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Effects of backpack loads and position on the posture
of elementary students
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Abstract
Introduction  Backpack loads and their position affect the posture of elementary students. This
study aimed to determine the relationship between backpack loads and position with posture of grade
school students.
Methods This was a quasi-experimental study on elementary school students from a private school
in Pasig City to determine the effect of backpack load and position on their posture. Licensed physical
therapists determined the back, arms and legs posture of the students without and with their
backpacks, and with their backpacks adjusted to the S2 level, using the Ovako Working posture
Analysis System.
Results  Without their backpacks, 73% of subjects stood on two legs, with good posture and arms below
the shoulders. When the subjects were asked to wear their backpacks, the percentage with straight
back decreased to 36% and the number with bent and/or twisted backs increased. Adjusting the
position of the backpacks to the S2 level resulted in an increase in the proportion of students with
straight backs to 78%.
Conclusion  The postural deviations that occur in elementary school children when they carry their
backpacks may be corrected by positioning the lower end of their backpacks to correspond to the S2
level. Positioning the backpack this way will minimize the stress and strain on the children's back
and result in im-proved posture.
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I    n  recent  years, there  has been a wide interest in
    the  use  of  backpacks  among  children  and
teenagers. A backpack is a bag that is carried on the
back with straps (usually two) that goes over the
shoulder or across. They are also widely known as
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rucksacks, knapsacks, packs and packsacks. Backpacks
come in all sizes, colors, fabrics, and shapes and help
children express their own personal sense of  style.
Modern backpacks are designed to carry heavy loads,
and children take full advantage. They fill their packs
with textbooks, notebooks, video games, lunch, snacks,
water bottles,  and just about anything else
handy.1 Many students prefer using a backpack due to
its portability, convenience, and sometimes, for fashion.
There is a growing concern that overloaded children’s
and adolescents’ backpacks may lead to low back pain
and other musculoskeletal disorders.2 Normal posture
is difficult to define as everyone has a unique
anthropometric and biomechanical profile.3 However,
placing an excessive load on the back, as occurs when
carrying a backpack, commonly causes postural
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deviations,4 musculoskeletal pain5 and may contribute
to deformities such as scoliosis, kyphosis and
lordosis.6-7 A history of these symptoms in childhood
is the strongest predictor of musculoskeletal
discomfort and back pain as an adult.8

There is little published research that indicates
what weights of the backpack load may compromise
posture and gait in children. Issues still arise regarding
the best backpack placement since most studies used
different methods of measurements.9 High school
students have been extensively studied but less
attention has been paid to grade school students.
Education and habits acquired during grade school
and childhood are still practiced by children as they
grow older. The posture of  high school students and
adults is greatly influenced by what they perceived
as proper posture during their childhood years.

The questions still remains on how can backpack
load affect the posture of grade school students?
Hence, additional studies on backpack loads are
needed regarding its effects on the posture of grade
school students. The study aimed to determine the
relationship between backpack loads and position
with posture of  grade school students. In this paper,
we introduced a novel method of ruling out the
possible effects of backpack loads on the posture of
students.

Methods
This was a quasi-experimental type on elementary
school students from a private school in Pasig City
to determine the effect of backpack load and position
on their posture. Licensed physical therapists
determined the back, arms and legs posture of the
students without and with their backpacks, and with
their backpacks adjusted to the S2 level, using the
Ovako Working posture Analysis System. The study
was approved by the Ethics Review Committee.

The researchers recruited by purposive sampling
male or female grade 3 to grade 5 students from a
private elementary school in Pasig City who regularly
used backpacks. Students with recent fractures,
congenital and acquired postural abnormalities, or
unwilling to cooperate were excluded. The parents
or guardians of the children were asked to sign an
informed consent. The researchers obtained the
demographic characteristics of those who fulfilled the
inclusion and exclusion criteria and agreed to join
the study: age, gender,  grade level,  mode of
transportation to school, weight, height, vertical back

length and weight of backpack. The students were
asked to bring their usual backpacks and not change
school bags.

On a day designated by the researchers and
known only to them and to the school authorities, a
licensed physical therapist came and assessed the
following: the level of the spine where the lowest
part of the backpack was placed and using a tape
measure, vertical back length from C7 to L5. Pictures
of  each participant’s posture were taken using a Nikon
D3100 camera placed 150 cm in front of the child.
The subject was asked to stand in front of the camera
with hands at the side and in their relaxed standing
state for three scenarios: (1) without their backpack;
(2) wearing their own backpack and (3) wearing the
backpack with its lowest portion at S2 vertebral level.
The researchers took two pictures per scenario: a front
shot and a side shot with the subject facing towards
his/her right side. The placement of  the backpack at
the S2 vertebral level was done by the researchers.

The pictures of the subjects in the three scenarios
were given to another licensed physical therapist to
identify each child’s posture of  the back (4 categories),
arms (3 categories), and legs (7 categories) using the
Ovako Working posture Analysis System (OWAS).
The effects of the backpack loads and position on the
subject’s posture were analyzed using the Wilcoxon
signed-rank test with a level of significance set at
p < 0.05.

Results
Of 150 students enrolled, 132 returned the consent
forms and 122 were allowed by their parents to
participate. Of  these, 107 were qualified but only 102
students were present in the day of the implementation
of  the study. Almost two-thirds of  the subjects came
from Grade 4 and 90% of  them took school service,
a tricycle or private car to and from school. The
average weight of  their backpacks was less than 10%
of their body weight. Two-thirds of the subjects had
backpacks within 10% of their body weight and one
out of four children had loads 11 to 15% of their
weight. Around 80% of the children had their
backpacks within 10 cm below the S2 level. The
characteristics of the subjects are summarized in
Table 1.

Table 2 shows that without their backpack, most
subjects stood on two legs, with good posture and
arms below the shoulders. When the subjects were
asked to wear their backpack, the percentage with
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straight back decreased to one-third and an increase
in the number with bent and/or twisted backs was
noted. Adjusting the position of the backpacks to
the S2 level resulted in an increase in the proportion
of students with straight backs by 42%. This was
slightly higher than the percentage of students with
straight backs without their backpacks.

Discussion
The findings show that adjusting the position of the
backpack to the S2 level significantly improved the
posture of  the subjects. Other studies have shown the
effect of backpack loads and position on the posture
of  the students. Heavy backpack weight has been
correlated with musculoskeletal pain and may require
treatment, resulting in lost school time.10 The
researchers found that most of the subjects carried
their backpacks with loads of 6 to 10% of their body
weight, affecting the standing posture of the students.
This is similar to the findings of Candotti11 but
different from other studies.10, 12

Other investigators have concluded that
backpacks should not exceed 10 to 15% of  the child’s
body weight.13, 14 Carrying a backpack weighing 15%
or more caused significant increases in the trunk-
forward lean and cranio-vertebral angle (head
forward position), and inability to maintain cervical
and shoulder postural alignment.2, 15 These changes
in posture present a risk for neck pain16 and
compromise pulmonary function.7, 17 These findings
have led other investigators to recommend load limits
to less than 20% of body weight.18-20

 The present study has shown that backpack
position affects the posture of the subjects. This is

Table 1.   Profile of subjects from a private elementary school,
2015 (n = 102).

Variable Mean ± SD/number (%)

Age (yr) 9.7 ± 0.82

Gender (female) 51 (50%)

Grade level
     Grade 3 14 (13%)
     Grade 4 63 (62%)
     Grade 5 25 (25%)

Mode of transportation
     School service 50 (49%)
     Tricycle 25 (24%)
     Private car 14 (14%)
     Jeepney   1 (1%)
     Bus   2 (2%)
     Walking   9 (9%)
     Bicycle   1 (1%)

Weight (kg) 38.6 ± 11.21

Height (cm) 139.8 ± 9.38

Vertical back length (cm) 38.8 ± 3.11

Backpack load (kg) 3.3 ± 1.77

Body mass index (kg/m2) 19.5 ± 4.22

Backpack load percentage 9.0 ± 5.37
1 - 5% BW 29 (28%)
6 - 10% BW 40 (39%)
11 - 15% BW 23 (23%)
16 - 20% BW   6 (6%)
21 -25% BW   3 (3%)
> 25% BW   1 (1%)

Backpack position
     S2   6 (6%)
     ≤ 5 cm below S2 41 (40%)
     > 5 to ≤ 10 cm below S2 39 (38%)
     > 10 cm below S2 16 (16%)

Table 2.  Posture of subjects from a private elementary school with and without backpack, and the effect of placing
backpack at S2, 2015 (n = 102).

Posture    Without backpack     With backpack           Backpack at S2 p-value

1. Back posture
Straight 74 (73%) 37 (36%) 79 (78%) 0.00
Bent 21 (21%) 36 (35%) 20 (20%)
Twisted   5 (5%) 12 (12%)   2 (2%)
Bent and twisted   2 (2%) 17 (17%)   1 (1%)

2. Arms posture
Both below shoulder      102 (100%)       102 (100%)       102 (100%) ---
One above shoulder  0   0   0
Both above shoulder  0   0   0

3. Legs posture
Standing on two legs 99 (97%) 98 (96%)       102 (100%) 0.04
Standing on one leg   3 (3%)   4 (4%)   0
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contrary to the findings of  Rosker, Markovic and
Sarabon who suggested that the elevation of the body
center of mass from a lower to a higher position
systematically decreases the postural control during
quiet standing, and consequently, increases the
intensity of  the balancing task.21 Brackley, Stevenson
and Selinger showed that significant changes occurred
in trunk-forward lean and cranio-vertebral angle
when the backpack was 15% of body weight.2 The
low load placement produced fewer changes in the
cranio-vertebral angle compared with high and mid
placements. When all measures were assessed, there
were fewer changes in lordosis angle in the low load
placement. A lower backpack position has been
shown to decrease erector spinae and upper trapezius
muscle activity and reduce postural adjustment to
backpack load.4 Our simulator findings that looser
shoulder straps (and therefore a lower backpack
position) is preferable are consistent with these studies.

According to Singh and Koh, positioning the
load low on the back affected the spatiotemporal
parameters more than when loads were placed high
in the back. The findings on spatiotemporal
parameters indicate that a reduction in gait velocity
and cadence and an increase in double support time
for the 20% lower configuration could be a
compensatory mechanism for children to minimize
either the induced gait instability or mechanical strain
on the musculoskeletal system. Their results also
showed a higher forward trunk lean for dynamic
conditions compared to static conditions indicating
differences in strategies employed to maintain balance
for static and dynamic conditions.18

The results of the present study may be supported
by the concept of center of mass and equilibrium.
The center of  mass, or balance point of  the body, is
considered to be the best estimate of  the body’s
location.22 As gravity acts on all parts of  the body,
one’s entire weight can be considered as concentrated
at a point where the gravitational pull on one side of
the body is equal to the pull on the other side. This
point is the body’s center of  gravity, and it constitutes
the exact center of body mass. When the center of
gravity is above the base of  support and the pull of
gravity is successfully resisted by the supporting
members, an equilibrium of  forces or a state of  balance
is reached and no motion occurs. While the position
of center of mass can be estimated through various
methods, its relative position varies with changes in
the body segments such as occurs with limb

movements.24,25 However, the center of  mass is
commonly accepted to be around S2 vertebra level
in the normal upright posture.

Carrying a heavy school bag for long periods of
time could result in repetitive stress injuries to the
growing body. This follows the shifting of  the child’s
center of  gravity in the direction of  the load when
carrying a backpack. To compensate, the child will
lean in a direction opposite to the force. Another
common strategy is to support on the shoulder straps
by hand during lumbar hyperextension. Such
postural deviations can hamper the natural shock
absorption abilities of the spine and require greater
muscle activity to prevent the individual from falling
as a result of the increased forces and moments about
the spine. These 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.26 The shape and design of  the spine
affords efficient distribution and balancing of body
mass. There is minimal spinal muscle involvement
required for maintaining static equilibrium in erect
stance. Changes in spinal shape, however, are likely
to disrupt this balance. An increase in sagittal
curvature may alter physiologic loading through the
spine as a consequence of  a shift in trunk mass,
leading to increased flexion moments and
compression and shear forces imposed on spine
segments. In addition to increased mechanical
loading, changes in spinal posture may compromise
back extensor strength (force-generating capacity) and
the normal function of  paraspinal musculature.
Increased curvature in the thoracic spine is associated
with higher spinal loads attributable to gravity and
muscle force, and a strong linear relationship exists
between the magnitude of load and thoracic
kyphosis.27

In summary, the postural deviations that occur
in elementary school children when they carry their
backpacks may be corrected by positioning the lower
end of their backpacks to correspond to the S2 level.
Positioning the backpack this way will minimize the
stress and strain on the children’s back and result in
improved posture.
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