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Abstract  
   Backpacks are used by school children to carry their materials. Heavy backpacks associated with several 
adverse effects on the health of children and may interfere with their school achievement. 
The objective to  assess the effect of  school bags on pulmonary functions of school children in Al- Hilla 
city. 
This is a descriptive school based cross sectional study which was carried out on a convenient sample of 220 
healthy pupils, from the fifth and sixth grades, from four randomly selected primary schools during the 
period from February through May, 2015. 
Written and verbal consents were obtained from  the pupils and their parents . 
Data were collected through interviewing the participants by using a structured questionnaire contained 
sociodemographic and school bag related information.  Pulmonary function test was performed using an 
electronic portable spirometer (discovery-2 USA), after measuring the weight and height of the participants. 
Pulmonary function parameters were significantly reduced after carrying backpack (p value < 0.001) except 
the FEV1/FVC was increased after carrying the backpack . 
The results indicate that there was a significant reduction of the ventilatory functions of primary school 
children after carrying the backpack. Preventive measures are needed to protect school children. 
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العراق – أثر الحقیبة المدرسیة على وظائف الرئة عند تلامیذ المدارس الابتدائیة في مدینة الحله   
 

  الخلاصة
للحقیبة المدرسیة الثقیلة آثار صحیة سلبیه على الاطفال وقد  ,اللوازم المدرسیةتستعمل الحقیبة المدرسیة من قبل اطفال المدارس محمله    

  .لتقییم أثر حمل الحقیبة المدرسیة على وظائف الرئة عند أطفال المدارس الابتدائیة الدراسةهدف .تؤدي الى ضعف انجازهم المدرسي
میذ الصف الخامس والسادس في أربع مدارس ابتدائیة اختیرت تلمیذ من تلا ٢٢٠الدراسة مقطعیه وصفیه مدرسیه شملت عینه قصریه من 

بعد اخذ الموافقة الشفهیة للأطفال والمكتوبة الواعیة لأولیاء امورهم  .٢٠١٥للمده من بدایة شباط الى أیار عام  الحلةعشوائیا من مركز مدینة 
یة واخرى متعلقة بحمل الحقیبة المدرسیة وتم قیاس وظائف تم مقابلة الاطفال وفحصهم من خلال ورقة استبیان تضمنت معلومات دیموغراف

  .)الولایات المتحدة الامریكیة ٢- ريدسكوف( الرئة بعد قیاس اوزان الاطفال و أطوالهم باستعمال جهاز قیاس وظائف الرئة الالكتروني 
اقل من ( معنویا  مهمةي وبمعدلات احصائیة اظهرت النتائج قلت حجم الزفیر القسري في الثانیة الاولى وقلت حجم الرئة الحیوي القسر 

الاولى الى حجم الرئة الحیوي القسري بل قلت  الثانیةولم یظهر تأثیر على تناسب الزفیر القسري في  .بعد حمل الحقیبة المدرسیة)  0٠.٠١
  .وظیفتها قبل حمل الحقیبةاظهرت الدراسةنقص وظیفة الرئة وقلت سعتها بعد حمل الحقیبة المدرسیة من قبل الاطفال عن .نسبته

  
  

  .العراق ,الحلةمدینة  ,وظائف الرئة ,اطفال مدارس ابتدائیة ,الحقیبة المدرسیة :الكلمات المفتاحیة
  

 

 
 



Alaa and Baiee             MJB-2015 

1102 
 

Introduction 
ll over the world there is an outcry 
by children, parents, school 
officials, and health professionals 

about the carrying of backpack loads more 
than the recommended safe limits[1]. 
Backpacks are commonly used  nowadays 
by students of various educational levels 
to carry their books and other equipment 
from home to school during the school 
years[2,3]. Therefore serious concerns are 
growing in developed as well as in 
developing countries about the impacts of 
heavy school bags on children wellbeing 
and general health[4]. 
    Regular use of heavy school bags in 
inappropriate carrying way can affect the 
quality of life of children, decrease 
motivation and absence from the 
school[5,6,7]. The American Physical 
Therapy Association recommends that the 
weight of the school bag  should be less 
than 15%  of the total body weight of the 
child, while the American Academic 
Orthopedic Surgeons and the International 
Chiropractic Pediatric Association 
recommended that the school bag weight 
limits should not be more than 10% of the 
child's body weight[8,9].   
    Many studies suggested that carrying 
heavy school bags on shoulders affects the 
chest expansion and causes changes in 
lung functions that are typical restrictive 
ventilatory impairment[10,11]. Other 
studies showed that improper use of heavy 
school bags by children can cause forward 
leaning of the head and the trunk  in order 
to compensate the heavy weight of the 
bag[12], this abnormal posture can stress 
the muscles of the neck and back which 
may lead to chronic musculoskeletal pain 
that interfere with daily activities and can 
affect their ventilatory 
functions[3,8,13,14]. Going through 
literature there are limited studies about 
the effects of backpack load placement on 
pulmonary functions of 
schoolchildren[15,16]. In Iraq no previous 
study addressed the effect of backpacks on 
the lung parameters of school children. 

This study was conducted to assess the 
impact of backpack on the lung capacity of 
elementary school children. 
 

Materials and Methods 
    This is a cross sectional study which 
was conducted on  220 voluntary healthy 
primary school children aged 11 and 12 
years old , which were selected in 
convenient way after obtaining the official  
approvals of  ethical committee of  
Babylon health directorate and the  
permission  from the school authorities 
involved.     
    Each pupil  recruited in this study was 
given a written consent form to be 
approved and signed by his/her parents 
before participation in the study. The 
period of the study extended  from the 
beginning of February through May, 2015. 
A structured questionnaire was prepared  
by  researchers to gather the required data 
by interviewing the student. A 
questionnaire included information about 
the sociodemographic characteristics that 
include ( age, sex, grade). 
    Electronic weight scale (QE-2003B,) 
was used to measure electronically the 
weight of the participants, weight of the 
student was measured without shoes and 
with light clothes as much as possible, first 
without school bag and then measuring the 
weight of the student after carrying the 
school bag and the difference between 
weights is the weight of the school 
bag[13]. The height was measured without 
shoes using height board with a horizontal 
head board that contact to the upper most 
point in the head, the child was standing 
upright on both feet on flat ground , heals 
together and the head is positioned vertical 
, so the line of vision perpendicular to the 
body of the child[17]. 
  Body Mass Index (BMI) was calculated 
using the following equation[18]:    

Weight (kilogram)/height2 (meter2) 
The percent of the school bag weight to 
the body weight was calculated using the 
following equation[19]: 
 

School	bag	weight
ܹܤ × 100	% 

A
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Spirometer: 
Lung function was measured by using an 
electronic portable spirometer (Discovery-
2 USA). Spirometer measure the volume 
of air against time[20]. To optimize 
precise technique, the test for this study 
were based on the manual operation of the 
device according to ATS (American 
Thoracic Society)[21].The test was done at 
the same time from 8 a.m. to 2 p.m. to 
decrease any physiological variations[22]. 
 The procedure was explained to the pupil 
before starting, then the test was 
performed in standing position with using 
of disposable bacterial/viral filter, mouth 
piece and nasal clips[15], the test was 
repeated three times without backpack and 
the procedure was repeated after five 
minutes after carrying a double strap 
shoulder backpack over the 
shoulders[15,23].All the spirometric 
measurements were done according to the 
American Thoracic Society (ATS) 
recommendations [21], the entire 
maneuver took approximately 30 minutes 
with every child.At the beginning, the 
following information should be entered to 
the spirometer: 
    Identification number for each 
participant, date of birth in month, day, 
year, gender, race, smoking habit,weight 

in kilogram and height in centimeters.The 
spirometer gives the results as printable 
graph which includes the following values: 
1. The expected (predictive) values 

which depend on the entered 
information of the student . 

2. The best (actual) one of three tests 
values which is based on performance of 
maximal inspiration and expiration of the  
child[22,24]. 
Statistical analysis was carried out 
usingStatistical Package of Social 
Sciences(SPSS) version 17, variables were 
presented as frequencies and percentages. 
Continuous variables were presented as 
(Means ± SD). Paired t-test was applied, p 
value was considered significant at p 
<0.05. 
 
Results 
   Table (1) shows the baseline 
characteristics (Means ±SD) of the study 
group. The means and the standard 
deviations of the age, weight, height of the 
study group were: (11.6±0.4) years, 
(39.87±6.66) kg, (143±7) cm respectively. 
While the means and standard deviations 
of BMI, weight of bag and weight of bag 
to body percent were: (19.29±1.95) kg/m2, 
(5.50±1.17) kg and (13±3) %, 
respectively.  

 
Table 1:Baseline characteristics (means and standard deviations) of the study group 
 

Variables  Mean ± SD 
Age(years) 
Height (cm) 

11.6±0.4 
143±7 

weight (kg) 39.87±6.66 

BMI (kg/m2) 19.29±1.95 

Weight of bag (kg) 5.50±1.17 

Weight of bag to body percent(%) 13±3 
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Table (2) shows the  mean differences of 
spirometric parameters without and with 
carrying backpack. There was a statistical 
significance between the means and 
standard deviations of actual FEV1, FVC, 

FEV1/FVC and percent predicted of 
FEV1, FVC and FEV1/FVC without and 
with carrying the backpack, (p value ≤ 
0.001). 

 
Table 2:Mean differences of spirometric parameters with and without carrying backpack 
 

RFT Mean± SD 
Without bag 

Mean± SD 
With bag 

Mean± SD 
Difference t-test P value 

FEV1 (liter) 2.11±0.39 2.02±0.38 0.09± 0.19 7.106 <0.001 

FEV1 (%pred.) 98.99±8.66 96.43±8.11 2.55±4.65 8.155 <0.001 

FVC (liter) 2.55±0.52 2.37±0.50 0.18±0.25 10.555 <0.001 

FVC (%pred.) 100.34±7.55 94.01±7.68 6.33±5.82 16.123 <0.001 

FEV/FVC (%) 85.38±6.73 86.63±7.08 1.25±4.41 4.200 <0.001 

FEV/FVC(%pred.
) 100.96±8.49 102.19±8.49 1.22±5.48 3.321 <0.001 

  
 

Figure (1) shows the distribution of pupils 
by the actual FEV1 and FVC with and 
without carrying backpack, the means and 
standard deviations of FEV1 without and 
with carrying the backpack were: 
(2.11±0.39) L and (2.02±0.38) L 
respectively, while the means and 

standard deviations of  FVC without and 
with carrying the backpack were: 
(2.54±0.52) L and (2.36±0.50) L 
respectively. The differences in both tests 
were statistically significant (p value < 
0.001). 

 

 
Figure 1: Distribution of pupils by the actual FEV1 and FVC with and without carrying 

the bag 
 



Alaa and Baiee             MJB-2015 

1105 

 
Figure (2) shows the  distribution of 
schoolchildren by the percent predicted of 
FEV1 and FVC with and without carrying 
the backpack, the means and standard 
deviations of FEV1 percent predicted 
without and with carrying the backpack 
were: (98.99±8.86) and (96.43±8.11) 

respectively, while the means and standard 
deviations of FVC percent predicted 
without and with carrying the backpack 
were: (100.34±7.55), (94.01±7.68), 
respectively. The differences were 
statistically significant ( p value < 0.001). 

 

 
Figure 2: Distribution of pupils by the percent predicted of FEV1 and FVC with and 

without carrying the bag 
 

Figure (3)shows the distribution of the 
participants by the actual and the percent 
predicted FEV1/FVC with and without 
carrying the backpack, the overall means 

were: (85.37±6.73), (86.63±7.08) and 
(100.96±8.49), (102.19±8.49), 
respectively. These differences reached 
the statistical difference (p value < 0.001). 

 

 
Figure 3: Distribution of pupils by the actual and the percent predicted FEV1/FVC with 

and without carrying backpack 
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Discussion 
      School is an important organized 
institution that gives the child’s body and 
spirit ability to flourish by providing a 
healthy environment[25].This study 
showed that the average weight of the 
school bag was 5.5 kg, this weight is 
higher than the mean weight of school bag 
reported in other local study[26],  in the 
neighboring countries the mean weight of  
the school bag  range from 2.8 kg in Iran 
to 4.7 kg in Saudi Arabia[23,27,28].This 
heavy weight lead to increase in energy 
consumption, increase leaning forward of 
the trunk and decreased lung volume. 
These three factors cause reduction of the 
oxygen partial pressure leading to an 
aerobic respiration and cause 
fatigue[29,30]. 
The differences in both backpack weight 
among the studies may be due to the 
differences in age, gender, grades and 
schools[31], or differences in culture, 
school requirements, school curriculum, 
educational system, the type and the 
number of the books required, and quality 
of the backpacks in each 
country[32].Other reasons may also be 
due to the availability of facilities such as 
lockers which are little and not enough for 
all school children because of schools 
overcrowding especially in developing 
countries including  Iraq[1]. 
      The spirometric parameters in this 
study including; FVC, FEV1were 
significantly reduced during carrying the 
backpack with exception of FEV1/FVC. 
This result is in agreement with the 
findings of other studies. Al-Katheri 
found that there was a significant 
reduction in most of pulmonary function 
parameters when carrying a backpack 
with exception of FEV1/FVC[23]. Chow 
et al also found that carrying of 15% body 
weight backpacks  resulted in a significant 
reduction in FEV1 and FVC  without 
significant effect on FEV1/FVC[15]. 
    These findings can be explained by 
understanding the mechanics of breathing 
in which the main power of ventilatory 
function is pressure differences and 
thoracic cage movement so any change of 

this mechanism by carrying backpack load 
will affect  breathing and decrease the 
pulmonary function. In normal breathing 
the chest is expanded in three diameters; 
vertical diameter by downward movement 
of the diaphragm, transverse diameter by 
external intercostal muscles' contractions 
and antero-posterior diameter by the 
sternomastoid muscle's action[23].  
    During  carrying backpack, the chest 
wall kinematics and breathing pattern will 
be changed in different mechanisms. The 
first mechanism is the forward leaning of 
trunk results in kyphotic posture while 
carrying a backpack, this will affect the 
respiratory muscles lead to restriction of 
the downward movement of the 
diaphragm, as  the weight of the backpack 
increases, the inspiratory and expiratory 
volumes will be decreased[15].  
Brackley et al stated that increase leaning 
forward of the trunk may affect  the 
movement of the respiratory muscles of 
the chest and abdomen[33]. The second 
mechanism that influences chest wall 
kinematics during the carrying of 
backpack is that the side to side 
movement of the rib cage may be 
restricted by compression of both sides of 
the backpack on sides of the rib cage and 
opposition of its movement  which 
decreases the transverse diameter and 
limits the antero-posterior diameter of the 
chest[23]. The third mechanism was 
discussed by Bygrave et al. they showed 
that tight-fitting shoulder/chest straps of 
the backpack were associated with 
decreased FVC and FEV1 values as they 
oppose the expansion of the rib cage[34]. 
    In this study, the only parameter that 
didn't reduce was FEV1/FVC where it 
increased with carrying a backpack. This 
can be explained by the fact that 
FEV1/FVC is reduced as a result of the 
narrowing of the bronchial lumen size due 
to several causes which therefore would 
increase the resistance to the airflow as 
what would happen in obstructive 
dysfunctions, and this might not be 
produced by carrying a backpack[15].  
Also, FEV1/FVC which was increased 
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because the decline in  FVC was more 
than that of FEV1 in this study.  
    It was concluded that tightening the fit 
of a backpack significantly affects lung 
function in a manner that is typical of a 
restrictive change in lung function and is 
very similar in pattern to that of wearing a 
loosely fitted loaded backpack[35]. Vieira 
et al found that carrying double straps 
backpack produce a restrictive effect on 
pulmonary function but in less degree 
than when carrying single strap backpack, 
and he suggested that the double straps 
backpack is preferable to the single strap 
backpack[16]. 
 
Conclusions 
   The school children in Al-Hilla\Iraq  
carry backpack load more than the 
recommended limits andthere was a 
significant reduction in the pulmonary 
function parameters including: FEV1, 
FVC  with exception of FEV1/FVC which 
was increased after carrying a backpack. 
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