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Introduction
According to data published by the Central Statistical Office re-

garding the health status of the Polish population in 2004, a chronic 
spine disease is reported by 1.2% of children aged 0-14 [1]. In the 
years 2003-2005, the hospital morbidity rate of children aged 5-14 
(compared to other age groups) in terms of distortive back diseases 
(M40-M43) and spine diseases (M45-M49) increased from 5.4 to 
9.4 per 10,000 inhabitants [2]. Studies by Chansirinukor, et al. [3],  
Mayank, et al. [4] and Dahl, et al. [5] have shown that daily trans 

 
port of a backpack and its loading significantly deepen the head and 
trunk flexion in the sagittal plane and scoliosis progression [6,7]. 
This, in turn, will require specialized treatment [8]. Grajda, et al. 
believe that bad habits related to carrying school backpacks and 
maintaining incorrect body position become the cause of posture 
defects and spine pain syndromes next to the congenital defects 
and post-accident injuries [9]. A literature review by Cottalord, et 
al. [10] shows that the incidence of Spinal Pain Syndromes (SPS) 
and back pain in children and adolescents is in the range of 80-
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84.1%. The authors question the relationship between the occur-
rence of SPS and the transport of school supplies. At the same time, 
they claim that carrying backpacks weighing from 30% to 40% of 
body weight is quite common among students. Research among 
7-15-year-old students has shown that the weight of the backpack 
is not the problem, but the excessive physical effort of children 
while carrying it. The analysis of the survey results showed that 1/3 
of children complain about back discomfort, and in the group with 
excessive backpack weight there are children with and without 
pain. The cited studies also show a relationship between excessive 
load on the spine and reduced lung capacity [11]. Given the mass of 
objects transported by children whose musculoskeletal systems are 
still developing [12] and undergoing rapid physical development 
[13], it is not surprising that this is associated with musculoskeletal 
injuries [14]. Excessive load on the growing spine, which responds 
to physical stress, is a predisposing factor to SPS in youth [13]. Other 
studies also suggest that carrying a heavy backpack is a risk factor 
for SPS in teenagers [15,16]. This is confirmed by the results of the 
study by Sheir-Neiss, et al. [17], who found that carrying backpacks 
with excessive weight was independently associated with SPS in 
adolescent school-age children. It is also important to consider that 
children carry backpacks almost every day for a period of approx-
imately 12 years before their musculoskeletal system reaches full 
maturity. Moreover, as the percentage of obese school-age children 
increases [14], the overall demands for the child’s body in carrying 
a backpack are greater than overweight children with sedentary 
lifestyle [1], which may result in skeletal development disorders. 

The author’s interest in the issue results from the persistently 
high percentage of static posture disorders in students of the old-
est kindergarten group and grades I-III of primary school, the con-
stantly proclaimed opinion on the negative impact of the method of 
carrying school supplies on the statics of body posture, and the lack 
of clear recommendations on the optimal and negative contraindi-
cations. The aim of the research programme was to demonstrate, 
which of the analyzed methods of carrying a 4-kilogram weight of 

a school backpack had the least negative impact on the values of 
selected features of body posture in the frontal plane.

Research Material
Children from randomly selected kindergartens in the West 

Pomeranian and Greater Poland Voivodeships participated in the 
research. Defects and body posture disorders were not an exclu-
sion criterion from participation in the research programme. The 
division of respondents into those from rural and urban environ-
ments was abandoned since this feature will never constitute a 
homogeneous group and the cultural and economic boundaries of 
both environments are blurring. Qualification for the programme 
was made according to the scheme: if the respondent was 6 years, 
6 months and 1 day old and under 7 years of age, he or she was 
classified as a 7-year-old. This allowed to use previously developed 
normative ranges appropriate for this age and gender category, di-
agnosing the quality of the body posture found on the day of the 
examination [18].

A total of 65 students participated in the programme, of which 
53.84% (35 people) were girls and 46.15% boys (30 people).

Research Method
Before taking the measurements, children were trained to avoid 

stress related to the research procedure and the people carrying it 
out, (Picture 1). During the research, the kindergarten teacher’s as-
sistant of the studied group was always present to ensure the chil-
dren’s emotional stability. The measurements were carried out in 
accordance with the developed procedure, always using the same 
tools, in the same conditions and by the same people. The children 
were also encouraged to keep the anthropometric points marked 
on the skin with a marker, which was to effectively eliminate de-
viations in their repeated marking. The research was carried out 
by a physiotherapist with 20 years of experience in body posture 
diagnostics using the projection moiré method.

Picture 1: Instructing of tested children.
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The method used, which uses the projection moiré phenom-
enon, determines the value of several dozen features describing 
body posture. It allows to determine the influence of different 
methods of transporting a container with school supplies on body 
posture and the restitution of the values of features after remov-
ing the load [18,19]. Any load on the body posture was ensured by 
the constructed (utility model protection right no. W.125734) di-
agnostic frame (Picture 2). The presence of an assistant during the 
examination was necessary to minimize the time passing from the 
load removal to the moment of the second registration of the values 
of postural features. Every effort has been made to ensure that the 
loaded frame is individually adapted to the child’s body type. The 
assumed 10-minute loading time was the average time to commute 
from home, given in the questionnaire completed by parents [20]. 
The load was determined by averaging the weight of school sup-
plies carried by first-grade students from a randomly selected pri-
mary school, which was 4kg. Selected body posture features were 
measured in 4 positions. First position - habitual posture, (Picture 
3). Second position - posture after 10 minutes of loading (in the last 
5 seconds), (Picture 4-12). Third position - posture one minute af-

ter removing the load. Fourth position - posture two minutes after 
removing the load, (Picture 3). The load was intended to imitate 
the way of carrying school supplies by draging the container with 
the left or right limb, on the left or right shoulder, diagonally on the 
left or right shoulder and at the hip, back, chest, back and chest. 
The subject could move freely. This is consistent with Mrozkowi-
ak’s previous research results, which show that after this time the 
values of body posture features may return to their initial values 
[21]. When diagnosing the habitual posture on the first day of the 
research programme, it could be assumed that it was appropriate 
and relatively constant for each student. However, to maintain the 
reliability of the research, it was assumed that any inconsistency 
with the feature values from the first edition of the measurements 
may affect the final research result. Therefore, before imposing the 
load prescribed by the procedure, the features of the habitual pos-
ture were always determined as a reference for dynamic changes 
in the diagnosed features. The children’s body height and weight, 
as well as the weight of the transported school supplies, were mea-
sured using a medical balance before the first day of the study.

Picture 2: Diagnostic stand for body posture using the projection moiré method.

Picture 3: Position 1: Presentation of habitual posture.
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Picture 4: Position 2: Presentation of left hand drag loading.

Picture 5: Position 2: Presentation of right hand drag loading.

Picture 6: Position 2: Presentation of left shoulder loading.
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Picture 7: Position 2: Presentation of right hand loading.

Picture 8: Position 2: Presentation of left shoulder and right hip loading. 

Picture 9: Position 2: Presentation of right shoulder and left hip loading.
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Picture 10: Position 2: Presentation of back loading.

Picture 11: Position 2: Presentation of the chest loading.

Picture 12: Position 2: Presentation of the spine and chest loading.
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The measuring station for the selected values of the body pos-
ture features consists of a computer and a card, a programme, a 
monitor and a printer, a projection-receiving device with a camera 
for measuring selected parameters of the pelvis-spine syndrome. 
The place and the camera of a subject were oriented spatially in 
accordance with the camera’s contours and in relation to the line 
of the child’s toes. It is possible to obtain a spatial image with the 
lines projection on the child’s back with strictly defined parame-
ters, which catching on the body, are distorted depending on the 
configuration of its surface. The lens usage enables the image of 
the examined person to be taken by a special optical system with 
a camera, and then transferred to the computer monitor. Line im-
age distortions recorded in the computer memory are processed 
by a numerical algorithm into a contour map of the tested surface. 
The obtained image of the back surface enables a multistranded 
interpretation of the body posture. Apart from the assessment of 
the torso asymmetry in the frontal plane, it is possible to determine 
the values of the angular and linear features describing the pelvis 
and physiological curvatures in the sagittal and transversal planes 
[18,22].

To minimize the risk of making mistakes in the measurements 
of selected posture features, the following test procedure was de-
veloped [18]:

a) Habitual posture of the subject against the background 
of a white slightly lighted sheet: free unforced posture, with feet 

slightly apart, knee and hip joints in extension, arms sagging along 
the body and eyes directed straight ahead, backwards to the camera 
at 2.5 meters with toes at a perpendicular line to the camera axis.

b) Marking points on the back skin of the examined: the tip 
of the spinous process of the last cervical vertebra (C7), the spinous 
process being the top of the thoracic kyphosis (KP), the spinous 
process being the top of the lumbar lordosis (LL), the transition 
from thoracic kyphosis to lumbar lordosis (PL), the lower angles 
of the shoulder (Łl and Łp), the posterior superior iliac spines (M1 
and Mp), the S1 vertebra. A white necklace was put around the sub-
ject’s neck to clearly mark points B1 and B3. Long hair was bound to 
reveal the C7 point.

c) After registration of the necessary data about the exam-
ined (name and surname, year of birth, weight and body height, 
comments: about the condition of the knees and heels, chest, past 
injuries, surgical procedures, diseases of the musculoskeletal sys-
tem, walk, etc.), the digital image of the back was recorded in the 
computer memory in each of the tested positions from the middle 
phase of free exhalation.

d) Processing of the recorded images takes place without the 
participation of the subject.

e) After saving the mathematical characteristics of the pho-
tos in the computer memory, the values of the body posture fea-
tures that describe spatially the posture are printed (Figure 1).

Figure  1: An example of a record sheet of measurements of the posture features of the spine-pelvis syndrome.
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Subject of Research
The photogrammetric method applied using the projection 

moiré phenomenon defines several dozen features describing the 
body posture. Sixteen angular and linear features of the spine were 

selected altogether with pelvis and torso in the frontal plane, as well 
as the body weight and height for statistical analysis. There was a 
need for the most reliable and spatially complete look at the child’s 
body posture, which allowed for full identification of the measured 
discriminants (Table 1) (Figures 2,3) (Picture 13).

Table 1: List of registered torso and morphological features. 

No. Symbol
Parameters

Label Name Description

Frontal Plane

1 KNT - degrees The angle of the torso bend to the side It is determined by the deviation of the C7-
S1 line from the vertical to the left.

2 KNT degrees It is determined by the deviation of the C7-
S1 line from the vertical to the right.

3 KLB degrees The angle of shoulders line, where the 
right one is higher

The angle between the horizontal and the 
straight line going through the B2 and B4 

points.

PLBW=LBW-PBW

4 KLB – degrees The angle of shoulders line, where the 
left one is higher

5 UL degrees The angle of shoulder blades, where the 
right one is higher

The angle between the horizontal and the 
straight line going through the Ł1 and Łp 

points.

6 UL - degrees The angle of shoulder blades, where the 
left one is higher

7 OL mm The lower, more distant angle of the left 
shoulder blade

The difference in the distance of the lower 
angles of the shoulder blades from the 

line of the spinous processes of the spine, 
measured horizontally at the straight lines 

going through the Łl and Łp points.

8 OL - mm The lower, more distant angle of the 
right shoulder blade

9 TT mm The left waist triangle is higher
The difference in the distance measured 

vertically between the T1 and T2 points and 
between T3 and T4 points.

10 TT – mm The right waist triangle is higher PLTT = LTT – PTT

11 TS mm The left waist triangle is wider

The difference in the distance measured 
horizontally between the straight lines 

going through the T1 and T2 points and T3 
and T4 points.

12 TS - mm The right waist triangle is wider

13 KNM degrees The pelvic tilt angle, the right ala of 
ilium is higher

The angle between the horizontal and 
straight line going through the M1 and Mp 

points.

14 KNM - degrees The pelvic tilt angle, the left ala of ilium 
is higher

15 UK mm The maximum deviation of the spinous 
process of the vertebra to the right

The greatest deviation of the spinous 
process from the vertical coming from S1. 

The distance is measured on the horizontal 
axis.

16 UK - mm The maximum deviation of the spinous 
process of the vertebra to the left

Morphological Features

17 Mc kg The body weight The body height and body weight were 
measured on an electronic medical balance

18 Wc cm The body height

Source*: Own Research.
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Figure  2: The angle of pelvis tilt in the frontal plane (KNM).
Source*: Own Research.

Figure  3:The greatest deviation of the spinous process of the vertebra from the vertical to the right (UK), and to the left (UK-). Distance 
measured on the horizontal axis.

Source*: Own Research.

Picture 13: Location and markings of the torso points in the frontal plane.
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Research Questions and Hypotheses
The result of my own experience and analysis of the litera-

ture on the subject is the research question: which of the analyzed 
methods of carrying school supplies disturbs the body posture in 
the frontal plane the least and which the most during a two-minute 
restitution and a 10-minute transport? The results of our own re-
search allow us to conclude that the features of body posture on the 
frontal plane are least disturbed when carrying two containers on 
the back - chest and a backpack on the back.-

Statistical Methods
To achieve the aim of the research, which was to determine 

the method of transport that had the least and the most negative 
impact on body posture in the frontal plane, a meta-analysis was 
performed, in which the unit of analysis were the values of features 
describing body posture, and not the individual subjects. Two ap-
propriately calculated variables were analyzed:

i. The change value during loading - the differences be-
tween the 1st and 2nd measurement were registered as a percentage 
of absolute values. For example, the average of 11.32 means that 
the value of body posture characteristics between the 1st and 2nd 
measurement changed on average by 11.32%. Therefore, the high-
er the average percentage, the greater the change in the effect of a 
given type of transport (immediately after its use), which can be 
interpreted as less desirable method of transportation.

ii. The change value after restitution - the differences be-
tween the 1st and 4th measurement were registered as a percentage 
in absolute values. For example, the average of 11.32 means that the 
value of body posture characteristics between the 1st and 4th mea-
surement changed on average by 11.32%. Therefore, the higher the 
average percentage, the greater the change in the effect of a given 
type of transport after restitution (2 minutes after removing the 
load), which can be interpreted as a less expected way of transport.

It should be considered that the values of the variable in chang-
es after restitution should be always smaller (optimally equal to 0) 
than the changes immediately after using a given means of trans-
port. To compare the analyzed transport methods in terms of the 
values of changes during carrying and after restitution, the Krus-
kal-Wallis’s test was used, preceded by the Kolmogorov-Smirnov 
normality test.

The Kolmogorov-Smirnov test was used to determine whether 
the distributions of the analyzed variables measured at the ratio 
level were consistent with or deviated from the normal distribu-
tion, which is crucial for choosing appropriate tests in the main part 
of the statistical analysis. The following symbols are used in the 
tables: K-S - the statistics of the Kolmogorov-Smirnov test, N - the 
number of included cases, “p” - the significance of the Kolmogor-
ov-Smirnov test. Two levels of statistical significance were adopted: 
p<0.01, marked with *, and p<0.05, marked with *. In each of these 
cases, the distribution of the analyzed variable differs significantly 
from the normal distribution. The Kruskal-Wallis’s test was used to 
determine whether more than two groups differed from each other 

in a statistically significant way, in terms of variables measured at 
the ordinal level or in terms of variables measured at the ratio level, 
but whose distribution statistically significantly deviated from the 
normal distribution. The following symbols are used in the tables: 
M - arithmetic mean, Me - median, SD - standard deviation, H - Kru-
skal-Wallis’s test statistics, p - significance of the Kruskal-Wallis’s 
test. Two levels of statistical significance were adopted: p<0.01, 
marked with **, and p<0.05, marked with *. In each of these three 
cases, the difference between at least two groups can be described 
as statistically significant. In the case of this test, it is also necessary 
to determine which groups are statistically significantly different 
from each other - if the test shows a significant difference at least at 
the p<0.05 level. For this purpose, a multiple comparison test was 
performed, and its results were presented with the abbreviation 
R.I. (Significant Differences), which groups are statistically signifi-
cantly different from each other and what is the direction of this 
difference (< or >). Comparisons were made in the frontal plane 
separately among girls and boys.

Results Obtained
In total, the research carried out in a group of 65 people of both 

sexes allowed for the registration of 5395 values of features describ-
ing body posture in a habitual posture and dynamic positions, body 
weight and height, and physical fitness. The average body weight 
among girls was 24.46kg, body height was 123.87, and among boys, 
respectively: 24.56kg, 123cm. All children had a slender body type, 
according to the Rohrer weight and height index [23]. The informa-
tion was also obtained through a survey of 65 parents of children 
put in for the research project [20].

Statistical analysis showed differences between the 1st and 2nd 
measurements in carrying by boys that the least changes in posture 
are caused by carrying two containers on the back-chest, and the 
greatest changes of the backpack on the chest. The Kruskal-Wal-
lis’s test showed that the back-chest carrying causes significantly 
smaller changes than the left shoulder, left- or right-hand container 
pull, right shoulder and chest ways, and additionally the back-chest 
way causes statistically significantly smaller changes than the right 
shoulder, right-hand drag mode and chest carrying (Table 2, Figure 
4). The smallest changes in posture during the restitution phase 
(differences between the 1st and 4th measurements) are caused by 
transport on the back-chest, and the largest by the right-hand drag 
mode. The Kruskal-Wallis’s test showed that transport on the back-
chest induces significantly smaller changes than carrying on the 
chest and with the right mode, (Table 3, Figure 5).

When considering the results of the statistical analysis of the 
girls, it was observed that the smallest changes in posture during 
carrying (differences between the 1st and 2nd measurements) of the 
backpack are caused by carrying the weight of school supplies in 
two containers on the back-chest, and the largest by carrying the 
backpack on the chest. The Kruskal-Wallis’s test showed that the 
back-chest mode causes statistically significantly less change than 
carrying on the right or left shoulder, in the left or right-hand drag 
mode and on the chest. In addition, carrying on the back causes sta-
tistically significantly smaller changes than on the left shoulder, in 
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the left- or right-hand drag mode, and on the chest, (Table 4, Fig-
ure 4). The smallest differences in changes in the values of postural 
characteristics during the restitution phase (differences between 
the 1st and 4th measurements) are caused by obliquely carrying on 
the right shoulder-left hip, and the largest on the chest. The Krus-

kal-Wallis’s test showed that the right shoulder-left hip and back-
chest modes of carrying cause statistically significantly smaller 
changes than right hand drag mode and chest carrying (Table 5, 
Figure 5).

Table 2: Comparison of two individual ways of carrying in respect of the value of differences between 1st and 2nd measurement 
among boys in the frontal plane n=30. 

Way of Carrying Boys, Frontal Plane
Change Value (2-1)

M Me SD

1 spine-chest 49,19 34,62 41,78

2 spine 61,56 46,85 47,68

3 right shoulder – left hip 106,05 67,38 93,85

4 Left shoulder– rightn hip 147,55 73,36 182,63

5 Left shoulder 183,53 90,02 233,17

6 Left hand drag 240,52 91,74 326,25

7 right shoulder 316,22 92,63 600,69

8 Right hand drag 211,74 121,95 196,49

9 chest 139,44 136,04 89,80

Kruskal-Wallis’s Test: H=44,219, p<0,001**. R.I.:1<5,6,7,8,9, R.I.:2<7,8,9

Source*: Own Research.

Figure  4: Comparison of differences between1st and 2nd measurement of values of posture features in frontal plane in analysed ways of 
carrying at 7-year-old students of both sexes n=65.

Source*: Legend

G-KL -carrying on the spine - chest

G -carrying on the spine

P.bark-L.biodro -diagonal carrying on the right shoulder-left hip

L.bark-P.biodro -diagonal carrying on the left shoulder-right hip

L.bark -carrying on the left shoulder or in the left hand

Ciąg LR -left hand drag

P.bark -carrying on the right shoulder or in the right hand

Ciąg PR -right hand drag 

KL -carrying on the chest
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Table 3: Comparison of two individual ways of carrying in respect of the value of differences between 1st and 4th measurement 
among boys in the frontal plane n=30. 

Way of Carrying Boys, Frontal Plane
Change Value after the Restitution (4-1)

M Me SD

1 gspine-chest 15,17 7,90 17,06

2 left shoulder 23,40 13,49 23,67

3 spine 24,15 16,00 23,58

4 Right shoulder – left hip 25,98 17,95 26,92

5 left shoulder– right hip 23,26 18,02 19,60

6 right shoulder 38,47 19,60 76,91

7 left hand drag 51,05 26,00 58,39

8 chest 32,99 27,07 30,44

9 right hand drag 44,45 29,48 38,58

Kruskal-Wallis’s Test: H=22,095, p=0,005**. R.I.:1<8,9

Source*: Own Research.

Figure  5: Comparison of differences between 1st and 4th measurement of values of posture features in frontal plane in analysed ways of 
carrying at 7-year-old students of both sexes n=65..

Source*: Legend

G-KL -carrying on the spine - chest

G -carrying on the spine

P.bark-L.biodro -diagonal carrying on the right shoulder-left hip

L.bark-P.biodro -diagonal carrying on the left shoulder -right hip

L.bark -carrying on the left shoulder or in the left hand

Ciąg LR -left hand drag 

P.bark -carrying on the right shoulder or in the right hand

Ciąg PR -right hand drag 

KL -carrying on the chest
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Table 4: Comparison of two individual ways of carrying in respect of the value of differences between 1st and 2nd measurement 
among girls in the frontal plane n=35. 

Way of Carrying Girls, Frontal Plane
Change Value (1-2)

M Me SD

1 spine-chest 70,27 47,45 78,80

2 spine 80,38 58,59 77,33

3 left shoulder– right hip 253,58 74,71 491,96

4 prawy bark – lewe biodro 127,67 77,50 133,44

5 right shoulder 188,22 81,33 207,79

6 left shoulder 316,22 92,63 600,69

7 Left hand drag 409,70 97,87 798,59

8 right hand drag 270,85 127,06 328,80

9 chest 237,40 172,80 243,18

Kruskal-Wallis’s Test: H=43,489, p<0,001**. R.I.:1<5,6,7,8,9, R.I: 2<6,7,8,9

Source*: Own Research.

Table 5: Comparison of two individual ways of carrying in respect of the value of differences between 1st and 4th measurement 
among girls in the frontal plane n=35. 

Way of Carrying Girls, Frontal Plane
Change Value after the Restitution (1-4)

M Me SD

1 right shoulder – left hip 26,05 12,59 28,66

2 spine-chest 21,09 13,61 23,82

3 left shoulder – right hip 37,68 18,49 71,16

4 left shoulder 38,47 19,60 76,91

5 spine 36,32 22,51 39,47

6 right shoulder 36,38 27,23 27,16

7 left hand drag 82,09 32,80 167,20

8 right hand drag 57,63 36,80 56,97

9 chest 84,91 39,52 145,92

Kruskal-Wallis’s Test: H=28,436, p<0,001**. R.I.:1,2<8,9

Source*: Own Research.

Discussion  
In Dobosh’s study of the postural effects of backpack loading, 

a habitual unloaded posture was taken as the baseline. When the 
backpack was worn in the traditional manner at a load value of 
5% of body weight, there was a backward displacement of the COP, 
which caused a strong compensatory response leading to its for-
ward displacement. Although this is not clear from statistical cal-
culations, this trend occurs in any situation where the backpack is 
on the back at any load value, hereby the higher the load the lower 
the compensation value. In the contrary, with the backpack on the 
front of the body, no postural response was observed to the forward 
displacement of the COP relatively to its position in the unloaded 
test, which in this case may indicate a child’s lack of or insufficient 
compensation, whereby the greater the value of the load, the fur-
ther the COP was moved. This is only a trend that has not been 
confirmed statistically. It may be due to a sense of greater safety in 
forward leaning and awareness of the possibility of a fall amortisa-
tion with the upper limbs. The postural stability values when the 
backpack is put on in the traditional way with a load value of 10% of 

the body weight are statistically significantly lower than the values 
when tested with an identical load but with the backpack on the 
front side of the body. Such a relationship occurs at all load values 
during testing with the eyes open. There is a significant increase in 
postural stability values for tests with the eyes closed and with the 
backpack on the back and a load of 10% of the body weight and for 
tests with the backpack on the front side and a load of 15% of the 
body weight. Similar trend-like changes occur at each backpack po-
sition and load [24]. Mrozkowiak’s research on the effects of carry-
ing school supplies by 7-year-old students showed that transport-
ing school supplies obliquely on the left or right shoulder and with 
a heteronymous hip can induce significant adaptive changes in the 
skeletal and muscular systems. The author believes that the longer 
the transport time, the greater the weight of the container and the 
intensity of the physical effort, these changes will be greater. The 
changes are not gender dependent. The analyzed way of carrying 
should not be practiced among 7-year-old children of both sexes 
[25]. In another study, Mrozkowiak showed that carrying a 4-kilo-
gram weight of school supplies by the right or left hand drag mode 
just as significantly and negatively disturbs the biomechanical stat-
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ics of a 7-year-old child’s body, which can cause disturbances and, 
consequently, postural defects in the long term [26]. Hsu, et al. point 
out that children carrying backpacks on one shoulder must balance 
the weight of the bag by tilting their heads to the opposite side [27]. 
Moreover, this strategy creates high torque around the spine, which 
can cause scoliosis. A study by Brzęk et al. in a group of 7–9-year-
old children showed that the weight of school bags after one school 
year significantly induced changes in the body posture, especially 
rotational parameters. Asymmetry in the length of the backpack 
straps was significantly more frequent, occurring in the group of 
girls, and differences between braces may have influenced some 
posturometric parameters [28].

An inversely proportional relationship between the length of 
the strap and the depth of the lumbar kyphosis and lordosis has 
also been shown [29,30], which, according to Mwaka, et al (2014), 
has a biomechanical explanation. Since, it is the result of the force 
moments distribution caused by the load on the schoolbag. A child 
trying to balance the weight of a backpack located too high on the 
back will lean forward and cause overloading of the spine [31, 32]. 
This adaptation will force abnormalities in anterior and posterior 
muscle fasciae [33].

Conclusions
a) Among boys and girls, carrying a 4-kg backpack on the 

back-chest and back disturbs postural statics in the frontal plane 
the least, whereas it is the most disturbed while carrying on the 
chest and in the right hand drag mode. 

b) Among boys, after a 2-minute restitution, postural statics 
disturbances in the frontal plane are the smallest after carrying a 
4-kilogram backpack on the back - chest, among girls obliquely on 
the right shoulder and at the left hip and on the back - chest. The 
greatest disturbances occur among boys and girls after dragging 
with the right hand and on the chest. 
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