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Abstract

	 Background 		 The ability to transfer vertical load is conditioned, among others, by the symmetry of the spine in the frontal plane 
and by the optimal values of angles of physiological curvatures in the sagittal plane. The repeatability and inten-
sity of exercise in modern competitive sports require a great deal of “resilience” of the skeletal system, each disci-
pline having a substantial, specific impact on the load-bearing functions of the skeleton. Sports training can re-
sult in the development of disorders associated with excessive load, especially concerning young organisms. The 
aim of the present study is the impact of the 90-minute wrestling workout on some selected features of the shape 
of the spine and pelvis under the conditions of increased load for reasons of health of young female wrestlers.

	Material & Methods: 		 The examinations were carried out in February 2012 among 30 female wrestlers from the Polish National Wrestling 
Team (mean ± SD, age: 16,8±1,21 years; body height: 163±5,77 cm; body mass: 54,1±9,28 kg). The method was 
based on assessing angle values and lengths of the spine in three planes, and on evaluating the pelvis in the frontal 
and transverse planes. The examination was carried out before and after a specialist training. Evaluation of the se-
lected spinal features was carried out using a test stand for computer analysis of body posture (Posturometer M). 

	 Results: 		 High and medium statistically significant changes occurred among the examined population of female wres-
tlers as an effect of axial load on the sagittal plane. Insignificant changes were found in the frontal and trans-
verse planes. Very significant changes were observed in the inclination angle in the lumbosacral region (Alpha), 
the total of partial angles (Delta), the total length of the spine (DCK), the length (DKP), height (RKP) and 
depth (GKP) of thoracic kyphosis as well as the angle (KLL) and height (RLL) of lumbar lordosis.

	 Conclusions: 		 Training regimes in base training for female wrestlers should incorporate correction of deficits in ranges of 
motion in hip and shoulder joints, strength endurance of hip extensor muscles and the muscles of upper tho-
racic part of body trunk. Wrestling training for female wrestlers should focus more on preventing back pain 
and stimulating a general endurance of the body. 
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Introduction

The ability to transfer vertical load is conditioned, 
among others, by the symmetry of the spine in the 
frontal plane and  by the optimal values of angles 
of physiological curvatures in the sagittal plane. The 
disturbed function of the pelvis in the sagittal plane 

might lead to changes in angular values of physio-
logical curvatures, whereas disturbances in a frontal 
or transverse plane result in an asymmetrical pro-
file of the line of spinous processes. A proper muscle 
tone is essential for a correct body posture and motor 
activity. It should be sufficient to prevent the effect    
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of gravitational forces and low enough to allow for 
smooth selective movements or isolated activity [1]. 
The efficiency of the system of body posture control 
depends on the internal and external determinants, 
such as fatigue, emotional states, body temperature, 
atmospheric pressure and other factors [2].

Modern training regimes in professional sports involve 
doing repeated strenuous exercises that require enor-
mous endurance of the skeletal system, especially the 
spine. The majority of sports disciplines affect human 
vertebral column [3-7]. For example, tennis is a fre-
quent cause of abnormalities in the lower lumbar 
spine at L 4/5 and L 5/S1 levels; lumbar pars injuries 
and facet joint arthroses are relatively common dis-
eases among tennis players [8]. The examination of 
young sumo wrestlers showed a significant correlation 
between spondylolysis and lumbar symptoms which 
indicates that young sumo wrestlers give up to continue 
this sport because of symptomatic spondylolysis [9]. 
Cervical spine abnormalities consisting of degenera-
tive discopathy are observed in professional male rugby 
players aged > 21 years, as shown in the study carried 
out among French rugby union clubs between 2002 
and 2006 [10]. The spine is even more exposed to injury 
in sports involving additional load, e.g. an opponent or 
partner (wrestling, judo, figure skating) or several part-
ners (human pyramids in acrobatic gymnastics), or in 
disciplines which require sports equipment (weightlift-
ing or hammer throw) [11]. High control of body pos-
ture is crucial in acrobatics, air racing, track and field 
or combat sports. The results of the studies examining 
effects of disturbances on the performance of the sys-
tem of body posture control are useful when working 
with athletes and caring for their health. 

The aim of the present study is the impact of the 
90-minute wrestling workout on some selected fea-
tures of the shape of the spine and pelvis under the 
conditions of increased load for reasons of health of 
young female wrestlers.

Material and methods

Characteristics of the Research Sample
The research study was carried out in The Wrestling 
Training Centre in Poznań, Poland, during a sports 
camp. Physical examinations involved 30 female rep-
resentatives of the Polish National Wrestling Team, 
aged 15 to 20 years, which accounts for 86% of the 
national team members in this age category. The aver-
age body mass in the examined group amounted to 
54 kg, with an average height of 163 cm and average 
training experience of 5 years (see Table 1).

The wrestlers were in their transition period that 
began after the last wrestling competition, the tran-
sition period included two mesocycles: a period of 
active rest and the period of preparation for training. 
The first mesocycle included various forms of exer-
cises, which were different in nature from a profes-
sional wrestling fight, they were often in the form 
of play and were characterized by a low intensity of 
physical effort. In order to heal and prevent injuries 
biological regeneration treatment was introduced, 
which involved recreational activities at the swim-
ming pool as well as carrying out periodic medical 
examinations. At the end of the mesocycle the wres-
tlers were prepared physically and mentally for the 
next wrestling season. In preparation for the training 
the wrestlers participated in an increased number of 
sports activities, the so-called practical subjects, such 
as team games and overall general fitness activities. 
At the end of their transition period the female wres-
tlers took part in the specialized wrestling training. 
This study was carried out in the last days of train-
ing. Parental and guardian consent had been obtained 
before testing team members under 18. The authors 
were given informed consent and approval by Ethics 
Committee to carry out their research.

Procedure
In order to achieve their research aims, the authors 
strove to find the most reliable and comprehensive per-
spective on the axially loaded body posture in wres-
tlers. The study was carried out using the innovative 
apparatus for computer assessment of posture by pro-
jection moiré system. Projection moiré technique is a 
new, noninvasive method of spatial photogrammetry. 
It involves the use of an optical raster that refracts a 
beam of light. As a result, the image thus obtained is 
received by a special optical system which transmits 
it onto the computer screen. The advantages of this 
method are a high rate of registration, the simultane-
ity of measurement(s) and a high accuracy of results 
[12-16]. For the first time the analysis included a ten-
sometric mat and a posturometer, which allowed to 
select the most frequent and recurrent occurrences of 
lower-limb loading. The most essential feature of this 
method is simultaneous measurement of all actual val-
ues of spatial location in individual body sections. The 
method consisted in measuring 29 selected features 
that describe body posture in the sagittal, frontal and 
transverse planes in the area of pelvis and physiological 
spinal curvatures, the measurements were conducted 
twice – before and after training (Table 2). 

The examinations were carried out before and after 
a 90-minute specialized training, with axial load 

Habitual posture – determined 
by the tension of tonic and 
phasic muscles maintaining the 
body in an upright position, 
with limbs hanging loosely in 
an optimal, individual position, 
keeping a static and dynamic 
balance. 

Spine – an adult’s body is on 
average 70-75 cm long, which 
constitutes 40-45% of body 
height, and it consists of c. 
33 vertebrae with alternating 
physiological sagittal curvatures. 
The spine provides support for 
the body sections located above 
the base of the sacrum.

Kyphosis – sagittal physiological 
front-to-back curve of thoracic 
spine. 

Lordosis – sagittal physiological 
back-to-front curve of lumbar 
spine.

Projection moiré – a term 
derived from the name of a 
French fabric called “moiré”, 
on which one can observe the 
appearance of light and dark 
fringe patterns. This is the 
result of an interference of two 
geometrical systems of linear 
structures (gratings-rasters). 
Interference effect is shown in 
the formation of a new system 
of lines (straight-line gratings) 
– moiré patterns. Moiré line 
gratings similarly to contour 
lines on the map describe the 
actual shape of an object.

Health – is defined in the 
Constitution of the World 
Health Organisation of 1948 
as a state of complete physical, 
social and mental well-being, 
and not merely the absence of 
disease or infirmity. 
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adjusted individually for each athlete. It was assumed 
that the load of 1/3 of the body mass of an athlete 
symmetrically located on the shoulder girdle should 
effectively modify the studied features of body pos-
ture. This assumption was made considering the fol-
lowing factors: changes in the musculoskeletal system 
typical of the puberty period of human life [17], tran-
sitory period of a training cycle, and the fact that the 

load during a wrestling fight accounts for a third of 
the opponent’s body mass. 

In order to evaluate the measured features, the authors 
used a test stand for computer analysis of body pos-
ture (Posturometer M). The measurement stand was 
composed of a computer, a card, dedicated software, 
a printer and projector-receiver equipment with a 

Table 1. Sample group - 30 female representatives of the Polish National Wrestling Team

No. Date of Birth (age) Body Mass 
[kg]

Body Height 
[cm] Age Category* Weight class* Training Experience 

[years]

1 1996 (15) 39 153 Youngster 5 (40kg) 5

2 1996 (15) 44 155 Youngster 6 (44kg) 4

3 1996 (15) 54 165 Youngster 9 (57kg) 4

4 1996 (15) 43 158 Youngster 6 (44kg) 7

5 1995 (16) 51 160 Cadet 6 (52kg) 4

6 1995 (16) 39 161 Cadet 2 (40kg) 4

7 1995 (16) 60 160 Cadet 8 (60kg) 3

8 1995 (16) 48 155 Cadet 5 (49kg) 7

9 1995 (16) 70 163 Cadet 10 (70kg) 8

10 1995 (16) 46 158 Cadet 4 (46kg) 5

11 1995 (16) 56 167 Cadet 7 (56kg) 4

12 1995 (16) 57 165 Cadet 8 (60kg) 4

13 1994 (17) 45 160 Cadet 4 (46kg) 6

14 1994 (17) 52 156 Cadet 7 (56kg) 7

15 1994 (17) 61 165 Cadet 9 (65kg) 3

16 1994 (17) 53 170 Cadet 7 (56kg) 6

17 1994 (17) 68 166 Cadet 10 (70kg) 6

18 1994 (17) 60 167 Cadet 8 (60kg) 5

19 1994 (17) 64 169 Cadet 9 (65kg)) 3

20 1994 (17) 53 165 Cadet 7 (56kg 6

21 1994 (17) 67 170 Cadet 10 (70kg) 2

22 1994 (17) 40 160 Cadet 2 (40kg) 4

23 1994 (17) 67 165 Cadet 10 (70kg) 8

24 1994 (17) 49 160 Cadet 5 (49kg) 7

25 1993 (18) 72 180 Junior 8 (72kg) 6

26 1992 (19) 52 168 Junior 4 (55kg) 6

27 1993 (18) 58 158 Junior 5 (59kg) 3

28 1993 (18) 48 158 Junior 2 (48kg) 5

29
30

1992 (19)
1991(20)

52
55

168
165

Junior
Junior 

4 (55kg)
4 (55kg)

6
7

Mean values 
(± SD) 16.8 ±1.21 54.1 ± 9.28 163 ±5.77 - - 5.2± 1.62

* FILA – International Wrestling Regulations (Corsie-sur-Vevey (SUI) – February 2010 

Source: authors’ own elaboration
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Table 2. Features measured for pelvis – vertebral column system

No. Symbol
Evaluated features 

Unit Name Details

Sagittal Plane

1 Alpha degree Inclination of lumbopelvic region

2 Beta degree Inclination of thoracolumbar region

3 Gamma degree Inclination of upper thoracic region

4 Delta degree Total of angular values  Delta = Alpha + Beta + Gamma

5 DCK mm Total length of the spine Distance between C7 and S1, measured in vertical axis

6 KPT degree Angle of extension Defined as a deviation of C7-S1 line from vertical position (backwards)

7 KPT - degree Angle of body bent Defined as a deviation of C7-S1 line from vertical position (forwards)

8 DKP mm thoracic kyphosis length Distance between points C7 and PL

9 KKP degree Angle of thoracic kyphosis KKP = 180 – (Beta+Gamma)

10 RKP mm Thoracic kyphosis height Distance between points C7 and PL 

11 GKP mm Thoracic kyphosis depth Distance measured horizontally between the vertical lines passing through the points PL and KP

12 DLL mm Lumbar lordosis length Distance between point KP and S1

13 KLL degree Angle of lumbar lordosis KLL = 180 – (Alpha + Beta)

14 RLL mm Lumbar lordosis height Distance between point PL and S1

15 GLL - mm Lumbar lordosis depth Distance measured horizontally between the vertical lines passing through the points PL and LL

Frontal Plane

16 KNT - degree
Angle of body bent to the side

Defined as a deviation of C7 – S1 line from vertical position to the left

17 KNT degree Defined as a deviation of C7 – S1 line from vertical position to the right

18 LBW - mm Right shoulder up
Distance measured vertically between horizontal lines passing through points B2 and B4 

19 LBW mm Left shoulder up

20 LŁW mm  Left scapula up
Distance measured vertically between horizontal lines passing through points Ł1 and Łp

21 LŁW - mm Right scapula up

22 OL mm Lower angle of left scapula more 
distant Difference of the distance of lower angles of scapulas from the line of spinous processes 

measured horizontally along the lines passing through points Łl and Łp
23 OL - mm Lower angle of right scapula more 

distant

24 KNM degree Pelvis tilt, right ilium up
Angle between horizontal line and the straight line passing through the points M1 and Mp

25 KNM - degree Pelvis tilt, left ilium up

26 UK mm Max. inclination of 1 spinous process 
to the right Maximal deviation of spinous process from the line from S1. Distance measured in horizontal 

line.
27 UK - mm Max. inclination of 1 spinous process 

to the left

Transverse Plane

28 KSM degree Pelvis rotated to the right Angle between the line passing through Ml, perpendicular to the camera axis, and the straight 
line passing through Ml and MP. Pelvis rotated to the right.

29 KSM - degree Pelvis rotated to the left Angle between the line passing through Mp, perpendicular to the camera axis, and the straight 
line passing through Ml and MP. Pelvis rotated to the left.

Source: authors’ own elaboration   
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camera for measuring the selected features of the 
pelvis-vertebral column system. Eight anthropo-
metric points were marked on the skin of the con-
testants’ backs, prior to the exercise, by means of a 
dermatograph (lower angles of shoulders, the peak 
of thoracic kyphosis and lumbar lordosis, the tran-
sition of kyphosis into lordosis, spinous process of 
the vertebra S1, posterior superior iliac spines), after 
which the 29 selected features of posture were mea-
sured. The second measurement of the same features 
of body posture, based on the original markings on 
the skin, was made immediately after the work-
out. Uneven distribution of body fat on the area of 
the back leads to difficulties in accurate assessment 
of posture for people whose BMI is above 25.0 – 
30.0. For overweight patients, it is much harder to 
mark the selected anthropometric points used for 
the sake of calculations. In the sample group there 
were no such cases. Graphic spatial representation 
in the stand was obtained through displaying a line 
with specific features on the back of a subject. The 
lines which were displayed on the back were dis-
torted depending on surface configuration. The use 
of the camera allowed for receiving the picture of a 
subject through an optical system and then transfer-
ring it to a computer screen. Distortions of the lines, 
stored in the computer memory, were processed by a 
numerical algorithm into contour maps of the mea-
sured surface. The picture of the surface of the back 
allowed for a comprehensive interpretation of body 
posture. Apart from the assessment of trunk asym-
metry in the frontal plane, the method also allowed 
for the determination of spatial angular and linear 
features which describe pelvis, physiological curva-
tures and frontal asymmetry of spinous processes in 
the vertebral column, i.e. maximum deviation of a 
spinous process of a vertebra from the line C7-S1. 
The results obtained in the form of a spatial graphic 
representation allowed for a quantitative description 
of the measured features.

Linear values were given by the distances between 
selected anthropometric points on the back, whereas 
angular values were based on the differences in their 
location with respect to the height or distance from 
the camera. Short time of registration of subjects’ pro-
files helped avoid exertion of postural muscles, which 
had been observed during examinations carried out 
by means of somatoscopic methods.

The results of the study were then used for statistical 
analysis of means, maximum and minimum standard 
deviations and the significance of differences in pop-
ulations between classes. 

Results

Mean results were divided according to the following 
pattern: class 1 – results obtained during the examina-
tion of the axially loaded body posture before physical 
exercise, class 2 – results with axial load after train-
ing (Table 3). 

High and medium significant changes were found 
in the studied population of female wrestlers in body 
posture before and after training induced by axial load 
in the sagittal plane, whereas insignificant changes 
were found in the frontal and transverse planes. Very 
significant reduction was observed in the angle of 
inclination of the lumbosacral region (Alpha), in the 
total of partial angles (Delta), the total length of spine 
(DCK), the length (DKP), height (RKP) and depth 
(GKP) of thoracic kyphosis, and the angle (KLL) 
and height (RLL) of lumbar lordosis. Medium sig-
nificant reduction was found in the angle of inclina-
tion of thoracolumbar region (Gamma), and in the 
length (DLL) and depth (GLL-) of lumbar lordosis. 
Furthermore, small significant reduction was observed 
in the angle of body bent to the right (KNT) and 
body trunk in the sagittal plane (KPT), the angle 
of shoulder line (KLB-) when the left shoulder was 
higher, shoulder asymmetry (LŁ) when the right 
shoulder was higher, pelvis tilt to the right (KNM) 
and in the deepening of asymmetrical profile of line 
of the spinous processes to the right (UK-).  

Discussion

Numerous studies have demonstrated an increase in 
asymmetry in the frontal plane, with a particular focus 
on a position of the scapulae and pelvis. In an ini-
tial period, the asymmetry has a functional character 
and is not accompanied by structural changes in the 
area of passive locomotor system. With time, however, 
incorrect body posture becomes permanent which, 
in consequence, leads to scoliosis [18-20]. Training-
induced body adaptations to the demands of a given 
sports discipline typically magnify the asymmetry 
[11]. Uetake and Ohtsuki [21] found progression in 
the angles of thoracic kyphosis and lumbar lordosis 
that increased with training experience. Similar ten-
dency compared to control group was observed by 
Wojtys et al. [22]. Other studies have shown a sta-
tistically significant effect of long-term training on 
the symmetry in the frontal plane and angular values 
of physiological curvatures in the sagittal plane [23]. 

The comparison of the results obtained for the fea-
tures that characterise physiological curvatures of class 
1 and 2 in this study reveals that physical exercise    
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Table 3. �Significance of differences in the studied body features in female wrestlers before and after specialised 
training (n=30)

No. Symbol

Body posture
Significance of 
differences

1st class 2nd class

min max x SD Min max x SD

1 Alfa 2 19 8.3 4.26 2 31 12.93 5.93 ***

2 Beta 1 15 10.53 2.85 5 18 11 3.07

3 Gamma 5 16 10 2.75 7 19 11.83 3.02 **

4 Delta 14 42 29.03 6.78 22 54 34.8 8.18 ***

5 DCK 434 672 534.33 42.68 504 644 591.23 32.88 ***

6 KPT 177 185 181.43 1.68 176 188 180.3 2.49 *

7 KPT- 0 0 0 0 0 0 0 0

8 DKP 352 571 452.67 48.14 405 559 503.23 36.46 ***

9 KKP 152 169 159.43 4.24 143 165 156.87 4.71 ***

10 RKP 217 384 307.07 37.96 261 402 347.63 32 ***

11 GKP 15 57 30.73 9.08 22 69 41.77 9.89 ***

12 DLL 290 455 370.93 35.6 279 463 396.5 35.96 **

13 KLL 148 176 160.83 5.9 135 170 156.93 7.72 ***

14 RLL 144 284 224.9 27.54 202 297 244.43 22.54 ***

15 GLL- 7 53 32.07 10.15 16 74 37.13 13.91 **

16 KNT- 1 1 1 0 1 1 1 0

17 KNT 0 0 2 0.39 0 1 0.12 0.34 *

18 KLB- 2 15 7.36 3.67 1 15 4.92 4.57 *

19 KLB 0 10 3.68 2.65 0 15 4.59 5.18

20 LŁ- 0 12 5.74 3.45 0 12 5.68 3.92

21 LŁ 1.7 20.5 8.71 5.71 0 35.9 10.5 8.13 *

22 OL- 0 16.1 6.28 4.45 0 98 11.23 19.64

23 OL 0 0 0 0 0 0 0 0

24 KNM 0 10 3.26 2.97 0 6 2.13 2.07 *

25 KNM- 0 0 0 0 0 0 0 0

26 KSM 0 10 4 3.25 0 14 4.77 3.9  

27 KSM- 1 10 3.93 2.84 1 8 3.38 2.45  

28 UK 1 3 2 1 2 5 3.5 2.12

29 UK- 1 7 3.67 1.78 2 9 4.68 1.89 *

Source: author’s own elaboration

Legend:
*** p<0,001;** p<0,01 – 0,001; * p<0,05 – 0,01
Empty field: insignificant difference. For explanations of symbols see Tab. 2

performed by female wrestlers caused a very signif-
icant deepening of the angle of thoracic kyphosis 
and lumbar lordosis with a simultaneous high and 
medium significant increase in the partial angles 

(Alpha, Beta, Gamma), and in the height, length 
and depth of thoracic kyphosis and lumbar lordosis. 
Positive but small significant changes were observed 
in trunk verticality, asymmetry of shoulders, scapulae    
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and pelvis, whereas negative changes were observed in 
the deepening of a left-sided scoliosis. Further anal-
yses showed that negative changes were present only 
in the sagittal plane; an increase in linear features 
of both curvatures (height, length) caused a shal-
lower angle of thoracic kyphosis and lumbar lordosis 
whereas increasing the value of partial angles deep-
ened these features. Therefore, it was an antagonist 
pressure. While the angle of inclination of thoraco-
lumbar region did not show any significant changes, 
the modifications of other angles were very signifi-
cant. This suggests the deficits in the range of motion 
in hip joints and shoulder joints and lower strength in 
the muscles that reduced anterior pelvic tilt and the 
tilt in the upper thoracic body region, which conse-
quently affects the efficiency of the axial system in 
athletes. The possible threat is that if such dysfunc-
tions are not treated with appropriate correction exer-
cises, they will have a negative impact on the final 
results in wrestling tournaments. 

The results obtained in this study are consistent with 
the data gathered for the population of male wres-
tlers from the national team, but they differ from the 
results obtained for judo wrestlers from the national 
team [24,25]. It was found that the muscular system 
in spine-pelvis system in judo contestants showed a 
lower resistance to axial load of the spine compared 
to muscular system of the examined wrestlers, as it 
deepened the angle of lumbar lordosis, the length of 
lumbar lordosis and thoracic kyphosis and the angle 
of trunk extension in the sagittal plane. 

The authors’ present investigation shows that in the 
context of a maximum body load during the compe-
tition the most important changes occur in the angu-
lar values ​​of anterior-posterior curvatures of the spine. 
Such changes may reduce the efficiency of the spine-
pelvis system and may, thus, contribute to a nega-
tive result of a wrestling fight. The method applied 
in this study allows to express spatial asymmetries of 
the spine in numerical values, which in turn allows 
for a quick modification of an applied training load 
in order to prevent the occurrence of possible neg-
ative changes in the region of physiological curva-
tures of the spine. This study assumes that the efficient 
functioning of anti-gravity muscles may enable good 
results in sport and prevent back pain and postural 
deformities. In supplementary training greater atten-
tion should be paid to correcting the deficits in the 
range of motion in the joints of the hip and shoulder, 
as well as to strengthening the endurance of exten-
sor muscles of the hip and of the upper-chest area 
of the body.

With regard to equivocal effects of physical exercises 
on the body posture it has to be emphasized that the 
training of young wrestlers/athletes should be super-
vised with special attention. It is important to remem-
ber that physical training is not all about gaining 
success in sport, but it is also to ensure optimal health 
of sportspeople. The strength of muscles and physical 
endurance should be developed in a stable way – good 
health has a positive influence on the life of athletes 
[26,27]. Physical exercises accompanying the wres-
tling training, as examined in the present study, con-
tributed to the changes in the positions of bone points 
and to the reduction of the tension in the chest mus-
cles and the muscles in the lumbar part of the back. 
Physical effort increased tension in the thoracic sec-
tion of the back, and in the abdominal muscles and 
the pelvic girdle; it also shallowed  sagittal curvatures 
of the spine and reduced spinal length. Schemes 
aimed at preventing injuries during wrestling fight 
should incorporate, at the beginning and end of the 
training (after an appropriately long warm-up), the 
exercises that correct movement range deficiencies. 
In order to avoid muscle injuries in both abdominal 
and back muscle mass, our research team recommends 
that each training session should include, in its ini-
tial part (warm-up), a dynamic stretching in the area 
of all torso muscles and joints (individually and in 
pairs), as well as isometric and acrobatic exercises in 
pairs. Stretching should also be added at the end of a 
warm-up. The final part of the training session should 
include stretching exercises, a deep relaxation mas-
sage and slow jog trot. Exercises focused on correcting 
deficiencies in joint motion range should account for 
ca. ¼ of the duration of a training session. Moreover, 
training microcycles in combat sports should include, 
once a week, swimming, hydro massage, exercises of 
the third level of movement coordination, elonga-
tion exercises, aqua fitness and, once a week, sauna. 
Sauna, in all variations, is the most popular athletic 
recovery recommended for medical, relaxation and 
hygienic reasons [28-30]. The authors of the present 
study also suggest cryotherapy as a way of fostering 
athletic recovery [31]. 

It is worth noting that an improper wrestling training 
may affect in a negative way the vertebral column in 
young females, which might be the cause of potential 
medical complications during pregnancy, when addi-
tional load acts on the vertebral column and hormonal 
changes affect a configuration of bones and joints in 
the area of pelvis and the vertebral column. Therefore, 
trainers are advised to employ at each training session 
exercises that will prevent back pain or sagittal plane 
postural problems.    
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In conclusion, steps should be taken to prevent the 
development of body asymmetry and health related 
problems among professional athletes, especially 
in the case of young and still developing athletes. 
Similarly to modern physical education, tourism and 
recreation, awareness of health-related aspects should 
accompany any physical activity and sport [32-35]. 
An athlete’s body is able to withstand maximal train-
ing loads only if the person’s health status is main-
tained at a high level. Trainers should, therefore, take 
into account current recommendations of the Polish 
Society of Sports Medicine on age criteria for eligi-
bility for training and competitions [36] as well as 
strengthen the endurance and health of young ath-
letes through propagating a healthy lifestyle. It is 
essential for the sake of current and future health 
of athletes that elements of health-oriented training 
are incorporated in their training regimes. This would 
allow them not only to be successful in sport but also 
to improve their health and to form positive attitudes 
towards their bodies, health and physical fitness. 

Conclusions

The physical exercise examined in the study caused a 
deepening of thoracic kyphosis and lumbar lordosis 
but increased the depth, height and length of physi-
ological curvatures in the spine.

Basic training for female wrestlers should be supple-
mented with the correction of deficits in the range of 
motion in hip and shoulder joints, the strengthening 
of endurance of hip joint and upper (thoracic) region 
of body trunk. 

The prevention of backache and posture deformities 
should constitute a regular part of the supplementary 
training within the basic training. The initial part of 
the basic training should include exercises developing 
the strength of postural muscles, the final part should 
consist of relaxation training and stretching exercises.
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