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ABSTRACT
It is widely assumed that wrestling is a sport posing high requirements as 

regards one’s physical qualities strength and endurance. A lot of specialists, 
however, point out the necessity of harmonious and balanced development of all 
motor qualities, including fl exibility.  

This research is aimed at wrestlers’ physical preparation and more specif-
ically the dynamics in the physical quality fl exibility. We attempted to fi nd out 
whether altitude infl uences the manifestation of the physical quality fl exibility 
and to what extent.  

The research was done among 13 wrestlers from Bulgarian National team, 
Greco-Roman style, men. We measured the fl exibility of the spinal cord and cox-
ofemoral joint during training camps held at low and high altitude. The tests 
used (Т1, Т2, Т3 and Т4) are easy to be applied. The results were processed 
statistically and further discussed. It is clear that there were statistically signifi -
cant differences only along T2, and there was no reliable difference in the results 
along the rest of the tests - Т1, Т3 and Т4 at a low and high altitude. 
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INTRODUCTION
Among the many factors contributing to 

achievement of high sports results in wres-
tling, technical and physical preparation are 
the most important ones. These sides of sports 
perfection are interdependent and predeter-
mine each other. Technique contributes to the 
manifestation of a wrestler’s physical abilities, 
and physical preparation increases the effi cien-
cy of the technique applied. In other words, in 
order to increase technical mastery, we should 
work not in isolation but simultaneously on the 
development of physical qualities. Also, there 
is a great potential in the forecasts about dy-
namics and development of both the technical 
side of wrestlers’ preparation and the results 
from their physical preparation.    

According to the World Sports Encyclo-
pedia there are more than 8,000 sports disci-
plines. Each of them develops certain set of 
physical qualities and motor skills. In this 
sense, each motor quality can be perfected 

with the help of a great number of methods 
and means characteristic of different sports 
(Di mitrova, 2020). 

According to a lot of authors the leading mo-
tor qualities are wrestlers’ speed-strength abil-
ities which is an emanation and involves both 
endurance and speed of a wrestler. We totally 
agree with this fact. But due to sports wrestling 
kinematic and dynamic nature, we should take 
into consideration the signifi cance and should 
work on the development of coordination abil-
ities, as well as fl exibility of wrestlers. 

A lot of authors have their own point of 
view and surveys on fl exibility as one of the 
basic motor qualities of humans. Some of them 
defi ne fl exibility as the ability to perform mo-
tions with great amplitude from the joints in 
human body (Stanchev, 1999, 2015; Stanchev, 
Tsiakaras, 2004; Dasheva, Jeliazkov, 2002; 
Petrov, 1977; Makaveev, 1978). 

Although there has not been a great atten-
tion paid to the physical quality fl exibility, there 
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is some research done both in Bulgaria and in 
other countries treating the issues related to the 
development, measurement, and evaluation of 
this motor quality. Nikolai Stanchev and Niko-
lai Dimitrov (1999) pointed out that wrestling 
was a sport with special requirements towards 
the quality flexibility. They stated that the mo-
bility in all joints was very important in wres-
tling trainings and sports competitions, but the 
mobility in coxofemoral joints was of particu-
lar importance. Special flexibility is needed for 
execution of holds from standing position, but 
is also useful in ground position (Bojichkov, 
Stoilov, 2005).  However, the dynamics in flex-
ibility, in timely aspect, is not beneficial among 
the researched wrestlers aged between 19 and 
21 years (Nikolov, Iliev, 2013). In their research 
they applied tests for measuring the flexibility 
of the spinal cord and coxofemoral joints of 
first- and second-year students at NSA “Vassil 
Levski” who studied at the Sports Faculty with 
major Freestyle and Greco-Roman wrestling 
and competed in their style. They were tested 
with the following control tests in 2013:   

- „height and length of the wrestling bridge“ 
–  the researched individual takes a position 
“wrestling bridge” with his pelvis as high as 
possible; the feet are flat on the ground, shoulder 
width apart so that the bridge is stable enough. 
The index “height” is the measurement of the 
distance between the surface of the mat and the 
highest point of the bridge (usually in the lum-
bar/waist area). The measurement is made with 
a standard meter with an accuracy of one cen-
timeter. The index “length” is the measurement 
of the distance (in cm) between the line of the 
heels and the closest point on the head.    

- „Straddle position“ – the initial position 
is the maximum straddle sitting position, the 
knees are straight. Two lines are drawn with 
chalk on the mat starting from the projection of 
the os coxae and continuing towards the feet. 
The measurement is done with goniometer. The 

degree of the angle formed between the two 
lines is measured with an accuracy of 1 degree.   

In a survey done in 2013 the focus was on 
flexibility of the spinal cord because it is of 
great importance for taking the position “wres-
tling bridge” for evading critical situation and 
pins or as an element of some technical actions 
used mostly in Greco-Roman wrestling. Of 
course, the mobility of the shoulder grid, an-
kles, knees and coxofemoral joints is of great 
importance, too (Makaveev, 2016).  

We did not manage to find other research 
held in low and high altitude. This was a prem-
ise for us to formulate the aim of this research: 
to establish whether there was a significant dif-
ference in flexibility and to offer some tests for 
measurement of wrestlers’ specific flexibility. 
We also wanted to establish the dynamics in 
the measured flexibility and its direction.  

In order to fulfil the aim of the research we 
set the following tasks: 

 Research of the available literature on the 
topic. 

 Selection of four tests for measuring ac-
tive and passive flexibility in certain joints, 
which were easily applicable in practice but 
informative enough. 

 Selection of the subjects of the research. 
 Testing and collecting the results. 
 Analysis of the obtained results. 
 Formulation of conclusions and recommen-
dations based on the obtained results. 
In order to fulfil the aim of the research we 

surveyed the available literature and, on this 
basis, selected four tests measuring active and 
passive flexibility in certain joints. The tests 
are easily applicable in practice and informa-
tive enough. 

METHODS
Participants
Because this research focused on the phys-

ical preparation of elite Greco-Roman style 
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wrestlers and especially on their flexibility, the 
researched individuals were part of the male 
Bulgarian Greco-Roman Wrestling National 
team, competing in the age group 20 years. 
The mean age of the participants was 25 years 
– the youngest two wrestlers were 21 and the 
oldest one was 36. The wrestlers’ training 
experience varied from 10 years to 20 years. 
The research was done among 15 individuals 
but the data about only 13 of them were pro-
cessed after the first and second measurement.  

Design
The first testing was done during the 

preparatory period of the team. We took the 
measurements of 15 people on 10.09.2020 
at the sports facilities of Dianabad in Sofia. 
The second testing was done at the end of 
the preparatory period, in the training camp 
(16.09.2020-07.10.2020) at High Mountain 
Sports Facilities “Belmeken”. The second test-
ing was carried out at the end of the prepara-
tion at the sports facilities in Belemken which 
is situated on 2,050 meters altitude. (As we 
have already mentioned, 13 people took part 
in both tests – at a low and high altitude and 
that is why only 13 people’s measurements 
were analyzed).   

Both surveys were done during the first 
training session for the day (at about 11 a.m.), 
right after the usual warm-up including gener-
al and specific wrestling exercises, and parallel 

with the work in the main part of the training 
session designed by the coaches of the team. 
One pair was summoned at a time for the test-
ing. The rest of the competitors were perform-
ing the tasks from the main part of their training 
session. The aim of the analysis was to eval-
uate the presence or absence of the achieved 
results from the 4 tests during the preparation 
at a low and high altitude.

   
Statistical analysis
The data were presented in a table format. 

The results were processed with MS Excel 2016. 
In order to establish whether there was a signifi-
cance difference in the results from the tests we 
performed a normality check of the distribution 
of the data and applied a test for hypotheses 
check for two dependent samples. In this case, 
we used variation analysis; t-test of Student for 
two dependent samples; Jarque-Bera test for 
nor mality of distribution of the data. 

 The measurements were made with a stan-
dard meter, in centimeters with an accuracy of 
one centimeter. 

We used four tests: 
 Test 1 (Т1) – from lying position; palms are 
on the shoulders; a gradual raise of the tor-
so as high as possible; the head is raised 
to the highest position too (Figure 1). The 
distance between the support and chin (the 
active flexibility of the spinal cord) is mea-
sured.  

Figure 1. Test for measurement of the active flexibility of the spinal cord – Т1
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 Test 2 (Т2) – the same as in T1 but with 
some help from a partner – Figure 2 (pas-

sive flexibility). 

Figure 2. Test for measurement of the passive flexibility of the spinal cord – Т2

 Test 3 (Т3) – from lying position; arms up; 
the right leg is raised/extended in the cox-
ofemoral joint; the knee is straight; the pel-
vis is pinned to the mat (Figure 3). At the 

highest position, the distance between the 
mat and the proximal end of the kneecap is 
measured (active flexibility). 

Figure 3. Test for measurement of the active flexibility of the coxofemoral joint – Т3

 Test 4 (Т4) – the same as in Т3, but with 
some help from a partner. The partner plac-
es one hand on the waist of the researched 

individual. With the other hand he holds the 
thigh and helps the raise (passive flexibil-
ity).  

Figure 4. Test for measurement of the passive flexibility of the coxofemoral joint – Т4
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RESULTS
The tests and the obtained results are shown 

in Table 1 – for the tests done in Sofia, and in 

Table 2 - for the tests done at the end of the 
preparatory period at a high altitude. 

Table 1. Results from the tests at a low altitude (in cm)  

Subjects Name/w.cat. Test 1 Test 2 Test 3 Test 4
1 N.P./ 55 27 51 23 42
2 I.A./ 60 26 50 27 37
3 D.D./ 67 35 74 30 45
4 S.K./ 77 27 62 18 40
5 D.A./ 77 35 69 24 37
6 A.M./77 29 67 24 40
7 Z.Z./ 82 30 68 28 39
8 R.D./ 82 35 58 12 36
9 S.N./ 87 28 70 19 40
10 Y.D./ 87 32 73 24 39
11 T.A./ 87 36 65 26 28
12 M.M./ 97 34 80 30 49
13 K.M./97 37 61 27 44

Table 2. Results from the tests at a high altitude (in cm)  
Subjects Name/w.cat. Test 1` Test 2` Test 3` Test 4`

1 N.P./ 55 28 74 30 42
2 I.A./ 60 27 56 44 50
3 D.D./ 67 32 70 20 38
4 S.K./ 77 25 65 20 42
5 D.A./ 77 34 67 35 38
6 A.M./77 27 62 20 31
7 Z.Z./ 82 30 65 23 42
8 R.D./ 82 36 66 20 42
9 S.N./ 87 27 70 17 37
10 Y.D./ 87 36 76 37 53
11 T.A./ 87 38 80 31 40
12 M.M./ 97 36 83 31 51
13 K.M./97 36 70 29 45

Table 3 presents the data recorded from the 
two tests which were statistically processed. 
Thirteen individuals were tested with test 1. 
The mean value of the researched index was 
31.66. The minimal value was 26, and the 
maximal one - 37. The most frequently mea-
sured result among the researched individ-
uals was 35 cm. The values were relatively 
homogeneous (V = 12.42%). The distribu-

tion of the data was normal (JB test = 1.68 
< 5.99). Jarque-Bera test was calculated au-
tomatically by the program, after that the re-
sults were written down and compared to the 
preliminarily set values, thus verifying that 
the distribution of the values was normal, i.e. 
below the standard value. This allowed us to 
use the t-test of Student for two dependent 
samples.  
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Table 3. Statistical indexes obtained after the comparison of the first and second testing 

Т1 Т1’ Т2 Т2’ Т3 Т3’ Т4 Т4’
Mean 31.66 31.69 65.23 69.54 24 27.46 39.69 42.38
Standard Error 1.09 1.26 2.43 2.05 1.42 2.27 1.40 1.71
Median 32 32 67 70 24 29 40 42
Mode 35 36 #N/A 70 24 20 40 42
Standard Deviation 3.93 4.53 8.75 7.38 5.13 8.20 5.04 6.16
Sample Variance 15.42 20.56 76.53 54.44 26.33 67.27 25.40 37.92
Kurtosis -1.75 -1.76 -0.26 0.02 1.18 -0.53 1.98 -0.09
Skewness -0.19 -0.09 -0.35 0.19 -1.10 0.54 -0.49 0.20
Range 11 13 30 27 18 27 21 22
Minimum 26 25 50 56 12 17 28 31
Maximum 37 38 80 83 30 44 49 53
Sum 411 412 848 904 312 357 516 551
Count 13 13 13 13 13 13 13 13

In Т1` the mean value of the measured in-
dex was approximately equal to 32. The min-
imal value was 25, and the maximal one - 38. 

The measured values were relatively homoge-
neous (V = 14.31%). The distribution of the 
data was normal (JB test = 1.69 < 5.99).

1 2 3 4 5 6 7 8 9 10 11 12 13
Тest 1, cm 27 26 35 27 35 29 30 35 28 32 36 34 37
Тest 1`, cm 28 27 32 25 34 27 30 36 27 36 38 36 36

0
5

10
15
20
25
30
35
40

Test 1 - Test 1`

Figure 5. Curve of the data obtained after the comparison of the mean values of the researched 
individuals after the first and second testing with Т1

We applied the t-test of Student for two de-
pendent samples at significance level 95% (α = 
0.05). With 95% guarantee probability we can 
claim that there was no statistically significant 
difference between the obtained mean values 
of the two tests held at low and high altitude 
(P (T) = 0.44 > 0.05). 

We can see in Table 3 that the mean val-
ue of the measured index (passive flexibili-
ty of the spinal cord) in T2 equaled 65. The 
minimal value was 50, the maximal one – 80. 
The measured values were relatively homo-
geneous (V = 13.41%). The distribution of the 
data was normal (JB test = 0.29 < 5.99).



Nikola NikolovINFLUENCE OF ALTITUDE ON FLEXIBILITY ...

48

t2   t2   t2      t2   τ ββ

Also, in Т2’, the mean value of the mea-
sured index was approximately equal to 70. 
There was a significant difference between 
the maximal and minimal value of the index 
(27). The minimal value was 56, the max-

imal one – 83. The measured values were 
relatively homogeneous (V = 10.61%). The 
distribution of the data was normal (JB test 
= 0.08 < 5.99).

1 2 3 4 5 6 7 8 9 10 11 12 13
Тest 2, cm 51 50 74 62 69 67 68 58 70 73 65 80 61
Тest 2`, cm 74 56 70 65 67 62 65 66 70 76 80 83 70

0
10
20
30
40
50
60
70
80
90

Test 2 - Test 2`

Figure 6. Curve of the data obtained after the comparison of the mean values of the researched 
individuals after the first and second testing with Т2

We applied the t-test of Student for two 
dependent samples at significance level of 
95% (α = 0.05). With 95% guarantee proba-
bility we can claim that there was a statistical-
ly significant difference between the obtained 
mean values of the two tests – before and after 
the preparation (P (T) = 0.04 < 0.05).

The individual differences between test 
1 and test 2 provide the difference between 
the active and passive flexibility of the spinal 
cord, which is specific for wrestlers, mainly 
competing in Greco-Roman style, because 
the efficient holds and the wrestling bridge 
require a very good level of flexibility in 
this area (Stanchev, Tsiakaras, 2004). In the 
conducted testing at low altitude the results 
were in favor of the passive flexibility. The 
differences in the data about each wrestler 
provide us with some information about the 
so-called spare flexibility. The bigger the val-
ues, the greater the potential for development 

of active flexibility, and vice versa. The inter-
pretations of the differences in the individual 
data of the wrestlers from Т1` and Т2` were 
analogical but from the tests at high altitude. 

In Т3, the mean value of the measured 
index (active flexibility of the coxofemoral 
joint) was 24. The minimal value was 12, and 
the maximal one – 30. The measured values 
were relatively homogeneous (V = 21.38%). 
The distribution of the data was normal (JB 
test = 3.38 < 5.99).

In Т3`, the mean value of the measured 
index was approximately equal to 27. There 
was a significant difference between the mini-
mal and maximal value of the index (27). The 
minimal value was 17, and the maximal one 
– 44. The participants in the test showed rel-
atively homogeneous results (V = 29.87%). 
The distribution of the data was normal (JB 
test = 0.78 < 5.99).
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1 2 3 4 5 6 7 8 9 10 11 12 13
Тest 3, cm 23 27 30 18 24 24 28 12 19 24 26 30 27
Тest 3`, cm 30 44 20 20 35 20 23 20 17 37 31 31 29
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40
45
50

Test 3 - Test 3`

Figure 7. Curve of the data obtained after the comparison of the first and second testing with Т3

We applied the t-test of Student for two de-
pendent samples at a level of significance 95% 
(α = 0.05). With 95% guarantee probability we 
can claim that there was no statistically sig-
nificant difference between the obtained mean 
values from the two tests before and after the 
preparation (P (T) = 0.06 > 0.05).

In Т4 the mean value of the measured in-
dex (passive flexibility of the coxofemoral 
joint) was approximately equal to 40. There 
was a significant difference between the max-
imal and minimal values of the index (21). 

The minimal value was 28, and the maximal 
one – 49. The measured values were homoge-
neous (V = 12.70%). The distribution of the 
data was normal (JB test = 2.65 < 5.99).

In Т4` the mean value of the measured in-
dex was approximately equal to 42. There was a 
significant difference between the maximal and 
minimal values of the index (22). The minimal 
value was 31, and the maximal one – 53. The 
participants in the test showed relatively homo-
geneous results (V = 14.53%). The distribution 
of the data was normal (JB test = 0.09 < 5.99).

Тest 4, cm
1 2 3 4 5 6 7 8 9 10 11 12 13
42 37 45 40 37 40 39 36 40 39 28 49 44

Тest 4`, cm 42 50 38 42 38 31 42 42 37 53 40 51 45

0

10

20

30

40

50

60

Test 4 - Test 4`

Figure 8. Curve of the data obtained after the comparison of the mean values of the researched 
individuals after the first and second testing with Т4
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We applied the Student’s t-test for two de-
pendent sample at a significance level of 95% 
(α = 0.05). With 95% guarantee probability we 
can claim that there was no statistically sig-
nificant difference between the obtained mean 
values from the two tests before and after the 
preparation (P (T) = 0.10 > 0.05).

DISCUSSION
From the tests done, only in T2 (raising the 

body with the help of a partner) there was a sta-
tistically reliable difference between the mean 
values of the obtained results at low and high 
altitude. This, however, does not mean that the 
reason is the preparation at high altitude but is 
a premise for further, more detailed surveys of 
the reason for this difference in positive aspect. 

Although in the four tests the results of the 
researched individuals (the team) were rela-
tively homogeneous, which is explicable given 
the close indexes of the sample (gender, age 
group, sports experience, etc.), there is still a 
significant difference between the minimal and 
the maximal values of the indexes along most 
of the tests which can be explained with the 
great individual differences of the wrestlers 
as regards both their flexibility in general and 
their anatomic peculiarities, stature, weight 
category, age, etc.  

In tests 3-3` and 4-4` there were relative-
ly greater individual fluctuations between the 
values of the wrestlers. In tests 3-3` nine wres-
tlers showed improved values and four – lower 
values. In tests 4-4` nine wrestlers improved 
their indexes, one had the same result, and 
three lowered their indexes. Such a trend and 
distribution were shown in the first three tests 
but not with such a great amplitude of the in-
dividual results. The explanation could be re-
lated to the fact that the first two tests measure 
types of flexibility of the spinal cord which is 
developed purposefully with particular means 
in wrestlers’ preparation – throws of a dummy 

from the chest area, wrestling bridges, falls 
and overturns in bridge position, etc.  In tests 
3 and 4 the flexibility of the coxofemoral joints 
is measured, which is not an object of pur-
poseful development in the training process 
of Greco-Roman wrestling style. As regards 
the results obtained from the tests performed 
with a partner which provide the values of the 
passive flexibility (T2 and T4), we find the 
higher results normal because, as theory and 
practice show, the passive flexibility is always 
greater than the active one. Passive flexibility 
is important in wrestling because of the nature 
of sport. There is almost always a contact be-
tween the two competitors where passive flex-
ibility is manifested.  

CONCLUSION
The obtained data and the analysis and 

conclusions are indicative only to the subjects 
researched and we could not extrapolate them 
to other wrestlers. But we could not claim that 
the dynamics, and especially the increase in 
the data, the way it is (e.g. T2) is due only to 
the change in the altitude although the training 
sessions at high altitude had their influence. 
That is why we believe these data could be a 
step towards further, comprehensive, more in-
depth research of the influence of altitude on 
wrestlers’ flexibility. The tests used are easy 
to be applied, and the information obtained 
from them could be useful for both coaches 
and other specialists – sports pedagogues and 
researchers. 
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