
Pol. J. Sport Tourism 2016, 23, 123-126
DOI: 10.1515/pjst-2016-0015 123

Copyright © 2016 by the Józef Piłsudski University of Physical Education in Warsaw, Faculty of Physical Education and Sport in Biała Podlaska

Original research papers

EFFECT OF TWO BACKPACK DESIGNS ON COP 
DISPLACEMENT AND PLANTAR FORCE DISTRIBUTION  

IN CHILDREN DURING UPRIGHT STANCE

ANDRZEJ MASTALERZ1, TOMASZ NIŹNIKOWSKI2, MARIUSZ BUSZTA3, 
PAWEŁ RÓŻAŃSKI4, PAWEŁ WIŚNIOWSKI5, JERZY SADOWSKI2
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Abstract
Introduction. Many studies have compared different backpack designs and their influence on the carrier; however, 
no data referring to school students aged 7-8 years are currently available. Therefore, the aim of the research was 
to assess the influence of backpack design on centre of pressure (COP) displacement and plantar force distribution 
in children during an upright stance. Material and methods. Nineteen school students (9 males and 10 females) 
volunteered for the study. Two Polish backpacks intended for school use were evaluated: backpack A, which had 
two main compartments, and backpack B, which had one main compartment. The backpack load was composed 
of books, binders, and regular school equipment. During the measurements, the subjects were asked to look ahead 
with the head straight and arms at the sides in a comfortable position and to stand barefoot on the F-Scan® sensors 
(Tekscan, F-Scan®) attached to the force platform (Kistler), carrying a load corresponding to 10% of their body mass. 
Results. The study found insignificant differences between the two backpack designs. Moreover, COP parameters 
increased significantly during an upright stance while carrying backpack B in comparison to the empty backpack 
condition. Additionally, we observed significantly higher values of plantar force distribution in the heel region for 
the condition without load and insignificantly higher ones for carrying backpack A. Conclusions. The results of the 
current study suggest that the differences between the two backpack designs are too marginal to be detected through 
COP displacement. Disturbances in plantar force distribution suggest a lack of posture control and a lower stability 
of the standing position with a backpack, but these disturbances were significant only when the backpack with one 
main compartment was used.
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Introduction

There is no unequivocal evidence that back pain is con-
nected with carrying a backpack. However, heavy backpacks are 
commonly used by children and youth who attend school, and 
backpack load can constitute as much as 30%-40% of a child’s 
body mass. Back pain usually occurs in girls aged 12-13 and boys 
aged 13-14 years [1], that is at an age associated with increased 
growth at puberty. Research carried out in Italy in 1999 (237 

children, mean age = 11.7 years) revealed that low back pain was 
linked to backpack load. The study showed that one-third of 
the children carried a load greater than 30% of their body mass, 
80% of the study participants sometimes experienced back 
pain, 65.7% of the subjects experienced fatigue when carrying 
backpacks, and 46.1% felt back pain related to carrying back-
packs [2]. Cottalorda et al. [3] and Pascoe et al. [4] examined 
school children (mean age = 12 years) while they were walking 
with backpacks. The children performed the following activi-
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ties: walking without a backpack, walking with a backpack on 
both shoulders, and walking with a backpack on one shoulder. 
They observed that carrying a backpack in an inappropriate 
manner (with one strap on the shoulder) led to abnormal spi-
nal curvatures. Hong and Brueggemann [5] investigated the gait 
pattern, heart rate, and blood pressure of 410 boys aged 10. The 
boys carried backpacks without load and then backpacks that 
weighed 10%, 15%, and 20% of their body mass. The compari-
son between backpacks without load and backpacks that made 
up 10% of the children’s body mass revealed no significant dif-
ferences in the examined parameters. In the case of backpacks 
weighing 15% and 20% of the body mass, a significant irregular 
body inclination to the front was noted. Hong and Bruegge-
mann [5] concluded that backpack load in 10-year-old boys 
should not exceed 10% of their body mass. Viry et al. [6] found 
that children carrying backpacks that exceed 20% of their body 
mass are exposed to a greater risk of back pain requiring medical 
assistance in their final school year. The authors [6] also noted a 
greater risk of back pain that led to absence from school or sports 
classes in children who carried their schoolbags by hand rather 
than on both shoulders. Grimmer and Williams [7] stated that 
in terms of body mass, children with back pain carried heavier 
backpacks than those who did not experience any back pain. 
Moreover, they revealed that this effect correlated with back 
pain more in the group of boys than in the group of girls. Pascoe 
et al. [4] showed that children aged 11-13 years carried book bags 
that weighed 17% of their body mass. Negrini et al. [2] checked 
the backpack load in Italian school children and estimated that 
the mean backpack load was 9.3 kg (with a maximum load of 
12.5 kg, i.e. 22% of the children’s body mass). Furthermore, 
34.8% of the children carried a backpack load exceeding 30% of 
their body mass at least once a week. Viry et al. [6] made similar 
observations: in their study, the mean backpack load was 9.6 kg 
(in the range of 2-17 kg), which constituted an average of 19.2% 
of the children’s body mass (in the range of 4-38%).

Due to concerns regarding the musculoskeletal health of 
school students, several backpack manufacturers have devel-
oped backpacks specifically designed for school use. Many stud-
ies have compared different backpack designs and their influ-
ence on the carrier [8, 9, 10, 11, 12]. However, there are no data 
referring to school students aged 7-8 years. Therefore, the aim 
of the research was to assess the influence of backpack design 
on centre of pressure (COP) displacement and plantar pressure 
distribution in children during an upright stance.

Material and methods

Nineteen school students (9 males and 10 females; mean 
age = 7.37 ± 0.28 years, height = 1.32 ± 0.06 m, weight = 26.9 
± 3.8 kg) volunteered for the study. Two Polish backpacks in-
tended for school use were evaluated: backpack A, which had 
two main compartments, and backpack B, which had one main 
compartment. Both backpacks were supplied with a compre-
hensive back padding system and compression straps.

In order to investigate the effect of backpack design, we se-
lected the following three conditions for our analysis: carrying 
an empty backpack (C) and carrying backpacks A and B with 
shoulder straps only. Two 20-second acquisitions were record-
ed. The mean value of the two trials under each condition was 
calculated. The backpack load was composed of books, binders, 
and normal school equipment. The total weight of the backpack 
load was the same for backpacks A and B.

During the measurements, the subjects were asked to look 
ahead with the head straight and arms at the sides in a comfort-

able position and to stand barefoot on the F-Scan® sensors (Tek-
scan, F-Scan® system, version 6.70, sensitivity range of sensor 
foil = 345-862 kPa, sensor density = 3.9 per cm2

,
 sampling rate 

= 169 Hz) attached to the force platform (Kistler, Type 2812A1-
3, BioWare software v. 3.23, sampling rate = 20 Hz), carrying a 
load corresponding to 10% of their body mass.

Data from the force platform were processed to obtain pos-
tural parameters characterising COP displacements. The follow-
ing parameters in the antero-posterior (AP) and medio-lateral 
(ML) axes were analysed: maximum excursion of COP along the 
axes (RAP and RML), mean velocity of COP displacements along 
the axes (MVAP and MVML), and total displacement of COP (S). 
The F-Scan® system was used to acquire data on relative loading 
while standing. The data were analysed by exporting 2 sets of 
force files (left and right foot) that were used to create a Force vs. 
Time plot for each of the 3 foot sole regions presented in figure 1 
(total contact area (A), heel (H), and forefoot (F)).

 

Figure 1. Areas investigated during the measurements: total contact 
area (A), heel (H), and forefoot (F)

Statistical analysis
Normality of distribution was assessed using the Shapiro-

Wilk test (StatSoft, Inc. STATISTICA version 8.0) and a non-
normal distribution was found. All differences between condi-
tions were calculated using the Wilcoxon test and Friedman’s 
ANOVA.

Results

ANOVA proved the effect of condition only for MVML (Chi-
square (19, 2) = 7.052, p < 0.029), RAP (Chi-square (19, 2) = 
14.480, p < 0.001), and RML (Chi-square (19, 2) = 31.547, p < 
0.001).

The data presented in table 1 show differences between 
backpacks only for the RAP and RML parameters. Moreover, COP 
parameters increased significantly during an upright stance 
while carrying backpack B in comparison to the empty back-
pack condition. Additionally, RML was significantly higher for all 
conditions (p < 0.01).

Table 1.
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Data collected using F-Scan® flexible insole sensors were 
converted into percentage differences in plantar pressure dis-
tribution (tab. 2) connected with the distribution of pressure 
on the right (FR) and left (FL) foot and into the distribution re-
garding the forefoot (FF) and hindfoot (FH). ANOVA proved the 
effect of condition only for FF (Chi-square (19, 2) = 15.022, p 
< 0.001) and FH (Chi-square (19, 2) = 14.800, p < 0.001). Ad-
ditionally, the analysis revealed significantly higher values of 
plantar force distribution for FH when standing without load (p 
< 0.001) and insignificantly higher values of this distribution 
when standing with backpack A. A shift of plantar force to the 
toes was found for backpack B only. A bipedal position with no 
load showed greater force on the left foot as well as in all back-
pack conditions.

Table 2. Mean values ± SD of force distribution on the left (FL) and 
right (FR) foot as well as on the heel (FH) and forefoot (FF)

FL [%] FR [%] FH [%] FF [%]

A 0.55 ± 0.04 0.45 ± 0.04 0.52 ± 0.05a 0.48 ± 0.05a

B 0.54 ± 0.06 0.46 ± 0.03 0.49 ± 0.03a 0.51 ± 0.05a

C 0.52 ± 0.05 0.48 ± 0.05 0.65 ± 0.06 0.35 ± 0.04b

a = differs significantly from condition C; b = significant difference between heel and 
forefoot.

Discussion

Mean posture parameters showed no significant differences 
between backpack designs in the current study. Research avail-
able in the literature has found that variations in backpack de-
sign often result in changes in posture and other parameters. 
Backpacks that include two main compartments have been ob-
served to cause significant differences in gait in comparison to 
standard backpacks [13]. These differences have to do with bet-
ter load distribution, which is much closer to the centre of body 
mass [13]. The results of our study suggest that the differences 
between the two backpack designs are too marginal to be de-
tected through COP displacement. Significant differences were 
observed only for maximum excursion of COP in both axes. It 
may be assumed that the load distributions of the two back-
packs were quite similar. The lack of more significant differences 
between backpack designs in this study may be attributed to the 
position of the load on the back. Brackley et al. [14] found that 
loads should be placed lower on the spine in order to minimise 
children’s postural adaptations, whereas the two backpack de-
signs (A and B) used in our study make it possible to support 
the loads using shoulder straps only. Unfortunately, additional 
compartments did not result in the load being located closer to 
the centre of mass. 

Another important observation made when analysing 
the influence of the loads concerned force distribution in dif-

ferent plantar regions. As far as the stances without load and 
with backpack A are concerned, our data coincide with what 
was observed by Cavanagh et al. [15], who evaluated 107 nor-
mal adult individuals and found that 60.5% of their body weight 
fell on the heel, 7.8% on the midfoot, 28.1% on the forefoot, 
and 3.6% on the toes. However, our findings are that when the 
subjects were standing with backpack B, plantar force distri-
bution of the forefoot region was greater than that of the heel 
region. As for backpack A, even though the load did not lead 
to the reversal of the above-mentioned proportion, we found 
a significant increase in the load in the forefoot region. Such a 
clear tendency was not observed by Rodrigues et al. [16], which 
may be explained by a lower age of the population examined in 
this study. Another factor that could influence such significant 
displacement of plantar force distribution on the forefeet while 
carrying both backpacks might be the lack of mechanisms of 
body posture control that can be developed though motor ex-
perience. Muratori et al. [17] stated that motor learning occurs 
when processes associated with practice favour the capacity to 
produce a skilful action from interactions between perception, 
cognition, and action while performing a task that interacts 
with the environment. When a task is carried out functionally, 
it means that a new strategy for perception and action has been 
constructed. In children beginning their school education, the 
danger that stems from the lack of control in maintaining a cor-
rect body posture when load is applied in the form of a school 
backpack might cause abnormal spinal curvatures, overload, as 
well as pain. Moreover, in our study, carrying a load correspond-
ing with that of a normal school backpack resulted in a lower 
stability of the standing position because the external load was 
shifted to the toes.

Conclusions

The results of the current study suggest that the differences 
between the two backpack designs examined are too marginal to 
be detected through COP displacement. Disturbances in plantar 
force distribution during an upright stance with a backpack sug-
gest a lack of posture control and lower stability of the standing 
position. This means that both backpacks had an influence on 
the regulatory mechanism of posture control, because plantar 
force distribution had been shifted to the toes, and, in general, 
the toes are only minimally involved in the weight-bearing proc-
ess [15]. Accordingly, it should be emphasised that the mecha-
nism was significant only when the backpack with one main 
compartment was used.
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Table 1. Mean values ± SD of COP parameters for different conditions (A, B, and C)

MVML[mm/s] MVAP[mm/s] RML[mm] RAP[mm] S[mm]
A 19.2 ± 5 21.9 ± 4.1 26.5 ± 7.8a.b 23 ± 8.9a.b 646.7 ± 131.8
B 21.6 ± 6a 23.2 ± 5.9a 30.4 ± 9.4aa 29.2 ± 29.5a 702.7 ± 174.7a

C 18.1 ± 4.3 20.3 ± 3.6 24.5 ± 6.7 22.3 ± 9.9 599.3 ±1 12.9
a = differs significantly from condition C; b = differs significantly from condition B.



Mastalerz et al.: EFFECT OF TWO BACKPACK DESIGNS ...126 Pol. J. Sport Tourism 2016, 23, 123-126

experimental data were gathered in the Laboratory of Human 
Motion Modeling and Ergonomics in the Regional Centre of Re-
search and Development in Biała Podlaska co-financed under 
the European Regional Development Fund, Operational Pro-
gramme Development of Eastern Poland 2007-2013.

Literature

1.	 Leboeuf-Yde C., Kyvik K.O., Bruun N.H. (1999). Low back 
pain and lifestyle. Part II – Obesity: Information from a 
population-based sample of 29,424 twin subjects. Spine 
24(8), 779-784.

2.	 Negrini S., Carabalona R. (2002). Backpacks on! School-
children’s perceptions of load, associations with back pain 
and factors determining the load. Spine 27(2), 187-195.

3.	 Cottalorda J., Rahmani A., Diop M., Gautheron V., Eber-
meyer E., Belli A. (2003). Influence of school bag carrying 
on gait kinetics. Journal of Pediatric Orthopaedics B 12(6), 
357-364.

4.	 Pascoe D.D., Pascoe D.E., Wang Y.T., Shim D.M., Kim C.K. 
(1997). Influence of carrying book bags on gait cycle and po-
sture of youths. Ergonomics 40(6), 631-640.

5.	 Hong Y., Brueggemann G.P. (2000). ��������������������  Changes in gait pat-
terns in 10-year-old boys with increasing loads when walk-
ing on a treadmill. Gait & Posture 11(3), 254-259.

6.	 Viry P., Creveuil C., Marcelli C. (1998). Nonspecific back 
pain in children. A search for associated factors in 14-year-
old schoolchildren. Revue du Rhumatisme (English ed.) 
66(7-9), 381-388.

7.	 Grimmer K., Williams M. (2000). Gender-age environmen-
tal associates of adolescent low back pain. Applied Ergo-
nomics 31(4), 343-360.

8.	 Bloom D., Woodhull-McNeal A.P. (1987). Postural adjust-
ments while standing with two types of loaded backpack. 
Ergonomics 30(10), 1425-1430.

9.	 Bloswick D.S., Gerber A., Sebesta D., Johnson S., Mecham 
W. (1994). Effect of mailbag design on musculoskeletal fa-
tigue and metabolic load. Human Factors: The Journal of 
the Human Factors and Ergonomics Society 36(2), 210-218.

10.	 Legg S.J., Cruz C.O. (2004). Effect of single and double strap 
backpacks on lung function. Ergonomics 47(3), 318-323.

11.	 Lloyd R., Cooke C.B. (2000). Kinetic changes associated 
with load carriage using two rucksack designs. Ergonomics 
43(9), 1331-1341.

12.	 Mackie H.W., Legg S.J., Beadle J., Hedderley D. (2003). 
Comparison of four different backpacks intended for school 
use. Applied Ergonomics 34(3), 257-264.

13.	 Knapik J.J., Reynolds K.L., Harman E. (2004). Soldier load 
carriage: Historical, physiological, biomechanical, and 
medical aspects. Military Medicine 169(1), 45-56.

14.	 Brackley H.M., Stevenson J.M., Selinger J.C. (2009). Effect 
of backpack load placement on posture and spinal curva-
ture in prepubescent children. Work 32(3), 351-360.

15.	 Cavanagh P.R., Rodgers M.M., Iiboshi A. (1987). Pressure 
distribution under symptom-free feet during barefoot 
standing. Foot Ankle 7(5), 262-276.

16.	 Rodrigues S., Montebelo M.I.L., Teodori R.M. (2008). 
Plantar force distribution and pressure center oscillation 
in relation to the weight and positioning of school supplies 
and books in student’s backpack. Brazilian Journal of Physi-
cal Therapy 12(1), 43-48.

17.	 Muratori L.M., Lamberg E.M., Quinn L., Duff S.V. (2013). 
Applying principles of motor learning and control to upper 
extremity rehabilitation. Journal of Hand Therapy 26(2), 
94-103.

Submitted: August 25, 2016
Accepted: September 14, 2016


