and control subjects

Fig. 1 Body mass-, height-, and age-adjusted lean mass from the
whole body scan in the artistic gymnast, the rhythmic gymnasts and
the controls (mean ± SD). * p < 0.05 between the artistic and the rhythmic gymnasts. # p < 0.05 between the artistic gymnasts and the controls.

Table 3 Body weight-, height-, and age-adjusted bone mineral density (BMD) from the whole body, femoral, and lumbar scans
(mean ± SD)
BMD (g · cm–2)
Whole body scan

Rhythmic

Artistic

Control

Whole body

0.815 ± 0.05

0.833 ± 0.05

0.823 ± 0.06

Head

1.357 ± 0.14

1.370 ± 0.14

1.420 ± 0.15

Pelvic

0.810 ± 0.06

0.812 ± 0.06

0.819 ± 0.07

Arms (mean)

0.530 ± 0.04

0.575a,b ± 0.04

0.542 ± 0.04

Dominant arm

0.531 ± 0.04

0.571a ± 0.04

0.542 ± 0.04

Contralateral arm

0.530 ± 0.04

0.578a,b ± 0.04

0.541 ± 0.04

Legs (mean)

0.866 ± 0.06

0.877 ± 0.05

0.863 ± 0.06

Dominant leg

0.854 ± 0.06

0.866 ± 0.06

0.861 ± 0.06

Contralateral leg

0.877 ± 0.06

0.888 ± 0.06

0.865 ± 0.06

0.676 ± 0.07

0.708 ± 0.07

0.663 ± 0.07

Proximal femur (mean)

0.724 ± 0.07

0.756 ± 0.07

0.730 ± 0.08

Femoral neck

0.715 ± 0.07

0.732 ± 0.07

0.699 ± 0.08

Trochanter

0.606 ± 0.06

0.626 ± 0.07

0.613 ± 0.07

Inter-trochanteric zone

0.781 ± 0.08

0.819 ± 0.08

0.809 ± 0.09

Ward’s triangle

0.693 ± 0.11

0.713 ± 0.11

0.665 ± 0.12

Spine regions
Lumbar (mean L1-L4)
Femoral regions

a
Differences between the rhythmic and the artistic gymnast and, b between the artistic gymnast and the controls at level of p < 0.05

Body composition
The artistic gymnasts had significantly higher lean mass (p <
0.05; size = 0.14 – 0.24 and power = 0.60 – 0.83) in the whole body
and extremities than both the rhythmic gymnasts and the controls after adjusting for differences in body mass, height, and
age (Fig. 1).

Body mass-, height-, and age-adjusted total, appendicular and
axial BMC was similar between the three groups, except the femoral neck BMC that was higher in the rhythmic gymnasts compared with the artistic gymnasts and the controls (3.0 ± 0.4 vs.
2.6 ± 0.3 and 2.6 ± 0.4 g, p < 0.05). The mean upper extremity
BMD was significantly higher in the artistic than in the rhythmic
gymnasts or the controls (p < 0.05; size = 0.10 – 0.20 and
power = 0.40 – 0.73, Table 3). Dominant arm BMD was similar between the artistic gymnasts and the controls, but lower in the
rhythmic gymnasts than in the artistic gymnasts, while the contralateral arm BMD was significantly higher for the artistic gymnasts compared with both the rhythmic gymnasts and the controls (both p < 0.05; size = 0.12 – 0.22 and power = 0.47 – 0.80, Table 3). Interestingly, when we analyzed side-to-side intragroup
BMD asymmetries (Fig. 2), artistic gymnasts had significantly
higher contralateral upper and lower extremity BMD (p < 0.05);
rhythmic gymnasts had significant higher contralateral lower
extremity BMD (p < 0.05); but no side-to-side differences in
BMD were observed in the control group.
Relationship between soft tissues and bone mass and density
When all subjects were combined in a single group, the strongest
correlation was found between whole body BMC and total lean
mass (r = 0.84, p < 0.001), while whole body BMD weakly correlated with total lean mass (r = 0.45, p < 0.001). Surprisingly,
when the artistic group was analyzed separately, there was no
relationship between total lean mass and BMD, while the correlation between lean mass and BMC remained elevated (r = 0.80,
p < 0.001). Fat mass did not correlate with any bone mass related
variable. Multiple regression analysis showed that total lean
mass explains 64 % of the variability in whole body BMC but only
20 % of the variability in whole body BMD at this age.

Vicente-Rodriguez G et al. Bone Mass in Prepubertal Gymnasts … Int J Sports Med 2007; 28: 386 – 393

Physiology & Biochemistry

Fp (kp)

389

Downloaded by: Universidad de Las Palmas de Gran Canaria. Copyrighted material.

Variables

Physiology & Biochemistry
390

Discussion
This study shows that recreational participation in artistic gymnastics is associated with enhanced muscle mass and upper extremities BMD compared to either age-matched rhythmic gymnasts or sedentary counterparts.
High volume impact loading has been associated with 8 – 20%
greater whole body and regional bone mineral density in prepubertal artistic gymnasts compared with controls [1, 5,10]. A major difference between the present investigation and previous
studies is the volume of exercise. Our gymnasts devoted just 12
hours per week to training and competitions compared to the 15
to 34 hours per week in other studies [1, 5,10]. Consequently, the
gymnasts studied by Dyson et al. [10] had between 8 and 20 %
more BMD than their matched controls in the whole body, lumbar spine, femoral neck and distal radius, after accounting for differences in bone size. Cassell et al. [5] reported a 8 % higher whole
body BMD adjusted for body weight than the controls. In addition, Bass et al. [1] observed 11.5 % higher arms BMD in prepubertal gymnasts compared to matched counterparts. In the present
investigation, the artistic gymnasts exhibited 6 % higher upper
extremity BMD than the controls, after accounting for differ-

ences in body mass, height, and age. This higher BMD in the
upper extremities of the artistic gymnasts likely reflects the
adaptations elicited by the high strains withstood by the arms
and wrists in many specific figures of this sport [1]. In addition,
often they use their non-dominant arm first to break the movement before the final stabilization with both arms. Possibly, for
that reason, the non-dominant arm BMD of the artistic gymnasts
was 7 % and 9 % higher than the non-dominant arm BMD of the
controls and the rhythmic gymnasts, respectively. The latter implies that the impact loadings present in the artistic gymnastic
participation surpass the threshold for a mechanical stimulation
of osteogenesis in the upper extremity of prepubertal girls. In
contrast, the rhythmic gymnasts did not show such an increase
in upper extremity BMD compared to their maturation matched
sedentary controls after adjustment for age, height and body
mass.
In contrast to the findings of Dyson et al. [10] and Bass et al. [1],
but in agreement with Cassell et al. [5] and Robinson et al. [26],
who studied adult female gymnasts, no significant differences in
lumbar spine BMD were observed between our gymnasts and
controls. Altogether, these studies and the present investigation
show that artistic gymnastic participation at prepubertal ages is
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Fig. 2 Side-to-side bone mineral content
(BMC) and areal density (BMD) asymmetries
in the artistic gymnast, the rhythmic gymnasts and the controls (mean ± SD).
* p < 0.05.

Despite the fact that estrogens have been considered a key endocrine regulator of bone metabolism promoting bone mass during
puberty [6], animal experiments have shown that in postpubertal female rats, bone is less responsive to loading than in ovariectomized rats or in male rats of similar age [16]. In agreement
with Jarvinen et al. [16], our data show that prepubertal bone is
rather responsive to loading and support previous studies showing that female athletes who started their career before the puberty spurt may benefit from a greater osteogenic response to
loading than the athletes who started their career after the menarche [1,15,17]. An alternative explanation for the lack of enhancement of BMC or BMD in the rhythmic gymnasts compared
to the controls is that this kind of gymnastic participation is not
strenuous enough to elicit physiologically relevant changes in
bone metabolism. In fact, while artistic gymnastics is characterized by a great number of impacts, rhythmic gymnastics exercises are based more on smooth movements, with occasional
jumps over a yielding surface which may dampen the impacts
and, hence, the strains withstood by the bones. This idea is
strengthened by the fact that the artistic gymnast showed enhanced upper extremity BMD, even when the rhythmic gymnasts trained five hours per week more than the artistic group.
Therefore, as the main difference between both disciplines is
the intensity of their actions, this may also be the factor that
causes the differences in bone mass.

However, Ramsay et al. did not find changes in muscle cross-sectional areas as measured by computerized axial tomography
[24]. Thus, those increases in strength were interpreted as independent of hypertrophic mechanisms, and they were explained
as the results of adaptations in the neural activation of muscles
[24].
In contrast, in the present study we have seen that body weight-,
height-, and age-adjusted lean mass was 6 % and 9 % higher in
artistic gymnast than in rhythmic gymnast and controls, respectively. Lean mass of the lower extremity is equivalent to the
extremity muscle mass [18]. So our data indicates that artistic
gymnastic participation may elicit muscle hypertrophy in prepubertal girls.
Morris et al. [22] showed that changes in lean mass accounted
for 10 – 58 % of the variability in BMD acquisition in prepubertal
girls who completed a 10-month exercise intervention program.
In agreement, in the present investigation, we report a close relationship between lean mass and BMC in all scanned regions.
However, the correlation between lean mass and BMD is weak,
and nonexistent in the artistic gymnast group. Moreover, the
higher level of contralateral arm BMD of the artistic gymnast remained elevated after accounting for lean mass, suggesting that
this higher BMD is likely the result of the osteogenic effect of the
impact loading associated with artistic gymnast participation.
The latter implies that, in this case, exercise exerts an osteogenic
effect independent of the effect of muscle mass as happens in
prepubertal boys [5, 33]. In contrast to this finding and what we
have previously observed in boys [33], young female handballers
also showed higher BMD than matched controls. This difference
however, disappears after accounting for arm muscle mass, suggesting that this enhanced BMD could be directly explained by
the higher muscle mass [32]. Thus, in the handballers, exercise
exerts an indirect effect on bone mass throughout the enhancement of muscle mass, or at least, we could not distinguish an independent effect of exercise on bone as we have seen here and
previously in boys [33]. This may be because the exercise intensity could be lower in handball girls than in artistic gymnasts or
boys. Therefore, the relationship between lean mass and bone
mass could also be different depending on the exercise volume
and intensity during growth. Taking all this into consideration,
it seems that low impact exercise may exert an indirect effect
on bones through the increase of muscle mass, but when exercise crosses a determined intensity threshold or it generates high
impacts, it becomes an independent factor affecting bone mass
during prepubertal years, independently of its effects on muscle
mass.
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A novel component of this study was the comparison of the two
main kinds of gymnastics: artistic and rhythmic. Rhythmic gymnasts and controls showed similar BMC and BMD values in all regions. Compared to controls, the rhythmic gymnasts had lower
body mass due to a lower fat mass, while lean body mass was
the same in both groups. Therefore, despite their low BMI, the
BMC and BMD values do not seem negatively affected in the
rhythmic gymnasts. One reason may be that a major determinant of bone mass in growing children is lean body mass and,
particularly, muscle mass [31]. As illustrated in Fig. 1, the rhythmic gymnasts and controls had similar muscle mass in the extremities. Another possibility is that the increased fat mass of
the controls could have had a positive influence on their bone
metabolism. Obese people have less fracture risk than thinner
counterparts and obesity has been associated with increased
bone mineral density in adults [21]. Several studies suggest that
fat mass effect on bone mass may be mediated by hormonal factors such as sex hormones, insulin and leptin [14, 28]. In vitro
studies have shown a direct stimulation of osteoblast differentiation and matrix mineralization by leptin [14, 28]. However, in
contrast to what has been observed in adults [25], we have not
found any relationship between fat mass and bone mass variables. The latter is in agreement with the idea that lean mass has
an important role during pubertal growth, while fat mass likely
exerts a greater influence on female bone metabolism after the
menarche [31, 34]. However, more experiments will be needed
to clarify definitively if fat mass, by increasing estrogen or by
other mechanisms, may have an osteogenic influence on growing bone.

There is a paucity of information on the effects of sports participation on muscle mass in prepubertal and young children
[24, 31 – 33]. Ramsay et al. [24] observed that 20 weeks of
strength training increased maximal dynamic, isokinetic and isometric strength in prepubertal boys. This study indicates that
similar effects are possible in girls, since the artistic gymnasts
exhibited greater dynamic strength than rhythmic gymnasts
and controls, as reflected by the attainment of a 30 – 39 % higher
height in the countermovement jumps than both the rhythmic
gymnasts and the controls, respectively.
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associated with increased bone mass in loaded regions, the effect
being more accentuated as the number of hours devoted to exercise increases.
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