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egant figure with elongated muscles is among the prin-
cipal postulates and prerequisites for a successful career 
of individuals practicing ballet and gymnastics (Toteva 
(Тотева), 1992).

METHODS
The aim of this study is to determine the somatic 

type of female competitors in the above-mentioned 
sports and ballet dancers. Related to this, following tasks 
are determined:

	 To study the parameters of the somatic type 
based on data in the literature.

	 To compare the morphological characteristics 
in sports with motor activity similar to that of 
ballet.

The study was realized on female athletes compet-
ing in rhythmic gymnastics, sport dancing and the ballet. 
The total sample was consisted of 167 individuals, of 
whom 104 students in 3rd, 4th and 5th grade of the Na-
tional School of Choreography, 15 professional dancers 
from the Arabesque Ballet, 23 rhythmic gymnastics ath-

INTRODUCTION
A characteristic feature of ballet art is that it is per-

formed in space exclusively with the means of the loco-
motor system. Such is the nature of the sports activity 
as well. Sports disciplines (rhythmic gymnastics, sports 
dancing, etc.) are very close to ballet, but like most 
classical sports disciplines they presuppose limited mo-
tor tasks that are strictly regulated by the rules of the 
competition (Ganceva (Ганчева), 2008). This is why we 
speak about interrelation of the problems in sports and 
in the ballet. The interest in the somatic type of ballet 
dancers, rhythmic gymnastics athletes and sports danc-
ers is provoked by the specific requirements to the figure 
of the individuals practicing that motor activity (Zareva 
(Зарева), 2011). We found in the literature publications 
connected with the age and body mass index (Weiss, 
Shah & Burchette, 2002), specific fitness tests applica-
ble to dancers (Redding et al, 2009).

The aesthetic criteria to the outer appearance of the 
ballet dancers and athletes in the artistic disciplines cor-
respond to the requirements of the motor activity. El-
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Abstract
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tion (the upper limb is hanging freely along the body and 
the tape measure encircles the widest part of the fore-
arm). The measurement is in cm with a precision of up 
to 0.5 cm.
	 Circumference of the hip – standing position 

with spread legs (the tape measure encircles the hip hori-
zontally at the height of the gluteal fold). The measure-
ment is in cm with a precision of up to 0.5 cm.
	 Circumference of the lower leg – standing posi-

tion with spread legs (the tape measure encircles hori-
zontally the widest part of the lower leg). The measure-
ment is in cm with a precision of up to 0.5 cm. 

The thickness of the subcutaneous adipose tissue is 
measured using Harpenden-type calliper with 10 mm2 

area of the contact surfaces and standard pressure of 10 
g/mm2. The thickness of the subcutaneous adipose tissue 
is measured only on the right-hand half of the body, with 
vertical hold of the skin fold.

The body weight is measured using accurate scales 
(decimal or torsion) with a precision of up to 50 g.

The subject is wearing only a light sports outfit. 
The measurements are preferably performed only in the 
morning, before breakfast. 

The following parameters were measured:
1. Body weight – in kg, with a precision of up to 

50 g.
2. Skin folds:
2.1. on the cheek, at the height of the lower rim of 

the ear aperture;
2.2. on the chin, over the sublingual bone;
2.3. on the chest, over the big pectoral muscle along 

the projection of the anterior axillary line;
2.4. on the posterior side of the upper arm, in the 

upper third of the triceps;
2.5. on the back, below the lower corner of the scap-

ula; 
2.6. on the chest, at the height of the mammillae, at 

the crossing point with the anterior axillary line; 
2.7. on the abdomen, on the first third of the im-

aginary line between the navel and spina iliaca anterior 
superior; 

2.8. on the abdomen, above the ischium hump, at the 
crossing point with the median axillary line;

2.9. on the hip, above the patella;
2.10. on the shank, below fossa poplitea;
2.11. on the upper arm, above the biceps; 
2.12. on the hip, along the anterior side.
The skin folds from 2.1 to 2.10 are used for indirect 

determination of the relative share of body fat by the 
method of Parzhiskova (only as subcutaneous adipose 

letes (individual) and 25 sports dancing athletes. 
The study was realized at the National School of 

Choreography in the form of observation of the classical 
ballet exercises and classes for ballet dancers. Measure-
ments and observations of the female rhythmic gymnas-
tics and sports dancing athletes were performed in the 
sports halls of the Vassil Levski National Sports Acad-
emy. The studies were carried out in two directions: 
anthropometric measurements and weight and composi-
tion of the body mass. The structure of research sample 
is presented in Table 1.

The study of the anthropometric characteristics is 
connected with the sports typology. It provides infor-
mation about the state of the physical development and 
the ergonomic anthropometric characteristics of the ath-
letes. The following methods were applied for solving 
the concrete tasks of the study:
	 study of the available sources in the literature;
	 methods for registering the morphological 

characteristics;
	 Mathematical-statistical methods – variation 

analysis, comparative analysis using Student’s t-test.
The morphological studies were carried out along 

two lines: anthropometric measurements, weight and 
body mass composition. The linear parameters were 
measured using a Martin metal anthropometer with 
length of the scale not less than 2.1 m and the Martin 
method. The circumferences (perimeters) of the body 
were measured with a 200 cm metal tape measure. The 
linear dimensions of the body were measured in stand-
ing position. The same starting position was used to 
measure the diameters of the body, the circumferences 
of the upper extremities and the circumferences of the 
lower extremities (with legs spread). 

The following parameters were measured:
	 Height in standing still position. The distance 

from the floor to the highest point on the head (vertex) 
was measured in cm with a precision of up to 1 mm.
	 Length of the leg in standing still position. The 

distance from spina iliaca anterior superior to the floor 
was measured in cm with a precision of up to 1 mm. 
	 Standing position with arms opened and 

stretched at the height of the shoulders. The distance 
from the tip of the middle finger of the left hand to the 
tip of the middle finger of the right hand is measured 
with a precision of up to 1 mm.
	 Circumference of the upper arm in relaxed state 

– the upper limb is hanging loose along the body (meas-
ured in cm with a precision of up to 0.5 cm).
	 Circumference of the forearm in standing posi-

Table 1.  Structure of sample of examiners by formation, number and years

No. Formation No. of persons studied Average age, years

1 Students in 3rd, 4th and 5th grade of the National 
School of Choreography 104 13.2

2 Arabesque Ballet 15 24.6
3 Female rhythmic gymnastics athletes 23 21.3
4 Sports dancing athletes 25 26.5
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forms about the muscle and bone structure of the hip, 
freed from the overlying subcutaneous fat and skin. It 
gives indirect evidence on the development and distribu-
tion of the muscle mass. 

MSH = 6 / 3.14 – 2.12 (cm) / 2 *3.14. 
The numerical designations are as in the formula for 

the muscle circumference of the upper arm (MCUA). 
Obtained data were processed using appropriate 

statistical methods: variation and comparative analysis 
using Student’s t-test.

RESULTS AND DISCUSSION
The expert analysis of the morphological data re-

vealed that the percentage of the body fats (%BF) of the 
ballet dancers is 14%, varying between 7 and 21%. The 
relatively low average value (Fig. 1.) is higher compared 
to individual rhythmic gymnastics – 8%. The percent-
age values of the body fats (% BF) for ballet are higher 
than for the groups of athletes cited above. This correla-
tion is preserved for the parameter absolute quantity of 
body fat (AQBF) as well. The active body mass (ABM) 
for ballet shows lower values compared to those for in-
dividual rhythmic gymnastics, because the active body 
mass is obtained by subtracting the absolute quantity of 
body fats from the total body mass. The absolute quan-
tity of muscle mass (AQMM) varies between 17.7 and 
21.8 kg, the lowest average values being for the ballet, 
and insignificant for the rhythmic gymnastics. The ab-
solute quantity of the muscle mass (AQMM) for sports 
dancing reaches 45.6, which is perfectly explicable on 
account of the anatomical differences in performing the 
motor activity.

The percentage of the muscle mass (Figure 2.) is an 
indicator of the muscle development of the body and it 
represents the correlation of the body mass in [kg] to the 
absolute quantity of body mass (AQMM). The group of 
the ballet dancers has the lowest average values – 39.3% 
– compared to the other groups of athletes, while the 
individual rhythmic gymnastics reaching 44.2% as well. 
It can be noted that in the ballet group only the maxi-
mum values come close to these parameters for the aver-
age values of the groups of sports dancing and rhythmic 
gymnastics.

By our opinion, the lower level noticed for the pa-
rameters of the muscle development in ballet are de-

tissue). Skin folds 2.4, 2.10, 2.11 and 2.12 are used for 
indirect determination of the relative share of muscle 
mass by the method of Mateika, skin folds 2.1, 2.11 and 
2.12 are used to determine the muscle circumference of 
the upper arm (MCUA) and the muscle circumference of 
the hip (MSH) using Tomov’s method.  The derivative 
indicators are: 
	 Relative quantity of the body fats (%BF) – it 

represents the relative share (%) of body fats in the body 
weight and is determined indirectly using Parzhiskova’s 
method based on data on the thickness of 10 skin folds. 
The sum of the values of the folds is obtained with a dec-
imal logarithm. % BF = 39.57 Log Σ SF (mm) – 61.25 
(for women).
	 The absolute quantity of body fat (AQBF) – 

presents the body fats in absolute values. AQBF (kg) = 
% BF x weight / 100
	 The active body mass (ABM) is the non-adi-

pose component of the weight in kg. ABM (kg) = weight 
– AQBF.

Absolute quantity of muscle mass (AQMM) is the 
absolute weight of the muscle mass in kg and it is deter-
mined indirectly. The indicators take part in the calcula-
tions (their serial numbers are indicated).

1 – height, standing, in cm; 
4 – circumference of the right upper arm in a relaxed 

state; 
6 – circumference of the right hip, in cm; 
5 – circumference of the right forearm, in cm; 
7 – circumference of the right lower leg, in cm; 
(skin folds 2.4, 2.10, 2.11 and 2.12, in cm)  
AQMM = (5*4*1 (4+6+5+7)/25,12 – (2.4 + 2.10 + 

2.12)^2/1/7) / 1000.
The percentage of the muscle mass (%MM) is cal-

culated by the formula: % ММ = 100*body mass (kg) / 
(AQMM) (kg). The muscle circumference of the upper 
arms (MCUA) provides information about the circum-
ference of the muscle and bone structure of the upper 
arm, freed from the thickness of the overlying subcu-
taneous fat and skin. It gives indirect evidence on the 
development and distribution of the muscle mass. 

MCUA = 4/3.14 – 2.4 + 2.11 (cm) / 2 * 3.14, where: 
2 and 3.14 are coefficients, the rest being the numbers of 
the indicators. 

The muscle circumference of the hip (MSH) in-
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Figure 1. Percentage of body fat (%BF), absolute quantity of body fats (AQBF), 
active body mass (ABM) and absolute quantity of muscle mass (AQMM)
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body mass, using means for exercising an impact 
through the training activities.
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termined by the specificities of the motor acts aimed 
at artistic expression with prevalence of the smooth, 
elegant and measured movements. The nature of bal-
let requires of the performers not to aim at performing 
the movements at maximum speed and for the shortest 
time possible, as is the case with the sports, but at rela-
tively even intervals of the temporal characteristics. If a 
comparison is made of the kinematic characteristics of 
the movements in ballet and in sports (rhythmic gym-
nastics and sports dancing), it will be noticed that the 
amplitude range is preserved, but the rhythmic structure 
is with much shorter intervals, and when the movements 
are repeated, it is possible to speak about a certain pace 
of performance. The muscle circumference of the upper 
arm (MCUA) has lower values among the ballet dancers 
– 16.4 cm compared to 18.8.cm for sports dancing and 
18.5 cm for individual rhythmic gymnastics. Unlike the 
muscle circumference of the upper arm (MCUA), the 
muscle circumference of the hip (MCH) is comparable 
in value – 44.2 cm with the values for the remaining 
sports: from 44.2 to 45.7 cm. this circumstance is due to 
the greater loading predominantly of the lower limbs in 
ballet, which is connected with the artistic performance 
of the ballet dancers.

CONCLUSIONS
The analysis of the results of the sports-biotypologi-

cal studies led to the following conclusions: 
	 A control is needed with respect to the forming 

impact of sports activities on the state of the physical 
development.
	 The orientation of the motor acts making up 

the appropriate sports technique must be linked to the 
anthropometric qualities.
	 Control is needed on the composition of the 
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Figure 2. Percentage muscle mass (%MM), muscle circumference of the upper arm (MCUA) 
and muscle circumference of the hip (MCH)
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