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Abstract and keywords  

 

Introduction: Understanding body composition (BC) is crucial in sports, 

particularly in aesthetic-focused disciplines like rhythmic gymnastics (RG). 

Objectives: The current study aims were (i) characterize the BC of tier 2 and 3 

rhythmic gymnasts, (ii) investigate whether there are alterations in BC throughout 

a competitive season of female rhythmic gymnasts, and (iii) evaluate the 

association of BC with RG performance. 

Methodology: Thirty-seven female gymnasts (11.5 ± 2.6 years old; 13.6±2.7 

training hours/week) were evaluated before the competitive season (M1) and 

following its conclusion (M2). Bone mineral content (BMC), lean soft tissue (LST), 

fat mass (FM) and FM percentage (FM%) were evaluated through dual-energy X-ray 

absorptiometry (DXA) and water parameters by a multispectral bioimpedance 

device. Additionally, anthropometric measures were also collected. Performance 

was assessed using regional results scores. 

Results: First-division gymnasts had lower mean values of FM (-3.8±1.3 kg p=0.015) 

and FM% (-5.6±1.1 kg; p=0.001). Throughout the season, FM% decreased (-

0.7±1.4%; p=0.007; ES [95% CI] = -0.5 [-0.8; -0.1]), while LST (0.8±1.0 kg, p<0.001; 

ES [95% CI] = 0.9 [0.5; 1.3]) and BMC (0.1±0.0 Kg, p<0.001; ES [95% CI] = 1.2 [0.8; 

1.6]) increased. Performance was moderately negatively correlated with FM 

measured by an age-specific anthropometric equation (r = -0.5), DXA (r = -0.5), 

and the sum of 8 skinfolds (r = -0.6). 
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Conclusion: Significant changes in BC were observed without corresponding 

changes in body weight, underscoring the necessity of monitoring BC beyond body 

mass. Additionally, performance showed a negative correlation with all FM 

measurement methods employed. 

Keywords: rhythmic gymnastics, body composition, performance, dual-energy X-

ray absorptiometry 
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Resumo e Palavras-chaves 

Introdução: Estudar a composição corporal (CC) é crucial, especialmente em 

desportos estéticos como a Ginástica Rítmica (GR). 

Objetivo: Os objetivos deste estudo foram: (I) Caracterizar a CC de ginastas 

rítmicas de nível 2 e 3, (ii) investigar alterações na CC ao longo da época 

competitiva e (iii) avaliar a associação entre a CC e a performance na GR. 

Metodologia: Trinta e sete ginastas (11.5 ± 2.6 anos; 13.6 ± 2.7 horas de 

treino/semana) foram avaliadas antes e após a época competitiva. O conteúdo 

mineral ósseo (CMO), massa isenta de gordura e osso (MIGO), massa gorda (MG) e 

percentual de gordura (MG%) foram avaliados por densitometria radiológica de 

dupla energia (DXA) e os parâmetros da água por bioempedância multiespectral. 

Adicionalmente, foram realizadas medições antropométricas. A performance foi 

obtida através dos resultados regionais. 

Resultados: Ginastas de 1ª divisão apresentaram menor MG (-3.8±1.3 kg p=0.015) 

e MG% (-5.6 ± 1.1%; p=0,001). Ao longo da época, a MG diminuiu (-0.7±1.4%; 

p=0.007; ES [95% CI] = -0.5 [-0.8; -0.1]), enquanto a MIGO (0.8±1.0 kg, p<0.001; 

ES [95% CI] = 0.9 [0.5; 1.3]) e o CMO (0.1±0.0 Kg, p<0.001; ES [95% CI] = 1.2 [0.8; 

1.6]) aumentaram. A performance apresentou correlação negativa moderada com 

a MG medida por equação antropométrica específica para idade (r = -0.5), DXA 

(r=-0.5) e somatório de 8 pregas (r=-0.6). 
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Conclusão: Mudanças significativas na CC ocorreram sem alteração na massa 

corporal, destacando a importância da avaliação da CC. A performance 

apresentou correlação negativa com todos os métodos utilizados para medir MG. 

Palavras-Chave: ginástica Rítmica, composição corporal, performance, 

densitometria radiológica de dupla energia.  
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Introduction 
 
Rhythmic Gymnastics (RG) has been an Olympic discipline for female athletes 

since 1984(1). In this sport, athletes perform choreographed movements in perfect 

harmony with music, while demonstrating their artistry and skill using a variety of 

apparatus, including the rope, hoop, ball, clubs, and ribbon(2). 

Gymnastics often starts at a young age(3) and peaks during adolescence(4). It 

involves specialized training, extensive weekly hours, repetition of complex 

elements, and a diverse set of skills, prior to bone maturation(5). The early 

specialization in gymnastics for children has sparked a debate about its impact on 

their well-being(4), with literature indicating that female gymnasts may 

experience delays in pubertal development and menarche onset(6). The bone 

mineral accrued during childhood is closely tied to the peak bone mass achieved 

in adulthood; however, RG has a high potential for promoting bone density(7, 8). 

According to a systematic review conducted by Jürimäe et al. (2018)(8), intensive 

mechanical stress resulting from gymnastic activities has been found to stimulate 

bone growth. It seems to help counter adverse effects such as delayed pubertal 

development, decreased fat mass (FM), and reduced hormone levels(8).  

Examining body composition (BC) characteristics holds significant importance in 

sports, particularly in disciplines emphasizing aesthetics, such as RG. This data 

allows coaches and nutritionists to formulate tailored training and nutritional 

interventions by gaining insights into the physical attributes of athletes, 

ultimately enhancing their performance. Based on prior research, elite gymnasts 

are characterized by their low FM, extended limbs, and an ectomorphic 
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somatotype(6, 9-11). In this context, gymnasts, coaches, and parents endeavor to 

maintain the gymnast morphology within the demands of this sport(12).  

Several studies have established a consistent association between BC and 

performance outcomes in gymnastics(13-17), highlighting the significance of BC in 

athletic success(15-17). However, these studies utilized two-component models for 

BC assessment, which rely on assumed values for fat-free mass (FFM) density (FFMD 

= 1.10 g/cm³) or hydration (Total body water (TBW)/FFM = 0.732). In contrast, 

dual-energy X-ray absorptiometry (DXA), recognized for its convenience and 

reliability(18), employs a three-component model that distinguishes lean soft tissue 

(LST) from bone mineral content (BMC), thereby reducing reliance on 

assumptions(19).  A primary advantage of DXA is its capability to measure BMC, a 

parameter gaining significance due to growing awareness of low energy 

availability and its impact on bone health(20). 

Even though the existing body of literature focuses on elite RG athletes in tiers 4 

(Elite/International level) and 5 (World Class), it is essential to highlight that in 

Portugal, the percentage of tier 2 (Trained/Developmental) and 3 (Highly 

Trained/National Level) RG gymnasts (98.4%) is more representative compared to 

tier 4 (1.6%)(21-23).  

In addition, although the RG code of points doesn't specifically penalize the 

athletes for their BC, subjective factors such as elegance and execution can 

influence competition scores(2, 24). Therefore, to gain deeper insight into 

performance, it's crucial to consider gymnasts at other levels of competition and 

other aspects, such as variations in BC and their corresponding effects.  
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Objectives 

This study aims to (i) characterize the BC of tiers 2 and 3 rhythmic gymnasts, (ii) 

investigate whether there are alterations in BC throughout a competitive season 

of female rhythmic gymnasts, and (iii) evaluate the association of BC (body mass, 

height, skinfolds, girths, LST, and FM percentage (FM%)) with RG performance. 

 

Methodology 
 
Study design   

The present study was an observational longitudinal study with two data collection 

moments. The first moment (M1) occurred before the beginning of the competitive 

period (December). The second moment (M2) occurred about a week after the 

conclusion of the competitive season. Some athletes ended their season in March 

because they did not qualify for nationals and were evaluated at that time, while 

the others were reevaluated in April. This study consisted of a convenience sample 

of rhythmic gymnasts from a Portuguese Club competing regionally and nationally. 

The following inclusion criteria were adopted: (1) currently participating in 

competitive RG, and (2) having at least one year of competitive gymnastic 

training. On the other hand, the exclusion criteria were: (1) experiencing an injury 

that prevented regular training and participation in competitions, (2) taking any 

medications that are known to affect body water or composition, (3) pregnancy, 

and (4) inability to attend the evaluation measurements.  

The baseline sample consisted of 37 female gymnasts competing at a regional or 

national level and, according to a framework classification presented by McKay et 
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al. (2022)(23), it was composed of 29.7% of tier 2 (Trained/Developmental) and 

70.3% of tier 3 (Highly Trained/National Level) athletes. 

This study was approved (153/2023/CEFCNAUP) by the Ethics Committee of the 

Faculty of Nutrition and Food Sciences of the University of Porto (FCNAUP) and 

was conducted according to the declaration of Helsinki for Human Studies from 

the World Medical Association(25). Written informed consent to participate was 

received from all parents or guardians of participants before testing. 

All measurements were conducted at FCNAUP.  

Body compositions measurements 

BC assessments were conducted in the morning (between 8 am and 12 pm) after 

an overnight fast of at least 8 hours, avoiding moderate to vigorous exercise in 

the previous 24 hours. 

 

Anthropometry  

Anthropometric variables were obtained according to the International Society for 

the Advancement of Kinanthropometry (ISAK)  protocol(26). The anthropometric 

evaluation included the measurement of weight (kg), height (cm), eight skinfolds 

(mm) (tricipital, bicipital, subscapular, iliac crest, supraspinal, abdominal, front 

tight, and medial calf), and five circumferences (cm) (relaxed arm, waist, hip, 

tight and calf). The same anthropometrist conducted all the skinfold thickness 

measurements and the coefficient of variation (CV), calculated based on ten 

individuals with an average age of 21 years ± 3.7 (70% females), is presented in 

Table 1 (in appendix). The skinfolds' technical error of measurement (TEM) ranged 
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from 0.3 to 1.3 mm, and the CV was between 2.9% and 5.5%. TEM for 

circumferences ranged from 0.1 to 0.5 mm, with CV ranging between 0.4% and 

0.7%.  

Participants were measured for their weight and height while wearing light 

clothing (training clothes or hospital gown) using an electronic scale (Seca 803, 

Hamburg, Germany) and a stadiometer (Seca 213, Hamburg, Germany) with a 

resolution of 0.1 kg and 0.1 cm, respectively. Circumferences were measured with 

an anthropometric tape (Lufkin W606PM, Apex Tool Group, Sparks, Maryland 

U.S.A.) with a resolution of 0.1 cm and the skinfolds were measured using a 

Harpenden skinfold caliper (Baty Int., UK), with a resolution of 0.2 mm. 

Additionally, we employed the equations proposed by Slaughter(27) to estimate 

FM%.   

 

Dual-energy X-ray absorptiometry (DXA)  

DXA (Horizon Wi, Hologic, Waltham, MA, USA, Hologic APEX software version 

5.6.1.3) was used to determine whole-body measures of BMC (g), bone mineral 

density (BMD, g/cm2), FM (kg), FM%, and LST (kg). The same technician performed 

standardized scan positioning, acquisition, and analysis according to the 

manufacturer's guidelines.  The BMC and BMD exhibited TEM and %CV of 0.03 g and 

1.1% and 0.01 g/cm2 and 1.0%, respectively. For FM and LST, the TEM remained 

consistent at 0.3 kg, while the CV differed with values of 1.6% and 0.7%, 

respectively. Finally, FM% exhibited a TEM of 0.4 % and a CV of 1.4%. These values 

fall below the minimum acceptable precision outlined in the official position 

statement by the International Society for Clinical Densitometry(28). 
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Bioelectrical impedance   

After undergoing the DXA scan, individuals attained stable body fluid levels, 

prompting an immediate assessment in the same position using bioelectrical 

impedance. Four electrodes were positioned on the dorsal surfaces of the right 

foot and ankle, as well as the right wrist and hand. All the prerequisites outlined 

in the literature were taken into account(29). These included observing a minimum 

fasting period of 8 hours and abstaining from caffeine and alcohol intake for 12 

and 24 hours, respectively. All metallic items (bracelets, necklaces, earrings, etc.) 

were removed during the measurements. TBW, extracellular cellular water (ECW), 

and intracellular cellular water (ICW) were obtained by a multispectral 

bioelectrical impedance device (BIS) (SFB7, ImpediMed, Carlsbad, CA, USA). The 

TEM and CV observed for TBW, ECW, and ICW were 0.46 L and 1.38%; 0.17 L and 

1.24 %; and 0.32 L and 1.66%, respectively. One gymnast's data could not be 

collected due to a measurement error, resulting in a final sample size of 36 

participants for water compartments.  

 

Performance  

The scores at the Portuguese regional competitions determined the competitive 

performance in the 2023/2024 season. This is based on points obtained from four 

components: body difficulty, body apparatus, artistic, and execution(2). Given that 

different age groups have distinct maximum score criteria, we standardized 

performance by calculating each gymnast's achieved score as a proportion of their 

possible maximum score from the best two routines in the general classification. 
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It is important to note that 3 gymnasts dropped out of the regional competition 

due to illness (n=34), and we also considered qualification for the national 

competition as a performance indicator. 

 

Data Analysis   

Data processing was performed using the statistical software IBM Statistical 

Package for Social Sciences (SPSS) 29.0 version, and the level of significance was 

set at p < 0.05 (two sided). Normality was evaluated using the Kolmogorov–

Smirnov test, and descriptive statistics were performed and presented as 

mean±standard deviation. Independent t-tests were conducted to examine 

differences in anthropometric baseline characteristics between 1st and 2nd 

divisions, while paired t-tests were employed to evaluate BC changes over the 

competitive season. Pearson correlations were used to examine the association 

between performance and BC at M2, due to its closer temporal proximity to the 

regional competition. The effect size (ES) of the differences was determined using 

Cohen's d. The magnitude of the ES was classified according to Hopkin's scale as 

follows: [0; 0.2[ = trivial, [0.2; 0.6[ = small, [0.6; 1.2[ = moderate, [1.2; 2.0[ = 

large, ≥ 2.0 = very large(30). 

 

Results 

Our sample included 37 female athletes, 12 (32.4%) from the 1st and 25 (67.6%) 

from the 2nd division with an average age of 11±2.6 years, training hours of 

13.6±2.7 hours/week, and an average of 5.7±2.5 years of practice. At the first 

measurement, 59.5% (n=22) of the participants had not yet experienced 
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menarche. Of those who had experienced menarche (n=15), only one took oral 

contraceptives (2.7%) and 8 (21.6%) reported having a regular menstrual cycle. 

The gymnasts were mainly in stage 1 (40.5 %) breast development and stage 1 

(40.5 %) in pubic hair development. Figures 1 and 2 summarize the biological 

maturation and menarche participants’ characteristics (in the appendix). 

 

Baseline characteristics and BC 

Table 1 presents the participants’ characteristics and BC at baseline (n = 37). 

Table 1 Participants' characteristics and BC at baseline. 
  Whole sample 

(n= 37) 
1st Division  

(n = 12) 
2nd Division 

(n=25) 

  Mean SD Mean SD Mean SD 

Age (years)  
11.5 2.6 11.0 2.4 11.8 2.7 

Training volume 
(hours/week) 13.6 2.7 16.5** 0.8 12.2 2.2 

Training onset (years) 
5.8 1.6 5.7 1.7 5.9 1.6 

RG practice (years) 
5.7 2.5 5.3 2.8 5.8 2.4 

Weight (kg) 
40.5 13.4 35.6 11.5 42.9 13.9 

Height (cm) 
147.1 13.5 143.5 13.0 148.9 13.6 

BMI (kg/m2) 
18.1 3.2 16.8 2.7 18.8 3.2 

BMC (kg) 
1.5 0.5 1.4 0.5 1.6 0.5 

Fat mass (kg) 
9.8 4.1 7.5* 2.9 11.0 4.2 

Fat mass (%) 
24.3 4.1 21.3* 1.8 25.7 4.1 

FFM (kg) 
29.9 9.6 27.3 8.5 31.1 10.0 

LST (kg) 
28.4 9.1 25.8 8.0 29.6 9.4 

 
 
 
 
 
 

Skinfolds (mm) 

Triceps 10.1 3.2 7.4** 2.1 11.4 2.8 

Subscapular 6.1 2.0 5.0* 1.1 6.6 2.2 

Biceps 4.5 1.4 3.4* 0.6 5.0 1.4 

Iliacal Crest 8.0 3.4 6.3* 2.8 8.7 3.4 

Supraspinale 5.5 2.1 4.0* 1.1 6.2 2.1 

Abdominal 9.1 3.9 6.3* 2.6 10.4 3.7 

Thigh 16.1 5.5 11.4** 3.0 18.4 4.9 

Medial Calf 9.4 3.4 6.4** 1.3 10.9 3.2 
Sum of 8 
skinfolds 68.7 22.1 50.3** 12.1 77.6 20.3 

Body fat by Slaughter (%) 
 21.5 6.6 16.5** 3.8 23.9 6.3 
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We found that 1st division athletes had a higher weekly training volume (p<0.001), 

with a very large effect size (ES [95% CI] = 2.3 [1.4; 3.2]). When compared to the 

2nd division, 1st division gymnasts had significantly lower mean values of FM (-

3.8±1.3 Kg p=0.015), and FM% (-5.6±1.1 kg; p=0.001), with a moderate (ES [95% 

CI] = -0.9 [-1.6; -0.2]) and large effect size (ES [95% CI] = -1.2 [-2.0; -0.5]), 

respectively. All skinfold measurements displayed significant differences between 

1st and 2nd divisions, with lower values observed in the highest division. It is 

important to note that there was a significant difference in the sum of 8 skinfolds 

between groups (p<0.001) with a large effect size (ES [95% CI] = -1.5 [-2.3; -0.7]).  

 

Body composition variation 

Table 2 shows BC variation from M1 to M2. During the competitive season, there 

was a significant mean reduction in FM% assessed through DXA (-0.7±1.4%; 

p=0.007; ES [95% CI] = -0.5 [-0.8; -0.1]). Furthermore, also in DXA measures, LST 

(0.8±1.0 kg; p<0.001; ES [95% CI] = 0.9 [0.5; 1.3]) and BMC (0.1±0.0 Kg; p<0.001; 

ES [95% CI] = 1.2 [0.8; 1.6]), had a significant increase. Regarding water 

compartments, TBW showed a significant increase (1.0 ± 0.8 kg; p<0.001) with a 

moderate effect size (ES [95% CI] = 1.1 [0.7; 1.6]). 

 

 

 

 

Abbreviations: SD standard deviation. BMI body mass index. BMC bone mineral content. FFM fat-free mass. LST lean 

soft tissue. Comparison of means between groups was performed using the independent sample t-test. *p<0,05: 

significant differences **p<0,001: significant diferences. 
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Table 2 Body composition variation through the competitive season. 

Abbreviations: ES effect size. TBW Total body water. ECW extracellular water. ICW intracellular water. 

 

When we split by division, the ES increases at 1st division in FM%, LST, and height 

from a small to a large one (ES [95% CI] =-1.5 [-2.3; -0.7]; (ES [95% CI] =1.4 [0.6; 

2.2]) and (ES [95% CI] =1.3 [0.5; 2.1]), respectively). The percentage of changes 

in BC is present in Figure 3. 

 

 

 

 

 

 

 

 

 

Figure 3. Mean (bars) and individual (points) percentage change in BC throughout the competitive season, measured by 

dual-energy x-ray absorptiometry. Comparison of means between groups was performed using the paired-sample t-test. 

 Moment 1 Moment 2 Change 
(M2 - M1) 

 

p -
value 

ES 
Cohen'd 

[95% Confidence Interval] 

 Mean SD Mean SD Mean SD   

Weight (kg) 40.5 13.4 40.9 13.1 0.4 1.3 0.075 0.3 [0.0; 0.6] 

Height (cm) 147.1 13.4 148.3 13.0 1.1 1.1 <0.001 1.1 [0.6; 1.5] 

BMC (kg) 1.5 0.5 1.6 0.5 0.1 0.0 <0.001 1.2 [0.8; 1.6] 

Fat mass (%) 24.3 4.1 23.6 4.1 -0.7 1.4 0.007 -0.5 [-0.8; -0.1] 

LST (kg) 28.4 9.1 29.2 9.0 0.8 1.0 <0.001 0.9 [0.5; 1.3] 

Sum of 8 skinfolds 
(mm) 

68.8 22.1 69.3 23.0 0.6 7.1 0.635 0.1 [-0.2; 0.4] 

TBW (L) 22.3 7.1 23.2 7.0 1.0 0.8 <0.001 1.1 [0.7; 1.6] 

ECW (L) 9.2 2.8 9.6 2.7 0.4 0.4 <0.001 1.1 [0.6; 1.5] 

ICW (L) 13.1 4.3 13.6 4.2 0.5 0.5 <0.001 0.9 [0.5; 1.3] 

Body fat by 
Slaughter (%) 

21.5 6.6 21.3 6.3 -0.2 2.2 0.603 -0.1 [-0.4; 0.2] 
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BMC bone mineral content. LST lean soft tissue. FM% percentage of fat mass. *Significant change (p < 0.05). **Significant 

change (p < 0.001). 

 

Body composition and performance 

Performance showed a significantly moderate negative correlation with all 

methods of measuring FM, specifically FM measured by the Slaughter equation (r 

= -0.5), DXA (r = -0.5), and the sum of 8 skinfolds (r = -0.6). Similar results were 

found for all skinfolds and girths, where higher values were correlated to worse 

performance results. Additionally, higher values of weight (r = -0.4) and BMI (r = -

0.4) were negatively associated with performance, showing a weak correlation. 

The sum of 8 skinfolds explained 35% of the performance (r2
 = 0.35). 

Regarding qualification for the national competition, the non-qualified group 

exhibited higher values of FM% measured through DXA (4.3 ± 1.4 kg; p=0.004), as 

well as FM measured by the slaughter equation (6.6 ± 2.1 kg; p=0.003) and the 

sum of 8 skinfolds (22.4 ± 7.8 kg; p=0.007). The first two demonstrated a large 

effect size ([95% CI] = 1.2 [0.4; 1.9] and [95% CI] = 1.2 [0.4; 2.0]), respectively, 

while the latter exhibited a moderate effect size (ES [95% CI] = 1.0 [0.3; 1.8]). 

 

Discussion 

The key findings of this study are twofold: (1) significant changes in BC occurred 

during the competitive season without corresponding changes in body weight, 

highlighting the importance of monitoring BC beyond just body mass, and (2) 

performance was negatively correlated with all methods of measuring FM, 

indicating that higher FM is associated with lower performance levels. Previous 

research has studied the relationship between BC and performance, but they used 
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two-compartment model BC methodologies. Furthermore, substantial studies 

have focused on the BC of rhythmic gymnasts(5, 6, 15, 31-34), but there is a gap in the 

literature regarding variations in BC throughout a competitive season. 

Concerning BC characterization, Batista et al. (2019) examined the morphological 

characteristics of 164 Portuguese athletes across different levels of competition 

(1st division- n=72; 2nd division- n= 83; Elite- n= 9)(35). In comparison, we observed 

lower values in height, weight, skinfolds, and FM% (with the latter only in the first 

division). The potential explanation for this finding could be attributed to the fact 

that their sample was relatively older (13.5±2.0 years) and commenced their 

training at a later age (6.9±2.4 years). As expected, in line with the current study, 

Batista et al. (2019)(35) demonstrated that the 1st division had lower values of FM% 

(18.2±4.3%) compared to the 2nd division (19.4±4.2%), as well as skinfold 

measurements. 

As normally seen in other sports, we found a decrease in FM% (-0.7±1.4%) and an 

increase in LST (0.8±1.0 kg)(36). The increase in LST was accompanied by a rise in 

TBW, which is expected since, at the molecular level, LST consists of water, 

protein, non-osseous minerals, and glycogen, with water being the predominant 

component(37). It is important to point out that the mean difference of FM% 

between moments was within the CV (1.4%) measured through DXA. However, 

from the 27 gymnasts who lost FM, 12 (44.4%) lost more than 1.4 FM%. 

To our knowledge, only one study(38) has investigated the changes in BC throughout 

a competitive season in gymnasts. Vercruyssen et al. (1998)(38) observed a 

decrease in FM% from pre-season to post-season (21.4±6.2% to 13.3±5.9%), using 

Sinning regression equation(39) in female collegiate gymnasts (not specifically RG 
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gymnasts), while our study, using the Slaughter equation(27), found non-significant 

differences (p=0.603) and minimal changes in FM% (21.5±6.6% to 21.3±6.3%) 

between time points. However, when analysed using DXA, the results were 

significant (24.3±4.1% and 23.6±4.1%). The differences in the reported values may 

be due to variations in the samples' mean age (20.3±1.3) or the longest (1 year) 

time between evaluation moments. Furthermore, differences in the utilization of 

regression equations(20) and the use of a two-compartment model could also 

contribute to the variance in the findings(20). The limited number of sites used in 

some equations, coupled with the lack of validation for tracking BC changes, 

underscores the need to discourage this conversion of skinfolds to FM%. Instead, 

presenting data as a sum of the 8 skinfolds offers a more accurate and reliable 

assessment. This approach is increasingly advocated and used for field evaluation 

of adiposity in sports nutrition(20).  

Athletes who qualified for the national competition exhibited significantly lower 

mean values of FM compared to those who did not qualify. Likewise, Donti et al. 

(2016)(17) found that FM% was the main morphological characteristic that 

differentiated qualified and non-qualifiers. One possible explanation for this 

phenomenon is the aesthetic aspect associated with RG, which may influence the 

judge's perception of the exercise(14, 40). A study conducted in German Wheel 

Gymnastics, an aesthetic sport, found that FM% affects the judges' perception of 

the exercise (r = 0.268; p<0.010)(41) and also that higher FM or weight is associated 

with lower performance scores. A study by Šebić-Zuhrić et al. (2008)(32) involving 

127 rhythmic gymnasts, concluded that weight and FM significantly prevent the 

successful learning and mastery of basic body elements. Beyond the aesthetic 
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explanation, FM is considered a non-functional mass, with increasing amounts of 

FM mechanically and metabolically hindering sports performance(36). 

It is important to highlight the strengths and limitations of the present study. We 

believe that this study makes a strong contribution to updating the knowledge 

about RG gymnasts, as, as far as we know, this is the first one reporting seasonal 

changes in the 3-compartment BC of RG gymnasts. Furthermore, we utilized the 

reference method to study BMD and BMC (DXA) and we ensured meticulous 

adherence to all preparatory conditions for BC assessment, including the 

abstention from exercise preceding the evaluation, as the coaches guaranteed 

that gymnasts didn't train within 24 hours prior to the BC evaluation. Nevertheless, 

some limitations should be addressed. It is evident that BC affects performance(16, 

32, 35), but this is influenced by numerous factors such as flexibility, technical skills, 

and the ability to deal with competition-related anxiety(5, 13, 42), which were not 

considered in this study. Furthermore, although the water parameters were not 

assessed using the deuterium dilution reference method, the method used in this 

study has been validated against deuterium dilution(43, 44), demonstrating its 

reliability. We also did not include a control group to definitively ascertain 

whether the observed changes were truly due to the training season or simply a 

result of growth and development. Molgaard et al(45) conducted a one-year 

longitudinal study on a healthy pediatric population aged 5 to 19 years and found 

a consistent increase in FM% in girls aged 10 to 15.99 years. However, we observed 

a decrease in FM% measured by DXA (-0.7±1.4%; p=0.007), which may indicate an 

effect of the competitive season. In this same one-year longitudinal study, 

children aged 10 to 12 years, presented a LST rate increase by approximately 4.5 
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kg per year. In the current study, given the 18-week gap between M1 and M2, it 

was anticipated that LST would increase by ≈1.56 kg. Our results showed that 

21.6% of the sample demonstrated a greater increase in LST compared to the 

previous value, which could be attributed to the influence of the competitive 

season.  

  

Conclusion  

The first-division gymnasts exhibited lower levels of FM, FM% and skinfold 

thickness compared to their second division counterparts. Throughout the 

competitive season, significant changes in BC were observed without 

corresponding changes in body weight, underscoring the necessity of monitoring 

BC beyond mere body mass. Moreover, performance showed a consistent negative 

correlation with all FM measurement methods employed. As excessive pressure to 

have continuously better results and to lose weight can cause body dissatisfaction 

and health problems in gymnasts’, coaches should be cautious when associating 

weight loss to improved performance, considering each gymnast’s individuality. 

Professional monitoring and reliable body evaluation methods are essential. 

Furthermore, preventive measures such as official regulatory penalties for any 

excessive or abusive weight loss practices should be implemented. 
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Table 1. Anthropometric coefficient of variation 

 Variables CV% 

Skinfolds 

Triceps 3,32% 

Subscapular 2,85% 

Biceps 4,84% 

Iliacal Crest 5,52% 

Supraspinale 3,89% 

Abdominal 3,89% 

Front thigh 5,06% 

Medial calf 4,72% 

Circunferences 

Arm (relaxed) 0,44% 

Waist (minimum) 0,49% 

Gluteal (hip) 0,53% 

Thigh (mid-troch-tib. Lat) 0,67% 

Calf (maximum) 0,49% 
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Figure 1. Participants Tanner stages 

Legend: SPHM sexual pubic hair maturation. SBM sexual breast maturation. 
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Figure 2. Menarche Characteristics 

  

59%22%

14%

5%

Menarche

Not applicable Regular cycle  Irregular cycle Missing cycle for 3 months



 

 

 

 


