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ABSTRACT

Background: Backpacks are major cause of health concern and need urgent attention as well as
teacher-parent education. Data from Indian subcontinent is almost non-existent despite of very high
population of school going children.

Materials and methods:744 semi-rural Indian school going children were evaluated for backpack
related problems. Standardized Nordic questionnaire was used for assessment based on responses
given by children. All children belonged to same population strata, however went to different
schools. Children aged 5 to 17 were involved in the study.

Results:395 (53.09%) children had complaints in any region. Shoulder pain was the maximum in
28.09% followed by neck pain in 10.35 %, knee pain (4.84%), low back pain (4.30%) and upper back
pain (3.36%). Girls (n=202) had more complaints as compared to boys (n=193) (p-value= 0.002).
Relative backpack weight of more than 10% was found to be associated with higher incidence of
pain as compares to less than 10% relative backpack weight (p-value<0.001).

Conclusions:Backpack carriage of more than 10% can lead to multiple musculoskeletal problems
especially of neck, shoulder and lower back. Girls are more prone to these problems than boys.
Keywords: Backpack; musculoskeletal pain; school ergonomics; rural India.
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INTRODUCTION

Going to school is a stepping stone for
building a better future. If there were no
schools and no education, the world as it is
today would have been a different place.
However nothing in this world comes without
its demerits. In all parts of the world more and
more children are going to school and health
sector has been keeping an eye on health
related problems in school going children.
However data from the Indian subcontinent is
virtually non-existent despite a very high
school going population.
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One of the major cause of problems in school
going children is backpack. Throughout the
world more than 90% children carry
backpacks to school (1-3). Backpacks are
becoming heavier and heavier over time. In
recent years parents, teachers and health
professionals have become increasingly
concerned with the backpack related
problems that are cropping up all over the
world (2, 4-6).

Many problems related with heavy backpack
carrying have been reported. Shoulder
problems, neck pain, back pain and even
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effects on lower limbs have been seen due to
improper and long term carrying of heavy
backpacks (7-9). Back pain is probably the
most common issue that has been discussed
in relation to back pack related problems (10).
Prevalence of back pain of up to 74.4% was
found by Neiss et al (11). Multiple other
studies have reported a lifetime incidence of
up to 60% of backache due to backpack use
(8, 12-14). Other musculoskeletal problems
have been correlated to different aspects of
backpack use.

Macias et al studied pressure loads and
asymmetrical weight distribution on shoulders
in causing backpack related shoulder and back
problems and concluded that asymmetric and
high pressures exerted for extended periods
of time can cause shoulder and back pain (15).
Weight of the backpack is a major decisive
factor in its causation of musculoskeletal
problems. Backpack as a percentage of body
weight has been studied by various authors in
this respect. However the reported
association has been different for various
studies. Up to 10% have been suggested by
some (16), whereas others like American
associations of  chiropracticians and
physiotherapists have suggested a 15% cutoff
for backpacks (2, 17-19).

This study was conducted to evaluate
backpack related problems in the Indian
subcontinent and to spread the awareness
amongst children, parents and teachers of the
associated problems. This study is important
and its significance lies in the fact that we
could not find any literature on this topic form
the Indian subcontinent which has detailed
this issue and studied it on this scale. This, to
the best of our knowledge is the first study to
do so.

MATERIALS AND METHODS

STUDY DESIGN

This was a cross sectional study conducted in
Indian semi-rural school going children. 744
school going children who used backpacks
were randomly selected for participation in
the study after due consent from their
parents. The study was conducted by two
orthopaedic surgeons on an individual basis,
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hence no institutional board permission was
taken.

PARTICIPANTS

All the children were school going age group
and used backpacks for carrying their books or
other objects to school. Children aged 5 years
to 17 years were included in the study. All the
children belonged to the same semi-rural
population but studied in different schools.

QUESTIONNAIRE

The questionnaire used for this study was
Standardized Nordic questionnaire (20). The
guestionnaire was developed by Kuorinka et
al and is based on the answers given by the
participating individuals in the study, based on
whether they had pain or not in specific body
regions. The questions were developed so as
they can be self-answered or interviewed.
Human body was divided into 9 body regions
in this questionnaire. In our study children
answered most of the questions themselves
while examiners interviewed parents of
younger children for filling of questionnaires.

DATA COLLECTION

The study spanned over one year. All the
children were interviewed randomly by
visiting their schools. All the data was
recorded on the same day. The schoolbags
were weighed using a digital standardized
weighing machine for all the children.

DATA ANALYSIS

Data was recorded in Microsoft Excel
software and sorted for analysis. All analyses
were conducted using Statistical Package for
the Social Sciences (SPSS) version 22 for
windows. For descriptive purposes, percent,
means, and standard deviations were
calculated. Independent t tests were used to
compare two groups. A multinomial logistic
regression was performed to determine which
factors contributed to the occurrence of pain
while carrying a backpack. Separate
regression analysis was done for each body
region. Contingency tables were compared
using Fisher exact test.
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P-value of less than 0.05 was taken as
significant.

RESULTS

744 school children were recruited in the
study. Mean age in the study population was
12.43 years with age range of 5 years to 17
years. 403 males and 341 females formed the
gender distribution of the study. Mean height
of all the children was 143.80 cm and ranged
from a minimum 80 cm to a maximum of 190
cm. The average weight of the children in the
study population was 35.1 kg with a minimum
of 11 kg and a maximum of 87 kg. Average
Body Mass Index (BMI) in the study
population was 16.51. Minimum weight of the
backpack weighed was 0.53 kg going up to a
maximum of 9.82 kg. Average relative
backpack weight for the study population was
15.3%. Table 1 summarizes the distribution of
study population.

TABLE 1

Compared on the basis of gender, mean age
was similar in the two groups whereas height,
weight and BMI was lesser in girls as
compared to boys. The difference was
statistically significant (p-value <0.05). Actual
weight of the school bag and relative weight
as compared to the body weight was higher in
girls as compared to boys and was also
statistically significant (p-value <0.05). Table 2
summarizes the distribution of different study
parameters based on gender. Further more
than 10% backpack weight was carried more
by girls (n = 301) than boys (n = 291). Average
distance travelled to school while carrying
backpack was 1.48 km for girls and 1.35 km
for boys. Table 2 summarizes the descriptive
data for the study based on gender.

Table 1 - Descriptive data for the study population.

Descriptive data for the study

Parameter Total

N= 744

Mean Std. Deviation Min. | Max. Range Median
Age 12.44 2.59 5 17 12 13
Height (cm) 143.82 | 20.29 80 190 110 147
Weight (kg) 35.14 | 12.05 11 87 76 35
BMI 16.52 | 3.10 10.40 | 63.77 | 53.37 16.02
wt of schoolbag 5.00 1.72 0.53 |9.82 9.29 5.01
Relative wt 0.15 0.06 0.01 |0.38 0.37 0.15
<10 % N=152 (20.43%)

>10% N =592 (79.57%)

Distance travelled to school (m) | 1.41 ‘ 0.91 ‘ 0.5 ‘ 10 9 1

Wt — Weight, BMI — Body Mass Index, Std — Standard, Min — Minimum, Max - Maximum

TABLE 2

Total complaints for any region were seen in

395 out of 744 individuals (53.09%). Shoulder
pain was the maximum in 28.09% followed by
neck pain in 10.35%. Knee pain (4.84%), low
back pain (4.30%) and upper back pain
(3.36%) constituted other major areas of
involvement.

When gender comparison was done on the
basis of region involved and occurrence of
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pain, 202 girls had pain in any region
compared to 193 boys. When individual
regions were compared with gender, only
shoulder pain had a significant association
with increased occurrence in girls as
compared to boys (p-value = 0.009). Table 3
summarizes the distribution of different
regions of pain based on gender.
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Table 2 — Descriptive data for the study based on gender.

Descriptive data for the study based on gender

Parameter Boys Girls

N =403 N =341

Mean | Std.Dev | Min. | Max. | Mean | Std.Dev | Min. | Max. | p-value
Age 12.47 2.67 5 17 12.40 2.49 7 17 0.72
Height(cm) 145.76 | 22.12 81 190 141.54 | 17.64 80 169 0.003*
Weight(kg) 35.79 13.12 12 87 34.37 10.60 11 75 0.1
BMI 16.25 2.47 10.40 | 30.49 | 16.83 3.70 11.78 | 63.77 | 0.01
Wt ol 465 | 164 09 (9582 [541 |1.72 0.53 [9.5 |<0.0001*
schoolbag
Relative wt. 0.14 0.06 0.01 |0.34 |0.17 0.06 0.01 | 0.38 | <0.0001*
<10% N=112 N =40 *

> 10% N = 291 N = 301 <0.0001

Distance
travelled to | 1.35 0.82 0.5 5 1.48 1.00 0.5 10 0.08
school (m)

Wt. — Weight, BMI — Body Mass Index, Std. — Standard, Dev — Deviation, Min. — Minimum, Max. —
Maximum, p-value < 0.05 taken as significant, * - Significant p-value. Data compared using
independent t-tests.

TABLE 3

Multiple logistic regression analysis was used
to compare different parameters and the
region of pain in the body. On analysis
statistically significant association was seen

only in height, weight and BMI for neck pain.
Also there was a statistically significant
association for height and shoulder pain.
Table 4 summarizes distribution of pain
regions based on descriptive parameters.

Table 3 - Distribution of pain regions based on gender.

Distribution of pain in various regions based on gender

Boys | Girls Total | Percentage | P-value
Neck 41 36 77 10.35% 0.90
Shoulder 97 112 209 28.09% 0.009*
Elbow 5 3 8 1.08% 0.73
Wrist/hand 2 0 2 0.27% 0.50
Upper back 11 14 25 3.36% 0.31
Low back 16 16 32 4.30% 0.72
Hips/thighs 3 1 4 0.54% 0.06
Knees 18 18 36 4.84% 0.61
Ankles/feet. 0 2 2 0.27% 0.20
Total 193 202 395 53.09% 0.002

P-value < 0.05 taken as significant, * - Significant p-value. Data between the groups analyzed using
Fisher exact test.

TABLE 4
Table 4 - Correlation of pain with descriptive parameters

Multiple logistic regression for pain sites

Parameter Site of pain
neck should | upper low hips/thig | knee | Ankles/fe
er back back hs s et.
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Age 0.49 086 |0.48 047 | 047 059 |0.13
<0.

Height 12 000 | 505+ | 0.49 028 |063 0.08 | 0.19
Weight 0.003* | 0.96 | 046 025 | 065 0.06 | 0.15
BMI 0.04* |067 |088 052 |0092 031 | 0.49
Wt. Of school bag 0.52 051 | 0.16 023 085 050 | 0.88
Relative weight 0.59 092 | 056 094 |o081 0.85 | 0.86
<10 % 0.89 008 | 064 095 | 082 053 | NA
>10 % 033 007 |034 014 | 0.20 033 | 036
Distance travelled to | , 039 |036 0.6 0.36 03 |036
school

P-value < 0.05 taken as significant, * - Significant p-value. Multinomial regression analysis used to

analyze data.

DISCUSSION

Our study of 744 participants was much
higher as compared to many previous studies.
Brandon et al analyzed effect of backpack in
only 10 children (15). While recommending
the backpack load limitation only 20 students
were included in their study by Denise et al
(21). 239 students were studied for backpack
related symptoms by a study on Iranian
students (22). 176 questionnaires were
analyzed by Puckree et al (23).

Pain reported incidence of 53.02% in our
study is similar to other studies which have
reported more than half of their study
population as having pain. 64.2% was
reported by Papadopoulou et al (24). Moore
et al reported pain in 49.2% (19). Much higher
incidence of 74.4% was found in their study by
Neiss et al. Slightly lower incidence of 45.1%
was reported by Shamsoddini et a (22) and
37% by Skaggs et al (25). However it is
significant to understand that almost half or
more have been reported to have pain in
these studies which is a very important
finding and speaks a lot about the effects
schoolbags have on the children.

When the two genders were compared we
found higher incidence of pain in girls (51.1%)
as compared to 48.9% in boys. This difference
was highly significant with p-value of 0.002.
This finding is in agreement to various other
studies which have also found higher
incidences of pain in females as compared to
males (2, 19, 24). However some studies have
reported equal incidence in both males and
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females (26, 27). One study reported more
pain in boys (28).

Our study went a step further and identified
different pain sites. Most of the studies in
literature have either studied only backache
or limited regions of pain (11, 17, 25, 29-32).
%). We found maximum complaints related to
shoulder pain (28.09%) followed by neck pain
in 10.35%, knee pain (4.84%), low back pain
(4.30%) and upper back pain (3.36%).
Papadopoulou in their study reported 5.9%
with neck pain, 50.3% with shoulder pain,
37.5% in their upper backs, and 20.8% in their
lower backs (24). Moore et al reported 15.7%
pain in the neck region, 37.2% in upper back
or shoulders, 12.3% in mid back, and 27.6% in
lower back. Shamsoddini in their study
amongst lranian students reported pain in
different regions and found maximum pain in
shoulders (38.1%), followed by neck (27.6%)
and lower back (5.8%). Their distribution of
pain is similar to our study. Other studies have
reported backpack related backache with
different incidences ranging up to 75% (2, 8,
11, 33-35).

Studies have been done to analyze the effect
of overloaded backpacks on posture and gait
and found that overloaded backpacks can
alter these and cause side effects (3, 36, 37).
However, recommendations for how much
backpack weight should be carried has varied
amongst different studies. Moore et al
recommended a 10% cutoff instead of 15% in
their study (19). Load limitation of 10% was
also recommended by Bauer et al (21).
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American academy of pediatrics has
recommended backpack carriage of 10 — 20%
while other American organizations have
determined the safe limit of up to 15% (2, 17-
19, 24). Our study observed a relative mean
backpack weight of 15% which is what has
been prescribed by some of the above
studies.

In our study we found that 51 out of 152 with
less than 10% relative weight had pain at any
site compared to 344 out of 592 with relative
backpack weight of more than 10% had pain
at any site. This was highly significant with p-
value less than 0.0001. However when logistic
regression was done for pain sites with
relative backpack weight, no significant

association was found with either of the two
groups and any specific pain site. Thus to
summarize >10% relative weight is more likely
to cause pain as compared to <10% relative
backpack weight but not at a specific site.
Further more likely regions to be involved
with relative weight more than 10% are neck,
shoulder and lower back. Table 5 summarizes
the comparisons made between these two
groups in our study.

TABLE 5

We did not analyze the data for schoolbag
carrying on either shoulder or the duration
carried as comprehensive answers to these
questions could not be obtained.

Table 5 - Distribution of pain regions based on relative back pack weight.

Distribution of pain in various regions based on gender

< 10% > 10% Total Percentage P-value
Neck 9 68 77 10.35% 0.05*
Shoulder 30 179 209 28.09% 0.01*
Elbow 1 7 8 1.08% 1.00
Wrist/hand 1 1 2 0.27% 0.36
Upper back 3 22 25 3.36% 0.44
Low back 1 31 32 4.30% 0.01*
Hips/thighs 1 3 4 0.54% 1.00
Knees 5 31 36 4.84% 0.40
Ankles/feet. 0 2 2 0.27% 1.00
Total 51 344 395 53.09% < 0.0001*

P-value < 0.05 taken as significant, * - Significant p-value. Groups analyzed by using Fisher exact test.

CONCLUSIONS

To the best of our knowledge this is the only
Indian study to analyze effect of backpacks in
such a detail and on this scale. At the end of
this study we conclude that backpacks are a
major health concern in Indian semirural
population. Girls are more prone to have
backpack related problems as compared to
boys. More than 10% relative backpack
weight is more likely to cause pain. Pain at
neck, shoulder and lower back has a higher
chances of occurring as compared to other
sites with relative backpack weight more than
10%.
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