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Abstract 

Background/Objectives: High and increasing prevalence of back pain in children and adolescent is matter of concern. 

Prevalence varies regionally as it depends on many variables. Heavy backpack is one of the important underlying causes. 

Adolescent spine is in the critical stage of development in the age group of 11-14 years. This study was carried out to 

decide regional cutoffs of heavy relative weights of backpacks in male and female children. Methods: In a community 

based co-relational study 249 male and 251 female children in the age group of 11-14 yrs using backpack from 6 schools 

of Kolhapur city, Maharashtra, India were studied. Musculoskeletal effects were noted as per Nordic Musculoskeletal 

Questionnaire. Data was recorded in MS Excel worksheet and statistically analyzed using computer assisted statistical 

software SPSS Package Version-20. Results: Musculoskeletal problems due to heavy backpacks were found in 60.6% of 

children; 55.02% males and 66.53% females. Prevalence increased with increasing relative weight of backpack both in 

male and female children. With relative weight of backpack ≤ 11%, most children were asymptomatic. Relative weight 

of 12% to 13% showed statistically insignificant prevalence of musculoskeletal symptoms. With a relative weight of 

backpack ≥14% in males and ≥ 15% in females, prevalence of musculoskeletal symptoms steeply increased. 

Conclusions: Relative weight of backpack ≤ 11% is safe to carry. As relative weight of backpack increases to ≥ 15%, 

majority of adolescent children in the age group of 11-14 years in this region are at risk of developing musculoskeletal 

adverse effects. 
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Introduction 

Carrying backpacks is common practice in children and 

is prevalent all over the world including India. 

Adolescent spine is in critical stage of development. 

Selection of backpack with unsafe characteristics, 

wrong method of carrying it and use of heavy 

backpacks is associated with musculoskeletal, postural 

and systemic adverse effects. Most studies endorse the 

observation of overall increasing incidence of backache 

in children and its correlation with increasing weight of 

backpacks. Use of heavy backpacks by children 

especially in this sensitive period of vertebral column 

growth, may cause possible adverse effect on spine, 

musculoskeletal system, posture, and respiratory system 

making them prone for development of mobility 

problems during adulthood. [1-12]. 
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However there are wide variations in prevalence of 

musculoskeletal symptoms related to use of backpacks. 

Similarly cutoffs for relative weight of backpack i.e. 

actual weight of backpack as compared to weight of 

child; to call it safe or unsafe have wide variations. 

These variations may be due to variations in the 

constitutional built up, relative weight of backpack, 

parental awareness and behavioral practices, difference 

in schooling pattern and curriculum, differences in 

books, accessories and quality of backpacks. Hence 

there is need to decide regional age and gender related 

cutoffs of relative weight of safe backpacks so as to 

increase awareness of children, parents, teachers and 

policy makers. It will help in designing strategies to 

prevent backpack related musculoskeletal injuries. 

 

Studies done all over the world indicate relative weight 

of backpack ≤ 10% is mostly safe and relative weight of 
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≥ 15% is associated with high risk of adverse 

musculoskeletal  effects. However owing to 

anthropometrical differences in children of different 

geographical locations, there is need to generate 

regional data. There are only few studies giving exact 

cutoffs of relative weight in given population. Such 

study was not conducted in this region earlier, hence 

this study was conducted. Adolescent school children 

using backpacks, in the age group of 11-14 years was 

selected as it is considered to be a critical age group for 

spine development. Effects of relative weight of 

backpacks were compared with musculoskeletal 

symptoms and signs in relation to age and gender. 

Material and Methods 

A community based co-relational study was designed. 

Study was conducted from August 2014 to July 2015.  

Children from various schools in the age group of 11 to 

14 years in Kolhapur city, Maharashtra state, India 

carrying backpacks were selected. 14 schools were 

targeted out of which 6 schools were included after 

permission from school authorities, parents and 

Institutional Ethical Committee. Schools were selected 

to represent different strata of the community. Students 

studying in class 7th, 8th and 9th with an age group of 

11-14 years using school bags were randomly selected. 

Total of 500 children, including 249 male children and 

251 female children participated in the study. The 

subjects were screened as per the inclusion and 

exclusion criteria. Inclusion criteria were children in the 

age group of 11 to 14 years carrying backpacks to 

school and absence of the musculoskeletal symptoms if 

any, during school vacation. Exclusion criteria were 

children with known obvious skeletal deformities of 

spine, and limbs, children having any known 

orthopedic, muscular or rheumatoid disease, children 

having Body Mass Index (BMI) less than or more than 

the normal range according to standard Indian Academy 

of Pediatrics (IAP) growth charts for adolescents, 

children involved in competitive sports and excessive 

use of computer for more than 4 hours.  

 

Schools were visited on unscheduled day and students 

were told that it was a part of their routine health check 

up to avoid apprehension and bias. Children were 

weighed using a digital scale and height was noted on a 

portable stadiometer. BMI was calculated and plotted 

on standard IAP growth charts for adolescents. 

Backpacks with all the contents were weighed as soon 

as children arrived to the school. Relative weight of the 

backpack in relation to body weight was calculated. 

Children were examined in detail to look for any signs 

of musculoskeletal discomfort. A standardized Nordic 

Musculoskeletal Questionnaire was filled based on the 

responses given by children for musculoskeletal 

complaints of neck, spine, back and shoulders. 

Musculoskeletal symptoms asked were neck pain, back 

pain, shoulder pain. Musculoskeletal signs examined 

were redness below straps, tenderness in neck, spine, 

back and limitations of spinal movements. 

 

Data received was recorded in MS Excel worksheet. 

The statistical analysis was done using computer 

assisted statistical software SPSS Package Version - 20.  

Results 

The demographic result showed that mean age and weight of the participants were 12.94±1.03 years and 42.85±7.54 kg 

respectively. The mean absolute weight of the backpack was found to be 6.75±0.99 kg and relative weight of backpack 

15.95±2.24 %. (Table 2). Mean absolute weight of backpack in male and female children was nearly equal                    

(M 6.83±1.02kg, F 6.67±0.95kg). However relative weight of backpack was higher in female children (16.37±2.19%) 

than that seen in male children (15.52±2.22 %). (Table 3). 60.6 % of participants had musculoskeletal adverse effects 

related to backpack use. 55.02% males and 66.53% females suffered these side effects. All children with musculoskeletal 

signs had musculoskeletal symptoms also. (Table 4).  

 

All the participants carrying relative backpack weight of 11% or less did not show any musculoskeletal adverse effects. 

As relative weight of backpack increased to 12 and 13%, participants started showing musculoskeletal symptoms 

however they were not statistically significant. When relative weight of backpack was 14% and more, musculoskeletal 

adverse effects became more frequent with increasing weight which was statistically highly significant. (Table 4). 

Physical signs were noted in participants carrying backpacks with relative weight of more than 16%. Incidence of 

physical signs was more in females (11.55%) as compared with males (6.02%). (Table 4). Out of all 304 symptomatic 

children musculoskeletal symptoms in the form of neck pain, back pain and shoulder pain were found in 73 (24%), 255 

(83.88%) and 247 (81.25%) children respectively. Musculoskeletal signs like redness below the strips, tenderness and 

limitation of spinal movement were seen in 25 (8.2%), 42 (13.8%) and 6 (1.97%) children respectively. (Table 5). 
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Table-1: Age and sex wise distribution of cases (n = 500). 

Age (yrs ) Male Female Total 

 Number % Number % Number % 

11 years 29 11.65 30 11.95 59 11.80 

12 years 57 22.89 44 17.53 101 20.20 

13 years 82 32.93 71 28.29 153 30.60 

14 years 81 32.53 106 42.23 187 37.40 

Total 249 100.00 251 100.00 500 100.00 

 

Table-2: Mean parameters and standard deviation of all cases. 

Variable  Mean Standard deviation (sd) 

Age (years)  12.94 1.03 

Weight (kg)  42.85 7.54 

Absolute weight of backpack  6.75 0.99 

Relative weight of back pack (%)  15.95 2.24 

 

Table-3: Mean Absolute and Relative weight of backpack. 

Age Absolute Weight (Kg) Relative weight (% of body weight) 

 No Male 

Mean ± sd 

No Female 

Mean ± sd 

No Male 

Mean ± sd 

No Female 

Mean ± sd 

11 years 29 5.86 ± 0.62 30 5.862± 0.48 29 16.51 ± 1.90% 30 17.22 ± 2.35 % 

12 years 57 6.59 ± 1.06 44 6.40 ± 1.01 57 16.30 ± 2.33% 44 16.07 ± 1.99 % 

13 years 82 7.27 ± 0.86 71 6.88 ± 0.95 82 15.31 ± 2.07% 71 16.16 ± 2.15 % 

14 years 81 6.90 ± 0.98 106 6.88 ± 0.87 81 14.82 ± 2.12% 106 16.40 ± 2.21 % 

 249 6.83 ± 1.02 251 6.67 ± 0.95 249 15.52 ±2.22 % 251 16.37 ±2.19 % 

 

Table-4: Relative weight of backpack and sign, symptoms 

Relative 

Wt. of 

Bag 

Male Female Total 

 N Sym sig

n 

P value n Sym sign P value n Sym sign P value 

≤11% 13 1 0 1.000(NS) 1 0 0 NA 14 1 0 1.000(NS) 

12% 21 2 0 0.472(NS) 8 0 0 NA 29 2 0 0.472(NS) 

13% 18 5 0 0.054(NS) 16 0 0 NA 34 5 0 0.063(NS) 

14% 45 12 0 0.000*** 35 5 0 0.063(NS) 80 17 0 0.000*** 

15% 49 24 0 0.000*** 49 32 0 0.000*** 98 56 0 0.000*** 

≥16% 103 93 15 0.000*** 142 130 28 0.000*** 254 223 43 0.000*** 

Note: n= number, Sym= Symptoms, NA= Not applicable (Chi-square test cannot be applied), NS = Not significant 

statistically. ***= Statistically highly significant 

 

Table-5: Details of Musculoskeletal symptoms and signs 

 Musculoskeletal Symptoms Musculoskeletal Signs 

Total Children 

(n= 500) 

Neck pain Back pain Shoulder pain Redness 

below Straps 

Tenderness Limitation of 

Movements 

Symptomatic 

children  304 

(60.6%) 

73 (24%) 255   (83.88%) 247 (81.25%) 25 (8.2%) 42 (13.8%) 6 (1.97%) 
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Discussion 

Carrying the luggage over the back has been practiced 

since long back. Initially mostly seen with soldiers, 

trackers and hunters; now commonly seen in most 

others. It is very common site all over the world to see 

schoolchildren using the backpacks to carry their 

educational material, lunchboxes, water bottles and 

other accessory material. It has become a common site 

in Indian Urban and Rural children also. 

 

Pediatric spine is in critical stage of development in 

adolescent age group. Linear growth acceleration 

begins in early adolescence for both genders, with      

15-20% of adult height accrued during puberty. Males 

and females have different pace, peaks and periods of 

growth. Their skeletal growth precedes muscle growth 

and bone growth precedes bone mineralization. Since 

different components of axial skeleton are growing 

differentially in adolescent period, they are at increased 

risk of fractures, sprains and strains. [1,13]. 

Musculoskeletal symptoms in children related to back 

can be multi factorial in origin. Use of heavy backpacks 

and improper carrying of backpacks remain one of the 

important causes after ruling out obvious causes like 

trauma, congenital musculoskeletal problems, poor 

physical built up, lack of exercise, excessive use of 

computers and intense physical activity. Use of 

backpack on posterior aspect of body shifts center of 

gravity. It leads to postural compensation of spine by 

bending forward. These alterations may cause back pain 

and injury by stressing the ligaments or muscles in the 

back or by changing the forces applied to intervertebral 

discs. [14] Depending upon effect of variables like 

physical characteristics of backpack, relative weight of 

backpack, method of carrying it, duration of carrying it, 

co-existing musculoskeletal problems; child is prone to 

get musculoskeletal problems. Adverse effects of 

backpack use like back pain, postural changes, 

decreased lung capacity have been described in various 

studies. [3-9,14,15,18,21,24,27,28] Narrow straps dig 

painfully into shoulders and can hinder circulation, 

causing numbness or tingling in the arms, which over 

time may cause weakness in the hands. Slinging a 

backpack over one shoulder causes a person to lean to 

one side to compensate for the uneven weight, curving 

the spine. Over time, this can cause lower and upper 

back pain, strained shoulders and neck, and even 

functional scoliosis, or curvature of the spine. After 

controlling variables like physical characteristics of 

backpack and carrying method, weight of backpack 

appears to be important cause for musculoskeletal  

 

 

adverse effects. Heavy school bags result in several 

postural changes at the head and trunk placing soft 

tissues at a biomechanical disadvantage resulting in 

fatigue and injury. This can result in repetitive stress 

injuries to the growing spine.  

 

Most recommendations consider relative weight of 

backpack in the range of 10-15% as safe. [13,30]. In our 

study, mean absolute weight of the backpack was found 

to be 6.75±0.99 kg and relative weight of backpack 

15.95±2.24%. Relative weight of backpack was higher 

in female children (16.37±2.19%) than that seen in male 

children (15.52±2.22%). Other Indian studies have 

similar findings [3,5,14,15,16]. 60.6% of participants 

had musculoskeletal adverse effects related to backpack 

use. 55.02% male and 66.53% female children suffered 

these side effects. This is consistent with findings of 

others. Sheir-Neiss GI et al   found 74.4% children had  

back pain, Aundhakar CD et al found it in 57.1%, 

Whittfield J found it in 77.1% students Pavithra Rajan 

in 55% children, Rageswarihariharan A in 62.3%, 

Aminu A et al in 82.2% [15,20,25,26,29] 

 

All the participants carrying relative backpack weight 

of 11% or less did not show any musculoskeletal 

adverse effects. As relative weight of backpack 

increased to 12 and 13%, participants started showing 

musculoskeletal symptoms however they were not 

statistically significant. When relative weight of 

backpack was 14% and more, musculoskeletal adverse 

effects became more frequent with increasing weight 

which was statistically highly significant. (Table 4). 

Physical signs were noted in participants carrying 

backpacks with relative weight of more than 16%. 

Incidence of physical signs was more in females 

(11.55%) as compared with males (6.02%). Similar 

observation was noted in other studies also. 

[14,15,16,26]. Out of all 304 symptomatic children, 

musculoskeletal symptoms in the form of neck pain, 

back pain and shoulder pain were found in 73 (24%), 

255 (83.88%) and 247 (81.25%) children respectively. 

Musculoskeletal signs like redness below the strips, 

tenderness and limitation of movement were seen in 25 

(8.2%), 42 (13.8%) and 6 (1.97%) children respectively. 

Similar findings were noted in other studies. Deepak 

Sharan et al found upper back pain in 40%, neck pain in 

27%, and shoulder pain in 20%. [4]. Neama Mohamed 

El Magrabi et al (2015) in their study in Assiut city 

found prevalence of low back pain (68.9%), shoulder or 

arm pain (66.7%). [17] Whittfield J found. Symptoms 
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were most prevalent in the neck, shoulders, upper back 

and lower back. [20] Erisa S et al  found about 88.2% of 

pupils reported having body pain especially in the neck, 

shoulders and upper back. [22].  Rageswarihariharan, A 

et al found 68.3% had shoulder pain and 31.8% had 

back pain. [29]. Aminu A et al found neck pain in 

48.6%, backpain in 67.2%, shoulder pain in 61.2%. 

[26]. 

 

We found Relative weight of backpack ≤ 11% is safe to 

carry. In other studies, Mooer MJ et al  found  use of a 

10% of body weight cutoff for safe use of backpacks for 

all grade levels. [19]. When relative weight of backpack 

exceeds 14%, prevalence of musculoskeletal adverse 

effects significantly increased. Back pain and shoulder 

pain were predominant sites of discomfort. Hence 

relative weight of backpack 14% should be taken as 

cutoff to call it unsafe in this region with target to 

reduce it to ≤ 11%. 

Conclusions 

In our study 60.6% of children in the age group of 11-

14 years had some or the other musculoskeletal 

problems related to use of backpacks. It was more in 

females (66.53%) as compared to males (55.02%). 

Prevalence increased with increasing relative weight of 

backpack both in males and females. With relative 

weight of ≤ 11% most children were asymptomatic. 

Relative weight of 12% to 13% showed statistically 

insignificant prevalence of musculoskeletal symptoms. 

With relative weight of backpack ≥14% in males and ≥ 

15% in females prevalence increased which was 

statistically significant. A steep rise was seen in 

musculoskeletal symptoms from 57% to 91 % in 

children with relative weight of 15% and ≥16% 

respectively. Trend of prevalence of musculoskeletal 

symptoms was similar in males as well as females. 

Relative weight of backpack ≤ 11% is safe to carry. As 

relative weight of backpack increases to ≥ 15%, 

majority of adolescent children in this region are at risk 

of developing musculoskeletal adverse effects. 

 

Limitations: This study has few limitations. Sample 

size is small. Hence findings of this study may not be 

generalized. It needs more studies from this region to 

confirm the findings. Similarly duration of carrying 

backpack was not taken into account due to feasibility 

problem. 
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