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Abstract

Introduction

The boundaries of human adaptation to the load of exercise in sport, recreational and
occupational activity are flexible but not unlimited.

Material, methods and research tools

393 students from randomly selected music schools were qualified for the study. In each of
the schools involved in the study, the level of physical fitness was assessed using the Eurofit
test and the level of body posture parameters by means of the photogrammetric method.
Summary

As regards the players of musical instruments, the most frequent correlations with the
characteristics of physical fitness were observed among female pupils of class IlI, IV, V and
male pupils of class I, moderately frequent relationships were recorded among female
students of Il, VI and male students of class Il, 111 and the fewest correlations were noticed
among female pupils of class | and male pupils of class IV and V. Considering the frequency
of correlations among female students, the most frequent relationships were recorded in class
I, V and IV, the moderately frequent ones in class Il and VI and the fewest in class I (...)

Introduction

A body posture being an external human physicality presents an individual’s concrete stage of
posturogenesis. The analysis of the values of frontal parameters does not seem to cause any
major problems, but it can be challenging indeed when it comes to physiological spinal
curvatures, their correlations with pelvis parameters or physical fitness. Allegedly, the more
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pro-healthy the adopted lifestyle is the larger the percentage of correct body postures and the
smaller the percentage of incorrect body postures. The intensity and volume of the stressor
having an impact on the number and type of environmental drivers which determine postural
parameters should be more important than these parameters. While playing an instrument, the
main activity of a musician includes movement and related physical work of selected muscle
bands. The modern process of learning how to play a musical instrument and the related load
of the skeletal, muscle, circulatory and nervous system, require considering a range of
properties connected with pursued physical activity, and to understand these properties it is
necessary to apply a wide range of research methods. The question thus arises how bone and
muscle tissue will be modelled in the event of a permanently active stressor illustrated by the
professional activity of a musician as a form of physical activity. It has been clearly
demonstrated that physical activity optimally shapes the body posture and the character of
these changes largely depends on the above-mentioned intensity and volume. If the system of
stressors undergoes a quantitative or qualitative change, the volume of functional and
anatomic parameters may change as well which is the consequence of an organism’s
readaptation to external stimuli. The boundaries of human adaptation to the load of exercise in
sport, recreational and occupational activity are flexible but not unlimited. This is the result of
the Arndt — Schultz law claiming that a too large load of the locomotor system triggers
adverse adaptation signs in the vegetative system and in the organs managed by the system;
weak stimuli maintain bodily functions whereas the strong ones create adaptation and
training. A stimulus which, with its minimum intensity, improves fitness and induces learning
of new motor functions is a physiological model of optimal load and adaptative reactions of
the body [1].

The purpose of the study was to show correlations between posture parameters and physical
fitness of male and female pupils playing the accordion and the Western concert flute.

Material, methods and research tools

393 individuals were recruited from randomly selected music schools.

All the students who obtained the consent of the legal guardian or parent, in case of minors,
and of the direct teacher or school principal and who had been students of a music school for
at least one year were allocated for the study. All subjects were divided into classes depending
on the leading instrument and within a class depending on gender, age and the period of
playing an instrument. Accordion students accounted for class I, Western concert flute
students — class 1, grand piano students — class I11, guitar students — class 1V, violin students
— class V, and cello students — class VI. The physical fitness analysis considered completed
years and months of life in accordance with the requirements established by Dobosz [2].
Eventually, 190 girls (K) and 203 boys (M) were qualified for the statistical analysis. The
average age of girls was 14.25 years and the experience of playing an instrument was 7.25
years. In the group of boys, the figures were 14.44 and 7.40 respectively. The most girls
practiced playing the grand piano (44 subjects) and the fewest girls played the Western
concert flute (21 subjects). As for boys, the largest number of them practiced playing the
guitar (42 people) whereas the Western concert flute was the least played instrument (23
subjects). Violin female students had the longest experience of playing the instrument (10.2
years) while those who played the flute demonstrated the shortest period (4.6 years). Among
boys, these were respectively: the violin (10.2 years) and the Western concert flute (11.94
years).

The studies were conducted in the period from 10 September 2016 to 20 December 2016 by a
team of six under the guidance of the author.

650



In each of the schools involved in the study, tests of physical fitness were carried out by
means of the Eurofit test following the order described by Mucha [3], Table 1. The
measurement of body posture parameters was conducted using the photogrammetric method
in accordance with the rules described by Mrozkowiak [4], Table 2.

Table 1. Type and order of Eurofit tests

Order of | Category Factor

tests

1 Balance Balance of the whole body
2 Flexibility Flexibility

3 Strength Explosive strength

4 Static strength

5 Endurance Strength of body trunk

6 Functional strength

7 Speed Agility run

8 Speed of upper limb movements
9 Cardiorespiratory efficiency | Cardiorespiratory efficiency

Source: Mucha [3]

Table 2. The list of recorded body posture parameters

No. | Symbol Parameters
Unit | Name \ Description
Sagittal plane
1 |Alpha |degrees|Inclination of lumbo-sacral region
2 |Beta degree | Inclination of thoracolumbar region
3 | Gamma |degree |Inclination of upper thoracic region
4 |Delta |degree |Sum of the Delta = Alpha + Beta + Gamma
values of partial
angles
5 |DCK mm Total length of | Distance between C; and S;, measured in vertical
the spine axis
6 |KPT degree | Angle of trunk | Defined as a deviation of the C+-S; line from
extension vertical position (backwards)
7 |KPT- |degree |Angleof body |Defined as a deviation of the C;-S; line from
bend vertical position (forwards)
8 |DKP mm Thoracic Distance between LL and C;
kyphosis length
9 |KKP degrees | Thoracic KKP =180 — (Beta+tGamma)
kyphosis angle
10 |RKP mm Thoracic Distance between points C; and PL
kyphosis height
11 |GKP mm Thoracic Distance measured horizontally between the
kyphosis depth | vertical lines passing through points PL and KP
12 |DLL mm Lumbar lordosis | Distance measured between points S; and KP
length
13 |KLL degree | Angle of lumbar | KLL =180 — (Alpa + Beta)
lordosis
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14 |RLL mm Lumbar lordosis | Distance between points S; and PL
height
15 |[GLL- |[mm Lumbar lordosis | Distance measured horizontally between the
depth vertical lines passing through points PL and LL
Frontal plane
16 |KNT - |degree |Angle of body |Defined as deviation of the C;-S; line from the
bend to the side | vertical axis to the left
17 |KNT degree Defined as deviation of the C;-S; line from the
vertical axis to the right
18 [LBW - |mm Right shoulder | Distance measured vertically between horizontal
up lines passing through points B2 and B4
19 |LBW mm Left shoulder
higher
20 |KLB degree |Shoulder line Angle between the horizontal line and the
angle, right straight line passing through points B, and B,
shoulder up
21 |KLB - |degree |Shoulder line
angle, left
shoulder up
22 |LLW mm Left scapula up | Distance measured vertically between horizontal
23 |LLW mm Right scapula up |lines passing through points £.1 and Lp
24 |UL degree | Angle of scapula | Angle between the horizontal line and the
line, right straight line passing through points £.1 and Lp
scapula up
25 |UL - degree | Angle of scapula
line, left scapula
up
26 |OL mm Lower angle of | Difference of the distance of lower angles of the
left scapula more | scapula from the line of spinous processes
distant measured horizontally along the lines passing
27 |OL - mm Lower angle of | through points L1 and £p
right scapula
more distant
28 |TT - mm Left waist Difference of the distance measured vertically
triangle up between points T; and T, Tz and Ty.
29 |TT - mm Right waist
triangle up
30 (TS mm Left waist Difference of the distance measured horizontally
triangle wider between straight lines passing through points T
and T,, Tz and T4
31 |TS- mm Right waist
triangle wider
32 |KNM |degree |Pelvistilt, right | Angle between the horizontal line and the
ilium up straight line passing through points M1 and Mp
33 |KNM - |degree |Pelvis tilt, left
ilium up
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34 |UK mm Maximum Maximal deviation of the spinous process from
inclination of the |the line from S;. The distance is measured in
spinous process | horizontal line.
to the right

35 |UK- mm Maximum
inclination of the
spinous process
to the left.

36 |NK _ Number of the
vertebra
maximally Number of the vertebra most distanced to the left
distanced to the | or to the right in the asymmetric line of the
left or to the spinous process, counting as 1 the first cervical
right vertebra (C1).

37 |NK _ Number of the | If the arithmetic mean takes the value e.g. from
vertebra 12.0t0 12.5, itis Ths, if from 12.6 to 12.9 it is
maximally The.
distanced to the
right

Transverse plane

38 |LB- mm Lower angle of | Difference of the distance of lower scapula
the right scapula |angles from the surface of the back
more convex

39 |LB mm Lower angle of
the scapula more
convex

40 |UB-  |degree |Angleof projection | Difference in the angles UB; — UB,. Angle UB;
line of lower scapula | hetween: the line passing through point L1 and at
angles, the left one . . .
More Convex the same time perpendicular to the camera axis

21 |UB degree | Angle of projection and the straight line passing through points L1
line of lower scapula | and Lp. Angle UB; between the line passing
angles, the right one | through point Lp and perpendicular to the camera
more convex axis and the straight line passing through points

Lpand LI

42 |KSM degree |Pelvis rotated to | Angle between the line passing through point M1
the right and perpendicular to the camera axis and the

straight line passing through points M1 and MP

43 |KSM - |degree |Pelvis rotated to |Angle between the line passing through point Mp

the left

and perpendicular to the camera axis and the
straight line passing through points Ml and MP

Source: author’s own research
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Test results

The statistical analysis of the achieved results was intended to study the correlations of body
posture parameters with physical fitness of the research subjects.

Legend for Table 3-15.

Very significant correlation — red, (***)

Moderately significant correlation — blue, (**)

Insignificant correlation — green, (*)

No correlation — white

KKG — upper limbs

As regards female accordion players, significant correlations of body posture parameters and
physical fitness characteristics were observed between the speed of upper limbs,
cardiovascular efficiency and the angle of inclination of the lumbosacral region, between
agility run results, speed of upper limbs and cardiovascular efficiency and the height of
thoracic kyphosis, between balance test results and the value of asymmetric spinous process
with right-sided protrusion.
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Table 3. Correlations of body posture parameters with selected physical fitness characteristics of girls in class I

Girls in class | (Accordion)

Parameter | Balance | Agility | Explosive Static Endurance of body | Functional Agility KKG Cardiovascular
strength strength trunk endurance run speed efficiency
Sagittal plane
Alpha
Beta -
DKP 0.57592
0.00259
RKP
KLL
GLL 0.5305
0.00637
Frontal plane
KNT-
OL- —0.5698
0.00295
-0.6056 -0.60173 —0.55656
0.00134 0.00146 0.00386

Transverse plane

RSV | |
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uB

0.00738

**

Source: author’s own research studies

Table 4. Correlations of body posture parameters with selected characteristics of physical fitness in boys from class |

Men/ Accordion

Parameter | Balance | Flexibility | Explosive Static Trunk Functional Agility | KKG Cardiovascular
strength strength endurance endurance run speed endurance
Sagittal plane
KPT
DKP 0.47497 —0.43194
0.00394 0.00957
GKP —0.44788 0.48806
0.00698 0.00294
DLL 0.47242
0.00416
Frontal plane
KNT 0.51321
0.00162
KNT- 0.46186
0.00522
KLB 0.43016 —0.51508
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0.00154

**

KLB— 0.52705
0.00114
UL 0.46764
0.00462
UL-
oL 0.52507
0.0012
OL_ -0.49875 | —0.47399
0.00229 0.00402
TT-
TS 052128  —0.46392
0.00132 0.005
*%x *%
TS— 0.51508
0.00154
KNM
KNM- -0.46407 0.5274
0.00498 0.00113
UK
0.00846

-0.43824

*%*

UK- Q
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Transverse plane

KSM
KSM-

LB

LB-

uB

UB-

—0.34943
0.03963

0.45724
0.00575

*%

Source: Author’s own study
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Moderately significant correlations existed between the value of static strength and the length
of thoracic kyphosis, between flexibility of the depth of lumbar lordosis and the level of
asymmetric spinous process with right-sided protrusion, between the results of explosive
strength and asymmetry of the distance between lower scapula angles with the right angle
more distant and the value of asymmetric spinous process with right-sided protrusion and
between the level of body trunk endurance and asymmetric spinous process with right-sided
protrusion. Insignificant relationships were noticed between the results of the balance test and
the angle of inclination of the thoracolumbar region, the value of explosive strength and the
angle of body bend to the left, between static strength and the inclination angle of the
lumbosacral region and asymmetry of protrusion of lower scapula angles with the right angle
more convex, between the results of the functional endurance test and the angle of the
inclination of the thoracolumbar region and the height of thoracic kyphosis, the results
obtained in the agility run and the inclination angle of the lumbosacral region and the
asymmetry of the protrusion of lower scapula angles with the left angle being more convex,
the results of the speed of upper limb and the height of thoracic kyphosis, between the level of
cardiovascular endurance and the depth and angle of lumbar lordosis and the asymmetry of
the protrusion of lower scapula angles with the left angle more convex, Table 3.

Among male accordion players, very significant correlations of body posture parameters with
the parameters of physical fitness characteristics were observed between the results of the
balance test and the asymmetric spinous process with right-sided protrusion. Likewise, very
significant correlations were reported between the results of the flexibility test and the angle
of the right-sided or left-sided bend of the body trunk, the angle of the shoulders line with the
left or right shoulder up, the angle of the line of lower scapula angles with the angle of the left
scapula up, the asymmetry of the distance between the lower angles of scapulas from the
spinous process with the angle of the left scapula more distant, the asymmetry of the height
and width of waist triangles with the right triangle being higher and wider, the value of the
angle of the left-sided pelvic inclination, the value of the asymmetric spinous process with the
left- or right-sided protrusion, the angle of the left-sided pelvis tilt, the asymmetry of the
protrusion of lower scapula angles with the angle of the right scapula more convex, the angle
of the protrusion of lower scapula angles with the left or right angle being more convex. The
same correlations existed between the results of the explosive strength test and the angle of
the left-sided trunk bend, the angle of the line of low scapula angles with the left angle up, the
asymmetry of the height of waist triangles with the right one up, the value of the angle of the
left-sided pelvis inclination, the asymmetry of the spinous process with the left- or right-sided
protrusion, the angle of the left-sided pelvic tilt, the asymmetry of the protrusion of low
scapula angles with the angle of the right scapula being more convex, the angle of the
protrusion line of low scapula angles with the left or right angle being more protruding.
Moderately significant relationships were existed between the results achieved in the balance
test and the angle of the trunk inclination to the left and the angle of the shoulders line with
the right shoulder up. The same correlations were reported between flexibility test results and
the length of thoracic kyphosis, the asymmetry of the distance of the lower angles of scapulas
from the spinous process line with the right scapula angle being more distant and the
asymmetry of the width of waist triangles with the left triangle being wider and the angle of
the right-sided pelvic inclination. As regards the explosive strength test results, moderately
significant correlations were observed with the angle of the right-sided body trunk bend, the
angle of the shoulders line with the left or right shoulder up, the angle of the line of lower
scapula angles with the angle of the right scapula up, the asymmetry of the distance of the
lower angles of scapulas from the spinous process line with the left or right scapula angle
being more distant and the asymmetry of the width of waist triangles with the right or left
triangle being wider and the angle of the right-sided pelvic inclination, the value of the
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asymmetric spinous process line with the right- or left-sided protrusion. However, the results
of the static strength test and the agility run test revealed such correlations only with the depth
of thoracic kyphosis and the results of the trunk muscle endurance with the value of the
asymmetric spinous process with right-sided protrusion, the results of the functional
endurance with the length of lumbar lordosis and the speed of upper limbs with the length of
thoracic kyphosis. Insignificant relationships were noticed between the results of the balance
test and the angle of the right-sided body trunk bend, the angle of the shoulders line with the
left shoulder up, between the angle of the lower scapula angles with the angle of the left
scapula up, between the asymmetry of the distance of the lower angles of scapulas from the
spinous process line with the left scapula angle being more distant and the asymmetry of the
height and width of waist triangles with the left triangle up and the left or right one wider, the
angle of the right- or left-sided pelvic inclination, the asymmetric spinous process line with
the left-sided protrusion, the angle of the left-sided pelvic tilt, the asymmetry of the protrusion
of lower scapula angles with the angle of the right scapula being more convex, the angle of
the protrusion line of lower scapula angles with the left angle being more convex. As far as
the results of the flexibility test are concerned, such correlations were observed only with the
angle of the scapulas line with the right scapula up and with the value of static strength and
the length of lumbar lordosis. Yet, the results of the explosive strength test revealed
insignificant correlations with the length of thoracic kyphosis and the asymmetry of the
distance

of lower angles of scapulas with the right scapula angle being more distant, the trunk muscle
endurance and the width of the left or right waist triangle, the results of the lower limbs speed
with the angle of trunk extension and the length of lumbar lordosis, and the results of
cardiovascular efficiency with the depth of thoracic kyphosis and the length of lumbar
lordosis, Table 4.
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Table 5. Correlations of body posture parameters with selected characteristics of physical fitness in girls from class 11

Women/ Western concert flute

Parameter

Trunk
endurance

Static
strength

Balance | Flexibility | Explosive

strength

Functional
endurance

Agility
run

KKG
speed

Cardiovascular
endurance

Sagittal plane

Alpha

Gamma

KPT

KPT—

DKP

GKP

DLL

KLL

RLL

0,57549
0,00793

**

GLL

Frontal plane
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0,56348
0,00967

**

-0,57936
0,00743

—0,56877
0,00887

**
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UK-
Transverse plane

KSM

KSM- 0,56711
0,00912
**

- -

uB —0,63499
0,00263
**

UB- 0,57763
0,00765
**

Source: Author’s own research studies
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Table 6. Correlations of body posture parameters with selected physical fitness characteristics in boys from class Il

Men/Western concerto flute

Parameter | Balance | Flexibility | Explosive Static Trunk Functional Agility | KKG Cardiovascular
strength strength endurance endurance run speed endurance
Sagittal plane
DCK
Alpha
Gamma

0,61923
0,00163

**

Frontal plane

KNT
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KNT-

KLB

KLB-

UL

UL-

oL

0,62102
0,00156

**

TS

TS-

KNM

UK-

Transverse plane

KSM-

| |
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LB

uB

UB-

Source: Author’s own research studies
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Among female pupils playing the Western concert flute, significant correlations of body
posture parameters with physical fitness characteristics existed between the results of the
balance test and the trunk muscle endurance test and the asymmetric spinous process with the
right-sided protrusion. Moderately significant relationships were observed between the speed
of upper limbs and the length of lumbar lordosis, between cardiovascular efficiency and
asymmetry of the distance between lower angles of scapulas from the spinous process line,
where the left lower angle is more distant, between the asymmetry of the width of waist
triangles, where the right triangle is wider, between the angle of the pelvic tilt to the left and
the angle of the protrusion line of lower scapula angles with the left or right angle being more
convex. Insignificant correlations were reported between the flexibility level and the depth of
lumbar lordosis, the value of explosive strength and the trunk inclination angle in sagittal
plane, between the asymmetric spinous process line with the right-sided protrusion, between
the value of the protrusion line angle of lower scapula angles, where the right angle was more
convex. Insignificant relationships were also between observed between the value of static
strength and the angle of inclination of the upper thoracic region, the length of thoracic
kyphosis and the height of lumbar lordosis. Insignificant correlations existed also between the
level of trunk endurance and the angle of trunk extension in the sagittal plane and flexion to
the right or to the left in the frontal plane, between the angle of the shoulders line and the
angles of lower scapulas with the left or right angle up, between the asymmetry of the
distance between lower angles of scapulas from the spinous process line, where the left or
right one is more distant, the asymmetry of the height of waist triangles with the right or left
one up, the asymmetry of the width of waist triangles with the right triangle being wider, the
angle of the left-sided inclination of pelvis, the asymmetric spinous process line with left-
sided protrusion, the angle of the right- or left-sided pelvic tilt, the asymmetry of protrusion of
lower scapula angles, where the left angle was more protruding, the angle of the protrusion
line of lower scapula angles with the left or right angle more convex. The results of the agility
test revealed a significant correlation only with the depth of thoracic kyphosis. The results of
the cardiovascular endurance test correlated insignificantly with the values of the trunk
extension and flexion angles, the angle of the shoulders line and the angles of lower scapulas
with the right or left angle up, the asymmetry of the height of waist triangles with the right
triangle up, the angle of the left-sided pelvic inclination, the asymmetric spinous process with
left-sided protrusion, Table 5.

Among male pupils playing the Western concert flute, significant correlations of body posture
parameters with the characteristics of physical fitness existed between the results of the static
strength test and the angle of lumbosacral region inclination, the height of thoracic kyphosis,
the length and height of lumbar lordosis and the values of cardiovascular endurance and the
angle of the shoulders line with the right angle up. Moderately significant relationships were
observed only between this parameter and the length of thoracic kyphosis and between
functional endurance and the asymmetry of the distance between lowers scapula angles from
the spinous process, where the right angle was more distant. Yet, Insignificant correlations
were noticed between the results of the balance test and the length and the angle of lumbar
lordosis, flexibility and the inclination angle of the upper thoracic region, between explosive
strength and the angle of lumbar lordosis as well as static strength and the angle of the
protrusion line of lower scapulas, where the lower angle of the right scapula was more
protruding. The same correlations were observed between the results of the functional
endurance test and the asymmetry of the height of scapulas with the lower angle of the right
scapula up, the value of width of the left triangle being higher, the angle of the protrusion line
of lower scapula angles with the lower angle of the right scapula more convex. The same
relationships were observed between the results of the speed of upper limbs and total length of
the spine, the angle of lumbosacral spine inclination and the angle lumbar lordosis. Relevant
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correlations were also noticed between the results of the cardiovascular test and the angle of
trunk extension and flexion to the right or to the left, the angle of the shoulders line with the
left shoulder up and the line of scapulas with the left scapula, asymmetry of the distance of
lower scapula angles from the spinous process line with the left or right angle being more
distant, the height and width of the right waist triangle, the left-sided pelvis inclination and
tilt, the asymmetric spinous process with left-sided protrusion, asymmetry of protrusion of
lower scapula angles and the angle of the scapulas line with the left angle being more
protruding, table 6.

Summary

Among musical instrument players involved in the study, the most significant correlations
with the characteristics of physical fitness were observed among female pupils of class I11, 1V,
V and male pupils of class I, moderately significant relationships were reported among female
students of class I, VI and male pupils of class I, 11, whereas insignificant correlations were
noticed among female pupils of class | and male pupils of class IV and V. Considering the
correlations among female subjects, significant relationships were observed in class I, V, IV,
moderately significant correlations in class Il and VI and insignificant correlations in class I.
By far, the largest number of significant correlations existed in class Ill, definitely less
significant ones were observed in class Il, 1 and V while insignificant relationships were
reported in class Il, IV and VI. A considerable number of moderately significant correlations
was observed in class II, Il and IV, fewer in class V and VI and the fewest in class I.
Insignificant correlations were most common in class Il, I, IV, V and VI, and definitely
fewer of them were in class I. Analysing the frequency of relationships among male pupils,
significant correlations were undeniably the most frequent in class | and definitely less
frequent in other classes. The largest number of significant correlations existed in class |
whereas the remaining classes revealed such correlations much less often. A small number of
moderately significant correlations was noticed in class | and still fewer in other classes.
Similar levels of insignificant relationships were observed in all other classes. Considering the
frequency of correlations among male pupils, they were reported in class | most often and
definitely less frequently in the remaining classes. The largest number of very and moderately
significant correlations was observed in class | and other classes revealed such correlations
much less frequently. A similar number of insignificant relationships was observed in all
classes. Analysing the frequency of significant correlations of the results achieved in the tests
of physical fitness and of body posture parameters in the frontal, sagittal and transverse planes
among girls and boys, it can be concluded that in class | and Il they were infrequently
observed only among girls in the transverse plane. Even fewer correlations were reported in
the remaining planes. The frequency of significant relationships was sporadic in all planes
among boys. A moderate frequency of correlations concerning the results of physical fitness
tests and body posture parameters in all three planes was observed among female pupils of
class I11. As regards the boys of this class, the incidence of these correlations was even scarce.
In class IV and V, male pupils were reported to have a moderate frequency of correlations
between the results of the Eurofit tests and the values of parameters in the frontal plane. Other
planes revealed still fewer correlations. As far as boys are concerned. The frequency of
significant correlations was sporadic in all planes among boys. Among the female students of
class VI, a small frequency of correlations between the results of fitness tests and postural
parameters was observed only in the sagittal and frontal plane. The incidence of these
relationships was scarce among the boys of this class.

668



Literature

1. Selye H., Uncurbed stress, PWL, Warsaw, 1983.

2. Dobosz J. The Scoreboards of the Eurofit Test Battery, the International Test and The
Cooper Test for the students of secondary schools and upper-secondary schools, Warsaw,
2012.

3. Mucha M., Human Motor Activity, 2016 at: Kaspersky T., Mucha D. (Ed.),

The Outline of Kinesiology, Krakow, Publishing House JET, 72-79.

4. Mrozkowiak M., Modulation, impact and correlations of the selected body posture
parameters in children and adolescents aged from 4 to 18 years in the light of projection mora.
University Press of Kazimierz Wielki University, Bydgoszcz, 2015, 1, 11.

669



