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ABSTRACT

Background: Musculoskeletal disorders, an increasing concern among school going children, primarily affect muscles
and tendons. They lead to secondary damage to nervesand joints in the neck, upper back, shoulders, arms, and hands,
etc. The objective of this study was to determine the association of carrying heavy school bags with musculoskeletal
discomfort among primary school childrenin government schools of Islamabad, Pakistan.

Material and Methods: This cross-sectional survey was conducted in different government schools of Islamabad,
Pakistan from June 2018 to November 2018. After an informed consent from parents, 377 healthy school going children
aged 6-14 years were included in this study. Data was collected through Backpack Questionnaire. Chi square test was
used to compare the frequency of musculoskeletal discomfort with demographic characteristics and backpack-related
features. P-value less than .05 was considered statistically significant.

Results: Mean age of the school children was 9.49 + 1.53 years with 179 (46.9%) male and 203 (53.1%) female students.
Majority of students (89.8%) were found with school bags more than 15% of their body weight. Shoulder pain was the
most commonly reported complaint (67.3%). There was a significant association between pain and perceived backpack
weight (P=.001), and between pain and self-perceived posture (P=.001). Leaning forward (66.2%) was the most
commonly adopted posture followed by leaning sideways (15.4%) and stooping (2.9%), respectively. The association
between pain and duration of carrying backpack from home to school was insignificant (P=.055) in contrast to pain and
duration of carrying bag from school to home (P=.007), respectively.

Conclusions: Musculoskeletal discomfort was found commonly among primary school children with shoulder pain being
the most frequent, as maximum students were carrying heavy school bags.
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Introduction

The way a society treats its children speaks a lot
about its soul.! Children of today are adults of
tomorrow. Worldwide there is an increasing
concern, about the musculoskeletal health of school
going children.? Early morning, it is a common sight
to see children going to their schools hunched over
due to heavy weight of their school bags.?
Musculoskeletal discomfort occurs due to repetitive
injury to musculoskeletal system overtime. It
primarily affects muscles and tendons and causes
secondary damage to nervesand joints in the neck,
upperback, shoulders, arms,and hands.* Worldwide
more than 90% of school going children use
backpack. Ideal posture is the one in which there is
minimum amount of stress and strain and facilitate

maximum efficiency of the body.>

According to the Bone and Joint Decade, more than
2 million children between the ages of 5 to 14 years
are treated yearly for musculoskeletal conditions
estimating more than $7 billion.® Studies have
shown that 10-30% of Healthy teenage children
experience low back pain.*® A study conducted by
Talbott et al. in University of Cincinnati College,
Cincinnati USA reported pain in 33.5% of the
students, while wearing backpack.”

There is evidence that the presence of
musculoskeletal disorders (Including neck, shoulder
and low back pain) in childhood and adolescence is
a significant risk factor for the development of such
symptomsin adulthood.® That is why it is important
to identify these health problems at an early stage,
so that its consequences in later life can be

prevented.?

Human growth is at a climax during puberty and
growth of appendicular skeletal system comes to a
halt around 18 years for males and 16 years of age
for females.* When wearing backpack, the centre of

gravity shifts posteriorly. To compensate for the
shift, body leans forward causing muscular distress.
This postural shift is likely to cause tissue damage
and has been linked with spinal pain.* When the
backpack is carried on one shoulder, to achieve a
stable position there is a lateral trunk shift. This
temporary alteration in the spinal curvature is
termed as Functional scoliosis.®

Grimmer et al. found notable relationship between
the weight of the school bag and forward head
posture measured as the CVA (craniovertebral
angle). Significant changes were observed in the
CVA (5.23°) with a 10% body weight backpack load
among children with complaints of neck pain.®

According to American Physical Therapy Association
guidelines, weight of the school bag should be 10-
15% of body weight, while the American Academy
of Paediatrics approves 10-20% of bodyweight.X’
Literature shows that school bags with weight more
than 20% of body weight causes back pain,
increased deviation angle of upper body and
cardiorespiratory changes.’

Studies have proposed that wearing backpack on
both shoulders is the safest method and
recommend that straps of the school bag should be
padded and

anthropometric

adjustable according to child’s

measurements. A  standard
backpack should have chest and waist strap to
reduce the force of centre of gravity acting on
shoulders. Backpacks with suitable padding
decrease the risk of sharp objects poking into the
back. Backpack should be at the level of dorsum
with adjustable straps fitted tightly. As loose straps
can increase the risk of injuries and may lead to
kyphosis and lordosis.®

This study was designed to explore different
features of school bags, methods and duration of
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carriage, self-perceived pain and posture as well as
self-perceived weight of theschoolbag. Contraryto
previous researches which were conducted on
secondary schoolstudents, this study will target the
primary school students in government schools of
Islamabad, Pakistan.!

Materialand Methods

This cross-sectional survey was conducted in
different government schools of Islamabad, from
June 2018 to November2018. A sample size of 377
was calculated through Rao software. Non-
probability convenient sampling technique was
used to select participants for the study. All healthy
primary school children of both genders, aged 6-14
years were included, while children with impaired
cognition or any musculoskeletal deformities were
excluded from the study. A written informed
consent explaining the purpose of the research
study, its methodology and agreement for voluntary
participation was signed by parents of all the
participants. The confidentiality of the acquired
data was affirmed on the consent form. Approval
from the Federal Directorate of Education,
Islamabad was taken to gain access to the different
government schools of Islamabad for carrying out
this research.

Height and weight of each student, and the weight
of full school bag including all additional items
brought by the students were measured. The
guidelines of American Physical Therapy Association
stating that weight of the school bag should be 10-
15% of body weight were followed. Height was
measured using measuring tape and body weight
was measured using Camry Analog Weight Scale
machine.

The questionnaire used in this study was taken from
the study by Talbot et al.”, a modified version of the
survey by Grimmer and William. The original tool

collected information on the backpack's
characteristics, wear time, after-school activity,
medical conditions, and symptoms. The questions
were related to backpack characteristics (straps,
belts, wheels) and methods of carriage (one
shoulder, two shoulders). Self-perceived weight was
indicated by students as being light, medium or
heavy. The number of times back-pack was carried
both to school and from school was used to record
carriage times. Posture was assessed by perception
of position and the perception of time spent
standing upright.
perception of pain as well. Questionnaire was filled
by the researcher on behalf of the children. Data

There were questions on

was analysed using SPSS version 21.0. Chi square
test was used to compare the frequency of
musculoskeletal discomfort with demographic
characteristics and backpack-related features. P-
value less than .05 was considered as statistically

significant.

Results

Of the 377 primary school children included in this
study, 46.9% (n=179) were malesand 53.1% (n=203)
females. Mean age of students was 9.49+1.53 years
with an age range of 6-14 years. Anthropometric
measurements of the participants, and school bag-
related parameters are shownin Table I.

Table I: Anthropometric and school bag related
parameters

Parameters Mean * SD
Age (years) 9.49+1.53
Weight of the students (kg) 27.12+7.49
Height of the students (m) 1.62 +.27
Weight of the school bags (kg) 6.33+2.08
Weight of the school bailgs in 2425+ 8.15
percentage of body weight (kg)

Body mass index (kg/m?) 16.63+2.96

kg-kilogram; m-meter; SD-standard deviation

Almost all of our study participants used backpacks
(99.5%). Various features of backpacks including
waist belt, chest strap, wheels, adjustable shoulder
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straps and padded shoulder straps were inquired
from children. Among all the characteristics, most
commonly used backpack features were adjustable
(98.7%) and padded shoulder straps (91.4%). Most
of our students had school bags with no waist belt
(99.5%) and chest strap (98.2%).

Majority of the students (83.2%)in this study carried
their bags on both shoulders with only 8.1% children
carrying bags over the right shoulder. When
students were asked about the reason for carrying
backpacks in a certain way, comfort (74.1%) and
habit (25.9%) were the more common responses.

Almost half of the students (56.5%) were always
bent-overwhen carrying their backpacks while 22%
children carried their bags with a straight posture
most of the time and only 1.3% always had a straight
posture. Regarding self-perceived posture, leaning
forward was the most common response (66.2%)
while

followed by leaning sideways (15.4%),

stooping was foundin only 2.9% of the children.

Students were asked to self-rate the weight of the
bag. Approximately 59.7% of the students perceived
their backpack weight as heavy, 21.5% as medium
and only 18.8% as light. Weight of the school bag
calculated in percentage of students’ body weight is
shown in Figure 1. The commonly reported sites of
pain are shownin Figure 2.

Weight of the school bag in percentage
of body weight
100.00% - B9.B0%
30.00% -
60.00% -
40.00% -
20,008 - > 80% 7.30%
0.00% T _
Less than 10% 10-15% More than 15%

Figure 1: Weight of the school bag in percentage of
body weight of the study participants.

For more accurate examination, respondents were
also given a checklist to identify any pain
experienceddue towearing schoolbagsin areas like
upper back, legs, arms and lower back. Both upper
(39.8%) and lower back pain (37.4%) were reported.
Leg pain was also more frequent (33.8%) in
comparison to arm (18.1%) and neck pain (17.3%).
Less common symptoms included muscle soreness,
tingling in arms and legs and others.

Sites of pain

¥ Shoulder
B Lower back

Neck
0.30%

3.40%

No pain

Figure 2: Commonly reported sites for pain

Difference in pain threshold among males and
females were also observed. Females (76.35%)
experiencedmore pain than males (62%). There was
significant association between pain and perceived
backpack weight (P < .001) and pain and self-
perceived posture (P < .001). The association
between pain and duration of carrying backpack
from home to school was insignificant (P=.055) in
contrast to pain and duration of carrying bag from
school to home (P=.007).

Discussion

In the present study, most of the primary school
students reported to have bags with no waist
(99.5%) and chest belt (98.2%), respectively. These
components of a standard backpack help to
minimize the forces of gravity. The students were
found with heavy backpack mainly because they
were carrying too many text books.® Only 2.9%
students in our study had backpacks weighing less
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than 10% of their bodyweight, 7.3% had backpacks
between 10-15%, while majority (89.8%) were
found with backpacks exceeding 15% of
bodyweight. Similar results were reportedin a study
by Shahid et al., in which only 7% students were
observed in 10-15% limit of their body weight?®
Wearing backpacks with weight more than 10% of
body weight results in significant postural changes
and subjective complaints. Although there is
evidence thatthe use of inclinometer or goniometer
is a better tool for posture analysis, but there has
been established validity among the children with
scoliosis about the perception of the presence or
absence of deformities.*?

Self-perceived posture was evaluated among
children and 66.2% reported leaning forward while
wearing backpacks. Similarly, in a study by Rubina et
al.,, 58.5% of students exhibited forward lean
posture while carrying backpacks. Due to the
changesin the center of gravity while carrying heavy
objects, the body compensates by leaning forward.
This postural shift is likely to cause tissue damage
and is the reason behind spinal pain.?3

In this study, 69.6% of the students reported “yes”
to “any pain present at the current time while
wearing backpack”. Pain is a subjective measure.
Perception of pain is a multi-factorial phenomenon
and many psychosocial factors are associated with
it, for example, time spent watching TV, family
history, tight hamstrings and tight quadriceps.® The
perception of pain in this study could also be
influenced by any one of these factors.

Regarding common sites of pain, 67.3% reported
shoulder pain. Thisis in contrastto a study by Shahid
et al. in which 93.8% students reported shoulder
pain  while study
participants did not report any pain while carrying
their bags from home to school, however a
significant association was reported on the way back
from schoolto home. Thisfinding has been reported

carrying backpacks.®2 Our

by other studies showing a positive association
between duration of carrying school bags and pain.®
We also found a significant association between
pain and self-rating of the bag and pain with self-
perceived posture. Similar
reported by Talbott et al.”

results have been

Gender differences in reporting of pain were also
observed in our study with 76.35% of females and
62% of males experiencing current pain while
carrying their bags. These findings are similar to
those documented by Grimmer et al., Dianat et al.
and Younget al., suggesting that the recommended
weight limit should not be the same for boys and
girls. That limit needs to be lowerfor girls. %1214

In contrast, Watson et al. showed that mechanical
factors (weight of the school bag) are not
significantly associated with low back pain in school
children, and suggested that psycho-social factors
are more important.’> Similar results have been
reported by Perrone et al., as students carried over
15% of bag weight which caused biomechanical and
physiological adaptations that could increase
musculoskeletalinjury risk and discomfort.1® Batista
et al. also found that almost half (47.7%) of the
students evaluated carried a weight of more than
10% of theirbody weight.” The findings by Akbar et
el. also shows significant association between
perceived bag pack weight and pain, and the pain is
essentially higherin females.®

Over 70% of the subjects had a schoolbag that
exceeded the recommended 10% bag weight to
body ratio. A total of 32% of the sample complained
of back pain, with 74% of these definingit as low in
intensity. Gender, body mass index (BMI), school
and bag weightto body weight ratio was statistically
related to back pain. Self-reported back pain in
schoolchildren is independently linked to carrying
heavy schoolbags.’®* Growing children are not
sufficiently developed in terms of their skeletal and
bone structure to tolerate the stress and physical
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demand of carrying a school bag that led to
musculoskeletal disorders.?° The mean pressure on
the body is increased with heavier loads. It is also
proposed that with increasing load, there is an
increase in the mechanical load and a change in the
spatiotemporal parameters of the gait due to
carrying the heavy backpack.?!

Conclusion

Musculoskeletal discomfort, especially shoulder
pain was common among primary school children
due to carrying heavy school bags, more than 15% of
their body weight. Gender was an independent
factor, but females perceived more pain as
compared to males. There was a significant
association between pain and perceived backpack
weight, self-perceived posture and time duration of

carrying bag.

Recommendation

Weight of the schoolbag should be strictly limited to
10% of body weight and backpacks with proper
chest and waist straps should be used to reduce
compression forces. The students should be guided
to wear backpack at the level of dorsum. Seminars
should be arranged on the National School Backpack
Awareness Day celebrated annually in the third
week of September. Students should be allotted
lockers by the school and strictly restricted to bring
books according to time table.
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