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ABSTRACT

The main aim of this study was to investigate the effects of carrying backpack on the balance of
female students aged 9-11 years. In the present study, 30 students (mean age of 15.02+2.07 years,
height of 140+8 cm, and weight of 41.51+15.26 kg and body mass index of 20.68+5.39 kg/m2)
were randomly selected. Their static and dynamic balances were evaluated using single-leg
stance and Y tests in both cases of with and without a backpack. Based on the research findings,
there was a significant difference (P=0.035) between the cases of with and without carrying a
backpack (as much as 10% of body weight) in a static balance in girls aged 9-11 years. Also, a
significant difference was found between the anterior direction (P=0.003) in the left leg and
internal posterior (P=0.003) and external posterior (P=0.003) directions in the right leg in the
dynamic balance, while no significant differences were seen in other directions in the two legs.
Moreover, in the assessment of the effect of backpack on different directions using Y test, it was
observed that backpack weight has the greatest effects on both legs in the internal posterior
direction. The results of the current research showed that carrying a backpack weighing 10% of
the body weight by female students aged 9-11 reduced static and dynamic balances. According to
the results, it is suggested that school health officials and parents should apply effective planning
and training for students on carrying backpack with suitable weight.
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INTRODUCTION

Reducing physical activity and using
different tools and facilities in daily life are
inevitable, which makes humans to be
exposed to a variety of illnesses and body
deformities. Thus, studying and proposing the
necessary standards of equipments and
assessing their effects on users' health are
important. Backpack is a popular tool among
different classes of the society, especially
students, children and adolescents. In
different researches, it has been reported that
from among the various methods of carrying
school supplies (such as a shoulder bag,
briefcase, wheeled bag, front pack, etc.),
backpack is more popular and prevalent (1-5).
Students’ non-standard  postures  when
walking and carrying heavy backpacks on
their way to school and vice versa have
worried parents, teachers and the whole
society, thus making researchers to
investigate the adverse effects of carrying in
appropriate  backpacks. The burden of
carrying heavy bags may be observed as
musculoskeletal ~disorders and balance
problems among students (6, 7), thus leading
to a permanent postural deviation (8) as well
as the lack of postural balance control (9).
Teenagers' muscles, ligaments and bones are
still in their developmental stages and
physical grow this up to the end of puberty
which is about the age of 19; they are highly
sensitive between the ages of 6 and 14 years
and prone to most possible injuries and
trauma (10). Of the adverse effects, those
caused by heavy backpacks which can induce
kyphosis, scoliosis (11, 12) and forward head
(13) were reported, and each of these
abnormalities can cause balance disorders in
students. Balance is an inseparable part of
almost all the daily key activities for people's
performance. Devroey et al. (2007) stated
that balance is an important part of a person's
ability which is involved in almost any form
of activity (2). Balancing is a complex motor
skill that describes a dynamic posture to

prevent a fall (2). Several researches have
studied the effects of carrying backpack in
terms of physiological, mechanical and
pathological aspects. This investigation,
especially in recent years, has been focused
on by experts in biomechanics (2, 8, 9, 14).
Of the possible negative effects of carrying a
heavy backpack, its impact on biomechanics
of walking was reported (2, 4). On the other
hand, balance is one of the important factors
of motor fitness which is closely related to
the efficiency of the neuromuscular system.
However, there is lack of studies on changes
of balance in female students following the
use of backpack (15). In their study, Hong et
al. (2003) observed that carrying heavy
backpacks (more than 10% of body weight)
increased mechanical and physiological
stresses. They suggested a backpack
equivalent of10% of body weight as a
standard bag weight for 10-year-old students,
showing that the proposed load causes the
least disruption of the mechanical and
metabolic processes and balance disorders
(16). In a research, Negrini et al. (1999)
observed that the average weight of school
bags carried by the students of an Italian
school for3 weeks was 9.5 kg. The figure
recorded was up to 16.3 kg. They further
observed that 34.8% of the students at the
mentioned school carried bag with a relative
weight of more than 30% of their body
weights at least once a week and according to
their results, the increase in the backpack
weight leads to the enhancement of balance
disorders, especially in the anterior-posterior
direction (17). In a review work, Brackley
and Stevenson (2004) evaluated the
physiological, epidemiological and
biomechanical records of carrying backpack
in order to determine the optimum backpack
weight for children. In their study, a
comprehensive review on previous studies
was performed to assess and propose an
appropriate  and approximate backpack
weight to reduce postural disorders and
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determine the research aspects needed for
future studies. The researchers stated that the
physiological, epidemiological and
biomechanical information support the
recommended weight limits of 10 to 15% of
body weight of a backpack. Yet,
determination of the relationship between
using a backpack and injuries, as well as
assessment of factors such as backpack
design, personal characteristics including
physical fitness, and the effect of adaptations
required when carrying a backpack require
further research (18). Due to the increasing
use of backpacks with excessive weights by
students, importance of balance in
maintaining their static and dynamic body
postures  to  prevent injuries  and
musculoskeletal abnormalities and enhance
health-related  functions, and lack of
assessment of the effects of backpack weights
on the balance factor in similar researches,
the current study aimed to investigate the
effects of carrying backpack on the static and
dynamic balances of female students aged 9
to 11 years.

MATERIALS AND METHODS

Participants. The statistical sample
consisted of 30 female students who were
selected based on the available sample. With
regards to the medical records and consultation
of health teachers, all the students were
confirmed to be healthy with no probable
musculoskeletal problems that can prevent
performance. For ethical treatment of the
subjects, after notifying the parents and school
administrators  of the test  method,
superintendents of the school, volunteer
students and their parents' written consents
were obtained for the students' participation in
the study.

Study Design. After the necessary
arrangements with schools, the test method was
described to the participants during a meeting.
First, measurements of  anthropometric
characteristics, including height, weight, and
leg length and body mass index were done.

Weight (kg)
Height (m2)

To start the dynamic balance test, the actual
length of the leg from the anterior superior iliac
spine to the internal malleolus was measured to
normalize the data and compare the subjects.
Also, the dominant leg was determined using
shoot-the-ball test. To measure the leg length,
the participants were first asked to lie on the
bed on their backs. Then, the distance between
the anterior superior iliac spine to the internal
malleolus was measured for each subject, and
each leg measurement was repeated twice and
the results were averaged for use as the leg
length (19). In addition, Y balance test was
employed in this study. The participants stood
in a single-leg stance at the centers of different
directions to reach out with the other leg and
then on their two legs normally, while
remaining in this state for 10 to 15 s before the
next attempt. All efforts were completed in one
direction before taking another direction and
were performed in a clockwise or
counterclockwise sequential order (19). The
subjects touched the farthest possible point with
toes in each of the directions specified. The
distance between the touch point and the center
was a reaching distance, which was measured
in cm (Figure 1). In order to obtain the
difference between the average scores of the
balance () test in each direction separately, the
following formula was used:

s B Reach distance « 100
core = Limb length

Body mass index =
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Figure 1. Y balance test.

During the measurement phase of backpack
weight, a digital scale with an accuracy of 2
decimal digits was used to measure the
students' weights with their backpacks and all
their properties and again without them. To
reduce the errors in calculating the loads the
students were carrying, the measurements
were repeated on 3 even days of a week. The
reason for the 3 measurements was that they
would carry various properties and books on
different days of the week. Then, the total
weights of the students' backpacks with in the
3 days were averaged. After each subject
underwent Y test without carrying a backpack,
she was asked to carry a backpack of 10% of
her body weight on her back. Meanwhile, the
backpack placement on the back, rigidity and
distance from the back or neck, hanging on
one side, etc. were controlled. Moreover, to
evaluate the static balance, a test of single-leg

stance was conducted in a way that the
subjects placed their hands on their thighs
while standing on a flat surface without shoes
and the non-supporting foot was located in
front of the interior part of the supporting foot.
Keeping this stance, the subject was asked to
stand on her supporting leg front sole as long
as possible. If the heel of the supporting leg
touched the floor or the hands were separated
from the thighs or the non-supporting foot sole
was separated from the knee of the supporting
leg, then the effort was ended. During the test,
the subject looked at a sign in front of her face
within a 4-m distance. Each subject underwent
3 trials, and the best time was recorded as her
score.

Statistical Analysis. To sum up, the
classification of raw scores and description of
the sample sizes drawn from descriptive
statistics ~ (frequency, mean, percentage,
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standard deviation, graph and table) were
employed. Furthermore, to analyze and infer
the data, the statistical methods of paired t-test
were used at a significance level of 0<0.05.

RESULTS
The demographic characteristics of the
participants are summarized in table 1.

Table 1. Descriptive statistics relating to individual characteristics (n =30).

Index Mean SD p
Weight (kg) 41.51 15.26 0.80
Height (m) 1.40 0.08 0.94
Leg length (cm) 73.76 5.4 0.81
BMI (kg/m?) 20.63 5.4 0.64

The static and dynamic balance scores of
the participants are summarized in table 2.

Given that the sample size is 30 persons,
according to the central limit theorem for
large samples (greater than 25 subjects), the
distribution is asymptotically normal and
there is no need to review it. Yet, using the
Kolmogorov-Smirnov test, the present study

was conducted. The null hypothesis of this
test is that the desired variable follows a
normal distribution. To compare the mean
scores of static balance in both cases of
carrying and not carrying a backpack, an
independent t-test at a significance level of
0.05 was used, and the results are presented
in Table 3.

Table 2. Descriptive statistics of dynamic balance scores in cm (n=30)

State SD Mean

Left anterior

Without backpack ~ 44.53  5.53

With backpack 4197 554
Right anterior Without backpack  44.87  5.05
With backpack 4357 513
Left external posterior Without backpack 4136 6.01
With backpack 4.10 5.25
Right external posterior Without backpack  43.22 555
With backpack 40.73  6.09
Left internal posterior Without backpack  47.74  6.04
With backpack 46.83  5.09
Right internal posterior Without backpack  47.04  6.32
With backpack 43.83 4.88

Table 3. Comparison of the average static balance in the 2 cases of carrying and not carrying a backpack (n=30)

Variable Mean + SD df t p
Static balance with and without a *
backpack 1.05+2.62 29 2.20 0.035

*: significant at p<0.05.

According to the above table, it is
concluded that there is a significant
difference between a single-leg stance of
with and without a backpack (p=0.035).

Furthermore, according to the descriptive
statistics, it was found that the test mean
value was higher in the state of without as
compared to with a backpack.
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Diagram 1. Comparison of the average static balance in both case of

carrying and not carrying a backpack.

Table 4 shows a significant relationship
between the dynamic balance of with and
without backpacks in the internal posterior
(right foot), external posterior (right foot)
and anterior (left foot) directions (p=0.003,

0.006, and 0.003, respectively). However,
no significant relationship was found
between the dynamic balance with and
without a backpack in other directions.

Table 4. Comparison of the average dynamic balance in both states of carrying and not carrying a backpack

_ \_/ariable _ Mean + SD df t p
e ™ arostos 20 10 oo
DT balre i e sk ez 29 o1 oo
T el oADK aw2es 29 2 00
i the extornal posterior direction (oft foot) _“08:094 29 126 o025
e e G samea 29 o om
Dynamic balance with and without a backpack 5 0040 91 29 0.99 033

in the internal posterior direction (left foot)

DISCUSSION AND CONCLUSION

The aim of this research was to investigate
the effect of backpack load on the static and
dynamic balances of female students. The
findings of the study indicate a reduction of
static and in some directions, dynamic balances
following the use of backpack with a weight of

10% of body weight. Chansirinukor et al.
(2001) stated that the weight of a backpack has
a negative effect on the changes in the neck and
shoulder states and that carrying a backpack of
15% of body weight for high school students
aged 13-16 years, is too heavy to maintain
natural body stance and upright position (20).
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Many researchers have reported that children
aged 11-13 years adopt a bending forward body
condition while carrying backpacks of 17% of
their body weights. This implies that the
mentioned backpack weight is too much for
this age group. It can be interpreted thus: when
carrying a load on the back, the trunk tendency
to bend forward increases since the body center
of gravity shifts to the back of the body (17)
and thus the anterior trunk muscles react with a
further enhancement in activities in an attempt
to neutralize the displacement. Therefore, they
play an effective role in making the upper body
balance. This makes the dorsal muscles of the
back to be involved and the anterior muscles to
work harder (21, 22). All these changes in the
body structure are referred to as compensatory
reactions to stabilize the body's overall center of
gravity (16). Whittfield, Legg, and Hedderley
(2001) showed that carrying heavy bags
imposes more physical pressure on students (5).
It is said that school bags should not exceed
10% of a student's body weight. The
appropriate amount of a student's backpack
weight that enables him or her to carry it and
maintain his or her normal upright physical
condition is between 10and 17% of his or her
body weight (20). The results of the current
research which shows a reduction of balance in
an individual's performance are consistent with
those of Korovessis, Koureas, and Papazisis
(2004), Fong, Hong, and Li (2004), Wesdock et
al. (2002) and Chansirinukor et al. (2001), but
not with those of Hung and Brugman (2000)
and Wang et al. (2001) (20, 23-26). In their
assessment of the effects of an external weight
on postural stability of 22 female subjects (20.8
+ 1.7 years), Heller et al. (2005) reported that
there is a relationship between the load to be
carried and  stability.  The  standard
measurements of postural stability
demonstrated less stability in individuals
carrying backpacks. Carrying an external load
of 18.1 kg, which is less than the minimum load
carried by military personnel lowers the
postural stability in healthy young women and
may lead to the incidence of injuries such as

ankle sprain in this population (27). By
increasing teenagers' backpack weights, the
amounts of trunk, head and neck bends are
enhanced and since this change is a response to
the imbalance, it will be inevitable. This would
increase rectus spine muscle activity of the
adolescents (4). Bloom and Woodhull-Mcneal
(24) concluded that carrying a backpack of 19
and 14 kg of the body weight by men and
women, respectively, would lead to their
bending forward. When a backpack is heavy,
the child bends his or her back excessively or
his or her head and trunk forward to withstand
the weight. The pressure on the neck and back
muscles causes excessive fatigue and loss of
balance and subsequent damage. If the weight
of the bag is higher than a certain amount, the
changes may be more than those allowed for
teenagers due to their weakness and lack of
strength in muscles and skeletons, thus leading
to a change in the body structure or the
occurrence of some disorders in balance and
skeletomuscular problems (28). The use of
backpacks with back slings which cause a
major shift of mass to the pelvis reduces the
pressure on the shoulders. Pelvis has a higher
pressure endurance threshold than the
shoulders, so it will help to increase public
convenience. The sling also shifts the center of
load to the back and lessens discomfort in the
shoulders and neck (19, 29). Namazi Zadeh et
al. (2003) reported that a rise in backpack
weight as much as 10% or more of the body
weight can reduce the length of steps (30). In
addition, a weight of 10% increases the
frequency of steps and angles of inclination of
the trunk, head and neck forward. Backpacks
with slings at the back and pelvis have been
suggested in several studies since the slings
help to keep the load close to the body and
maintain a proper balance when walking (4, 22,
27). The use of these slings have been
recommended when carrying a load since they
divide the load pressure, thus reducing the
pressure just on one area and transferring the
backpack weight from the back and shoulders
to the hips and upper body (31). In an
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investigation, the researchers found a
significant relationship between back pain and
backpack weight and time of carrying it in all
the age groups of students. An increase in
backpack weight leads to an enhanced pressure
on the spine in the sagittal plane. Bending of the
body forward to create balance when carrying a
heavy burden has ill effects on the natural
curvatures in the back area. The heavyweights
of backpacks lead to drooping shoulders and a
hump in the body as well as an increase of
curvature in the chest or upper back, thus
resulting in students' shoulder, back and neck
pains. Perhaps, reducing the students' additional
properties by their parents contributes to
alleviation of the amount of load, but the effects
of management programs by the country's
system of education to prevent the mentioned
injuries are non-negligible. As a result of
carrying backpacks, some disorders occur to the
head, shoulder, spine and joints. These
disorders can be caused by changes in
neuromuscular control strategies and balance
abnormalities leading to an increase in forces
imposed on the joints and inter-joints, ligaments
and muscle structures which cause an injury.
Also, the defects in proprioception and joint
position, loss of muscle strength, and impaired
range of motion due to many reasons can cause
imbalance, failure to maintain the center of
gravity inside the supporting plane, occurrence
of abnormal forces on the limbs and
subsequently, injuries. Allocation of sufficient
space and funding to public schools to provide
suitable cabinets and shelves to avoid carrying
extra loads to schools and back homes and
adequate training of teachers on how to plan
and control the properties students carry every
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