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Purpose: The aim of this study was to analyse the impact of applying an external load on the distribution of pressure on the plantar
side of the foot and maintaining body balance, using the podobarographic platform. Methods: The study was conducted on 130 school
children aged 8–10: girls (n = 68, body mass = 22.8 ± 6.0 kg, body height = 129.3 ± 7.5 cm) and boys (n = 62, body mass = 31.1 ± 6.5 kg,
body height 134.4 ± 7.3 cm). The study involved 2 trials. At first, children stood on the platform assuming a natural position. Then, they
put on a 5-kg backpack and stood on the platform once more. Results: The results indicate that after backpack loading, for the total research group of girls and boys, statistically significant differences were found in the distribution of foot force on the ground in the left
forefoot ( p = 0.008), metatarsus ( p = 0.000) and heel areas ( p = 0.002). While in the right foot, these differences were noted for the
forefoot ( p = 0.024) and metatarsus ( p = 0.000). The results of balance testing were also statistically significant. They concerned measurements of the body barycentre area (cop-bars p = 0.003), the barycentre area of the left foot (l-bars p = 0.034) and the parameter comparing distance to surface ratio (cop-lsf p = 0.000). Conclusions: It may be concluded that prolonged overloading with backpacks affects
movement patterns, which may further lead to the acquisition and consolidation of postural defects.
Key words: foot, ground pressure, body balance, children, backpack

1. Introduction
School is an important social institution that covers about 20% of active members of society. Many
authors indicate that overloaded backpacks can lead to
the development of back pain and other injuries of the
musculoskeletal system among children and adolescents [7]. School children are teenagers who experience a period of accelerated growth and development
of the skeletal and soft tissues. Their spinal structures
are therefore different than adults’, they are more susceptible to disorders resulting from external factors.

Moreover, external forces, such as load transfer, can
also affect the growth, development and maintenance
of positioning the human body [22]. The non-standard
weight of a backpack increases the frequency of lowering the arms, which further leads to kyphosis and
lordosis in primary school students. This is a threat to
the physical health of our future society. Therefore,
parents, teachers and health care professionals should
provide students with the training necessary to safely
carry bags and backpacks [24].
In the existing subject-literature, studies based on
epidemiological, physiological and biomechanical approaches, in which it is confirmed that backpacks
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weighing 10–15% of body mass constitute a justified
upper limit, can be found. The very development of
improper posture and its control is associated with abnormal sensory sensations, lack of proper postural tension or correct posture and movement patterns, as well
as with incorrect mutual innervation. It disrupts the
central stabilisation of a child’s body and their posture
structure [4]. The child’s dimensions, mass and proportions change during ontogenesis, shaping of muscles and movement pattern. Locomotion is the result
of coordinated actions of about 10 muscles involving
various joints. The lower limbs and other parts of the
body, through constant repetition of specific coordination patterns between them, cause gait to be a cyclical physical activity [5].
The human foot is an significant static-dynamic
part of the musculoskeletal system. On the one hand,
it is a supporting element, and in static conditions, it
allows the body to maintain balance in space, while
on the other, it is a driving mechanism that provides the
body with propulsion during movement. Therefore, the
foot, thanks to its specific design, absorbs shocks arising
during locomotive movements, protecting the nervous
system, spine and internal organs against micro-injuries resulting from everyday activities. Analysis of
the existing literature shows that already at the end
of the 1st year of life, when the child begins to load
their feet, dynamic development of the longitudinal
arch occurs [12].
In stabiliographic research from 2010 [21], significant relationships were demonstrated between postural defects found in the sagittal plane and the average foot load point. Stabilography is one of the most
common methods for assessing posture stability, defined as the ability to maintain balance. It involves
analysing the resulting ground reaction forces caused
by feet pressure while standing. The way of maintaining balance is evidence of the ability to maintain motor
coordination [11]. Balance may be shaped according to
age because there is a strong correlation between this
variable and balance results. In older children, body
mass and height may partially affect balance. Agerelated changes in balance control may be associated
with the development of the visual, vestibular and
somatosensory systems [10].
In foot diagnostics, traditional methods can be
distinguished: orthopaedic – based on foot examination and foot fitness tests, anthropometric methods
– based on length, height, width and circumference
measurements, and plantoconturographic methods
– most frequently based on ink prints. Computed tomography and magnetic resonance imaging are also
used in foot examinations, however, the most com-

mon electronic print is the plantar surface of the foot,
but more and more often, various types of podobarographic platforms are being used to conduct this
type of testing [8]. Balance evaluation can be performed
by static stabilisation, which deals with the registration
of involuntary changes in the location of the resultant
pressure forces on the posture plane of a person standing
freely on a stabilographic platform. As a result of registration, the trajectory of this point is obtained (in the
literature, this point is called COP – centre of pressure).
Modern technologies make it possible to examine the
distribution of forces on the plantar side of the foot
and stabilographic examination in 1 trial using a podobarographic mat [9]. Such a mat was used in this
study.
The aim of the study was to determine the impact
of external load on foot force distribution on the ground
among 8–10-year-old girls and boys. Assessment of
the maintenance of body balance by the subjects was
also the objective of the study. Conducting such an
analysis was possible by identifying the differences in
the distribution of forces in the various areas of the
foot affecting the surface and maintaining the balance
of the body in children with and without a school
backpack load.

2. Materials and methods
The research included 130 randomly selected kids:
68 girls and 62 boys aged 8–10. The children participating in the research were students of three Gdańsk
public schools and they participated in an educational
and preventive program, in which one of the goals
was to shape pro-health attitudes of students in the
field of proper development of motor skills and body
posture. The average age of the entire group being
surveyed is 8.9 ± 0.8 years, the average age of boys is
9.2 ± 0.7 years and the girls – 8.6 ± 0.8 years. The boys
were heavier and taller than the girls, their weight was
31.13 ± 6.5 kg and body height was 134.4 ± 7.3 cm,
girls – respectively: 27.8 ± 6.0 kg and 129.3 ± 7.5 cm.
Parents and the school management gave their written
consent to the participation of children in the study.
The research was conducted on the basis of the consent of the Commission for Ethics of Scientific Research of the University of Warmia and Mazury in
Olsztyn (Decision No. 9/2018).
For testing, the E.P.S. R1 podobarorographic mat
(Letsens Group, Letsens S.R.L. Via Buozzi, CastelMaggiore; Italy) was used. This is a diagnostic device
used for assessing foot defects in static and dynamic
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conditions. It enables the researchers to examine the
distribution of foot forces on the surface and body balance. The mat is equipped with sensors that collect
measurements for 20 seconds and transfer them to
a computer using the Biomech Studio program (Biomech
Studio 2.0 manual).
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The analyses were carried out in May 2019 in
Gdańsk. Measurements were taken in the morning
hours (10.00–12.00). The test pattern is illustrated in
detail in Fig. 1.
Statistical Analysis
The Statistica 13.0 program was used for statistical
calculations. The Mann–Whitney–Wilcoxon test (also
known as the Mann–Whitney test or sometimes the
Wilcoxon Rank Sum Test for two samples, or simply
the Wilcoxon test for two samples). Due to the absence of normal distribution of the measurement results in the research group, the non-parametric test
function was used. Therefore, non-parametric statistical functions were used in further analysis and inference. The median was applied as the main measure of
average study sample value, and quartile 1 and 3 for
threshold dispersion. For the purposes of analysing the
statistical significance of differences between the results of measurements during rest and after loading
with a 5-kg backpack for girls and boys, the Wilcoxon
test was used, while for differences in the results of
observation between both study sample, the Mann–
Whitney U-test was applied.

3. Results
Descriptive statistics of foot parameters in resting
conditions for girls and boys indicate a similar load
on the forefoot and heel within 43–47% (Table 1). The
average value in both samples allows to notice a slightly

Fig. 1. Schematic of research procedure

Table 1. Significance of differences between measurements at rest and with backpack load for podological test for both study samples

4.5
9.3
1.7
2.9
13.9
20.7
0.000

Me
Q1
Q3
p

47.3
46.1
42.6
41.5
53.0
52.0
0.081

5.6
11.1
2.1
4.1
17.8
19.6
0.001

Metatarsus load

Metatarsus rest

Forefoot load

Forefoot rest

Heel load

girls (n = 68)
44.4
41.6
49.5
47.3
38.7
38.1
45.3
42.1
51.3
47.5
56.2
53.1
0.060
0.007
boys (n = 62)
43.4
42.3
50.2
49.9
38.3
36.8
44.9
44.7
49.3
46.0
54.9
55.9
0.014
0.842

Heel load

45.8
44.5
40.2
40.3
51.5
50.7
0.040

Heel rest

Me
Q1
Q3
p

Right foot
Heel rest

Metatarsus load

Metatarsus rest

Forefoot load

Forefoot rest

Foot area [%]

Left foot

8.1
13.5
1.8
3.4
19.2
22.7
0.002

39.3
34.3
43.1

38.2
33.7
44.3
0.917

6.6
9.8
2.2
4.4
17.2
17.9
0.019

39.6
36.0
43.8

38.1
34.5
41.2
0.049

Legend: Me – the middle average of a sample, Q1, Q3 – extreme quartiles, p – statistical significance.
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higher load on the forefoot by approx. 4% in boys and
1.5% in girls. The average pressure on the metatarsus
in both research groups, depending on the left or right
foot, was about 4.5–8.0%.
Analysing the differences between resting state
and backpack load measurements among the total
group of girls and boys being studied, significant differentiation was noted regarding all areas of the left
foot (forefoot, metatarsus and heel) and for the forefoot and metatarsus of the right foot (Table 1). When
analysing statistical differences between the values for
the groups of girls and boys, no significant results
were recorded both at rest or after loading ( p ≥ 0.05).
Subjecting the differences between resting measurements and after backpack loading to statistical analysis,
a number significant differences were noted (Table 1).
In the research group of girls, significant differences
were noted for the forefoot and metatarsus in both
feet, while among the examined boys, for the metatarsal and heel areas.
Similarly as in the case of podological examination, subjecting the results of posturographic examination to mathematical analysis, significant dispersion
of the measured values was noted. The values of dispersion measures ranged from a several dozen to 340%
as in the case of the left foot deflection area (l-bars). No
features of normal distribution were found for selected
parameters, therefore, nonparametric functions were
used in statistical proceedings.
When assessing the average values of posturographic test parameters in resting conditions and after

loading, for the group of girls, differences were found
allowing to state the existence of load impact on the
values of body posture deflection (Table 2).
A particular increase in the measured values was
observed for the parameters specifying the values of
deflection areas for cop-bars – total posture, r-bars
– left foot and l-bars – right foot (by 96, 132 and
211 mm2, respectively). A similar analysis was conducted in the group of boys (Table 3). In this case, the
differences in the average measured values of all parameters were not significant. For the parameters of
deflection surface areas, they totalled: cop-bars = 4.7,
r-bars = 4.7 and l-bars = 11.8. The average value of
the parameter, which is the ratio of the extreme deflection distances to the total area in both groups,
showed differences of 72–75%.
Conducting statistical assessment of the differences between values of posturographic examination
parameters at rest and after loading among the group
of girls, significant differences were noted for the
majority (Table 3). These regarded cop-bars, r-bars
and l-bars as well as the parameter of the distance to
surface area (cop-lsf). Similar assessment in the boys’
group revealed significant differences only for the
cop-lsf parameter. When comparing both examined
research group of girls and boys, significant differences were confirmed for cop-bars, l-bars and cop-lsf.
An attempt to evaluate the statistical differences in
resting conditions and after backpack loading between
the group of examined girls and boys did not reveal
any significant differences.

Table 2. Descriptive statistic of the posturographic test among the examined research group at rest and after loading with backpack (5 kg)

cop-lsf

25.3
9.7
64.2

cop-speed [mm/sec]

32.4
14.1
86.6

cop-dist
[mm]

131.8
65.5
238.3

l-bars [mm2]

Me
Q1
Q3

Population of girls (n = 68)
170.3
8.6
1.1
190.9
145.4
7.4
0.8
111.3
205.8
10.3
1.7
380.1
Population of boys (n = 62)
170.5
8.6
1.3
154.7
137.4
6.9
0.7
91.9
201.8
9.9
2.2
270.3

r-bars [mm2]

21.0
11.7
41.5

cop-bars [mm2]

l-bars [mm2]

41.5
22.0
71.4

cop-lsf

r-bars [mm2]

152.8
93.9
241.1

Measurement after loading
cop-speed [mm/sec]

cop-bars [mm2]

Me
Q1
Q3

cop-dist [mm]

Parameter

Measurement at rest

38.1
25.9
108.6

27.3
15.7
63.9

178.1
154.4
219.4

8.9
7.7
11.2

0.9
0.5
1.6

41.1
15.5
92.2

25.9
15.3
63.2

167.4
138.9
191.7

8.4
7.0
9.6

1.1
0.7
1.5

Legend: Me – the middle average of a sample, Q1, Q3 – extreme quartiles, cop-bars – total surface area of deflections from
body’s centre of gravity, l-bars – surface area of left foot, r-bars – surface area of right foot, cop-dist – distance between extreme
deflections, cop-speed – mean speed of deflections, cop-lsf – ratio of distance between extreme deflection to deflection area.
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Table 3. Significance of differences between measurement
at rest and loading with backpack for the parameters
of posturographic testing for both study samples
Population of girls (n = 68)
and boys (n = 62)
Parameter
T
Z
2
cop-bars [mm ]
2994.000
2.936
r-bars [mm2]
3514.500
1.727
l-bars [mm2]
3346.000
2.118
cop-dist [mm]
3868.000
0.763
cop-speed [mm/sec]
3426.000
1.260
cop-lsf
2284.000
3.638
Population of girls (n = 68)
cop-bars [mm2]
704.000
2.866
r-bars [mm2]
846.500
1.995
l-bars [mm2]
820.000
2.157
cop-dist [mm]
895.000
1.699
cop-speed [mm/sec]
833.500
1.908
cop-lsf
609.500
2.573
Population of boys (n = 62)
cop-bars [mm2]
804.000
1.209
r-bars [mm2]
912.000
0.452
l-bars [mm2]
861.000
0.810
cop-dist [mm]
856.500
0.639
cop-speed [mm/sec]
830.500
0.194
cop-lsf
542.000
2.589

p
0.003
0.084
0.034
0.446
0.208
0.000
0.004
0.046
0.031
0.089
0.056
0.010
0.227
0.651
0.418
0.523
0.847
0.010

Legend: cop-bars – total surface area of deflections from
body’s centre of gravity, l-bars – surface area of left foot, r-bars
– surface area of right foot, cop-dist – distance between extreme
deflections, cop-speed – mean speed of deflections, cop-lsf – ratio
of distance between extreme deflection to deflection area

4. Discussion
According to Yamato et al. [23], there is no convincing evidence that the use of school backpacks
increases the risk of back pain. There is some evidence that feeling the weight of an object is associated
with back pain. Children aged 11–14 report back pain,
most of whom attribute their pain to wearing a school
backpack [15]. When the load of a backpack is greater
than the load capacity of muscle groups, the spine is
overloaded, which can cause changes in posture, pain
or dysfunctions. Since wearing a backpack with school
supplies is a daily routine that is repeated over the years,
special care should be devoted to avoiding postural
changes that could become permanent in the mid- to
long-term and thus, endanger health [17].
The results presented in this paper confirm the
above thesis also assumed by other authors. Just putting on a 5-kg backpack changes a child’s posture,
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including the distribution of plantar forces on the
ground. Prolonged periods of carrying a heavy backpack leads to consolidation of these changes. Other
authors have also dealt with the issue of pressure on
the plantar surface with the application of an external
load. In their study, Pau et al. [16] analysed maps of
plantar pressure in static conditions among 359 primary school children (6–10 years of age). Statistically
significant differences depended on the presence of
the backpack ( p < 0.01). The largest modifications
were noted in the metatarsal area (with an increase of
about 16% for the highest load), followed by the forefoot (+ 9%), the rear part of the foot remained practically constant regardless of the assumed load size.
Statistical analysis showed significant impact of the
backpack only on the metatarsal and forefoot areas
( p < 0.01 in both cases). In research carried out on
a general research group for the purposes of this
study, a statistically significant difference for the
metatarsal area, both in the right and left foot, was
recorded at p = 0.000. However, for the forefoot area,
these values were p = 0.024 and p = 0.008 for the
right and left legs, respectively.
Children, both girls and boys, from London schools
aged 7–11 took part in a study by Cousins et al. [6]. Only
the students who did not have orthopaedic, neurological
and/or musculoskeletal problems were included in the
study. Participants were classified according to body
mass: 22 obese, 22 overweight and 56 children within
the norm. During the experiment, students had to walk
a 5-meter section, in the middle of which a podobarographic platform was placed. Subjects covered the
marked section of the route barefoot, asssuming a natural
gait pattern and with the speed of their choice. Analysis
of the results showed that children with excessive
body mass demonstrated significantly ( p < 0.05) higher
metatarsal load. These results indicate that not only
the applied load used in the experiment carried out by
the authors of this work, but also excessive body mass
cause the largest statistically significant differences to
be noticeable in the metatarsal area.
The cited examples confirm the thesis indicated by
Moslemi et al. [13] stating that the incidence of posture structure disorders is quite high among primary
school children and is closely related to some ergonomic parameters, such as weight and type of backpack. Bibro et al. [3] dealt with the issue of the impact
of strength training on the distribution of plantar pressure. The research was conducted among 60 students.
The males were divided into 2 equal groups of 30.
Group 1, subjected to training, completed the exercise
at a gym within 60 minutes, including lower limb exercises. The training consisted of 7 complex exercises
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performed in accordance with the principles of strength
training. The weight selection was individual, the
repetition range was from 8 to 12 maximum repetitions,
performed in 3 or 4 series. The intervals between the
series lasted about 3–4 minutes. Group 2 – the control – spent the time between consecutive tests passively, in a seated position. In both groups, there was
a tendency towards increasing forefoot load in the 2nd
trial. After the training session, the examined males
demonstrated significantly increased load on the lateral
forefoot of the left foot and the load on the medial forefoot of both feet. Strength training of the lower limbs
caused a significant reduction in both lateral load as well
as on the medial side of the right hindfoot.
In the research by Varga et al. [19], it was shown that
with age, the longitudinal arch changes, which increases
surface and concavity. Compared with the results presented in this paper and the above-mentioned results
obtained by other authors, it may be indicated that the
application of external load in various forms, regardless
of age and foot convexity, significantly affects load
on the forefoot area. Alghadier [1] showed that wearing
a backpack significantly affects foot load patterns (peak
plantar pressure, peak plantar strength and contact area).
The difference (SD) in maximal support pressure was
11.2 (12.5) kPa, peak plantar strength 3.7 (3.5) N and
contact surface, 1.6 (2.9) cm2. The same conclusions as
those reached in this study were found by Vieira et al.
[20], who conducted dynamic research among 117 high
school students. The cited results showed that the values
regarding both the displacement of the COP and its average speed were higher when using an external load in the
form of a backpack than without its use. The issue of
backpack weight among students in Chennai was dealt
with by Suresh et al. [18]. The results of their research
showed that the backpack load should be reduced to 5%
of body mass.
Barbosa et al. [2] also dealt with the problem of
surface reaction, examining 21 children (12 from grade 9
and 9 from grade 5). The backpacks of the younger
children weighed 5 kg and for those from higher
grades, 4.5 kg. In both cases, during walking and running, the use of the backpack significantly affected all
of the analysed variables. Zhou et al. [25] examining
100 healthy primary school students (aged 7–12)
when walking with a backpack load of 5, 10, 15, 20
and 25% of body mass, came to the conclusion that
the increase in backpack weight has a limited effect
on COP, and students can cope with the risk of balance loss resulting from increased load. They noticed
that to maintain balance control, students adjust their
posture by eliminating risk factors for balance loss
due to load. When increasing the load had huge im-

pact on body posture, a load of 15% body mass may
be considered a safe value. The results presented above
are in contradiction with the analysis conducted by the
authors of this work, who noted statistically significant differences regarding cop-bars.
Analysing the literature and the results of the
authors’ research on the impact of using an external
load in the form of a school backpack, statistically
significant differences were expected. In comparative
assessment, a negative change in the convexity of the
foot was undeniably noted, as well as worse postural
stability among the examined girls and boys, resulting
from the applied load.

5. Conclusions
Considering a child’s physical development, it is
not advisable for students to wear overloaded backpacks on their way to and back from school or going to
and from classes. As resulted from the tests conducted,
a possible overloaded pattern of movement, manifested
in the static effects of body posture, may be a factor in
the acquisition and consolidation of body posture irregularities and defects within the foot towards a flat
foot. School children and teenagers spend a lot of time
at school. Moving from home to school and back also
takes a certain amount of time. Providing them with
a safe and healthy environment can reduce their susceptibility to injury, chronic health conditions and their
complications. Backpacks and school supplies are worn
by children in different ways, therefore, the weight and
the way they are taken over by the students should be
considered as an important issue.
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