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Abstract.
BACKGROUND: Carrying a backpack is common among schoolchildren. The effect of backpack load on spine pain and posture
defects in children is often raised in the literature. According to scientific research, the maximum backpack load that is safe
for children must not exceed 10–15% of their body mass. There is a lack of scientific reports related to the effect of frequently
wearing a backpack on one shoulder among children and young adults and its influence on the shape of the anterior-posterior
curvatures of spine.
OBJECTIVES: The aim of this study is to evaluate body posture parameters in the sagittal plane for an asymmetrical backpack
load equal to 10% of a child’s body mass.
METHODS: The study was conducted using 162 primary schoolchildren aged 11–13 years. Each participant underwent three
tests that examined postural parameters, including habitual posture, with the backpack on the participant’s right and left shoulder.
Posture was measured with the CQ Elektronik; which uses photogrammetry to make anthropometric calculations based on an
image of the examined surface.
RESULTS: The asymmetrical backpack load resulted in a significant reduction of thoracic kyphosis (GKP: p = 0.040). The
angle of thoracic kyphosis increased between the measurements. The difference (GAMMA = 0.054) revealed that the results
were approaching significance.
CONCLUSIONS: Considering the gravity of the problem, children should be educated on ergonomics by teachers, physiother-
apist or nurses, including instructions on carrying a backpack and the effects of disregarding the basic rules on body posture,
as part of their school curriculum. The acceptable backpack load, which is now believed to be 10% of the child’s body mass,
should be carefully considered by scientists. Our own results show that even a load of 10% of the body mass may induce negative
changes in spinal posture.
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1. Introduction1

Carrying a backpack is common among schoolchil-2

dren. Nowadays, approximately 90% of children in de-3
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veloped countries carry a backpack [1]. The effect of 4

backpack load on spine pain and postural defects in 5

children is often questioned in the literature [2,3]. 6

According to scientific research, the maximum back- 7

pack load that is safe for children must not exceed 10– 8

15% of their body mass [4]. Several studies have found 9

that a backpack load exceeding 15–20% of a child’s 10

body mass increases the risk of spine pain, posture and 11

gait disorders [5–7]. Another study found that the max- 12

imum backpack load must not exceed 20% of a child’s 13
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body mass in the case of a symmetrical load and 10%14

of a child’s body mass in the case of an asymmetrical15

load [8]. Studies on symmetrical backpack load have16

been widely reported in the scientific literature and17

their results are largely unambiguous. Most of these18

studies have focused on evaluation of the acceptable19

weight of the backpack [6,9], and the impact of back-20

pack load on posture, gait [7,8] and back pain [1,9–11].21

It is still not clear, however, what the acceptable22

load should be when the backpack is carried asym-23

metrically [12,13], despite the fact that most children24

(72.3%) prefer to carry their backpack on one shoul-25

der [14]. For this reason, we aimed to test the hypoth-26

esis that a backpack load of 10% of the child’s mass27

carried asymmetrically negatively influences spinal28

curves.29

2. Aim of the study30

The aim of this study was to evaluate postural pa-31

rameters in the sagittal plane for an asymmetrical back-32

pack load equal to 10% of a child’s body mass.33

3. Materials and methods34

After obtaining family consent and child assent to35

participate, 162 primary schoolchildren (82 girls and36

80 boys) aged 11–13 years were included in the study.37

Each participant underwent three tests that examined38

postural parameters.39

To keep testing procedures reliable and reproducible,40

testing was routinely carried out at the same time of41

day (in the morning hours), using the same testing42

equipment operated by the same researcher. The first43

test was carried out in the habitual standing posture44

without backpack (measurement I). The first measure-45

ment was used as a baseline for the measurements46

with asymmetric load. The second test was carried out47

with the backpack on the subject’s right shoulder (mea-48

surement II) and the third test with the backpack on49

the participant’s left shoulder (measurement III). In50

the second and third tests, the mass of the backpack51

equalled 10% of the child’s body mass. The load was52

fixed immediately before the test, after establishing53

each child’s body mass with electronic scales (within54

an accuracy of ± 0.1 kg). Each measurement was per-55

formed using each participant’s own backpack. Body56

posture was measured with the “CQ Elektronik”. This57

equipment uses photogrammetry to make anthropo-58

Fig. 1. An example of a photogrammetric test.

Fig. 2. Angles of inclination of different sections of the spine relative
to the vertical.

metric calculations based on an image of the examined 59

surface. A spatial image is obtained by the equipment 60

displaying lines of strictly defined parameters on each 61

participant’s back. When the lines fall on the partici- 62

pant’s back at a specific angle, they become deformed. 63

The obtained image is then rasterised and the result 64

of the process is a contour map of the examined sur- 65

face [9–11,15]. The photograms were analysed with- 66

out participants. The study utilised the parameters pre- 67

sented in Table 1. 68

Consent to conduct the tests was obtained from the 69

Bioethics Commission of Rzeszow University, Poland. 70

An example of a photogrammetric test is presented in 71

Fig. 1. 72

Angles of inclination of different sections of the 73

spine relative to the vertical are presented in Fig. 2. All 74

tests were conducted in January 2013. 75

4. Statistical methods 76

To conduct statistical analysis of the collected data, 77

the analysis of variance (ANOVA) Friedman test was 78

applied. This test analyses the differences in more than 79

two measurements of the dependent variables. Differ- 80
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Table 1
Parameters applied in the study

Parameter Description
ALPHA Inclination of the lumbosacral section of the spine. The angle calculated between S1 and the deepest place of lordosis.
BETA Inclination of the thoracolumbar section of the spine. The angle is calculated between the transition lordosis and kyphosis at

the peak of kyphosis.
GAMMA Upper thoracic region angle. The angle between C7 and the peak of kyphosis.
KPT Sagittal inclination of the trunk. Referred to the deviation of line C7-S1 “forward” or “backward”
KKP Angle of thoracic kyphosis. KKP = 180 − (BETA + GAMMA)
GKP Depth of thoracic kyphosis calculated between the top of kyphosis and kyphosis moving into lordosis
KLL Angle of lumbar lordosis. KLL = 180 − (ALPHA + BETA)
GLL Depth of lumbar lordosis calculated between transition of between kyphosis in lordosis and the deepest point of lordosis
GKS Depth of cervical spine calculated between C7 and external occipital tuberosity

Table 2
Comparison of parameters for the anterior-posterior-spinal curvatures-in the habitual posture (measurement I), with the backpack on the par-
ticipant’s right shoulder (measurement II) and the with the backpack on the participant’s left shoulder (measurement III). Comparisons are for
measurements I and II and for measurements I and III

Variable Measurement I Measurement II Measurement III Friedman test
x̄ s x̄ s x̄ s x2 ANOVA P

ALPHA 12.00 17.26 15.50 19.82 14.46 20.73 x2 = 1.55 0.461
BETA 7.65 3.13 7.30 2.89 8.69 6.43 x2 = 0.77 0.679
GAMMA 25.54 23.76 26.58 22.57 25.61 22.09 x2 = 5.86 0.054
KPT −8.52 16.64 −9.38 17.31 −6.48 18.44 x2 = 4.01 0.133
KKP 146.86 23.89 146.20 22.03 146.34 22.45 x2 = 4.28 0.118
GKP 11.50 6.14 10.17 6.12 11.45 8.33 x2 = 9.13 0.040
KLL 170.72 21.38 172.00 24.74 173.06 25.72 x2 = 0.50 0.778
GLL −12.10 5.92 −10.90 5.94 −16.55 28.04 x2 = 4.41 0.110
GKS 11.69 7.04 11.81 7.52 12.80 8.10 x2 = 1.54 0.462

statistically significant difference (p < 0.05).

ences in the means of three measurements from the81

same group of participants were determined. The non-82

parametric test was chosen due to the failure to meet83

the assumptions of parametric tests for dependent vari-84

ables concerning the compliance of the distributions85

of all tested variables with the normal distribution.86

The compliance of the distributions with the normal87

one was verified using the Shapiro-Wilks test. In the88

case where the occurrence of significant differences89

between the three measurements was noted, a post-hoc90

test was carried out. The test verifying the results be-91

tween each of the three measurements (each pair of re-92

sults separately: I with II, I with III and II with III) was93

the Wilcoxon signed-ranks test. The level of statisti-94

cal significance, also in the case of the last test, was <95

0.05.96

The arithmetic mean and standard deviation, the chi-97

squared ANOVA test value and the p-value were cal-98

culated for each parameter, where p < 0.05 denoted99

statistical significance.100

5. Results101

The results of this study point to an increase in102

the lumbosacral region angle (inclination of the lum-103

bosacral section of the spine – ALPHA) during car- 104

riage of an asymmetrical load for both measurements II 105

and III, when compared to the measurement conducted 106

in the habitual posture (I), although this difference was 107

not statistically significant (p = 0.4607). The asym- 108

metrical backpack load resulted in a significant reduc- 109

tion of thoracic kyphosis (GKP: p = 0.040). The post- 110

hoc test for parameter GKP showed differences be- 111

tween the measurements I and II (p = 0.021). Detailed 112

results are shown in Table 3. The thoracic kyphosis an- 113

gle (KKP) and parameters for lumbar lordosis (KLL, 114

GLL) did not reveal any significant changes during 115

asymmetrical load. The cervical spine depth increased, 116

but the increase in this parameter was not statistically 117

significant (GKS: p = 0.462). The upper thoracic re- 118

gion angle increased between the measurements. The 119

difference (GAMMA = 0.054) identified a trend; how- 120

ever, this difference was not statistically significant. 121

6. Discussion 122

The results of our study revealed a significant flat- 123

tening of thoracic kyphosis when the backpack was 124

worn on the participant’s right shoulder. There was a 125
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Table 3
Post-hoc test Wilcoxon signed-ranks test for GKP parameter

TKD Measurement I Measurement II Measurement III
Measurement I − 0.0021 0.3042
Measurement II 0.0021 − 0.2304
Measurement III 0.3042 0.2304 −
Statistically significant difference (p < 0.05).

tendency for deepening of cervical lordosis; however,126

the difference was not statistically significant. Other127

parameters did not reveal any clear differences be-128

tween measurements I, II and III.129

An asymmetrical backpack load equal to 10% of130

body mass resulted in a tendency for an increase in the131

upper thoracic spine curvature and to move the head132

forward in our study population, creating flattening of133

thoracic kyphosis.134

The effect of backpack load has been discussed135

by numerous authors [5,13]. However, most authors136

have studied the effect of symmetrical load [1,6,14–137

16], even though most children declare that they carry138

their backpack asymmetrically [17]. Only a few stud-139

ies regarding the problem of influence of backpack140

load on spine have been published. Negrini et al. found141

that an asymmetrical backpack load of 8 kilograms142

leads to an increase in the thoracic kyphosis angle and143

lumbar lordosis angle in comparison to a symmetrical144

load, which, in practice, means the flattening of these145

curves [19]. Flattening of the physiological curvature146

of the spine reduces the amortisation function of the147

spine, which may lead to degenerative changes in the148

intervertebral disc in the future and pain during adult-149

hood [20,21].150

Our study is the first to measure the dimensions of151

all anterior-posterior curvatures, the curvature angles152

and the bending of the whole trunk. In addition, our153

study required children to use the same backpack that154

they carried on an everyday basis, rather than substi-155

tutes provided by the study. The substitutes would load156

the spines similarly, but would not create an identi-157

cal biomechanical situation as an everyday backpack158

would.159

Postural disorders and postural changes are very160

common in schoolchildren [6,22,23]. The causes of161

trunk deformations are still ambiguous and therefore162

all studies of the various effects on spinal biomechan-163

ics of the spine appear to be legitimate. Backpack over-164

load is also common [24,25]. Our results show that165

even a backpack load equal to 10% of body mass166

leads to negative postural changes. In recent years, one167

of the most common sagittal plane changes in chil-168

dren has been the flattening of thoracic kyphosis and169

forward bending of the head due to several factors. 170

These changes can be observed during physiotherapy 171

and during the screening process. In the scientific lit- 172

erature, to date, no study has proven the reasons be- 173

hind such changes. One can only assume that this is 174

related to the sedentary lifestyle and gradual decrease 175

in physical activity in children. Our study shows that 176

carrying the backpack asymmetrically increases both 177

of these changes, irrespective of whether the backpack 178

is carried on the left or right shoulder. Korovessis et 179

al. [26] noted a statistically significant correlation be- 180

tween carrying a backpack and thoracic spine pain in 181

children; however, they did not find any connection be- 182

tween symmetrical and asymmetrical load and spine 183

pain. The phenomenon of the flattening of thoracic 184

kyphosis has been increasingly observed in young pa- 185

tients visiting orthopaedists with thoracic and lumbar 186

spine pain. The flattening of the curvatures may lead to 187

an increase in forces affecting the spine and a decrease 188

in the spine biomechanical endurance. The flattening 189

of thoracic kyphosis is a risk factor for scoliosis [27]. 190

However, this issue requires further research. It should 191

be remembered that it is not just the backpack load, but 192

also the length of time spent carrying the backpack that 193

plays an important role [24]. Authors in previous stud- 194

ies have not taken into consideration changes in postu- 195

ral parameters over time. The continuation of existing 196

research will broaden their examination of changes in 197

body posture under the influence of time and the effect 198

of time spent with the load on the spine on those pa- 199

rameters characterising the behaviour of the body. Our 200

research will continue to measure the chosen postural 201

parameters with a decreasing load starting from 10% 202

of body mass, to establish what kind of load is safe for 203

the spine. In addition, future studies should compare 204

the impact of asymmetric and symmetric loads. The 205

results of this study, along with conclusions drawn by 206

other authors, show that tolerance limits for carrying 207

loads for children must be set more carefully. 208

In many countries, children carry excessive loads in 209

their backpacks on a daily basis. In most schools, stu- 210

dents are not able to leave their textbooks and school 211

items at school, meaning that they are required to carry 212

them to school every day. The distance that the chil- 213
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dren walk daily with a backpack is very long, espe-214

cially for children residing in rural areas who cannot215

reach their schools by bus. The cost of purchasing cab-216

inets for schools is very low in comparison with the217

amount that must later be spent from the national bud-218

get to remedy the consequences of carrying excessive219

loads for prolonged periods of time; that is, to treat220

postural deformities and spinal pain among children.221

It is also necessary to introduce educational programs222

for both children and teenagers, informing them about223

the rules of ergonomics and how to adhere to them in224

a school environment, as well as providing informa-225

tion regarding the negative consequences of not adher-226

ing to those rules [28,29]. Primary schools should in-227

troduce regular screening for the assessment of posture228

and weight of the backpack, which should be carried229

out by qualified physiotherapists. This should also in-230

volve providing a series of educational programs for231

students, parents and teachers who should monitor the232

efficiency and effectiveness of these educational pro-233

grams during the school year.234

7. Conclusions235

Considering the gravity of the matter, children236

should be educated on ergonomics as a part of their237

school programme, including instructions on carrying238

a backpack and the effects of disregarding the basic239

rules on body posture. The acceptable backpack load,240

which is currently believed to be 10% of the child’s241

body mass, should be carefully considered. Our own242

results show that even a small load may induce nega-243

tive changes in body posture.244
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