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INTRODUCTION
During the last years, hypoxic effort in swimming 

sports appears as a fundamental factor, directly 
influencing the result and the final ranking on the 
competition. „…The development of swimming styles 
is dictated by the changes in the rules of the competitive 
swimming...” (Trendafilov, 2014). This Olympic sport 
expect fast development as defined in the research by 
(Dimitrova, 2014) - “…their number grows to 172 
participating nations…”. Nevertheless, the problem 
has not been well developed not only in Bulgaria, but 
also in all the Balkans. This tradition carried over into 
the 21st century and consistent with the latest research 
on the health effects of water activates the spread 
of aquayoga practice and “…adapted programs for 
pregnant women…” (Necheva, 2014). Even highly 
developed synchronized swimming schools do not have 
information on the problem. In synchronized swimming 
respiration varies between retention static condition for 

marking certain positions, “to” and “below” the water 
surface and retaining dynamic effort (Reeves, 1993). 
Apnea dynamic effort may be in moving positions on 
the surface or using swimming styles with complete or 
partial coordination of swimming style (Popov, Zhivkov, 
& Kutincheva  (Попов, Кутинчева, & Живков), 1986). 
In racing effort breath holding is above, and below (at a 
depth of 1-2 m) water. In racing effort breath holding is 
above, at and below water (at depths of 1-2 m). Under the 
water are executed basic transitions (FINA rules, 2010)  
- in submerging or pushing up to and out of the surface, 
the transition from horizontal to vertical positions or vice 
versa, and different type of rotations) for the three racing 
programs: compulsory figures, short and large routine 
programs (Dimitrova (Димитрова), 2000). Sports result 
in synchronized swimming is directly affected by the 
duration of the hypoxic sustainability of the competitors 
in performing of the species programs (Dimitrova 
(Димитрова), 1998). In the scientific community is 
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for the static apnea Reeves, M. A. (1993) defines two ty-
pes of static apnea: active and passive. The first one with 
lungs filled with air, the second with a deflated. During 
the test is not allowed dropped air under water. Static 
apnea at depths of 1 / 1.5 m under the water surface taken 
from the methodology for monitoring and evaluation of 
functional level applied in the work of the Bulgarian 
synchronized swimming national team Dimitrova, B. 
(1991). 

The dynamic apnea we found by registering on the 
achievements for 25 meters free style (crawl) with coo-
rdinated breathing and breath holding, and through a 
series of 4 x 25 m swimming underwater (back site). The 
frequency of cardiac contractions was registered before 
and after the static and dynamic effort as having palpable 
in the carotid artery for 10 seconds and-recreation 
interval of 10 minutes between species breath holding.

RESULTS AND DISCUSSION
The analysis is based on statistical processing of the 

results for the hypoxic sustainability on static and dynamic 
effort and arising changes in cardiac contractility. We 
processed statistically and systematically for the three 
samples. We established the relationships and their 
visualization we present in Table 1 and 2 and  in Graphic 
1 and 2.

From the analysis of the average values   for the static 
apnea under the surface, it appears that the highest values   
are in the index for the passive apnea - 1.5 meters under 
water: Bulgarian synchronized swimmers (X avg.bg = 
83 142) are followed by Greece (X avg.gr = 76 2857), 
and the lowest are those in the Turkish synchronized 
swimmers (X avg.tr = 48,214). This can be explained 
in the practice by the fact that the implementation 
of the figures in synchronized swimming, the usual 
position of the body is in inverted vector at depths of 
80 cm. 2 m. Unconventional for the body conditions 
require continuous specialized preparation and regular 

focusing more attention on the types of breathing and 
their psychological and pedagogical aspects. Not present 
data about the characteristics of changes in the pulse 
rate (Reeves, 1993). The purpose in the present research 
notes is to systemize and formulate the characteristic pec-
uliarities of the static and dynamic hypoxic adaptation 
with qualified athletes in synchronized swimming 

METHODS
 We headed towards a working hypothesis based 

on the assumption that revealing systematization of 
the indicators characterizing the particularities of the 
hypoxic sustainability of synchronized swimmer pe-
rforming static or dynamic effort will optimize the ma-
nagement of specialized training. We carried out the 
following tasks for achieving the purpose:

	Experimental application of tests for dete-
rmining the static hypoxic sustainability on and under 
the water surface (Dimitrova (Димитрова), 1991);

	Experimental application of tests to determine 
the dynamic sustainability of hypoxic and below the wa-
ter surface (Reeves, 1993);

	Comparative analysis of the values from the 
pulse measurement   before and after testing;

	Identification of some practical models to 
defining specific rules.

The subject of study focused on the indicators whose 
manifestation defines the process of static and dynamic 
hypoxic adaptation and their individual performance by 
qualifying synchronized swimmers.

Object of the study were a total of 51 qualified sy-
nchronized swimmers, of which 20 girls from Greece 
(10 from the team of Larisa and 10 from Hanja – Crete 
Island), 14 from Bulgaria (6 from the team of “Levski 
Sparta” and 8 from “Ljulin”) and 17 from Turkey 
(10 from the team of “Bilfen” and 7 from the team of 
“Chevre”).

Studied parameters: the measuring methodology 

Table 1.  Variation and correlation analysis of the results for the duration of the active and passive apnea and the 
pulse frequency for one minute with qualified synchronized swimmers from Bulgaria, Turkey and Greece

Indexes Active apnea At (s) Active apnea under (s) Passive apnea At (s) Passive apnea Under (s)

Average  SS BG 
Time Hypox

76.571 69.571 48 83.142

Beafore After   Before After Before After Before After
Average SS BG Pulse 70.285 65.142 65.142 63.428 61.714 64.428 62,122 60

Average SS GR  
Time Hypox

70,42857 74,42857 64,64286 76,28571

Before After Before After Before After Before After
Average SS GR Pulse 68.281 65.122 64.142 63.128 63.928 64.012 60.912 60.214

Average SS TR 
Time Hypox

54.714 40.357 51.285 38.214

Before After Before After Before After Before After
Average SS TR Pulse 75 87.428 72.428 83.571 70.714 76 69.857 82.285

Active apnea  AT
Active apnea  AT

1
Active apnea Under Passive AT Passive Under

Active apnea UNDER 0,917 1

Passive AT
0,060 0,451 1

Passive UNDER 0,991 0,962 0,192 1
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show slight differences to the average, after the static 
apnea (mean baseline values   of X are between 70 and 
75 beats per minute) for the three targets. All data 
received from the active apnea (and under) and passive 
under the surface of the water showed a reduction in the 
values   achieved during synchronized swimmers over 
65-70 seconds and increase in synchronized swimmers 
with time under 60 seconds. The frequency of cardiac 
contractility slightly is increased in synchronized 
swimmers after a passive apnea water (passive on: a 
difference X avg. before / X avg. after Then = 1.7 sec.).

The qualified competitors in synchronized swim-
ming build specific respiratory skills to overcome the 
negative subconscious feeling of “smothering” by 
the lack of air. In good professional preparedness the 
competitors accustomed to the retention of breathing are 
able to consciously control their movements even if the 
duration of apnea has more than 65 seconds. We found 
a high degree of similarity in registered data, although 
the difference in the values   for the duration of the 
studied types of apnea. This fact proves that the hypoxic 
sustainability, at or under of the water surface, there is 
no direct correlation with the respiratory capacity or the 
functional profile of the competitors, but only with the 
duration of specialized training.  

 The variation analysis of data from measurement 
of the pulse rate before and after the tests performance 
show slight differences to the average, after the static 
apnea (mean baseline values   of X are between 70 and 75 
beats per minute) for the three targets. All data received 
from the active apnea (at and under) and passive under 
the surface of the water showed a reduction in the values    
for synchronized swimmers achieved duration over 65-
70 seconds and increase for synchronized swimmers 
with time under 60 seconds. The frequency of cardiac 
contractility is slightly increased after a passive apnea at 
the water (passive at: difference between X arg. before / 
X avg. after = 1.7 sec.). The registered relative stability 
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repeatability of this specific type breath retention. It 
helps adjust the height of body parts removed above the 
water surface and is determining factor in the precise 
execution of basic transitions - vertical descents and spin 
up or down, dolphin and contra dolphin transition.

 Important characteristic in the execution of certain 
categories of figures that synchronized swimmers cons-
ciously moving from active to passive apnea underwater. 
This transition from one to the other type of apnea, 
usually after about 1 minute active apnea is passing 
slowly, uniformly and almost invisible (required by the 
rules of FINA, 2010) exhalation of air and go to work 
in passive apnea. Through this respiratory transition 
overcome the uplift force (for each body immersed in 
water by the Archimedes Act). Underwater arms skills 
is supported by the exhalation and improves the control 
of the height of the legs removed out of the water. 
Registered values   for the duration of passive apnea 
at the surface (X avg. = 48 sec.) are nearly two times 
lower due to no frequent use of breath retention in the 
initial phase of the compulsory figures. This indicator 
in Turkish synchronized swimmers is close 2/3 higher 
than the indicator under water, which proves that they 
have a lower hypoxic sustainability level compared to 
the synchronized swimmers from Bulgaria and Greece. 

The variation analysis of data from measurement 
of the pulse rate before and after the tests performance 

Table  2.  Average values results and correlation analysis of measuring dynamic apnea and  puls frequency for 
one minutewith qualified synchronized swimmers from Bulgaria, Turkey and Greece

State
25 m crawl with 

retained breathing  (s)
25 m crawl with 
breathing   (s)

4 х 25 m under water 
1st  (s)

4 х 25 m under water 4th 
               (s)

Average  SS BG 
Time dynamic apnea

16.7523 16.1666 19.7863 22.5542

Average SS BG Before After Before After Before After Before After

Pulse 66.185 179.142 65.172 183.928 63.514 175.728 64.222 196.260
Average SS GR  
Time dynamic apnea

18.9523 18.3836 21.4763 24.1842

Average SS GR Before After Before After Before After Before After

Pulse 68.281 175.122 63.142 186.128 64.928 160.712 60.112 189.114

Average SS TR
Time Dynamic apnea 

22.962 19.984 23.354 25.765

Average SS TR Before After Before After Before After Before After

Pulse 61.224 192.828 67.428 198.571 70.714 176.966 62.857 201.185
25 m crawl without  О2 1

25 m crawl with  О2 0,998 1

4 х 25 m under water I-st 0,99586 0,998938 1

4 х 25 m under water 4-th 0,972007 0,981582 0,989341 1
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Graphic 1: Visual illustration of the established inter-dependencies for the indexes in 
active and passive apnea to synchronized  swimmers from Bulgaria, Turkey and Greece

Graphic 1: Visual illustration of the established inter-dependen-
cies for the indexes in active and passive apnea to synchronized  

swimmers from Bulgaria, Turkey and Greece
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 Table 3. Correlation inter-dependencies of indexes for the dynamic and active static
        apnea with qualified synchronized swimmers from Bulgaria, Turkey and Greece

Inter-dependencies 25 m without О2 25 m with O2 Active apnoea at water surface Active apnea under water

25 m without О2
25 m with O2
Active apnoea on
Active apnoea under

1
0,998
0,766
0,958

1
0,795
0,974

1

0,917

1

Table  4. Correlation inter-dependencies of indexes for the dynamic and passive static
 apnea of qualified synchronized swimmers from Bulgaria, Turkey and Greece

Inter-dependencies 25 m without  О2 25 m with O2 Passive apnoea on water Passive apnoea under water

25 m without О2
25 m with O2
Passive apnea on
Passive apnea under

1
0,998
0,686
0,845

1
0,653
0,868

1

0,192

1
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Graphic 2: Illustration of established times in 4x25 m
of dynamic apnea indexes under water with synchronized swimmers 

from Bulgaria, Turkey and Greece

Graphic 2: Illustration of established times in 4x25 m of dynamic apnea indexes 
under water with synchronized swimmers  from Bulgaria, Turkey and Greece

synchro swimmers made   time of 60 seconds, regardless 
of which state representatives they are. The analysis 
summarized that all registered duration of apnea has in 
values   close to, but less than one minute (BG, GR and 
TR. - active at: 55 and 57;active under: 40 and 42) - 
the pulse rate increases. When the registered duration 
of apnea has in values more than 65 seconds, the pulse 
rate remained near to the baseline, and in apnea over 70-
75 seconds decreases (the active apnea at: the average 
have difference X before - X after = - 5.143 sec. , under: 
a difference X before - X after -1.714 seconds; passive 
apnea under: the average have difference X before - X 
after = -2.428 sec.). The findings demonstrate the need 
for regular inclusion in the training process targeted 
specific exercises invested in developing hypoxic susta-
inability with apnea which duration is more than 70 
seconds. Low correlation coefficients between active 
and passive apnea do not showed direct correlation of 
hypoxic sustainability and the functional capacity in 
qualified synchro swimmers. 

From the analysis of the average values   of the 
dynamic apnea, it appears that the lowest values   are the 
indicator 25 meters free style (crawl) with coordinated 
breathing where the Bulgarian synchro swimmers have 
(X avg. = 16.16 s.), followed by the Greeks (X avg. = 
18.3 s.) and the Turkish competitors (X avg. = 19.9 s.). 
For the dynamic apnea expressed by the indicator free 
style (crawl) 25 meters breath holding, we found higher 
values   (lower speed movement) for all three targets, 

of the pulse rate is explained by the improvement 
of the technique of breath retention how is building 
the specialized hypoxic sustainability. This lack of 
adaptation mechanisms is characteristic of all studied 
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dynamic and active passive apnea indexes for the synchro-

nized swimmers from Bulgaria, Turkey & Greece

Graphic 4: Illustration of established inter-dependencies of 
dynamic and static passive apnea indexes for the synchro-

nized swimmers from Bulgaria, Turkey & Greece 



184

underwater equipment and to improve the control of the 
individual items in the performance of drifted in and out 
in a vertical; 

2.Specialized exercises with breath retention must 
be applied in the land preparation and water as well as 
swimming and special preparation qualified synchro 
swimmers; 

3.Specialized exercises, static effort apnea are a 
necessary component in the preparation of adolescents 
qualified synchro swimmers by metered use of the pulse 
rate
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but average differences between Bulgarians and Greeks 
are in the range of 0.5 to 0.6 tenths of a second, while 
the Turkish synchro swimmers 3 seconds. These values   
are consistent for the synchro swimmers because they 
sporting performance is not dependent on the high speed 
movement but from the height and precision of the figure 
execution. The Turkish synchro swimmers show a lack 
of hypoxic sustainability for dynamic effort.

In dynamic apnea the indicators for the pulse rate 
almost increased three times after the effort in all three 
types of test. This fact shows that the hypoxic adaptation 
during the swimming effort in coordination with 
breathing (with O2) is in correlation with the functional 
capacity (r 4-th 25 m and 25 m with O2 = 0,989; r 25 
with O2 and 1-st 25 m = 0,987; r 1-st 25 m and 4-th 25 m 
= 0.978; r 25 m with O2 and 25 m without O2 = 0,997). 
We have to consider when comparing the speed-strength 
capabilities of synchronized swimmers that the results 
depend on the individual swimming skills that is used 
only in the swimming training.

CONCLUSION
In the present paper we does not aim to give 

recommendations for the optimization of swimming 
training for qualified synchronized swimmers, but to 
uncover the existing reserves only for the mechanisms 
of their hypoxic adaptation (Table 3 and 4). The 
calculated values   for the correlations, on the one hand 
between the dynamic and static active apnea (Table 3) 
and on the other between the dynamic and static passive 
apnea (Table 4) showed advantages in the performance 
of each of the three types of specialized skills of breath 
retention. The graphical analysis of the coefficients 
(Figures 3 and 4) helps us to illustrate the effectiveness 
of hypoxic sustainability under the three synchro targets. 
From the made summary on the above analysis of the 
results, we came to the formulation of the following 
specific conclusions:

1. The incidence of cardiac contractility after effort 
in static apnea for 60 seconds, remained equal to that 
before the effort, and if the duration of apnea is 70 
seconds - reduces;

2.  The body of qualified synchronized swimmers, 
accustomed to the apnea by means    specialized work in 
each one of the compulsory and routine programs;

3. Our established differences for the values   of 
“active and passive” static apnea, “at and under” 
the water surface, prove the existence of specific 
synchronized swimming skills in the breath retention.

Recommendations for practice: 
1.The introduction of specialized exercises with 

breath retention in static apnea, serves to improve 
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