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The musculoskeletal disorders are common conditions among children and are usually caused by the long-term effects of poor posture. 
The purpose of this study is to examine the measures for prevention of spinal deformities and to evaluate the effects of the application of remedial gymnastics to improve the posture in preschool-age children.
The study was held in the period 2014-2015. It involved 300 children aged between 5 -7 from the city of Varna. Their posture was evaluated through somatoscopy, functional tests of Matthiass and Kiel and balance durability test which were conducted both in the beginning and at the end of the study. The children were divided in equal numbers into three groups: experimental group (EG) 1, which included exercises with sports hammock, EG 2 which included standard remedial gymnastics and control group (CG). To analyse the data we used descriptive methods, methods of testing the hypotheses (Student's t-test, ANOVA; χ2) and correlation analysis. 
After application of the methods, the reduction in the frequency of the asymmetries and improvement of the functional durability in the children of EG1 were statistically significant when compared to the results obtained in the CG (p <0.05).
The regular classes with sports hammock for at least six months are recommended in the pre-school children for correction and prevention of musculoskeletal asymmetries.
Introduction
The proper children posture is one of the signs of good physical development and health. It provides the conditions required for the normal functioning of the internal organs, maintains the muscle balance and creates favourable conditions for mechanical development of the musculoskeletal system (MS). The creation of habit of proper body posture from early childhood has a sustainable and positive impact throughout life. 
To maintain the body balance in the correct posture minimum stress of the muscles and slight load of the joints are required. This is achieved thanks to the muscle balance which is needed for the proper development and functioning of the musculo-skeletal system. Body posture is formed from a very early age. It is determined by the position of the head, shoulder region, lower extremities, lean of the seat and most of all by the configuration of the vertebral column. Human posture is subject to change throughout the entire life. This is observed mainly through the periods of dynamic development [24, 26] and is explained by the changes in the body dimensions and its proportions. In the opinion of many authors, the increasing trend toward hypodynamia also leads to distortions of the posture (9, 15, 16, 17, 18, 21). The consequences thereof are expressed in inharmonious development of the locomotor system, as a result of which orthostatic defects which are deemed to be a growing problem for the public health occur (20, 28). If ignored and not treated, these defects can turn into spinal and chest deformities [16] which affect the psychological health of the children and they often refuse to accept their body image (20). In the course of time, complaints of pain which often restrict the daily physical activity occur (25). 
The data on prevalence of posture abnormalities are various due to the lack of consensus on the diagnostic criteria, different age of the respondents, and experience of the researchers [10, 11, 12, 13, 17, 27]. The majority of the studies identify the asymmetries in the shoulder region [14, 15, 19, 23, 27] as the most common disorders in the pre-school children: they reach 89.7% among the examined children, as stated in a study of Akbari A. et al. (2010) [8]. This is the main reason to focus the attention to the development of correct posture and to the prevention of postural disorders in the pre-school children. For this purpose, remedial gymnastics is recommended to improve the muscle balance and to provide the best conditions for development of the locomotor system. The targeted physical exercises can strengthen the muscles of the shoulder region, back, abdomen and lower extremities and the muscles which participate in the respiratory process (5, 6, 7). 
The programmes should include isotonic and isometric exercises to increase the strength and durability of these muscles and balance durability. To motivate the children to perform precisely the exercises, it is preferable that the exercises be of a game nature. In compliance with these recommendations, we created and implemented author's methods - exercises with sports hammock. Being in the sports hammock, the children body is unstable. The lack of controlled stability and the new and different postures and sensations of the body in space facilitate the improvement of the balance and stimulate the axial muscles (1, 2). In addition, the rough movements are developed, while the fear of falling from heights is reduced. This facilitates the correction in the three planes (3D correction). 
The large numbers of studies in the area of musculoskeletal disorders which are considered as the most common problem of the children musculoskeletal system affect both the great interest of the scientists from all over the world and their wide dissemination among the children. This trend should be counteracted by strengthening the muscles which stabilise the pre-school children posture before the school period and an appropriate movement regimen which includes strengthening exercises should be followed. The improvement of the motor habit which leads to proper body posture in children aged 5-7 is important for the good overall condition of the body and creates favourable conditions for its growth. Prevention, early detection and timely correction of the asymmetries are considered as appropriate. 

Literary sources do not contain information on any scientific research which proves the effectiveness of the exercises with sports hammock, in particular information on prevention of spinal deformities. In his article, P. Raimondi mentions of a pilot project implemented in 2006 named Discipline Aeree per la Colonna Vertebrale on performance of acrobatic displays on trapeze and ropes as a therapy and preventive therapy of scoliosis in adolescents. The article describes neither the study design, nor the results of its conduct [22]. Unlike trapeze exercises, the exercises with sports hammock are completely safe and can be made by preschool children. We were provoked by the great interest of the children and by the unique opportunities that the sports hammock provides through its unstable base and "inverted postures" which are deemed to be suitable postures for decompression of the vertebra.
Objective: The purpose of this study is to examine the measures for prevention of spinal deformities and to evaluate the effects of the application of remedial gymnastics to improve the posture in preschool-age children.
Materials and Methods
The study was conducted in the period February 2014 - December 2015. The experiment involved three hundred children from 3rd and 4th group of two municipal kindergartens in the city of Varna: Alen Mak 9 Kindergarten and Kalina Malina 21 Full-time Kindergarten. The children were divided into three groups:
· Experimental group (EG 1) - remedial gymnastics which included exercises with sports hammock (n = 100) created by applying author's methods;
· Experimental group (EG 2) - remedial gymnastics under a standard programme (n = 100);
· Control group (CG) - evaluation of the children posture in the period before and after the remedial gymnastics (n = 100).
The sports hammock classes were held within four months, three times a week, in the gymnasium of Alen Mak 9 Kindergarten, city of Varna. They were aimed at strengthening the muscles of the shoulder region, back and abdomen.
The resulting data were entered and processed with the help of statistical package IBM SPSS for Windows, v. 19.0. Student's t-test and ANOVA test were conducted so as to compare the average values and relative shares of the asymmetries between the examined groups. Non-parametric method was applied to test the hypotheses (Pearson χ2) and correlation analysis was made.
To evaluate the body posture, we performed somatoscopy - a view and analysis of the normal (relaxed) child posture, while monitoring pathological asymmetries and muscular hypotrophy.
· During the front view we monitored the position of:
The head, shoulder contour, clavicles, acromioclavicular joints, waist triangles and iliac crests.
· To detect an asymmetry in a front-rear direction, the child stood in profile to the examiner.  During the side view attention was paid to position of:
The head, thoracic kyphosis, lumbar lordosis, shoulders and shoulder blades.
· During the specific back view attention was paid to the position of:
The head, shoulder contour, shoulder blades, waist triangles and popliteal fossa. 
The requirements that we met to obtain an accurate evaluation of the posture and to reduce the possibility of errors during the view were as follows: to make the view in the morning; to use the same person to make the view, even to make it in the same room; to make the view at natural (daily) light; to view the child undressed and barefoot stepped on a special step stand, to view the child standing with his back to the light that falls right behind him, rather than aside, so as to avoid any shadows that lead to errors in the diagnosis of the scoliosis; to view the child standing in front of the examiner, with his back to him or in profile depending on the body parts being viewed - curved sideways or front - rear curvature; to view the child with his legs crossed and with his knees strained, without straining the dorsal muscles.
The resulting data were recorded in a special working record, as each visit of the children was subject to preparation of a new one.
To evaluate the functional durability we conducted (3, 4): 
· test of Matthiass, 
· test of Kiel, 
· balance durability test, both in the beginning and at the end of the study.
To analyse the data we used descriptive methods and methods of testing the hypotheses (Student's t-test). 
Results and Discussion
153 (51%) of the examined children are girls and 147 (49%) - boys. The statistical significance of the distribution of the examined children by sex does not differ for the three examined groups (χ²=1.52; p=0.47).
Table 1 Distribution of the children in the two study groups broken down by sex 
	
	Sex
	Total

	
	Girl
	Boy
	

	Experimental group - 1
	Number
	49
	51
	100

	(with sports hammock)
	% in the study group
	49,0
	51,0
	100,0

	
	% by sex
	32,0
	34,7
	33,3

	Experimental group - 2
	Number
	48
	52
	100

	
	% in the study group
	48,0
	52,0
	100,0

	
	% by sex
	31,4
	35,4
	33,3

	Control group
	Number
	56
	44
	100

	
	% in the study group
	56,0
	44,0
	100,0

	
	% by sex
	36,6
	29,9
	33,3

	Total
	Number
	153
	147
	300

	
	% in the study group
	51,0
	49,0
	100,0

	
	% by sex
	100,0
	100,0%
	100,0


Upon completion of the descriptive analysis we did not find any significant difference in the initial results of the functional tests.
Upon completion of the somatoscopy we found that the most common asymmetries were observed in the shoulder region (SR) and in the three tested positions - front, aside and rear. 
The comparative analysis of the change in the frequency of the posture asymmetries reported in the initial and final evaluation of the posture in a front view while performing exercises with sports hammock in the experimental group showed statistically significant full improvement of the anatomical landmarks observed (p <0.001). Full symmetry was achieved. The biggest positive change was observed in the shoulder region where 26% improvement was achieved (Table 2).
Table 2 Initial and final evaluation in the front view
	
	

	Group
	Asymmetry (%)
	Head
	SR
	Clavicles
	Waist

	Flanks

	ЕG 1
	Initial
	19
	26
	24
	10
	24

	
	Final
	0
	0
	0
	0
	0

	
	Difference
	-19
	-26
	-24
	-10
	-24

	ЕG 2
	Initial
	20
	33
	28
	13
	25

	
	Final
	7
	17
	12
	4
	6

	
	Difference
	-13
	-16
	-16
	-9
	-19

	CG
	Initial
	16
	38
	12
	33
	30

	
	Final
	16
	35
	12
	31
	28

	
	Difference
	0
	-3
	0
	-2
	-2

	р


	Experimental group - Control group
	<0,001
	<0,001
	<0,001
	<0,02
	<0,001


The results of the posture evaluation of the children involved in EG 1 in the side view after applying the methods showed statistically significant improvement of the observed anatomical landmarks. The largest share of improvement was observed again in the area of the shoulder region - 43 %. The winged scapulas were fully improved (by 40%). Full improvement (Table 3) was not achieved under the influence of the increased lumbar lordosis.
Table 3 Initial and final evaluation in the side view
	
	

	Group
	Asymmetry (%)
	Head
	Kyphosis
	Lordosis
	SR
	Shoulder blades

	ЕG 1
	Initial
	9
	18
	9
	43
	40

	
	Final
	0
	0
	9
	2
	0

	
	Difference
	-9
	-18
	0
	-41
	-40

	ЕG 2
	Initial
	10
	17
	12
	48
	49

	
	Final
	0
	2
	12
	18
	18

	
	Difference
	-10
	-15
	0
	-30
	-31

	CG
	Initial
	2
	7
	24
	49
	42

	
	Final
	2
	7
	24
	48
	41

	
	Difference
	0
	0
	0
	-1
	-1

	р


	Experimental group - Control group
	<0,001
	<0,001
	n.a.
	<0,001
	<0,001


Full correction of the asymmetries in the observed anatomical landmarks was found in the monitoring of the results of the posture evaluation of the children involved in EG 1 in the back view after applying the methods which proved to be statistically significant (P<0,001). The biggest positive change was observed in the shoulder region (23%) and shoulder blades (23%) (Table 4).
Table 4 Initial and final evaluation in the back view
	
	

	Group
	Asymmetry (%)
	Head
	SR
	Shoulder blades
	Waist
	Knees
	Ankles


	ЕG 1
	Initial
	14
	23
	23
	20
	14
	18

	
	Final
	0
	0
	0
	0
	0
	0

	
	Difference
	-14
	-23
	-23
	-20
	-14
	-18

	ЕG 2
	Initial
	14
	23
	23
	20
	14
	18

	
	Final
	0
	0
	0
	0
	0
	0

	
	Difference
	-14
	-23
	-23
	-20
	-14
	-18

	CG
	Initial
	4
	22
	47
	27
	5
	4

	
	Final
	4
	21
	44
	27
	0
	0

	
	Difference
	0
	-1
	-3
	0
	-5
	-4

	р


	Experimental group - Control group
	<0,001
	<0,001
	<0,001
	<0,001
	<0,05
	<0,002


The results of the test of Matthiass showed reduced durability of the posture in the children of the two groups. In the children of EG 1, the average values at the beginning of the study were 19.91 seconds (SD±0.41), while those observed at the end of the study were 20.59 seconds (SD±0.37). Improvement of 0,68 seconds was observed in the four-month period. The difference between the initial and final mean values for the same period reported in the children of the CG was 0,10 seconds (Table 5).
The preservation of the correct posture and control of the body in space are based on the good balance durability which must be developed from early childhood. The balance durability test showed poor results in the beginning of the study in the two groups. The initial mean values measured in the children of EG 1 were 2.82 seconds (SD±0,15), while the final ones were 3.70 seconds (SD±0.11). After application of the methods the results obtained upon completion of this test were improved - 0,88 seconds. For comparison, the values obtained in the children of the CG were 4,81 seconds (SD±a 3.58,) at the beginning of the study and 5,22 seconds (SD±3.27) at the end of the study (Table 5).
We used the test of Kiel to objectivise the durability of the dorsal muscles. The test helped us to evaluate the dynamic and strength durability (DSD) and static and strength durability (SSD) of the abdominal and dorsal muscles. The improvement of DSD of the abdominal muscles per number of repetitions was 0,80 in the children of EG, while the change in the children of CG was 0,05 number of repetitions during the research period. The difference in the test mean values for the dorsal muscles between the final and initial result in the children of FD was considered to be an improvement of 0,67 number of repetitions, while in the children of the CG 0,14 number of repetitions were reported.
The results of the abdominal muscles SSD test in the children of EG were improved at the end of the study - 0.94 seconds. Those reported in the children of CG improved as well - 0,05 seconds. The following changes measured in seconds were reported the dorsal muscles testing: EG - 0 71; CG - 0,12 (Table 5.).
The results of the functional tests of the initial examinations showed reduced muscle endurance in the children. They were probably due to the reduced motor activity of the children.
After application of the methods, the difference between the final and initial mean values for all durability tests in the children of the EG (n=100) were positive and statistically significant, i.e. there was an improvement in all tests (p < 0,0001). The best improvement was observed upon completion of the test of Kiel on static and strength durability of the abdominal muscles: + 0.94 seconds (Table 5) and + 0,88 seconds (Table 5) upon completion of the balance durability test.
In the children of the CG the change of the results was also observed at low absolute values of the differences (0.05 to 0.41 sec) and was statistically significant (p>0,05 in the test of Kiel on DSD and SSD of the abdominal muscles). It is appropriate to examine the effect of the methods for a longer period of time.
Table 5 Comparison of the initial and final results of the test of Kiel on DSD and SSD of abdominal and spinal muscles (Paired Samples T-Test)
	Test of


	EG 1 

(n=100)
	EG 2 

(n=100)
	CG
 (n=100)
	Δ х 

(x1 – x2)
	Between

the study

groups

	Matthiass

	
	Mean
	SD

(±)
	SE Mean
	Mean
	SD

(±)
	SE Mean
	Mean
	SD

(±)
	SE Mean
	ЕГ 1
	ЕГ2
	КГ
	

	
	Final result - x 1
	20,59
	0,37
	3,74
	20,83
	3,23
	0,32
	16,25
	5,03
	0,50
	0,68*


	0,66*


	0,10†


	<0,005a,b

	
	Final result - x 1
	19,91
	0,41
	4,12
	20,17
	3,66
	0,37
	16,15
	5,20
	0,52
	
	
	
	0,8c

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Kiel

DSD of the

abdominal muscles
	Final result - x 1
	17,51
	0,24
	2,46
	17,79
	3,19
	0,32
	17,26
	7,42
	0,74
	0,80*
	0,42*
	0,05‡
	<0,0001a

	
	Final result - x 1
	16,71
	0,32
	3,17
	17,37
	3,68
	0,37
	17,21
	7,50
	0,75
	
	
	
	<0,02b

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Kiel

DSD of the
spinal muscles
	Final result - x 1
	17,26
	0,32
	3,19
	16,92
	3,24
	0,32
	14,41
	7,63
	0,76
	0,67*


	0,44*


	0,14†


	0,0005a

	
	Final result - x 1
	16,59
	0,37
	3,72
	16,48
	3,54
	0,35
	14,27
	7,81
	0,78
	
	
	
	<0,03b

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Kiel

SSD of the
abdominal muscles
	Final result - x 1
	14,38
	0,47
	4,25
	14,45
	4,93
	0,49
	15,07
	6,80
	0,68
	0,94*
	0,50*
	0,05‡
	0,0001a

	
	Final result - x 1
	13,44
	0,53
	5,25
	13,95
	5,47
	0,55
	15,02
	6,88
	0,69
	
	
	
	0,003b

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Kiel

SSD of the

spinal muscles
	Final result - x 1
	14,24
	0,41
	4,05
	14,08
	4,58
	0,46
	9,48
	3,32
	0,33
	0,71*


	0,21*


	0,12†


	0,0005a

	
	Final result - x 1
	13,53
	0,48
	4,84
	13,87
	4,88
	0,49
	9,36
	3,48
	0,35
	
	
	
	<0,005c

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Balance 

durability
	Final result - x 1
	3,70
	0,11
	1,12
	3,31
	1,24
	0,12
	5,22
	3,27
	0,33
	0,88*
	0,39*
	0,41*
	0,0005a

	
	Final result - x 1
	2,82
	0,15
	1,45
	2,92
	1,44
	0,14
	4,81
	3,58
	0,36
	
	
	
	<0,002c


P for Δ Х final and initial result in each of the study groups: *р< 0,0001; † р<0,05; ‡ р>0,05

The children showed great interest in the exercises with sports hammock and did their utmost with pleasure. According to the results obtained the analytical exercises specifically selected to influence the muscles of the shoulder region presented in the form of a game effectively contribute to correct the posture asymmetries, especially of the most common ones - those of the shoulder region. The final posture evaluation in the experimental group shows reduction of the frequency of asymmetries in all observed points with the exception of lordosis. It remained unchanged in the control group as well (0% difference). Biggest increase of the share of asymmetries in the final evaluation was found in the experimental group (with sports hammock) - reduction of the asymmetries in the shoulder region by 41% in the side posture evaluation. The differences were smallest in the control group where improvements were not found or were in the range of 1% - 5%. The reduction in the frequency of the asymmetries in the experimental group was statistically significant when compared to the results obtained in the control group at all points with the exception of Lordosis (p <0.05).
Conclusion
The exercises with sports hammock influenced positively the functional durability of the muscles which stabilise the posture in the pre-school children and are effective for prevention of postural disorders and spinal curvature.
The regular classes with sports hammock for at least six months are recommended in the pre-school children for correction and prevention of musculoskeletal asymmetries.
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