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Summary 

The purpose of this thesis was to investigate the influence of swimming at improving 

efficiency of children and young people with roundback. 

In the text the aim, materials and methods of the research, the results obtained, discussion and 

conclusions have been presented. In the discussion efforts were made in order to compare the 

results obtained with the results of research described in the literature. 

The conclusions provide an answer to the question of what effect on efficiency been achieved 

through swimming of children and young people with roundback. 
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 Introduction 

Civilization progress, and a sedentary lifestyle have made more and more children and 

young people affected by the problem of faulty posture. Careful observation of how children grow 

and that there is no irregularity in body posture is a duty of parents, teachers and doctors. Noticing 

the defects early allows taking specific corrective actions that should contribute to their elimination. 

Problem of faulty posture correction been already observed by Hippocrates, Galen, Ambrose Pare, 

and PH Ling, who developed a system of exercises for specific dysfunctions of the musculoskeletal 

system, as well as has trained teaching staff dedicated to correcting faulty postural habits. 

Proper posture is a harmonious arrangement of individual sections of the body, characteristic 

of a healthy individual, a particular sex in a given period of ontogenesis, which provides optimal 

stability and functioning of the body. It is accompanied by muscle balance between different muscle 

groups, which creates the right conditions for the proper arrangement of the internal organs 

(Mikuľáková, W. et al, 2011). 

157



In evaluating proper body posture habitual posture is taken into consideration - not 

consciously taken by the person tested. This is the position and orientation of individual parts of the 

body in which a person feels free (Zeyland – Malewka E., 2003). 

The water environment has been increasingly used In the process of faulty posture correction. 

Swimming and water exercises have a positive influence on the correct body shape, relieving the 

spine, relaxing tense muscles and improving efficiency. 

Being in the aquatic environment requires overcoming resistance by the inspiratory muscles 

and getting used to facilitating the functioning of the expiratory muscles. During swimming 

breathing must be coordinated with the activities of the upper limbs, the inspiratory phase has to 

shortened and the long phase of apnea occur in the respiratory cycle. While swimming breath is 

deeper and rhythmic. This leads to increase of lung vital capacity, and reduce of the residual 

capacity. Residual capacity can drop down to 10% lower than the total lung capacity. Just being in 

the warm water determines occurrence of increased lung ventilation. Bathing in cold water helps to 

increase the depth of breathing, and reduce the respiration rate (Czabański B., et al., 2003). 

Aim of the study 

Aim of this study is investigate the influence of swimming at improving efficiency of 

children and young people with roundback. 

To achieve this objective the following research question has been formulated: 

1. To what extent swimming during the school year has an impact at improving efficiency in 

the examined group? 

 

Material and research methods 

The research material was a group of 32 children and teenagers, directed by the family doctor on 

corrective gymnastics carried out in the pool, of which 31 persons had roundback of the Spine and 

increased thoracic kyphosis and 1 had Scheuermann's disease. All children had swimming skills, 

they were familiar with the water environment, and felt safe in it. Among studied group no child 

participated in additional regular sport activities. During the week, children undertook only 

mandatory physical activity within the organized courses of physical education at school. In this 

group, age range of girls was 8 to 15 years. The average age of girls was  11.5 years. For boys, age 

range was from 9 to 16 years. The average age of  boys was 12.5 years. Among those 22 went to 

primary school, 10 attended junior high school. There were 14 girls and 18 boys, which accounted 

for accordingly 43.75% and 56.25%. 

     The study was conducted in the months of September and June. 
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Teaching in the pool continued throughout complete school year 2009/2010, once a week, for 45 

minutes. Within 45 minutes the children were divided into two groups. While one group performed 

corrective exercises, the second group performed corrective exercises in the aquatic environment. In 

the middle of lessons there was a switch between the two groups, people who performed stretching 

exercises, went for swimming exercises, while the second group went for the stretching exercises. 

In order to reduce roundback effects, swimming on the back was performed (the back crawl), 

corrective swimming on back with symmetrical hand work, and different ways of correctional 

swimming. In order to vary the activities frequently swimming gear has been used, such as: 

“macaroni”, swimming boards, volley balls, stick for gymnastic exercises. Children swam one 

length of the pool at most, i.e. 25 meters - 4 times using the specific swimming stroke, followed by 

a conversion of movement process in the water environment. Boys and girls were separately 

assigned numbers based on the order the research has beed established.  The assigned numbers 

simplified the attendance check, and enabled a simple way to present the specific characteristics of 

a particular person on the chart.In order to determine the vital capacity forced flow Mini Wright 

meter was used. A study carried out in the month of September, the control, respectively in the 

month of November and June. The results were compared with the Courand’s nomogram. The value 

is read on the scale due to the median at the intersection of body height and age. In order to 

determine the efficiency of the children 12-minute swimming test was used, otherwise called 

“Cooper Test in water”. Children had 12 minutes to swim the longest distance. Style and speed 

depended on the participants themselves. Smaller children swam that distance with swimming 

board to ensure safety. This test was performed on the first and the last class. For inspection also 

conducted in the month of October.The obtained values  of 12 minute Cooper’s test were tried to be 

compared with the norms characteristic for the respective age groups. However, due to the lack of 

data in the literature relating to persons under 13 years of age, a comparison was made only 

between 13-19 years of age. 
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Tab. 1 Value of swam distance in meters for each age group (Pilcz S., Przewęda R., 2002). 

L.p.  The degree of 
preparation 

sex 13 - 19  20 - 29  30 - 39  40 - 49  50 - 59  60  

1.  Very weak  M  > 450  >  350  > 325  > 275  > 225  > 225  

      K  >  350  > 275  > 225  > 175  > 150  >  150  

2.  weak M  450-550  350-450  325-400  275-350  225-325  225-275  

      K  350-450  275-350  225-325  175-275  150-225  150-175  

3.  satisfactory  M  550-650  450-500  400-500  350-450  325-400  275-350  

      K  450-550  350-450  325-400  275-350  225-325  175-275  

4.  Good M  650-725  550-650  500-600  450-550  400-500  350-450  

      K  550-650  450-550  400-500  350-450  325-400  275-350  

5.  Very Good  M  725 < 650 < 600 < 550 < 500 < 450 < 

      K  650 < 550 < 500 < 450 < 400 < 350 

 

Statistical methods used 

 

Statistical indicators were calculated as follows: the arithmetic average, deviation 

standard, percentages, and differences in average. Using Student's t-test for one sample for the two 

parameters for the number of n <30, set out the significance of differences between the average 

results obtained in the initial study and the final: spirometry and measurement of efficiency. 

Statistical indicators were calculated separately for the girls and for boys studied   ( Pociecha M., 

2002). 

T   =    

Where: XŚr -  means the difference between the average of the initial and final test, mo - the value 

of the null hypothesis, S – standard deviation,  n- number of people.                             

 
 
The results 

 
Analysis of changes in spirometry 
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Tab. 2 Changes in spirometry in the examined girls in the period from October to June (ml). 
 

Nr 
Of 
tested 
person 
 

Name 
 
 

Age 
 
 
 

Spirometry 
first test in 
October 

Spirometry 
inspection 
test in 
November 

Spirometry 
final test in 
June 

Xi 
Differen
ce 
June  - 
Novemb
er 

Differen
ce 
Xi - Xśr 
 
 

(Xi -X śr)2 
 
 
 

 
1 W. W. 10 2100 2500 2500 400 -7,14 51,02   

2 M. S. 10 1600 1600 2200 600 192,86 37193,88   
3 A. O. 8 1800 2000 2500 700 292,86 85765,31   

4 D. B. 13 3300 3500 3700 400 -7,14 51,02   

5 K. C. 11 2900 2900 3000 100 -307,14 94336,73   
6 J. K. 12 2200 2700 2700 500 92,86 8622,45   

7 M. M. 10 1800 2300 2500 700 292,86 85765,31   
8 I. G. 9 2200 2800 2900 700 292,86 85765,31 

  
  
  

9 I. N. 15 2600 2600 2 800 200 -207,14 42908,16 

10 M. Z. 13 3500 3600 3800 300 -107,14 11479,59 

11 K. O. 12 2000 2100 2300 300 -107,14 11479,59   

12 K.K. 14 2000 2000 2200 200 -207,14 42908,16   
13 K. O. 11 3000 3200 3400 400 -7,14 51,02   

14 J. S. 12 2100 2100 2300 200 -207,14 42908,16   
Average 2771,43  2364,29   39234,69  
Xśr June  -  Xśr 
November          

                       Xśr = 407,14  
 

   
 

The standard deviation                                S=198,08  
 
 

The following assumptions: the null hypothesis is Ho = 407, the alternative hypothesis is 

H1> 407. T read from tables for n-1 which is for 13 degrees of freedom, which was 1.77. The fact 

that 0.13 is not within the range of (- ∞ - 1.77) means there is no reason to reject the null hypothesis 

against the alternative hypothesis. Null hypothesis at the significance level L = 0.05 is statistically 

significant. 
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Tab. 3 The due values read from the Courand’s nomogram for girls (ml.) 
 
Nr of 
tested 
person  

Due value 
September 

Due value 
June 

Value obtained 
in the initial 
study 

Value obtained 
in the final test 
 

1 3000 3000 2100 2500 

2 3100 3000 1600 2200 

3 2900 2900 1800 2500 

4 3400 3400 3300 3700 

5 3100 3100 2900 3000 

6 3400 3400 2200 2700 

7 3250 3200 1800 2500 

8 3150 3000 2200 2900 

9 3400 3400 2600 2 800 

10 3400 3400 3500 3800 

11 3100 3100 2000 2300 

12 3300 3400 2000 2200 

13 3000 3100 3000 3400 

14 3500 3500 2100 2300 
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Tab. 4 Changes in spirometry in the examined boys in the period from October to June (ml). 
 
 

Nr 
Of 
tested 
person 
 

Name 
 
 

Age 
 
 
 

Spirometry 
first test in 
October 

Spirometry 
inspection 
test in 
November 

Spirome- 
try final 
test in 
June 

Xi 
Differen-
ce 
June  - 
Novembe
r 

Differen
-ce 
Xi - Xśr 
 
 

(Xi -X śr)2 
 
 
 

1 S. S. 11 2400 2400 2600 200 -263,89 69637,35 

2 M. N 9 1300 1400 1600 300 -163,89 26859,57 
3 S. I. 10 2100 2200 2400 300 -163,89 26859,57 

4 K. O. 12 3100 3600 3700 600 136,11 18526,23 

5 D. W. 10 2400 2500 2700 300 -163,89 26859,57 
6 S. C. 15 4500 4600 4900 400 -63,89 4081,79 

7 T.  C 10 1600 2100 2300 700 236,11 55748,46 
8 B. M. 13 2500 3700 4300 1800 1336,11 1785193 

9 A.  M 15 3500 4000 4200 700 236,11 55748,46 
10 F. G. 14 3600 3800 4150 550 86,11 7415,12 

11 P. K. 10 2200 2400 2700 500 36,11 1304,01 

12 K. G. 11 1600 1800 2200 600 136,11 18526,23 
13 P. G. 12 2300 2500 2600 300 -163,89 26859,57 

14 P. G. 12 1900 2200 2400 500 36,11 1304,01 
15 K. W. 13 3700 3500 3700 0 -463,89 215192,90 

16 D. D. 11 2900 2800 2900 0 -463,89 215192,90 

17 B. P. 12 2500 2700 2700 200 -263,89 69637,35 
18 B. L. 16 6000 6100 6400 400 -63,89 4081,79 

Average 2783,33  3247,22   146057,10 
Xśr Jne – Xśr 
November 

                   Xśr = 463,89 
  

The standard deviation  S= 382,17 
 
 

The following assumptions: the null hypothesis is Ho = 450, the alternative hypothesis is 

H1> 450. T was read from tables for n-1 which is for 17 degrees of freedom, which was 1.74. The 

fact that 0.15 is not within the range of (- ∞ - 1.74) means there is no reason to reject the null 

hypothesis against the alternative hypothesis. 
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Tab. 5 The due values read from the Courand’s nomogram for boys (ml.) 
 
 
Nr of 
tested 
person  

Due value 
September 

Due value 
June 

Value obtained 
in the initial 
study 

Value obtained 
in the final test 
 

1 3600 3600 2400 2600 

2 2800 2900 1300 1600 

3 2700 2900 2100 2400 

4 3000 3100 3100 3700 

5 3100 3200 2400 2700 

6 4300 4300 4500 4900 

7 3100 3200 1600 2300 

8 4400 4600 2500 4300 

9 4400 4400 3500 4200 

10 3100 3200 3600 4150 

11 3100 3300 2200 2700 

12 2800 3000 1600 2200 

13 3700 3800 2300 2600 

14 2600 2600 1900 2400 

15 4000 4000 3700 3700 

16 2800 3000 2900 2900 

17 3600 3600 2500 2700 

18 4400 4400 6000 6400 
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 Analysis of changes in efficiency 
 
Tab. 6 12 minute Test with the girls. 
 

 
 

The following assumptions: the null hypothesis is Ho = 40, the alternative hypothesis is H1> 

40. T was read from tables for n-1 which is for 13 degrees of freedom, which was 1.77. The fact 

that 0.54 is not within the range of (- ∞ - 1.77) means there is no reason to reject the null hypothesis 

against the alternative hypothesis. Null hypothesis at the significance level L = 0.05 is statistically 

significant. 

 

 

 
 
 
 
 
 
 
 
 
 

Nr 
Of tested 
person 

Name 
 
 

Initial test 
Spetember 
 

Inspection 
test 
October 
 

Final 
test 
June 
 

Xi 
Difference 
June -  
November 

Difference 
Xi - Xśr 
 
 

(Xi -X śr)2 
 
 
 

1 W. W. 350,0 250,0 325,0 -25 -74,1071 5491,869 
2 M. S. 250,0 250,0 350,0 100 50,89286 2590,083 
3 A. O. 300,0 437,5 475,0 175 125,8929 15849,01 
4 D. B. 225,0 237,5 262,5 37,5 -11,6071 134,7258 
5 K. C. 300,0 325,0 350,0 50 0,892857 0,797194 
6 J. K. 450,0 450,0 500,0 50 0,892857 0,797194 
7 M. M. 275,0 350,0 400,0 125 75,89286 5759,726 
8 I. G. 350,0 325,0 350,0 0 -49,1071 2411,511 
9 I. N. 200,0 200,0 200,0 0 -49,1071 2411,511 
10 M. Z. 450,0 400,0 375,0 -75 -124,107 15402,58 
11 K. O. 350,0 375,0 425,0 75 25,89286 670,4401 
12 K. K. 537,5 540,0 575,0 37,5 -11,6071 134,7258 
13 K. O. 325,0 350,0 375,0 50 0,892857 0,797194 
14 J. S. 350,0 375,0 437,5 87,5 38,39286 1474,011 
Average 336,61  385,71   3738,04 
Xśr June-  Xśr 
November 

Xśr = 49,11 
  

 
 

Standard deviation    S= 61,14 
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Tab. 7 12 minute test with the boys 
 
Nr 
Of 
tested 
person Name 

 
 

Initial test 
Spetember 
 

Inspection 
test 
October 
 

Final 
test 
June 
 

Xi 
Differen
ce 
June -  
Novemb
er 

Differe
nce 
Xi - Xśr 
 
 

(X-Xśr)2 
 
 
 

1 S. S. 225,0 250,0 275,0 50,0 -17,36 301,41 
2 M. N. 200,0 240,0 262,5 62,5 -4,86 23,63 
3 S. I. 200,0 250,0 337,5 137,5 70,14 4919,46 
4 K. O. 375,0 437,5 437,5 62,5 -4,86 23,63 
5 D. W. 287,5 300,0 325,0 37,5 -29,86 891,69 
6 S. C. 500,0 550,0 600,0 100,0 32,64 1065,30 
7 T. C. 262,5 350,0 400,0 137,5 70,14 4919,46 
8 B. M. 250,0 175,0 300,0 50,0 -17,36 301,41 
9 A. M. 225,0 240,0 275,0 50,0 -17,36 301,41 
10 F. G. 400,0 450,0 512,5 112,5 45,14 2037,52 
11 P. K. 200,0 225,0 262,5 62,5 -4,86 23,63 
12 K. G. 312,5 350,0 375,0 62,5 -4,86 23,63 
13 P. G. 325,0 350,0 350,0 25,0 -42,36 1794,46 
14 P. G. 312,5 350,0 400,0 87,5 20,14 405,57 
15 K. W. 450,0 400,0 450,0 0 -67,36 4537,52 
16 D. D. 250,0 350,0 400,0 150,0 82,64 6829,19 
17 B. P. 475,0 420,0 525,0 50,0 -17,36 301,41 
18 B. L. 325,0 330,0 300,0 -25,0 -92,36 8530,58 
Average 309,72  377,08   2068,38 
Xśr June-  Xśr 
November 

  Xśr = 67,36 
  

Standard deviation    S = 45,45 
 

The following assumptions: the null hypothesis is Ho = 50, the alternative hypothesis is H1> 

50. T was read from tables for n-1 which is for 17 degrees of freedom, which was 1.74. 1.57 The 

fact that it is not within the range (- ∞ - 1.74) means there is no reason to reject the null hypothesis 

against the alternative hypothesis. Null hypothesis at the significance level L = 0.05 is statistically 

significant. 

 

Discussion 

Swimming and gymnastics in water is recommended as a general development exercise for 

both children and adults. The main purpose of these exercises is to strive for proper physical 

development and increase in physical capacity. Swimming makes it possible to achieve  a 

comparable level of performance, both for patients with and without defects. An additional 

advantage of the aquatic environment is to relieve the spine. Gravity can be a factor aggravating the 
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defect, and this defect can be reduced by spine relieve . On land, the more horizontal position is, the 

relief of the spine is greater (Kasperczyk T., 1994 ). 

Spirometric examination is one of respiratory system function test and simply allow the assessment 

of vital lung capacity (VC). In order to establish diagnostics of respiratory system, the test  should 

be supplemented by blood gasometry test. 

The result obtained from spirometry test should be compared with the due value read for the given 

age and body height based on Courand’s nomogram. Decrease in the value by 25% is defined as 

small, 25 -50% as an average, above 50% as high. Deviation from the norms only in the level 

practical importance in the diagnostics of respiratory system and of VC is of no does not necessarily 

imply the existence of that systems dysfunction. In order for complete respiratory system 

diagnostics forced expiration (FEV) tests should be performed(Rosławski A.,  Woźniewski M., 

1997). 

In the literature none other standards of spirometric measurements specific to children were 

found.Determination of vital lung capacity may be a form of body’s efficiency test and as that form 

it was used in the study. Study was conducted to show the change in the value of VC in the annual 

period of time for tested subject. It was noted that the average value of lung vital capacity for both 

girls and boys within a year has increased. Among girls, the average value from 2364.29 ml 

increased the value of 2771.43 ml., The observed increase in the year’s average was 407.14 ml. For 

boys, the average initial value was 2783.33 ml and the final value was 3247.22 ml, which means an 

average increase of 463.89 ml during the year. After a year of training received values got closer to 

the values read from Cournand’s nomogram. In connection with that fact the assumption raises that 

the lower results of spirometry with reference to standards determined on the basis of Courand’s 

nomogram may be related to roundback defect and the breast muscle contraction. However to 

confirm this hypothesis, the tests should be carried out on a larger group of patients. 

Recommended physical capacity control test on land is a 12 minute endurance run (Cooper’s 

test). In the study of this test a large correlation between the effect of 12 minute run, and the 

organisms oxygen efficiency has been observed. Regression equations were determined, which 

allow to estimate the level of maximal oxygen intake, resulting in a running time of 12 minutes. 

This test is now very popular in the school education system. Its additional advantage is the ease of 

implementation. In studies ,, Studies and Monographs “ Cooper’s test was conducted among people 

between 7 and 19 years of age, and the obtained data are presented in tables, which are indicator of 

physical fitness. Cooper test is running for 12 minutes at the longest distance (Pilcz S., Przewęda 

R., 2002). 

Most often the test is carried out on a track, where there is a marked length of the individual 

segments. Every minute person leading the test tells time left to complete the run. After 12 minutes, 
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the operator signals the end of the exercise test and stores the values of ran meters. When the tested 

person’s result is, for example, in the middle of the range, it means that the efficiency is at the right 

level (obtained by 34% of the population). Over the range of the average the results obtained 

represent a very good efficiency, or even superior. A value below the average efficiency is poor, or 

even insufficient for normal functioning in everyday life     (Pilcz S., Przewęda R., 2002).Cooper 

suggested that the 12-minute test could also be used for the aquatic environment. In swimming, the 

health level of physical capacity can be determined from the distance swam for 12 minutes. The 

best level of physical capacity is achieved when swimming front crawl on the chest and a classic 

style, while the next crawl on the back and elementary methods. Among the subjects there were five 

girls ranging between 13 and 19 years of age. The test results obtained by them were compared with 

the standards presented by Pietrusik (2012), and it was found that 2 of them had very weak results,  

another 2 weak, and 1 satisfactorily. 

In boys, the standards can be reconciled with the results of 6 people. It was found that the 

two showed very poor efficiency, 4 poor, and one satisfactory efficiency. Due to the lack of 

comparable data for younger children, obtained standards could not be combined with the standards 

specified by Pietrusik (2012) and other standards of swimming for children under 13 years of age 

was not found. People whose values were compared with values presented by Pietrusik (2012) 

belonged mostly to the lower limit of the range between 13 and 19 years of age which may explain 

the results. 

President of the Medical Committee FINA Zechariah Firsow has developed optimal health 

swimming distances in order to improve efficiency for different age groups (Pietrusik K., 2012). 

These standards do not include people under 13 years of age. It was noted that the health effects of 

swimming at practice 2 - 3 times a week can already be noticed after 2 - 3 months time. Increase in 

efficiency can be controlled by setting individual swimming norms. The optimal distance that 

visibly improves the physical capacity of people between 13 and 50 years of age is the distance of 1 

km, swam continuously at a moderate speed, without rest breaks at any time. According to Górski 

(2005) exercise capacity is the ability to take exercise. 

The greater the effort can be kept for a longer period of time or per unit of time One can 

cover a greater distance. In view of this fact the data obtained at the beginning and end of the 

research in the test of 12 minutes may indicate either a deterioration or improvement of the 

efficiency. There was a average increase in 12 min test among females by 50 m, resulting in 

improvement on contrary to September’s test by 2 pools length. Among boys an average 

improvement of 68 m has been observed, which results in an improvement of almost three pools 

length. 
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Conclusion 

The study was designed to determine the influence of swimming at improving efficiency of children 

and young people with roundback, which allow to help reach the following conclusions: 

1. Swimming has positive impact on the roundback correction. By swimming on Ones back 

and correctional swimming muscles of the back are strengthened. Strong muscles keep 

thespine in the correct curvature of the spine, the optimal setting, and adjust the shoulder 

belt setting. 

2. First Classes held once a week for 45 minutes during the school year, have helped to 

improve efficiency. This fact is confirmed by the average improvement in lung vital 

capacity among girls by 17.22% compared to the initial test, and an average improvement of 

16.67% among tested boys. Among 32 people examined, 26 of them which stands 81.25% 

of all had improved covered distance in relation to the test carried out in September. Among 

3 patients standing for 9.38% of all, no change was noted, while deterioration was observed 

only among 3 tested people, which is 9.38% of studied group. Obtaining more swam pools 

at the same time by the same person can provide the improvement of physical capacity. 
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