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Introduction 
 
Rhythmic gymnastics is not one of the most explored topic by the scientists com-

pared to sports such as football or cyclic sports which are much more analysed and cove-
red by science. What is neglected by coaches and specialists is the physiological side of 
that sport. The load in rhythmic gymnastics is considered wrongly to be not so deman-
ding but the results show different prospective. The heart rate at the end of the routines 
goes up to 200 b/min and blood lactate concentration up 12-13 mmol/l (Andonov & 
Gateva 2014; Gateva, 2008). With the changes in rhythmic gymnastics for the last 2 
decades, provoking higher intensity during the routines (Gancheva 2009), we have to 
follow the principles of the training load even more. Not many authors (Baldari & Guide-
tti 2001; Douda, 2008; Guidetti, 2000) were found in the literature working on the effect 
from the training load and changes on the rhythmic gymnast’s body. That’s why the aim 
of this study is to implement tests to determine the fitness level of the gymnasts.   

 
Methods  
Twelve high level rhythmic gymnasts (some in the Bulgarian national team) aged 

15,7 (±2,1) took part in this investigation during the preparation period. Every gymnast had 
her own training regime. A written consent was obtained from all individuals researched.  

Two laboratory and three field tests were applied to determine the level of 
fitness – cardiovascular and specific endurance in rhythmic gymnastics.  

1. VO2 max– Increase of the incline of the treadmill with 0,6° (starting from 
0°) on each 30 sec. The speed during the test was constant – 8,4 km/h. 

2. 2 min Submaximal treadmill test (95% of the maximal test)(authors’ 
test) –The test requires a 2 min run on a treadmill with a constant speed of 
8,4 km/h and individually set up incline of 95% of the maximum for each 
athlete. The maximal incline is based upon: 
- theoretical maximal pulse,  
- reached HR and incline during the maximal test,  
- extrapolation of the incline as 100% from the theoretical maximal pulse 

and calculation of the 95% of the incline for each gymnast.  
3. 2 min Shuttle test – set distance of 10 m with two lines. Each time the 

subject is asked to touch outside the lines. The covered distance in meters 
(with accuracy of up to 0,5 m) is measured for 2 min. Athletes start in pairs. 

4. 2 min Specific Modified gymnastics routine (authors’ tests) – A 2 min 
routine executed with the typical basic exercises for rhythmic gymnastics. 
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All of the specific exercise groups are displayed in this routine with low 
level of difficulty and structure close to the competitive.  

5. Competitive routine – each gymnasts performed her own routine (average 
duration 1,28).    

Procedure and the protocol of the tests 
The individuals undertook a maximal gradual exercise test on a treadmill ena-

bling the assessment of their VO2 max. The 2 min submaximal laboratory test was per-
formed 24 hours after the maximal one took place. The start of each of the laboratory 
tests was preceded by a three minute light warm up. After completing each test the sub-
jects were asked to have a passive recovery period for 10 min. 

All 3 field tests were done in one day on the same week of the laboratory te-
sting. At the beginning of the field testing session, a basic warm up was performed, fo-
llowed by a 10 min specific warm up prior to each of the three field tests. After the 
completion of each test the gymnasts were asked to have a passive recovery period for 
10 min. The next field test was done after 20 min. The testing order was: 

1. 2 min shuttle test 
2. 2 min specific modified gymnastics routine 
3. Competitive routine.  
The methods used for each of the 5 tests are heart rate monitoring and concen-

tration of the blood lactate. Based on those two indicators it is possible to compare the 
load during all the tests.  

For laboratory testing gas exchange, blood pressure and other associated meta-
bolic and cardiovascular functions indicators were used. Gas exchange and heart rate 
were monitored during and 10 min after the exercise (load). Breath by breath gas ex-
change was measured continuously using OxiconPro (Yeger, Germany). Heart rate was 
recorded by POLAR RCX3. The recording started at rest and continued until 10 min 
post exercise (recovery period). A drop of blood sample was taken from the fingertip to 
measure blood lactate using an Accutrend Plus Roche. Lactate was taken before and on 
the 3rd, 5th and the 9th min during the recovery period. 

Descriptive statistics was used to characterize the physiological reaction during and 
after applying the tests and routines in rhythmic gymnastics. ANOVA was used to identify 
any differences between the tests and Student’s paired t-test was applied to compare the 
results between the tests.  The level of significance of p < 0.05 was adopted in all cases.  

  
Results  
The HR values at the end of the load of each test are summarised in table 1. The 

lowest values are achieved on the submaximal laboratory test – 186,2 b/min and the 
highest after rhythmic gymnastics routine – 194,1 (±4,2) b/min (excluding the maximal 
test). The other two tests submaximal and shuttle run test reach midway HR. When the 
statistical difference in ANOVA was found we applied paired t-test between the tests 
for greater accuracy (see table 2). We can see that all the tests have significant differen-
ce with the maximal test which is normal and we won’t comment this as the reason to 
apply VO2max was to identify the maximum for each gymnast. Submaximal laborato-
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ry test with the lowest values also gives differences with the rest of the tests which 
means that we couldn’t meet the expected load as in the gymnastics routine. Basically 
without difference – similar heart values were reached only in the shuttle run test and 
the modified gymnastics routine. Competitive routine is still not reached by any other 
test and seems to be the most demanding amongst the tests. 

 
Table 1. Descriptive statistics of the HR and concentration of the blood lactate after the 

completed tests 
test HR 

mean 
(SD) 

(b/min)

HR min. 
(b/min) 

HR 
max. 

(b/min)

La mean (SD) 
(mmol/L) 

La min. 
(mmol/L)

La max. 
(mmol/L) 

VO2 max  201,7 
(±6,7) 

191 211 11,3 (±1,5)  9,4 13,6 

Submaximal test 186,2 
(±5,8) 

178 198 10,0 (±1,6) 7,2 12,3 

Shuttle run test 190,1 
(±6,6) 

181 199 10,9 (±1,8) 8,3 13,4 

Modified routine 190,1 
(±5,4) 

182 200 7,2 (±2,5) 4,6 11,5 

Gymnastics routine 194,1 
(±4,2) 

187 200 8,7 (±2,3) 5,7 12,8 

p < 0,05 significant 
difference  
between the groups 
(ANOVA) 

F – 13,298;  
Sig – 0,000 

F – 8,317;  
Sig – 0,000 

 
Concentration of the blood lactate varies between 7,2 to 11,3 mmol/l. The tests 

including running provoke higher values compared to gymnastics routines. And this is 
proven by no significant difference between the maximal, submaximal and shuttle run 
tests. The two gymnastics routines didn’t show any difference between each other and 
this could explain the similarity and the structure of the tests.   

 
Table 2. Student’s paired t-test between tests – HR 

     VO2 max Submaximal 
test 

Shuttle run 
test 

Modified 
routine 

Gymnastics 
routine 

VO2 max   10,476** 5,694** 6,218** 3,939** 
Submaximal test 2,105  -2,435* -2,326* -6,814** 
Shuttle run test 0,868 -1,994  -0,153 -2,686* 
Modified routine 4,655** 5,223** 5,235**  -3,411* 
Gymnastics 
routine 

3,543** 1,942 2,984* -1,937  

                                    Student’s paired t-test between tests – La 
* p ≤ 0.05/ ** p ≤ 0.01 
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Graph 1. 

 
In the graphic (grap. 1) one can clearly see the cardio-dynamic and fast phases of 

the heart rate in the begginig of the tests.  After the first 30 sec. of the load values conti-
nue to rise slowly just with 20 b/min. up to the end of the tests. At that point it is intere-
sting to follow if there any difference. Submaximal test stayed with the lower HR all the 
way of the load with signifficant difference. Shuttle run test doesn’t show differences 
with the gymnastics routine up to the last 30 sec of the routine. At the same point gym-
nastics routine clearly had highest heart rate and modified and suttle run test provoked 
similar responce of the cardio-vascular system but lower than the gymnastics routine.   

 
Table 3. Heart rate dynamics during the tests (means ± SD) 

t (min) Test 2  
Submaximal test 

Test 3 
Shuttle run test 

Test 4 
Modified routine 

Test 5  
Gymnastics routine 

00:00 114,2 (±16,0)* 132,5 (±17,5) ** 129,8 (±17,1) 146,7 (±10,9)** 
00:15 140,4 (±13,3)*  157,5 (±13,4) ** 153,1 (±15,6) 160,8 (±11,6) ** 
00:30 161,2 (±11,9)* 176,1 (± 7,1) ** 168,8 (±9,1) 176,9( ±7,5) ** 
00:45 169,4 (±9,9) * 183,9 (±6,1) ** 178,3 (±8,4) ** 185,8 (±5,3) ** 
01:00 174,8 (±8,7) * 186,4 (±6,1) ** 184,0 (±6,9) ** 189,5 (±4,9) ** 
01:15 178,1 (±7,6) * 187,3 (± 6,2) ** 187,9 (±6,0) ** 191,5 (±4,2) ** 
01:30 181,2 (±6,6) * 188,0 (±6,5) 187,2 (±5,5) 194,1 (±4,2) ** 
01:45 183,4 (6,4) * 189,0 (±6,5) ** 188,6 (±5,7)  
02:00 186,2 (±5,8) * 190,1 (±6,6) ** 190,1 (±5,4) **  

 p < 0,05 significant difference between the groups (ANOVA); * lowest of the groups/** highest of 
the groups 

 
The only test with oxygen consumption registry is the 2 min submaximal labora-

tory test. The highest consumption achieved at the end of the load is 46,4 ml/kg/min.  
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Graph 2. 

 
Discussion  
VO2max was complete to calculate the individual 90-95% for the 2 min subma-

ximal test. All the other tests were set to response to the same load as the competitive 
program in rhythmic gymnastics – a routine. It has been proven that in gymnastics the 
load during competitive routine is submaximal to maximal – in the anaerobic regime of 
work (Gateva, 2008; Guidetti, 2000; Jemni et al., 2011). That’s why some adequate fit-
ness tests responding to the specific load of the sport had to be created. Some other 
sports also suffer lack of assessment, and an identical study in climbing was found in 
the literature (Michailov et al., 2014).  

The 2 min  submaximal test and shuttle run test were likely to provoke absolute-
ly the same load but the values showed other prospective. The curve of the dynamics of 
the HR appears to be absolutely identical but the field test had higher demands towards 
gymnasts probably because gymnasts started with maximal or close to the maximal 
speed, where in the laboratory test the load is limited. The modified routine also had lo-
wer HR values up to the first minute of the load compared to the gymnastics routine 
which is informative to make some changes in order to meet the same load like the 
competitive routine.  

We can assume that the oxygen consumption during the competitive routine will 
be no far than the oxygen consumption during submaximal laboratory test. This means 
that, if we increase with 1-2% the values achieved on submaximal, the predicted oxy-
gen consumption at the end of the gymnastics routine will be 47,4 ml/kg/min. 

The differences between the tests based on the HR and blood lactate concentrati-
on gives us the information that more precise percentage of the maximal should be 
applied with the tests. The routine still showed higher demands on the gymnasts’ body 
systems’ compared to the other three applied tests. The shuttle run tests gave the clo-
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sest values of HR to the routine load. Submaximal laboratory test have to be increased 
1-2% in order to cause the same reaction to the gymnasts’ body as a routine.  

In the near future a more detailed comparison between the tests with Bland-Alt-
man plot is planned to be made. 
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TESTS TO DETERMINATE THE FITNESS LEVEL IN RHYTHMIC GYMNASTICS 
 
The need of implementing new tests for determining the fitness level of rhythmic 

gymnasts is vast. 12 high level rhythmic gymnasts were tested in preparatory period 
with 5 tests – two laboratory tests on a treadmill (VO2max and 2 min submaximal test) 
and three field tests (2 min shuttle run test, modified gymnastics routine and rhythmic 
gymnastics routine) to determine the fitness level of the gymnasts. VO2max was 
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completed in order to calculate the individual 90-95% for the 2 min submaximal test. 
All the other tests were set to respond to the same load as the competitive program in 
rhythmic gymnastics – the routine.  

The differences between the tests, based on the HR and blood lactate give us 
reason to believe that the test loads should be selected more precisely. The routine still 
displayed higher demands upon the gymnasts’ body systems compared to the other 
three applied tests. The shuttle run tests gave the closest values of HR compared to the 
routine load. Submaximal laboratory test have to be increased by 1-2% in order to 
cause the same reaction to the gymnasts’ body as the routine. 

 
 
„Dan“, 23. septembar 2014. 
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