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Abstract 
Gymnastics is a discipline that has some factors that differentiate from other sports, such as: force, 
postural control on movement, extreme range of motion, and of the body expression. The objec- 
tive of the present paper was to compare: somatotype, body composition and energy availability 
in female gymnasts students in search for a better sport performance. We evaluated 24 healthy 
female children aged 7 - 12 years by means of a nutritional and anthropometric examinations, 
somatotype and body composition calculation, and energy availability measurement. We observed 
a low consumption of real calories intake, carbohydrates, and low amount of the real body weight 
mesurements among gymnatics students. Mesomorphic and ectomorfic somatotypes were the 
more frequent somatotypes found. Moreover, we saw significant differences in body composition 
and in energy availability among the differente somatotypes in student of gymnastics. Differences 
were located between endomorphic, mesomorphic, and ectomorphic somatotype groups in body 
composition while in energy availability were among mesomorphic-ectomorphic, and between 
endomorphic-ectomorphic groups. In conclusion, our data had important implications for per- 
formance of gymnastics in students and were discussed here. 
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1. Introduction 
Gymnastics is a discipline of serial complex exercise activities that have some factors that differentiate from 
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other sports. These are the force, postural control on movement, extreme range of motion, and of the body ex- 
pression. The physiologic requirements of gymnastics reflect a muscular load and exercise comparable to other 
sports; for example, athletics and others that have been defined as predominantly type of exercise, in which ex- 
plosive bursts of exercise are followed by moments requiring precision and skill. For that reason, it has been 
suggested that gymnasts would benefit from a good aerobic foundation and high anaerobic threshold to limit the 
effects of blood lactate accumulation such as a decrease in balance, poise, and coordination [1]. 

Sheldon (1940) proposed that the human physique and body could be classified according to the contribution 
of three fundamental somatotypes. Their supposed associated physical traits can be summarized as follows: Ec-
tomorphic somatotype: characterized by long and thin muscles/limbs and low fat storage; usually referred to as 
slim. Mesomorphic somatotype: characterized by medium bones, solid torso, low fat levels, wide shoulders with 
narrow waist, referred as muscular. Endomorphic somatotype: characterized by increased fat storage, a wide 
waist and a large bone structure, usually referred to as fat [2]. Sheldon categorised body types according to a 
scale ranging from 1 to 7 for each of the three “somatotypes”, where the pure “endomorph” is 7-1-1, the pure 
“mesomorph” 1-7-1 and the pure “ectomorph” scores 1-1-7, respectively. 

Boby composition in general people and athlets is used to describe the percentages of fat, bone and muscle in 
human bodies. Because muscular tissue takes up less space in our body than fat tissue, our body composition, as 
well as our weight, determines leanness [3]. The National Institute of Health of United States of America rec-
ommends that a healthy adult male’s body should have between 6% - 24% of fat and a female should have 14% 
- 31%. Levels above these amounts may indicate excess body fat. Athletes such as gymnasts, leaner individuals, 
and more muscular individuals will have a body fat percentage lower than these levels [4]. In general, most ath-
letes experience greater performance benefits at body fat percentages between 7% - 19% for men, and 10% - 25% 
for women, depending on the sport. 

Energy availability is supported mainly as glycogen stores in skeletal muscle. The importance of glycogen as a 
fuel during exercise has been recognized; however, little is known about the precise mechanism that relates ske- 
letal muscle glycogen to muscle fatigue. Low muscle glycogen is associated with an impairment of muscle abil- 
ity to release Ca (2+), which is an important signal in the muscle activation. Thus, depletion of glycogen during 
prolonged, exhausting exercise may contribute to muscle fatigue by causing decreased Ca (2+) release inside the 
muscle. These data provide indications of a signal that links energy utilization, i.e. muscle contraction, with the 
energy content in the muscle, inhibiting a detrimental depletion of the muscle energy store during exercise [5]. 

The objective of the present paper is to compare: body composition and energy availability in female gym-
nasts students with different somatotypes, because contemporary gymnastics exercises are becoming more dif-
ficult and demanding, thus, knowledge of how these conditions influence sport performance allows nutricians 
and professionals involved in the care of athletes, to provide adequate nutritional recommendations when look- 
ing for better results in national and/or international sport competitions. 

2. Material and Methods 
2.1. Subjects 
We evaluated 24 healthy female children aged 7 - 12 years who were students at the Gymnastics School of the 
Mexican Olympic Committee. The children were examined at the Clinic of Nutrition of the Mexican Olympic 
Committee and they were included in the Prospective study protocol of Nutrition for Athletes of the Mexican 
Olympic Committee in Mexico City. Inclusion criteria were the following: healthy clinically female children, as 
determined by a medical clinical examination; being a regular student in the Gymnastics school; absence of con- 
genital or metabolic alterations. Parent of children received a class of “Importance of nutrition in sport children”. 
Parents and children were widely informed about the study and the importance of their participation in it. This 
investigation was approved by the Research and Ethics Committee of the Mexican Olympic Committee and of 
the Iberoamerican University, and informed consent was signed by the parents or guardians of participating 
children. 

2.2. Nutritional Examination 
Chidren were evaluated before the training course by means of a Clinical-Nutritional History with a 24 hr re-
cordatory, measuring real consumption of kilocalories, carbohydrates, proteins, and lipids. Data from each chil-
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dren were compared with those of the Mexican System of Equivalent Foods standards [6], based in the Mexican 
Official Norm: NOM-043-SSA2-2005, Basic Health Services, Promotion and health education in foods. Criteria 
to provide orientation [7], and were individually qualified. 

2.3. Anthropometric Examination 
We performed an anthropometric examination by means of measuring the main anthropometric measures (i.e.: 
height [cm], weight [Kg], and, BMI). BMI is a measure from the human body shape based on an individual’s 
mass and height with the following equation: ( ) ( ) 2

mass Kg height mBMI =    . Moreover, we assessed the 
following measures: tricipital, subescapular, supraspinal, and calf skin folds (mm); contracted arm and calf pe-
rimeters (cm); humeral and femoral biepicondilar diameters (cm). We utilized a Caliper for skin folds Slim 
Guide, a small slip Caliper Futrex (Maryland, USA), and a metalic anthropometric scale Lufkin model W606 
(Michigan, USA). To perform with this objective, the main author (APA) recived a training course and certifica-
tion of the International Society for the Advancement of Kinanthropometry. 

2.4. Somatotype Calculation 
Somatotype calculation and analysis was performed with the help of the Somatotype Calculation and Analysis 
program for MacOS X 1.2.2. After having entered data as name, gender, endomorphy, mesomorphy, and ecto-
morphy, program calculates automatically: Somatotype attitudinal distance, somatotype attitudinal mean, and 
somatotype analysis of variance from Carter and Heath charts. 

2.5. Boby Composition 
We used three variables selected for its representativity of the body composition taking in account age of sub- 
jects, as follows: weight, height, and BMI. Measurements were performed with a Stadimeter Seca (Hamburg, 
Germany) model 202, and Tanita weight scale (Tokyo, Japan) model BF679W according with the International 
Standards. 

2.6. Energy Availability 
We calculated the total calories intake from the 24 hr recordatory and compared this in each subject with the 
data from tables of the total ideal of calories intake obtainded by the energy availabillity method [8]. This last 
variable was obtained with the measurement of calories spent during exercice session by means of a Cardiac- 
Metabolic monitor (Polar®, Oulu, Finland), and with calculation of FFM index with the following equation: 

Fat-free mass = body weight (Kg) – body fat mass (Kg) 
Body fat mass was assessed from total body density and measures of skinfold thickness. We determined an 

asigned value, in base that the objective of our subjects was mantaining body weight at 45 kcal/kg of FFM/day. 
We calculated energy availability by the following equation: 

Energy availibility = kcal spent in exercice + FFM × asigned value according to objective 
In this way, we obtained values for ideal and real energy intake by each subjects for comparison purpose. 

2.7. Statistics 
We measured the mean and Standard deviation of continuous variables and percentages in binomial variables. 
Continuous variables were compared by means of the t of Student test. We used one-way Analysis of variance to 
compare the means of three or more groups, with Tukey Honestly Significant Difference post-hoc test to locate 
differences between groups. The a-priori alpha value accepted was p ≤ 0.05. We utilize SPPS software version 
17.0. 

3. Results 
3.1. Nutritional Examination 
Average of the amount of real calories intake in our studied female gymnasts was 1773.43 kcal/d (SD = 714.73), 
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while ideal amount of calories intake was 2449.80 kcal/d (SD = 276.12). Difference between real and ideal in-
take was significant lower than expected for age and activity in the sample (t = −3.90, p = 0.001). We observed 
that in 16 subjects the real intake of calories was lower than the ideal amount, although five subjects comsumed 
a higher amount than the real intake, and in three subjects the real intake was in agreement with the ideal intake. 
Differences among real to ideal intake of carbohydrates from the studied gymnasts was also significant lower 
than expected (t = −5.40, p < 0.001). However, differences among real and ideal intake of proteins showed no 
significant differences (t = −1.99, p = 0.06). Differences among real and ideal intake of lipids was also no sig-
nificant (t = −1.16, p = 0.25), see Table 1. 

3.2. Body Composition 
Difference between real and ideal body weight measurements, was significantly lower for the real measurement 
(t = −4.19, p =< 0.001). Difference comparison was also significant for real height measurement (t = −4.31, p =< 
0.001). However, comparison between real to ideal BMI was no significant (t = 0.39, p = 0.70). See Table 2. 

3.3. Somatotype 
Endomorphic somatotype were found in four subjects, we found in this group a difference of –2.52 in the soma-
totype chart (SD = 0.47); Mesomorphic mean component difference was –0.89 (SD = 0.86); Ectomophic com-
ponent showed a difference of –0.74 (SD = 1.19). See Table 3. 

Mesomorphic somatotype were found in ten girls with a difference of 0.28 (SD = 0.83); Endomorphic com-
ponent for this group disclosed a difference of 0.95 (SD = 0.19); Ectomorphic component showed a difference 
of 1.42 (SD = 0.66). See Table 3. 

Ectomorphic somatotype were found in seven subjects with a difference of –0.84 (SD = 1.43); Endomorphic 
component for this group showed a difference of 1.07 (SD = 0.62); Mesomorphic component presented a dif-
ference of 0.53 (SD = 0.89). See Table 3. 
 
Table 1. Differences between real to ideal amount intake of nutrients in the sample.                                   

 Real intake (g) Ideal intake (g) p 

 x ± SD x ± SD  

Carbohydrates 246.92 ± 91.46 368.54 ± 34.14 * 

Proteins 77.82 ± 27.28 90.79 ± 10.39 ns 

Lipids 59.13 ± 31.90 67.30 ± 7.66 ns 

x = average; SD = Standard deviation; p = alpha probability; * = Statistically significant; ns = no significant. 
 
Table 2. Differences between real to ideal somatometric measurement.                                             

 Real measure Ideal measure p 

 x ± SD x ± SD  

Weight (Kg) 37.39 ± 9.43 42.62 ± 8.93 * 

Height (m) 1.42 ± 0.9 1.47 ± 0.8 * 

BMI 18.05 ± 2.53 17.88 ± 1.35 ns 

x = average; SD = Standard deviation; p = alpha probability; * = Statistically significant; ns = no significant; BMI = Body mass index. 
 
Table 3. Measurement of somatotype between groups.                                                          

 Component Endomorphic Mesomorphic Ectomorphic 

Somatotype     

Endomorphics  4.42 ± 0.45 2.79 ± 0.86 2.48 ± 1.22 

Mesomorphics  3.65 ± 0.19 4.32 ± 0.83 3.17 ± 0.66 

Ectomorphics  1.82 ± 0.62 3.74 ± 0.53 3.74 ± 1.43 
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3.4 Differences in Body Composition and Energy Availability Acoording to Somatotype 
We saw significant differences in Body composition (F = 14.14, df = 2.18, p < 0.001), and in Energy availability 
(F = 4.29, df = 2.18, p = 0.03) among the differente somatotypes in student of gymnastics. Test of Tukey HSD 
showed that differences were located between Endomorphic, Mesomorphic, and Ectomorphic somatotype 
groups in Body composition while in Energy availability were among Mesomorphic-Ectomorphic, and between 
Endomorphic-Ectomorphic groups. 

4. Discussion 
4.1. Main Findings 
In this research we showed that the mesomorphic type of somatotype was the more frequent feature found in our 
studied population, a significant number of gymnastics female students have a low amount of calories and car-
bohydrates intake than the ideal consumption; their real body weight was low than the ideal body weight. At last, 
we saw significant differences in Body composition, and in Energy availability among different somatotypes in 
our female student of gymnastics; differences were mainly between Endomorphic, Mesomorphic, and Ectomor-
phic groups in Body composition while in Energy availability were among Mesomorphic-Ectomorphic, and be-
tween Endomorphic-Ectomorphic groups. 

4.2. Comparison with other Studies 
Somatotype has an important influence in the performance of several sports disciplines [9] [10]. In female gym-
nastics, somatotype has also an important role [11]. In overall, body morphological features in gymnasts are ba-
sic in competitions, because the new requirements in contemporary gymnastics, such as the new exercises that 
are becoming more difficult including those that require more rotation around the vertical and horizontal axis 
[12]. 

Few studies have been performed to search for the influence of somatotype in performance of female gym-
nasts [13]. In female elite gymnasts, anthropometric data of outstanding gymnasts were gathered on the occasion 
of the 24th World Championship Artistic Gymnastics [14]. 

In one study, the contribution of anthropometric characteristics to performance scores in elite female gym-
nasts was measured. Correlational analysis and a stepwise multiple regression were used. A total of 168 female 
gymnasts (mean age of 16.5 +/− 1.8 years) were investigated. An extensive battery of anthropometric dimen-
sions was taken on each athlete. The somatotype was estimated. Skeletal maturation of the hand-wrist was as-
sessed. Competition scores for the four individual gymnastic events (balance beam, floor exercise, vault, uneven 
bars) and a composite score for each gymnast were the dependent variables. Significant correlations were ob-
served between skinfolds and endomorphy, and gymnastics performance scores, for biceps skinfold and the 
score on balance beam, and for endomorphy and the total score, respectively. The correlations suggested that 
gymnasts with more subcutaneous fat and higher endomorphy have lower performance scores. Endomorphy and 
chronological age were the most important predictors [15]. 

In other study, the Health-Carter anthropometric somatotype of gymnasts 13 - 20 years of age were compared 
with reference data for a nationally representative sample of Belgian girls; elite gymnasts are considerably 
shorter and lighter with narrower shoulders and hips, but the differences are more apparent after the 17 years; 
elite gymnasts do not differed from non-athletes in relative leg length, but they have proportionally broader 
shoulders relative to hips; differences in somatotype occur primarily in endomorphy (especially lower in gym-
nasts) and to a lesser extent in mesomorphy (higher in gymnasts) [16]. In the contrary direction to researches 
carried-out with elite gymnasts, our sample was constructed by female pre-competitive students of gymnastics, 
we observed in they, a higher proportion of girls with endomorphic somatotype (four of 24, 16%), thus, recom-
mendations of the health care team for this particular group may included a reduction of the bodyweight, in the 
case that this girls want to participate in national and international competitions. 

One study investigated the relationships between specific anthropometric (9 skinfolds, 13 girths, 8 lengths and 
8 breadths), body composition (body fat %, FFM, FM) parameters and bone mineral parameters (BMD, BMC) 
in young rhythmic gymnasts and same age controls; eighty nine 7 - 8-year-old girls participated in this study and 
were divided to the rhythmic gymnast's and control groups. Body composition was determined by dual energy 
X-ray absorptiometry (FFM, FM, body fat %, BMD and BMC). Body fat % and FM were lower and BMD and 
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BMC values at lumbar spine (L2 - L4) and femoral neck were higher in rhythmic gymnasts compared with con-
trols [17].  

Level of exercice had an important role in bone and muscle functions, for example Burt, Naughton, Greene, 
Courteix, and Ducher [18], showed that non-elite gymnastics participation was associated with musculoskeletal 
benefits in upper limb bone geometry, strength and muscle function. Researchers found differences between two 
gymnastic groups: the first with high-training and the second with low-training in gymnasts and other group of 
no-gymnasts girls. High-trained gymnasts showed greater forearm bone strength compared with no-gymnasts, as 
well as greater arm lean mass, BMC, and muscle function; low-trained gymnasts displayed greater arm lean 
mass, BMC, muscle power, and endurance than no-gymnasts; however, the difference in bone strength did not 
reach significance. 

In the case of pre-competitive gymnasts, 129 girls (29 gymnasts, 46 ex-gymnasts, and 45 non-gymnasts) be-
tween 4 and 9 years of age (mean = 6.8 ± 1.3) were compared. Bone mass, density, structure, and estimated 
strength were determined using peripheral quantitative computed tomography at the distal (4%) and shaft (65%, 
66%) sites in the radius and tibia. Total body, hip, and spine BMC was assessed using dual energy X-ray ab-
sorptiometry. Analysis of covariance (covariates of sex, age and height) was used to investigate differences in 
ToC, ToD, ToA, and estimated strength at the distal sites and ToA, CoC, CoD, CoA, cortical thickness, me-
dullary area, and estimated strength at the shaft sites. Gymnasts and ex-gymnasts had 5% greater adjusted total 
body BMC and 6% - 25% greater adjusted ToC, ToD, and estimated strength at the distal radius compared to 
non-gymnasts. Ex-gymnasts had 7% - 11% greater CoC and CoA at the radial shaft and 5% - 8% greater CoC 
and estimated strength at the tibial shaft than gymnasts and non-gymnasts. Ex-gymnasts also had 12% - 22% 
greater ToC and estimated strenght at the distal tibia compared to non-gymnasts. This data suggests that recrea-
tional and precompetitive gymnastics participation is associated with greater bone strength [19]. 

Energy availability is an important parameter to take account in sport practicing. For example, genetic poten-
tial for growth can be fully expressed under favorable environmental conditions. Moderate physical activity has 
beneficial effects on growth, but excessive physical training may negatively affect it. Sports favoring restricted 
energy availability, in the presence of high energy expenditure, which are of particular concern for parents and 
sport trainers. In gymnasts, a different pattern in skeletal maturation and linear growth was observed, resulting in 
an attenuation of growth potential in artistic gymnasts, more pronounced in males than in females. In female 
rhythmic gymnasts, the genetic predisposition to growth was preserved owing to a late catch-up growth phe-
nomenon. In all other sports not requiring strict dietary restrictions, no deterioration of growth has been docu-
mented so far. Intensive physical training and negative energy balance alter the hypothalamic pituitary set point 
at puberty, prolong the prepubertal stage, and delay pubertal development and menarche in a variety of sports. In 
elite gymnasts, prepubertal stage is prolonged and pubertal development is entirely shifted to a later age, fol-
lowing the bone maturation rather than the chronological age [20]. 

Moreover, energy expenditure is necessary to be controlled in gymnasts during competitions. One study de-
termined dietary intake and energy balance of elite premenarcheal rhythmic gymnasts during their preseason 
training. Forty rhythmic gymnasts and 40 sedentary age-matched females (10 - 12 years) participated in the 
study. Anthropometric profile and skeletal ages were determined. Dietary intake and physical activity were as-
sessed to estimate daily energy intake, daily energy expenditure, and resting metabolic rate. Groups demon-
strated comparable height, bone age, pubertal development, resting metabolic rate. Gymnasts had lower body 
mass, BMI, body fat than age-matched controls. Although groups demonstrated comparable daily energy intake, 
gymnasts exhibited a higher daily energy expenditure resulting in a daily energy deficit. Gymnasts also had 
higher carbohydrate intake but lower fat and calcium intake. Both groups were below the recommended dietary 
allowances for fiber, water, calcium, phosphorus and vitamin intake. Thus, this observation is in line with our 
data, gymnasts may need to raise their daily energy intake to avoid the energy deficit during periods of intense 
training [21]. 

4.3. Study Limitations 
Our study has some limitations. The size of the sample was short, thus, number of studied subjects must be in-
creased. Our observation has a cross-sectional design, a long-term prospective follow-up would make strengthen 
our results. Thus we must have caution in the interpretation of results and this must be considered only as ten-
dencies. However, these results deserve continue in a long-term follow-up of with greater number of subjects. 
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5. Conclusion 
In conclusion we observed that the mesomorphic type of somatotype was the more frequent characteristic found 
in gymnastics female students. We observed a lower amount of calories and carbohydrates intake than the ideal 
consumption and that their real body weight was lower than the ideal body weight. We also saw significant dif-
ferences in body composition, and in energy availability among different somatotypes in our female student of 
gymnastics. 
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