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ABSTRACT

Introduction: Musculoskeletal disorders represent a significant problem of modern society which are more pronounced in
young people and school children. Etiology of these disorders is found in inadequate ergonomic conditions, too heavy school
bag, school furniture inadequate to age, poor posture, sedentary lifestyle, reduction of physical activity and lack of exercise.
Material and methods: This cross-sectional study included 1315 pupils aged 8- 12 years. As a method was used “cluster sample” in
the selection of subjects. The survey was conducted by questionnaire containing information on the demographic and individual
characteristics of participants (age, gender, class), the manner and style of life and the performance of school tasks, followed
by standardized Nordic questionnaire. The following parameters were measured: body height and weight for each student, and
the weight of full and empty school bag that students that day brought to class. Results: The incidence of musculoskeletal pain
regardless of localization was 48%. There is a statistically significant correlation between acute pain in the right shoulder and
total weight of school bags, duration of caring the bag in school and time of wearing bag from school to home but not with the
manner in which school bag was carried. Acute pain in the right shoulder and acute neck pain were significantly associated with
the duration of sitting in school or in front of a computer at home. Acute pain in the shoulder negatively correlated with BMI
percentile value of the respondents. Acute pain in the neck is also significantly associated with the weight of a full school bags,
as well as time spent sitting at home doing homework. Acute back pain is statistically significantly correlated with the weight of
school bags and duration of sitting periods in school. Conclusion: The prevalence of musculoskeletal pain, particularly chronic
pain in school children aged 8-12 years is high. Weight of school bags, manner in which the bag is carried to and from school,
duration of carrying bags, time spent sitting in the school and in front of the computer, duration of sitting and posture during
homework, body mass index are ergonomic reasons for the development of musculoskeletal pain.

Key words: musculoskeletal pain, school age children, ergonomic factors.

1. INTRODUCTION

Musculoskeletal disorders represent a significant prob-
lem of modern society which are more and more pro-
nounced in young people and children of school age (1). The
frequency of musculoskeletal pain depends on the age of
respondents, methods and definitions of pain and ways of
collecting data. Research indicates that about 53% of adoles-
cents experienced musculoskeletal pain at least once in their
lifetime, while 15% had persistent musculoskeletal pain at
least once a week (2, 3). Musculoskeletal pain has a negative
impact on the emotional and physical well-being of children
but its cause is still poorly understood (1). Etiology of these
disorders is found in: inadequate ergonomic conditions, too
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heavy school bag, school furniture maladjusted to children,
poor posture, sedentary lifestyle, reduction of physical ac-
tivity and lack of exercise (4-6). At the onset of symptoms
affecting also the emotional, social and behavioral factors,
as well as the emergence of other somatic symptoms such as
headache, stomach pain and sleep problems (13). The estab-
lished risk factors in different studies are often contradictory
(1). A prospective study of high school students found that
physiological risk factors have more influence than physi-
cal on the occurrence of pain in the limbs and neck (7. 8).
Significantly, the research of this problem in young children
can give us additional insight about the early factors con-
tributing to musculoskeletal pain in adults (1).
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Universal factors affecting the incidence of musculoskel-
etal disorders in children can be divided into three groups,
heavy school bag, furniture design that is not suitable by its
dimensions to the body and inadequate posture when sit-
ting (4). Wearing heavy school bags can be a risk for acute,
short-term and chronic, long-term health problems (9, 10).
The effects of heavy school bags and way of carrying is
harmful not only for the back and spine, but also for other
parts of the musculoskeletal system (11, 12).

Frequent musculoskeletal disorders in the majority of
children are manifested only occasional limiting movements
with pain and usually have little clinical implications. How-
ever, in a small number of children these symptoms may be
persistent and recurrent, leading to chronic musculoskeletal
pain and other consequences. The key preventive measure
is to identify precisely those children who could have long-
term consequences (13). In the scientific literature of Bosnia
and Herzegovina there are no epidemiological studies that
deal with issues of musculoskeletal pain in children and
various ergonomic factors. The goal of our study was to in-
vestigate the epidemiological indicators of musculoskeletal
disorders in children and to determine their association with
different ergonomic stress.

2. MATERIAL AND METHODS

Cross-sectional study included 1,315 primary school
students, aged 8-12 years (652 boys and 663 girls) selected
randomly from 13 schools, from all 13 municipalities in
Tuzla Canton (Most populated Canton in Bosnia and Her-
zegovina). The survey was conducted during the period
September—December 2015. The method that was used is
“cluster sample” in the choice of subjects: random selection
of 2-5 students one class repeatedly over 1 lecture (average
daily number of lectures 4-5), and 20 was selected from each
class, while from each educational institution is selected a
total of 100 students who attended from 3 to 7 grade. Exclud-
ing factor for respondents was the existence of congenital or
acquired deformities and physical disorders (children who
use wheelchairs, diagnosed with child musculoskeletal
disease, determined disparity between the lower extremi-
ties, problems with the foot etc.). The study was approved
by the Ministry of Education, Science, Culture and Sport
of Tuzla Canton.

Prior to inclusion into the survey, respondents were
provided with appropriate information, which explain the
purpose, objectives and significance of the research. The
survey was conducted by specially designed questionnaire,
while diagnostic anthropometric measurements were made
by two examiners. The questionnaire consisted of three
parts. The first part consisted of data on demographic and
individual characteristics of participants (age, gender, class),
the second part is related to the assessment of the way and
style of life and the performance of school tasks compared
with ergonomic strain and the third part was standardized
Nordic questionnaire for the analysis of muscle bone symp-
toms specially adapted for children’s age (14). The survey
was conducted on a voluntary basis with respect for ethical
provisions of student’s anonymity.

After the survey was carried out anthropometric mea-
surements of the following parameters: body and body
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weight for each student, and the weight of full and empty
school bag that students that day took in school. Body height
and weight were measured using scales GIMA model 27310
Astra. The scale is calibrated before each measurement.
The obtained values of body weight and body height were
used to calculate body mass index (BMI) as a ratio of body
weight (kg) by the square of height (m). In order to assess the
nutritional status of patients BMI values are expressed as a
percentile value for the appropriate age and gender (15). In
children, the BMI changes with age. The risk of developing
obesity has children which is a BMI above the 85" percentile,
and obese those with BMI greater than 95 percentiles for age.

Statistical analysis: To analyze the results was used
the standard Statistical Package for Social Sciences (SPSS)
version 19.0. Statistical analysis used standard methods of
descriptive statistics. To test the statistical significance of
differences of selected variables were used x2-test and t-test.
For multivariate analyzes was used non-parametric Spear-
man’s correlation test. Statistical analysis was performed
with a confidence interval of 95%, a value of p <0.05 was
considered as significant.

3. RESULTS

The mean age of respondents was 11.31+1.483 years,
the average weight of a full school bag was 3.977+0.973 kg,
average time sitting at school is 5.03+0.731 hours, and the
average time sitting in front of computers 1,422+1,343 hours.
Characteristics of patients are shown in Table 1.

+Standard
Characteristics of subjects Mean Deviation

(SD)
Age (years) 11.311 1.483
School class 5.050 1.419
Weight (kg) 41.568 11.712
Height (cm) 146.175 10.605
Body mass index- BMI (m?) 19.169  3.679
Body mass index- BMI (percentile) 60.897 30.832
Empty weight of school bag 0.501 0.068
School bag full weight 3.977 0.973
Hours sitting in school 5.033 0.731
Hours sitting in front of computer 1.422 1.343
Home work sitting time 1.990 1.304
Musculosceletal pain 1.474 0.499
The frequency of pain when carrying bag 2.661 1.291
Time carrying bag to school 2.721 1.319
Time carrying bag from school 2.757 1.339
Position change carrying bag 1.293 0.455

Table 1. Characteristics of all respondents (n= 1315)

The frequency of musculoskeletal pain regardless of
localization was 48%. The analysis of the localization of
pain on the body, we recognize that dominate acute in 15%
and chronic pain in both shoulders in 22%. Acute pain in
the right shoulder has a frequency of 19% and left only 1%
(children are right-handed). Acute and chronic pain in the
neck has the same prevalence, but which is high for this age,
or 17%. Alarmingly high frequency also had presence of
chronic back pain-16%, and chronic pain in the chest-12%
(Table 2).

Estimated is also the association of acute musculoskeletal
pain in patients and various ergonomic load (Table 3). There
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. Number  Prevalence Correlation between musculoceletal ~ Spearman cor-
Musculosceletal pain o . - . P-value
(n) % pain and ergonomic risk relation factor
Musculosceletal pain 624 48 Musculosceletal pain and age 0.209 <0.000
Acute neck pain 61 17 Musculosceletal pain and sex 0.120 <0.000
Chromc. neck pain . 221 17 Acgte neck pain and school bag full 0.137 <0.000
Acute right shoulder pain 247 19 weight
Acute left shoulder pain 15 1 Acgte right shoulder pain and empty 0.017 0.540
Acute both shoulder pain 193 15 weight ?f school bag -
Chronic right shoulder pain 42 3 Ccu';e lll'lgh'F s:toulder pain and school 0.076 0.006
Chronic left shoulder pain 23 2 Aagtubwelig o and school baa full
Chronic both shoulder pain 291 22 cute back pain and school bag fu 0.151 <0.000
e . weight
Chron!c right elbow p.aln 23 2 Acute right shoulder pain and way of 0016 0.552
Chron!c left elbow palr? 7 5] carrying school bag . .
Chronic both elbow pain 12 9 Acute left shoulder painand way of ) o/ 0111
Chronic wrist pain 12 9 carry]ng school bag : :
Chronic chest pain 158 12 Acute right shoulder pain and time
Chronic back pain 214 16 carrying bag to school 0.079 0.004
Chronic pain in the hip 50 4 Acutg right shoulder pain and time 0.089 0.001
. carrying bag from school
Table 2. Prevalence of musculosceletal pain among - —
allrespondents (n=1315) Acute neck pain and hours sitting in 0.100 <0.000
the school ) )
is a statistically significant correlation between acute pain in Acute right shoulder pain and hours ¢ ;54 <0.001
he rieht shoul full weieht of school sitting in the school
the right shoulder and full weight of school bags (p=0.001); "~ _ 2 \eft shoulder pain and hours 0.008 06
acute pain in the right shoulder and bag carrying time to sitting in the school : :
school (p=0.004); acute pain in the right shoulder and car-  Acute back pain and hours sitting in
. . . 0.209 <0.000
rying time of bags from school (p=0.001). There was no sig- _the school
nificant correlation between acute pain in the right shoulder ~ Acute neck pain and hours sitting dur-
. 0.102 <0.000
. L. . ing home-work
and manner of carrying school bags. Acute pain in the right A oht shoulder oain and b
shoulder and acute neck pain were significantly associated cute right shoulder pain and hours 4 15 <0.000
. . N . sitting in front of computer
with the duration of sitting in school (p=0.001) orin front of "4+ 1eft shoulder pain and hours 0.025 0145
a computer at home (p=0.001). An interesting result revealed sitting in front of computer : :
that the acute pain in the shoulders negatively correlated  Acute back pain and hours sitting in 0.033 0.234
with BMI percentile value of the respondents. Acute pain ~_front of computer ' '
in the neck was also significantly associated with the full ~ Acute neck pain and BMI -0.044 0.109
weight of school bags (p=0.001), as well as the time spent ~Acute shoulder pain and BMI -0.017 <0.001
Acute back pain and BMI -0.046 0.093

sitting at home doing the homework (p=0.001). Acute back
pain is statistically significantly correlated with the weight
of the full school bags (p=0.001), and duration of sitting in
school (p=0.001) (Table 3).

4.DISCUSSION

The frequency of musculoskeletal pain among school
children in our study is similar to results of other authors
(17-23). The most common locations of pain include the neck,
shoulders and back which is consistent with our results
(24, 25, 26). In our results, the prevailing is chronic pain in
shoulders - 22%, the neck - 17% and back - 16%. In a study
conducted in the Netherlands was recorded much lower
prevalence of chronic pain in the shoulders of 11.5% and
7.5% in the neck (27). On the other hand, the representation
of pain in the shoulders and neck in children in China was
41.1% (28). The incidence of chronic back pain ranged from
39% to 76.4% (19). Our results are slightly lower with the
prevalence of back pain of 16%.

Prolonged sitting in school and at home, in front of com-
puters and while doing homework is important ergonomic
factor leading to musculoskeletal disorders in children (20,
21, 29). Our results have also shown that prolonged sit-
ting leads to pain in the neck, right shoulder and the back.
Children who are not physically active, especially if they
spend leisure time in a seated position are at increased risk
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Table 3. Association between ergonomic factors and
musculosceletal pain among all respondents (n= 1315)
for developing postural deformities (21). Children in school
are sitting 95% of time, and at home in front of the computer
about 1.5 hours as shown by our research. In fact, children
on average are sitting 5 hours at school and about 1.4 hours
in front of computers (22, 23). Duration of seating alone, is
probably not important, but also the fact that children are
sitting in the inadequate posture where their torso, back and
neck are flexed or rotated for longer periods of time is being
partly caused by an non ergonomic furniture design (4,29).
The weight of full school bag in our study was 3.97+0.977
kg and it is positively correlated with the pain in the neck,
right shoulder and back. A study conducted in Iran showed
that school bag has an average weight of 2.9 kg (lighter than
the bags of our respondents) causes pain in 80% of students
(13). To prevent complications of carrying heavy school bags
most experts recommended that the weight of school bags
does not exceed 10-15% of the body weight of the child, and
also requires adequate ergonomic design of the bags and
manner of its carrying, lockers in schools and libraries (11).
Acute pain in the shoulder is correlated with BMI which is
contrary to international studies that have not confirmed
such relation, or body mass index is not a contributor to
musculoskeletal pain in children.
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5. CONCLUSION

The prevalence of musculoskeletal pain, particularly
chronic pain in school children aged 8-12 years is high.
The weight of school bags, manner in which children carry
bags to and from school, duration of carrying bags, dura-
tion of periods while sitting in the school and in front of the
computer, duration of sitting and posture during making
homework, body mass index are ergonomic reasons for the

development of musculoskeletal pain.

Conflict of interest: None declared.

REFERENCES

1. El-Metwally A, Salminen JJ, Auvinen A, Macfarlane
G, Mikkelsson M. Risk factors for development of non-
specific musculoskeletal pain in preteens and early
adolescents: a prospective 1-year follow-up study. BMC

Musculoskelet Disord. 2007; 46(8): 1-8.

2. Mackenzie WG, Sampath ]S, Kruse RW, Sheir-Neiss
GJ. Backpacks in children. Clin Orthop Relat Res. 2003;

409: 78-84.

3. Qvindesland A, Jonsson H. Articular hypermobility in
Icelandic 12-year-olds. Rheumatology. 1999; 38: 1014-6.

4. MasieroS, Carraro E, Celia A, Sarto D, Ermani M. Preva-
lence of nonspecific low back pain in schoolchildren aged
between 13 and 15 years. Acta Paediatr. 2008; 97(2): 212-6.

doi: 10.1111/§.1651-2227.2007.00603.

5. Mohd AK, Zailina H, Shamsul BMT, Nurul AMA, Mohd
AMN, Syazwan Al Neck, upper back and lower back
pain and associated risk factors among primary school

children. ] App Sci. 2010; 10(5): 431-5.

6. Motmans RR, Tomlow S, Vissers D. Trunk muscle activ-
ity in different modes of carrying schoolbags. Ergonom-

ics. 2006; 49(2): 127-38.

7. Ehrmann FD, Shrier I, Rossignol M, Abenhaim L. Work
is a risk factor for adolescent musculoskeletal pain. J Oc-

cup Environ Med. 2002; 44: 956-61.

8. Wedderkopp N, Kjaer P, Hestbaek L, Korsholm L, Leb-
oeuf C. High-level physical activity in childhood seems
to protect against low back pain in early adolescence.

Spine Journal. 2009; 9(2) 134-41.

9. McEvoy MP, Grimmer K. Reliability of upright posture
measurements in primary school children. BMC Mus-

culoskelet Disord. 2005; 6(35): 1-10.

10. Penha JP, Jaoh Amado SM, Casarotta RA, Amino JA,
Penteado DC. Posstural assessment of girls between 7

and 10 years of age. Clinics. 2005; 60(1): 9-16.

11. Pascoe DD, Pascoe DE, Wang YT, Shim DM, Kim CK.
Influence of carrying book bags on gait cycle and posture

of youths. Ergonomics. 1997; 40: 631-41.

12. Colakovié¢ E, Obradovi¢ Z, Colakovié E. Skolska torba je

preteska. Mater Sociomed. 2007; 1(19): 15-8.

13. Mwaka SE, Munabi IG, Buvembo W, Kukkuriza J,
Ochieng J. Musculosceletal pain and schoolbag use:
cross-sectional study among Ugandan pupils. BMC
Researce notes. 2014; 7(222): 1-7. Kuorinka I, Jonsson B,
Kilbom A, Vinterberg H, Biering-Serensen F, Andersson
G, Jorgensen K. Standardised Nordic questionnaires for
the analysis of musculoskeletal symptoms. Appl Ergon.

1987; 18(3): 233-7.

Mater Sociomed. 2016 Jun; 28(3): 164-167 « ORIGINAL PAPER

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

American Academy of pediatrics. Prevention of pedi-
atrics overweight and obesity. Pediatrics. 2003; 112(2):
424-52.

Dianat I, Javadivala Z, Allahverdipour H. School bag
weight and the occurrence of shoulder, hand/wrist and
low back symptoms among Iranian elementary school
children. Health Promot Perspect. 2011; 1: 76-85.
Balagué F, Skovron ML, Nordin M, Dutoit G, Pol LR,
Waldburger M. Low back pain in schoolchildren. A
study of familial and psychological factors. Spine. 1995;
20(11): 1265-70.

Chiang HY, Jacobs K, Orsmond G. Gender-age environ-
mental associates of middle school students’” low back
pain. Work. 2006; 26(2): 197-206.

Whittfield ], Legg SJ, Hedderley DI. Schoolbag weight and
musculoskeletal symptoms in New Zealand secondary
schools. Appl Ergon. 2005; 36(2): 193-8.

Kovacs FM, Gestoso M, Gil del Real MT, Lépez ], Mu-
fraggi N, Méndez JI. Risk factors for non-specific low back
pain in schoolchildren and their parents: a population
based study. Pain. 2003; 103(3): 259-68.

Kedra A, Czaprowski D. Epidemiology of back pain
in children and youth aged 10-19 from the area of
the southeast of Poland. Biomed Res Int. 2013; doi:
10.1155/2013/506823 (6 pages).

Troussier B, Davoine P, de Gaudemaris R. et al. Back pain
in school children. A study among 1178 pupils. Scand ]
Rehabil Med. 1994; 3: 143-6.

Adar BZ. Risk factor of prolonged sitting and lack of
phisical activity in relate to postural deformities, muscul-
tension and backache among Israeli children: A clinical
cross sectional research. Doctoral thessis, Semmelwes
University Budapest, 2004.

Lafond D, Descarreaux M, Normand MC, Harrison
DE. Postural development in school children: a cross-
sectional study. Chiropr Osteopat. 2007; 4: 15-21.
Lockhart RA, Jacobs K, Orsmond G. Middle school
children’s participation in activities and the effects of
pain from backpack use on participation. Work. 2004;
22(3): 155-68.

Mackie HW, Stevenson JM, Reid SA, Legg SJ. The effect of
simulated school load carriage configurations on shoul-
der strap tension forces and shoulder interface pressure.
Appl Ergon. 2005; 36(2): 199-206.

Diepenmaat AC, van der Wal MF, de Vet HC, Hirasing
RA. Neck/shoulder, low back, and arm pain in relation
to computer use, physical activity, stress, and depression
among Dutch adolescents. Pediatrics. 2006; 117(2): 412-6.
Talbott NR, Bhattacharya A, Davis KG, Shukla R, Levin
L. School backpacks: it’s more than just a weight problem.
Work. 2009; 34(4): 481-94. doi:10.3233/WOR-2009-0949.
Pranji¢ N, Males- Bili¢ Lj. Lumbalni bolni sindrom u no-
vom radnom okruZzju u eri nove ekonomije: profesionalni
¢imbenici rizika. Acta Medica Croatica. 2015; 69: 49-58.

167



