Institute of Experimental Morphology, Pathology and Anthropology with Museum
Bulgarian Anatomical Society

Acta morphologica et anthropologica, 26 (3-4)
Sofia @ 2019

Body Composition Characteristics in Bulgarian Rhyth-
mic Gymnasts

Albena Dimitrova*, Ivaila Yankova Ivanova-Pandourska

Institute of Experimental Morphology, Pathology and Anthropology with Museum, Bulgarian Academy
of Sciences

* Corresponding author e-mail: albena_84(@abv.bg

The aim is to determine the influence of sport activity on the body composition compartments in young
rhythmic gymnasts at different age categories. A total of 27 rhythmic gymnasts, who had trained at least
for two years and not less than 20 hours weekly, were tested. Athletes were divided into two groups:
pre junior (mean age 8.87 + 0.72 years) and junior (mean age 11.55 £ 0.52 years). The bioelectrical
impedance analysis was used to evaluate the body composition. The gymnasts in pre junior' group
had significantly lower mean values of height, weight, muscle mass, total body water and fat free mass
compared to junior group. A significant positive correlation with strong intensity between muscle mass
and height, weight, total body water and fat free mass in both assessed groups was established. The
muscle mass of the gymnasts rises with increasing the sport experience but the body fat percentage and
other obesity parameters keep relatively constant mean values.
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Introduction

The development of contemporary sport requires more comprehensive research of the
relationship between the body structure and the type and intensity of physical activity.

The morphological characteristic of young athletes is an important indicator for
the success and talent identification in each sport. Although the morphological profile
in athletes is determined by genetic factors [5], it is influenced by external factors such
as proper nutrition, the type and level of sport training, etc. [2, 15, 22]. In many sports
the morphological components are not homogeneous. A significant difference is also
established in terms of the playing position within the same sport [19].

Specificity and intensity of training in rhythmic gymnasts (RG) along the growth
period leads to changes in muscle and skeletal system and determine the specific
morphological profile — linear body development, low level of body fat and predominant
ectomorph somatotype [7, 16, 18, 21]. In aesthetics sports an increase of body weight,
especially body fat can negatively influence sport performance. For this reason body
composition profile is a supportive tool in sports, where the body structure may influence

88



the biomechanics of movement and balance between muscle strength and flexibility
[6, 11, 14]. The skin-folds measurements and bioelectrical impedance analysis (BIA),
as non-invasive and fast methods are the most commonly used for estimating of body
composition [20].

The aim of the study is to determine the influence of sport activity on the body
composition compartments in young rhythmic gymnasts (RG) at different age categories.

Materials and Methods

A sample includes 27 rhythmic gymnasts (RG), who have trained at least for two years
and not less than 20 hours weekly. All participants in the present study took part at the
national championships. Athletes were divided into two experimental groups: pre —
junior (mean age 8.87+ 0.72 years) and junior (mean age 11.55 + 0.52 years). All girls
and their parents completed an inform consent and voluntarily participated in the study.
The study protocol was reviewed and approved by the Ethical Committee of Institute
of Experimental Morphology, Pathology and Anthropology with Museum — Bulgarian
Academy of Sciences (Protocol Ne 8/12.11.2018) and was conducted in agreement
with the principles stated in the Declaration of Helsinki for human studies [24]. The
Martin-Saller’s anthropometric method was used for measured the athletes’ height.
The BIA method (with the use of InBody 170 analyzer) was applied to evaluate the
RGs’ body composition. Body composition profile included: weight (Wt), muscle mass
(MM), total body water (TBW), fat free mass (FFM), fat mass (FM), body mass index
(BMI), body fat percentage (PBF), waist-to-hip ratio (WHR) and visceral fat (VF).
Statistical analysis was performed by SPSS16 for Windows. T-test was used to identify
statistically significant intergroup differences (p<0.05). A Pearson’s correlation analysis
was applied to establish the relationship between body composition compartments.

Results

The study presented the peculiarities of the body composition compartments in young
competitive Bulgarian RG. The descriptive analysis of age and basic anthropometric
features are presented in Table 1.

There were significant differences in the mean values of basic anthropometric
features (height and weight) between 8-10 and 11-12 years old Bulgarian RG athletes
(p <0.05). The gymnasts from junior group are 8.00 cm taller and 4.36 kg heavier than
those from pre-junior group. It is due to the growing stage of the athletes.

Table 1. Basic Anthropometric Characteristics

Pre - junior RG Junior RG Total
Traits P-value
(n=16) (n=11) (n=27)
Age (yr) 8.87+0.72 11.55+0.52 9.96 +1.48 0.000*
Height (cm) 138.00 + 7.46 146.00 + 3.23 141.00 £ 7.14 0.004*
Weight (kg) 29.20+4.12 33.56 +3.13 30.97 +£4.28 0.006*

Table 2 contains data of body composition characteristics in Bulgarian athletes.
Pre-junior group has significantly lower mean values of muscle mass, total body
water and fat free mass compared to junior group (p<0.05). Fat mass are equal in both
investigated groups.
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Table 2. Body Composition Parameters in Young Bulgarian Rhythmic Gymnasts

Pre - junior RG Junior RG Total 1
Traits (n=16) P-value
(n=11) (n=27)
Muscle mass (kg) 12.81+2.31 15.17+1.24 13.77 £2.25 0.005*
Fat mass (kg) 4.15+1.38 4.55+1.77 4.31+1.53 0.520
Fat free mass (kg) 25.04 £3.78 29.02 £2.07 26.66 £3.72 0.004*
Total body water (1) 18.36 +2.83 21.28 £1.50 19.55+2.76 0.004*

No significant intergroup differences were found for fat mass, body fat percentage,
visceral fat, waist- to- hip ratio and BMI (p>0.05) (Table. 3).

Table. 3. Obesity Parameters in Young Bulgarian Rhythmic Gymnasts

. Pre - junior RG Junior RG Total P-value
Traits (n=16) (n=11) (n=27)
BMI (kg/cm?) 15.31£1.19 15.82+1.13 1551+ 1.17 0.273
PBF (%) 14.19+4.11 13.29 +4.48 13.82+4.21 0.596
WHR 0.71+0.32 0.73+0.24 0.72 +£0.03 0.066
Visceral fat 1.31+0.60 1.45+0.52 1.37+0.56 0.531

The correlation coefficients between the body composition compartments in RG
athletes are presented in Table 4 and Table 5.

Table 4. Correlation between assessed anthropometric and body composition traits in young junior RG

Ht | Wt MM FM |TBW |FFM BMI PBF WHR | VF
Ht 1 [0.857%*% | 0.915%* [0.031 | 0.923** | 0.925%* | 0.188 -0.355 [0.230 | 0.033
Wt 1 0.938%* 10.408 | 0.943** | 0.943** | 0.664** | 0.006 | 0.570* |0.245
MM 1 0.069 | 0.999%* | 0.999** | 0.454 -0.336 | 0.356 |-0.040
FM 1 0.080 {0.080 0.754** [ 0.913** | 0.726%* | 0.789**
TBW 1 1.000** | 0.451 -0.328 [0.362 |-0.023
FFM 1 0.449 -0.328 [0.357 |-0.021
BMI 1 0.550* |0.775%* | 0.416
PBF 1 0.532% ]0.731%*
WHR 1 0.641%*
VF 1

**Statistically significant differences at p<0.01; * Statistically significant differences at p<0.05; HT-
height; Wt- weight; MM- muscle mass; FM- fat mass; TBW- total body water; FFM- fat free mass;
BMI- body mass index; PBF- body fat percentage; WHR- waist- to- hip ratio; VF- visceral fat;
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Table 5. Correlation between assessed anthropometric and body composition traits in junior RG

Ht |Wt MM FM TBW |FFM BMI PBF WHR | VF

Ht 1 [0.699* [0.810%* [0.270  |0.822** |0.827** [0.298 0.146 0.045 0.268
Wt 1 0.816** 10.781** |0.835%* |0.845** [0.890** 10.671* |0.591 0.575
MM 1 0279 [0.996** {0.996** |0.574 0.122 0.392  |0.114
FM 1 0.308 10.325  |0.869** |0.985** 10.551 0.798**
TBW 1 1.000** 10.592 0.155 0.426 |0.165
FFM 1 0.603* ]0.172 0.422 |0.186
BMI 1 0.802** 10.765** |0.595
PBF 1 0.513  |0.797**
WHR 1 0.358
VF 1

**Statistically significant differences at p<0.01; * Statistically significant differences at p<0.05; HT-
height; Wt- weight; MM- muscle mass; FM- fat mass; TBW- total body water; FFM- fat free mass;
BMI- body mass index; PBF- body fat percentage; WHR- waist- to- hip ratio; VF- visceral fat;

A significant positive corrrelation with high intensity between muscle mass and
height, weight, TBW and FFM in both assessed groups was established (p <0.01).

In the pre-junior RG group, a moderate and negative correlation of body fat
percentage with MM, FFM and TBW was observed. Contrary, there was a high and
positive correlation of PBF with FM and BMI in the junior RG group.

Discussion

Monitoring of the body composition profile in young competitive RG athletes proves
to be basic for the routine practices for good health of athletes and better sport
performance [9]. In references of body composition, females who are physically active
and have improper nutrition or under-nutrition may lead to very low values of fat mass
associated with menstrual disorders (oligomenorrhoea or amenorrhoea) and increase
the risk of bone fractures and osteoporosis in adulthood [3, 4, 8, 10].

The results of the present study indicate that rhythmic gymnastic is a sport where
the muscle mass of athletes increases with increasing the sport experience but the PBF
and the other obesity parameters keep relatively constant mean values.

The mean values of basic anthropometric and body composition characteristics
in Bulgarian RG were close to those established by Ariazza et al. [1]. The authors
investigated the Chilean RG at the same age and reported data of height, weight and BMI
138.57 cm, 29.85 kg, 15.49 kg/cm?, respectively. They also determined insignificant
differences in the percentage of fat mass and significant difference in the percentage
of MM among these age categories [1]. However the Bulgarian gymnasts had lower
mean values of body mass, height, BMI and FFM and similar PBF than the Brazilian
rhythmic gymnasts [17]. In comparison with Russian rhythmic gymnasts, aged 10
years, Bulgarian athletes are taller, but lighter and have significantly lower values of
BMI and FM [23].

Most of the studies emphasized a close correlation between morphological profile
(characterized with under-average adipose tissue and development of the skeleton and
muscular tissue) and motor ability of young RG athletes [6, 11, 12, 13]. According to
our data, there was a significant positive relationship between height, weight, TBW,
FFM and muscle mass in athletes aged 8-12 years.
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Conclusion

Body composition profile of Bulgarian rhythmic gymnasts is characterized with high
level of muscle mass and fat free mass and low level of fat mass, within the expected
sport modality.

We concluded that rhythmic gymnastics is a sport where the muscle mass of
athletes increases with increment of the age and sport experience, but the PBF and the
other obesity parameters keep relatively constant mean values.

Following the changes in morphological characteristics during the early stage of
the rhythmic gymnastic training process would be very helpful for coach programs and
selecting process as well as the talent identification.

Acknowledgements: This work was supported by the Bulgarian Ministry of
Education and Science under the National Research Programme “Young scientists and
postdoctoral students” approved by DCM No 577/ 17.08.2018

The authors would like to thank the gymnasts, their parents and coaches for making
this study possible.

Refferences

1. Arriaza, E., C. Rodriguez, C. Carrasco, C. Mardones, L. Niedmann, A. Lopez-Fuenzalida.
Anthropometric characteristics of elite thythmic gymnasts. - Int. J. Morphol., 34(1), 2016, 17-22.

2. Beunen, G., R. M. Malina, A. L. Claessens, J. Lefevre, M. Thomis. Ulnar variance and skeletal
maturity of radius and ulnae in female gymnasts. - Med. and Sci. in Sport and Exercise, 31, 1999,
653-657.

3. Brooks-Gunn, J., M. P. Warren, L. H. Hamilton. The relationship of eating disorders to amenorrhea
in ballet dancers. — Med. Sci. Sports Exerc., 19, 1987,41-44.

4. Brownell, K. D., S. N. Steen, J. H. Wilmore. Weight regulation practices in athletes: analysis of
metabolic and health effects. — Med. Sci. Sports Exerc., 19, 1987, 546-556.

5. Bouchard, C. Genomic predictors of trainability. — Exp. Physiol., 97(3), 2012, 347-352.

6. Chromiak, J. A., B. Smedley, W. Carpenter, R. Brown, Y. S. Koh, J. G. Lamberth, L.A. Joe, B.
R. Abadie, G. Altorfer. Effect of a 10-week strength training program and recovery drink on body
composition, muscular strength and endurance, and anaerobic power and capacity. — Nutrition, 20,
2004, 420-427.

7. Classens, A. L., J. Lefevre, G. Beunen, R. M. Malina. The contribution of anthropometric
characteristics to performance scores in elite female gymnasts. — J. Sports Med. Phys. Fitness,
39, 1999, 355-360.

8. DiFiori, J. P. Menstrual dysfunction in athletes. How to identify and treat patients at risk for skeletal
injury. — Postgrad. Med., 97, 1995, 143—156.

9. Douda, H. T, A. G. Toubekis, A. A. Avloniti, S. P. Tokmakidis. Physiological and anthropometric
determinants of rthythmic gymnastics performance. — Int. J. Sports Physiol. Perform., 3(1), 2008,
41-54.

10. Drinkwater, B. L., K. Nilson, C. H. Chesnut, W.J. Bremner, S. Shainholtz, M. B. Southworth.
Bone mineral content of amenorrhoeic and eumenorrhoeic athletes. - N. Engl. J Med., 311,1984,
277-281.

11. Hanson, E. D., S. R. Srivatsan, S. Agrawal, K. S. Menon, M. J. Delmonico, M. Q. Wang, B. F.
Hurley. Effects of strength training on physical function: influence of power, strength, and body
composition. —J. Strength Cond. Res., 23, 2009, 2627-2637.

12. Katié, R. Identification of biomotor structures as a precondition for programming kinesiologic
education in children aged seven to nine years. — Coll. Antropol., 27(1), 2003, 351-360.

13. Katié, R., A. Pejéi¢, N. Viskié-Stalec. The mechanisms of morphological-motor functioning in
elementary school female first- to fourth-graders. — Coll. Antropol., 28(1), 2004, 261-269.

14. Landers, G. J., B. A. Blanksby, T. R. Ackland, D. Smith. Morphology and performance of world
championship triathletes. — Ann. Hum. Biol., 27, 2000, 387-400.

92



15.
16.

17.

18.
19.
20.

21.
. Tucker, R., M. Collins. What makes champions? A review of the relative contribution of genes and

23.

24.

Malina, R. M. Physical growth and biological maturation of young athletes. — Exerc. Sport. Sci.
Rev., 22, 1994, 389-433.

Miletic, D., R. Katic, B. Males. Some anthropological factors of performance in rhythmic
gymnastics novices. — Coll. Antropol., 28,2004, 727-737.

Oliveira G. L., P. S. P Gongalves, T. A. P. Oliveira, J. R. V. Silva, P. R. Fernandes, J. Filho.
Assessment of body composition somatotype and eating disorders in rhythmic gymnasts. — JEP,
20(1), 2017, 125-139.

Purenovi¢-Ivanovié, T., R. Popovi¢. Somatotype of top-level Serbian rhythmic gymnasts. — Journal
of Human Kinetics, 40,2014, 181-187.

Rakovié, A., V. Savanovic, D. Stankovié, R. Pavlovi¢, A. Simeonov, E. Petkovi¢. Analysis of the
elite athletes’ somatotypes. — Acta Kinesiologica, 9 (1), 2015, 47-53.

Roche, A. F., S. B. Heymsfield, T. G. Lohman. Human body composition. Human Kinetics, USA,
1996, 1-366.

Toteva, M. Somatotypology in sports, Sofia, NSA,1992 [in Bulgarian].

training to sporting success. — Brit. J. Sports Med., 46(8), 2012, 555-561.

Yurchuk-Zuliar, O. A., O. V. Tulyakova, A. A. Kunshin. Physical and sexual development of
10-year-old girls in rhythmic gymnastics and acrobatics. — Pedagogics, psychology, medical-
biological problems of physical training and sports, 22(1), 2018, 56-61.

World Medical Association, Declaration of Helsinki — Ethical Principles for Medical Research
Involving Human Subjects. — WMJ, 54(4), 2008, 122-125.

93



