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Abstract

Introduction: Backpack is the most common tool for carrying school supplies in children and adolescents as their constant companion
during the school year and even daily life. The aim of the present study was to investigate the effect of carrying backpacks with different
weights on the electromyographic variables of selected lower-limb muscles of 7-10 years old girls and boys during backward and forward
walking. Methods and Materials: A total of 26 healthy students (13 boys and 13 girls) were included in the present study using convenience
sampling. Subjects performed forward and backward walking while carrying a backpack under different conditions: 0% (no weight), 10%,
15%, and 20% of their body weight. Electrical activity of the muscles of rectus femoris, biceps femoris, tibialis anterior peroneus longus, and
gastrocnemius medialis muscles of the dominant leg was recorded. Repeated measures ANOV A along with Bonferroni correction coefficient
test was used to compare the dependent variables under these four conditions (P<0.008). Results: Overall, the results of the present study
showed that normalized mean activation of lower-limb muscles was significantly increased while carrying the backpacks with 15% and 20%
of body weight during backward and forward walking (P<0.008); however, there was a significant reduction in the median frequency of the
muscles under these two conditions during backward and forward walking (P<0.008). In contrast, there was no significant difference
between different backpack weights in terms of the co-contraction rate of the dominant knee and ankle joints during backward and forward
walking (P<0.008).Conclusion: It seems that increasing the activity level and decreasing the median frequency of selected lower-limb
muscles while carrying backpacks with weighting 15% and 20% of body weight likely cause earlier fatigue and musculoskeletal injuries due
to overwork; therefore, it is recommended that the backpack weight should be less than this range and close to 10% BW. Future studies are
necessary to investigate other biomechanical aspects.
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or even parents (2). It has been reported that in comparison with
school bags for carrying loads, backpacks usually put less
physiological pressure on the cardiovascular and metabolic

Introduction

Backpack is the most common tool for carrying school supplies

among children and adolescents as their constant companion
during the school year and even in everyday life (1). Today,
various features of carrying a backpack such as method of
carrying it, type of backpack, backpack weight, and students’
height have been considered by pediatricians, orthopedists,
ergonomists, exercise researchers, physical education teachers

systems and require the least muscular effort (3). However,
carrying a heavy backpack can cause many musculoskeletal
disorders and pain or various physical abnormalities (4).
Numerous studies have shown that heavy and inappropriate
backpacks can result in localized pain and discomfort (5),
fractures (6), fatigue, musculoskeletal injuries (2), increased
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postural abnormalities (7), and motor dysfunctions in different
areas of the body (2). The backpack weight is directly applied to
the shoulders and spine, and the amount of load applied
increases with increasing the students' academic level and the
backpack weight so that backpacks are filled with books and
other supplies such as sports equipment, after-school clothes or
nutrition packages. However, the musculoskeletal system of
children and adolescents is poorly growing and often cannot
bear to carry heavy backpacks. To this end, it is important to be
aware of the effects of different backpack weights and to prevent
its negative effects on students.

Although many studies have investigated the appropriate
backpack weight; there is still disagreement among researchers
about the proper backpack weight as a range of 5-10% body
weight (BW), maximum of 10%BW, and 10-15% as backpack
weight in different studies (3, 8). A study investigated the effect
of backpack carrying on pulmonary-cardiac changes among
Iranian adolescent students and researchers introduced the
appropriate backpack weight range of 8% BW (9). In the other
two studies, the appropriate backpack weight range was
suggested about 7.5%BW (10) for Iranian students and about 5%
BW (11) for Saudi students. In another study, researchers
reported that backpack load, even at 5% BW, could significantly
change the angles of the upper and lower limbs (12).

Gait is a fundamental and common motor activity in daily
life performed with the aim of slowly advancing the body in the
environment and with the mechanism of muscular forces and
inertia (13). So far, many studies have investigated the effects of
heavy backpacks on gait biomechanics, such as head and trunk
forward inclination (14), increased trunk disorders (7), change
in kinetic characteristics such as increase in vertical reaction
force and braking and propulsive impulses (15), muscular
fatigue (2), and change in various spatio-temporal features (14,
15). Overall, backpack
biomechanical changes. However, it should be noted that

carrying may cause various
children use different gait strategies (such as backward and
forward walking, hoping, etc.) while carrying a backpack from
home to school (or even at school). However, most of studies on
effects of backpacks in children have focused on normal forward
walking, and the role of backward walking has received less
attention, which may in turn reduce the generalizability of the
results of this type of research to real environments. Besides, new
electromyography (EMG) variables such as co-contraction are
nowadays used in studies that can better show the mechanism of
muscle contraction during various movements. To the best of
my knowledge, no study was found on the effects of backpacks
on the co-contraction rate of lower-limb muscles. On the other
hand, when using backpacks with different weights, knowing the

various biomechanical effects can be useful and help to prescribe
the appropriate backpack weight. Finally, it should be noted that
considering the use of different statistical populations in
previous researches, it is necessary to carry out further studies to
better identify the effects of backpacks on activity of lower-limb
muscles. According to the foregoing, the aim of the present
study was to investigate the effect of backpack carrying on EMG
variables of selected lower-limb muscles in boys and girls aged
7-10 years during forward and backward walking.

Methods and Materials

Subjects

The statistical population of the present quasi-experimental study
included all student children aged 7-10 years in Isfahan (repeated
measures design). The sample size was calculated 24 people using
G-Power software (test power of 0.8 and P-value<0.05 for four
measurement conditions) (16). Finally, in order to reduce the
existing errors and increase the statistical power, 26 healthy
students (13 boys and 13 girls) were enrolled in the present study
using convenience sampling. The mean+SD of age, height, and
weight of students were 8.54+1.07 years, 134.96+5.11 cm, and
32.31+3.83 kg, respectively. Attempts were made to select
homogeneous students in term of age, height, weight, daily
activity level, and etc. to control the effect of these factors as much
as possible. Inclusion criteria included, the ability to carry a
backpack weighing 20% of one’s body weight properly for two
minutes, and the daily use of backpacks in the school environment
and shuttling back and forth between school and home. Students
with musculoskeletal, neuromuscular, or
problems, orthopedic injuries, specific physical abnormalities, or
a history of surgery in the past year were excluded from the study
(12, 14). Prior to laboratory tests, the informed consent forms
were obtained from all students and their parents. The present
research design was registered in the Ethics Committee of
Kharazmi University Research Institute of Motor Sciences with
the code IR KRC.112/1000. During the tests, two instructors were
responsible for supervising the movements and protecting the
children against any possible danger.

cardiovascular

Test procedure

This study was performed in the Biomechanics Laboratory of the
Faculty of Rehabilitation, Isfahan University of Medical Sciences.
To record the EMG signal of the selected lower-limb muscles, al6-
channel EMG (Myon Co.) was used with an accurate
measurement of one microvolt (uV) and a sampling frequency of
1000 Hz. The excess hair of the intended site was shaved, then
cleaned with alcohol to prepare the subject's skin for the
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installation of the Ag/AgCl electrodes. Then, the electrodes were
arranged in a bipolar arrangement about 2 cm distance from each
other according to the European protocol of surface EMG for
non-invasive assessment of muscles (SENIAM), on the rectus
femoris (50% distance between anterior superior iliac spine and
patella), biceps femoris (between the line connecting the middle
of gluteal fold to knee), tibialis anterior (upper third of line
between fibula tip and medial malleolus tip), peroneus
longus(25% distance on the line connecting the upper head of the
fibula to the lateral malleolus) and gastrocnemius medialis(upper
quarter distance between the medial part of the knee joint to the
heel protrusion on the inner protrusion of the muscle) of the
dominant leg (1). All electrodes were placed parallel to the muscle
fibers and between the muscle innervation center and the terminal
tendon. To prevent the electrodes from moving during the tests, a
bandage was stretched around the electrodes. The ground
electrode was installed on the tibia. A foot switch was used under
the medial area of the heel of the right foot to determine the start
and end time of each gait step. Then, the dominant foot of the
subjects was determined using three tests hit the ball, straight leg
raise, and balance (at least 2 out of 3 tests) (17).

Prior to the test, the subject practiced the correct way of
backward and forward walking for 6 minutes (3 minutes each)
on a treadmill. To prevent the subjects from falling and the
possible dangers, they could put their hands on special handles
while backward and forward walking on the treadmill.
Considering the difference in height and body size of the
subjects, the speed of backward and forward walking on the
device was determined by subjects themselves and this speed
was constant to each subject in all other backpack carrying
conditions. Subjects were asked to try to walk backward and
forward naturally in order to perform the tests. In addition, the
load location was considered as the middle position of the load
by adjusting the lower load line in the twelfth thoracic vertebra
(twelfth rib) (18). In the present study, a double-strap
backpack (Model: Scott Easy) with a mass of 1.25 kg was used
for carrying loads. The entire backpack was raised as high as
necessary by manipulating its straps to keep it fixed during
movement. To finetune the backpack load at the line of the
above-mentioned places, attempts were made to adjust the
backpack load by placing fiber at the backpack bottom to an
appropriate level (18). The gait test was performed 4 times for
each subject (at 0%, 10%, 15%, and 20% BW). All tests were
performed in one day and the order of gait test with backpacks
of different weights was carried out to prevent systematic
errors (1). The subjects were given enough time to rest between
the tests and eliminate the fatigue. The gait test lasted one
minute for each condition and, data were recorded for 20

seconds at the second minute while making sure that students
did not notice this (18). For each gait condition, 6 successful
trails were recorded in order to calculate the mean value of the
dependent variables. Subjects wore their own shoes while
walking. To adjust the backpack weight in proportional to the
percentage of each person's weight, the everyday items used by
the students, including books and notebooks, water bottles,
stationery, food, and other supplies were utilized inside the
backpack while trying to keep a balance on the frontal and
sagittal planes(18).

At the end of the tests and after adequate rest, the subjects took
maximum voluntary isometric contraction (MVIC) (two attempts
for each muscle). With regard to the rectus femoris, the subject sat
on a chair, and after fixing his/her ankle with a belt, he/she was
asked to bring his/her knee into an extension position and external
resistance was applied against the movement using a belt (19). With
regard to the biceps femoris muscle, the person's leg was bent about
45 degrees from the knee joint in the standing position, and then
he/she was asked to move his/her leg to a more flexed posture and
resistance was applied against the movement (19). Concerning
tibialis anterior, the person was placed in a standing position,
resistance was applied against the dorsiflexion, and he/she was
asked to produce maximum contraction (19). Regarding peroneus
longus, the person was placed in a supination position in a sitting
position and he/she was asked to put his/her leg in the pronation
position and resistance was applied to the movement (19). With
regard to gastrocnemius medialis, the person sat on the floor with
his/her back to the wall, and then resistance was applied to the
plantar flexion. In this case, person was asked to do his/her best to
create maximum plantar flexion (19).

Data processing

First, the raw signal of muscle activity was cut for each gait
movement using the software (mega win 3.0.1) (from the
beginning to the end of walking). Then, to eliminate
movement noise and other noises combined with the electrical
signal of the muscles, the raw data were filtered using a band-
pass filter (15-500 Hz) and then the signal underwent full-wave
rectification. Next, the activity signal of each muscle was
normalized using the maximum muscle activity in 5-Sec of
maximal voluntary isometric contraction of the same muscle
so that the data could be compared between the different
efforts of one subject or between the efforts of several subjects.
On the other hand, the median frequency index of raw EMG
signals was calculated using the Fast Fourier Transform (FFT)
spectrum analysis program in MATLAB ver. 2015. This feature
is an indicator of the displacement and transmission of the
frequency spectrum and can indicate motor unit recruitment
speed (20). Also, muscle co-contraction indicates the
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Table 1.Results of intra-class coefficient (ICC) for electromyography variables during backward and forward walking

variable muscle Forward walking  Backward waking
Rectus femoris 0.72 0.74
Biceps femoris 0.78 0.77
Normalized mean activation Tibialis anterior 0.75 0.74
Peroneus longus 0.71 0.76
Gastrocnemius medialis 0.77 0.79
Rectus femoris 0.74 0.71
Biceps femoris 0.76 0.78
Maximum normalized activity Tibialis anterior 0.72 0.76
Peroneus longus 0.75 0.72
Gastrocnemius medialis 0.79 0.77
Rectus femoris 0.80 0.83
Biceps femoris 0.78 0.82
Median frequency Tibialis anterior 0.81 0.76
Peroneus longus 0.83 0.77
Gastrocnemius medialis 0.76 0.79
Co-contraction Knee joint muscles 0.83 0.79
Ankle joint muscles 0.80 0.83
All values haveno unit
achievement of motor skills without inhibition of additional Results

movement-dependent muscle activity considered as the
inefficiency of human movements. The following equation was
used to determine the directed co-contraction values (in total
movement) (21).

Muscle co-contraction=1-(mean agonist muscle activity/mean
antagonist muscle activity)

In this regard, the closer the number is to zero, the higher the
co-contraction rate will be, and the closer the number is to 1 and
-1, the lower the co-contraction will be. Overall, normalized
mean activation, median frequency, and co-contraction rate of
lower-limb muscles during walking were calculated as EMG
indices.

Statistical analysis

First, to calculate the reliability of dependent variables between
6 repetitions of walking with backpacks of different weights, the
intra-class coefficient (ICC) test and Munro’s classification
method were used (22). Normal data distribution and
homogeneity of variances were confirmed using Shapiro-Wilk
and Levene’ tests, respectively. Then, to determine the effects of
carrying backpacks of different weights (0%, 10%, 15%, and 20%
BW), repeated measures ANOVA was utilized (P<0.05).
Bonferroni correction was also used to identify different
conditions so that 6 comparison modes were created for 4
backpack positions. In this case, the correction coefficient was
calculated 0.008 by dividing 0.05 to 6. Data analysis was
performed using SPSS ver. 18.

Reliability of EMG variables during backward and forward
walking

The results showed ICC of 0.7-0.9 for EMG variables of selected
lower-limb muscles during 6 movements of backward and
forward walking while carrying backpacks of different weights.
This means that all of these indices had high reliability (Table 1).

The effect of carrying a backpack on the normalized mean
activation of selected lower-limb muscles while walking
backward and forward

The results of repeated measures ANOVA showed a significant
increase in normalized mean activation at 15% BW (P=0.001)
and 20% BW(P=0.001) compared to 0% BW as well as at 20%
BW compared to 10% BW (P=0.003)for rectus femoris; at 15%
BW (P=0.005) and 20%BW(P=0.001) compared to 0%BW for
biceps femoris; at 20% BW compared to 0% BW (P=0.002) for
peroneus longus; at 15% BW (P=0.001) and 20%BW (P=0.001)
compared to the 0% BWfor gastrocnemius medialis while
walking forward. The results also demonstrated a significant
increase in the normalized mean activation at 15% BW
(P=0.001) and 20% BW (P=0.001) positions compared to 0%
BW as well as at 20% BW compared to 10% BW (P=0.004) for
rectus femoris; at 20% BW compared to 0% BW (P=0.001) for
the biceps femoris; at 10% BW (P=0.001), 15% BW (P=0.002),
and 20% BW (P=0.001) compared to 0% BW for tibialis anterior;

Journal of Clinical Physiotherapy Research. 2021;6(1): 28

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0). Downloaded from: http://journals.sbmu.ac.ir/ physiotherapy



The effect of carrying a backpack on the lower limb muscles of girls and boys 7 to 10 years old €28

Table 2. Comparison of the mean *standard deviation of the normalized mean activation of the selected lower-limb muscles of the dominant leg
between different backpack weights while backward and forward walking

Type of movement Muscle 0% 10% 15% 20%

Rectus femoris 22.68 (5.59) 25.88 (6.48) 25.81 (5.79)*  30.89 (6.13)*#
Biceps femoris 22.63 (6.34)  30.58(7.26)  32.14(6.85)* = 34.52 (7.44)*

Forward walking Tibialis anterior 16.44 (4.28) 17.95 (4.72) 18.32 (5.06) 19.1 (5.44)
Peroneus longus 19.78 (4.97) 23.42 (5.76) 22.68 (5.35) 24.77 (6.09)*
Gastrocnemius 24.48 (5.36) 27.83 (6.30) 29.80 (5.87)* 31.13 (6.38)*
Rectus femoris 28.93 (6.00)  33.27 (7.35) 38.18 (6.25)*  39.91 (7.29)*#

Biceps femoris 30.41 (6.87)  33.88 (7.50) 34.74 (8.09) 38.63 (8.2)*

Backward waking Tibialis anterior 22.19(5.23)  26.77 (6.29)*  28.16 (6.77)*  29.75 (5.91)*
Peroneus longus 24.01 (5.23) 27.76 (6.12) 28.63 (6.49) 29.57 (6.09)*
Gastrocnemius medialis ~ 19.83 (4.79)  21.89 (5.31) 24.32(5.86)  26.30 (5.07)*#

The unit of normalized mean activation is shown in MVIC; the * sign indicates a significant difference between 0% BW and other backpack weights (P <0.008); the #
sign indicates a significant difference between 10% BW and other backpack weights (P<0.008).

Table 3.Comparison of the mean (standard deviation) of the median frequency of selected lower-limb muscles of the dominant leg between

different backpack weights while walking backward and forward

Type of movement Muscle

0%

10%

15%

20%

Rectus femoris
Biceps femoris
Tibialis anterior
Peroneus longus
Gastrocnemius
Rectus femoris
Biceps femoris
Tibialis anterior
Peroneus longus
Gastrocnemius

Forward walking

Backward waking

107.32 (22.06)
114.5 (24.79)
106.66 (19.56)
98.89 (23.77)
125.63 (27.91)
102.38 (26.52)
118.99 (29.51)
99.26 (21.09)
104.17 (25.99)
117.97 (28.70)

101.28 (25.12)
101.53 (23.14)
101.94 (25.83)
91.02 (19.63)
113.89 (21.68)
104.30 (21.76)
108.15 (24.02)
97.13 (22.76)
97.19 (20.54)
113.08 (21.08)

97.23 (26.17)
95.88 (26.51)*
90.23 (23.78)*
90.55 (22.70)
117.83 (24.30)
95.65 (23.94)
101.85 (26.16)
86.35 (24.18)*
92.03 (22.42)*
111.96 (27.30)

92.41 (23.58)
88.82 (20.43)*#
94.08 (22.14)*

85.70 (24.82)
106.06 (26.02)*

90.75 (20.19)
97.21 (25.05)*
86.97 (20.18)*
89.66 (23.28)*
106.05 (23.21)*

The unit of median frequency is in Hertz (Hz); the * sign indicates a significant difference between 0%BW and other backpack weights (P<0.008); the # sign indicates a

significant difference between 10% BW and other backpack weights (P<0.008)

at 20% BW compared to 0% BW (P=0.002) for peroneus longus;
and finally, at 20% BW compared to 0% BW(P=0.001) and 10%
BW (P=0.001) for gastrocnemius medialis while walking
backwards (Table 2).

The effect of backpack carrying on the median frequency of
selected lower-limb muscles while walking backward and forward
The results of repeated measures ANOVA indicated a
significant increase in median frequency at 15% BW (P=0.006)
and 20% BW (P=0.001) compared to0%BW as well as at 20%
BW compared to 10% BW (P=0.003) for biceps femoris; at 15%
BW (P=0.004) and 20% BW (P=0.005) compared to 0% BW for
tibialis anterior; at 20% BW compared to 0% BW (P=0.004) for
gastrocnemius medialis while walking forward. On the other
hand, the results indicated a significant increase in the median
frequency at 20% BW compared to 0% BW (P=0.004) for
biceps femoris; at 15% BW (P=0.003) and 20%BW (P=0.003)
compared to 0% BW for tibialis anterior; at 15%BW (P=0.006)
and 20%BW(P=0.004) compared to 0%BWfor peroneus

longus; and finally, at 20% BW compared to the 0% BW
(P=0.002) for
backwards. In contrast, there was no significant difference

gastrocnemius medialis  while walking

between different backpack weights in terms of the mean
frequency in rectus femoris and peroneus longus while walking
forward (P>0.008) and the rectus femoris while walking
backward (P>0.008) (Table 3).

The effect of backpack carrying on co-contraction rate of
agonist and antagonist muscles of the knee and ankle joints while
walking backward and forward

Repeated measures ANOVA showed no significant difference
between different backpack weights in terms of the co-
contraction rate of the knee and ankle joints in dominant leg
while walking forward (P>0.008). There was also no significant
difference between the different backpack weights in terms of
the co-contraction rate of the dominant knee and ankle joints
while walking backwards (P>0.008) (Figure 1).
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Figure 1.Co-contraction rate of the dominant knee and ankle joints between different backpack weights while walking forward (left) and walking
backward (right)

Discussion

The aim of the present study was to investigate the effect of
carrying a backpack with different weights on selected
biomechanical variables during normal walking among girls and
boys aged 7-10 years. The results showed that carrying a backpack
with higher weights (especially 15% and 20% BW) increased the
normalized mean activation of selected lower-limb muscles of the
dominant leg while walking backward and forward. These results
are consistent with the results of studies by Hong et al. (23),
Simpson ef al. (24), Javadipour and Fatemi (25), and Ghamariet
al. (1). For example, Javadipour and Fatemi (25) reported that
when bag weight increases to 10, 15, and 20% of the body weight,
the electromyographic activity of the rectus abdominis, pectoralis
major, upper trapezius, and erector spinae increases (25).
Ghamari et al. (1) also observed that EMG activity of the
quadriceps muscle group was increased by increasing the
backpack weight to 15% and 20% BW. It should be noted that due
to the use of different statistical populations in previous research,
it is necessary to carry out further studies in this field to achieve a
better understanding of the effects of backpacks on lower-limb
muscle activity. Overall, increased activity of the lower-limb
muscles during walking with a backpack may be due to a variety
of reasons. One of these reasons, as suggested by some previous
research, is the greater muscular effort by the subjects to overcome
the backpack load, which occurred at 15% and 20%BW. Another
reason may be the extra effort of the muscles to maintain the body
stability (26). This seems likely that some research has shown the
effects of carrying a backpack on reducing body stability (26).
Also, another possible reason is lower-limb muscle fatigue.
Increasing backpack load requires more muscular effort, which
can lead to faster muscle fatigue. In this regard, Hong et al. (23)
showed that trapezius fatigue occurs faster while walking with

backpacks weighting 20%BW. Overall, increasing the lower-limb
muscle activity while carrying a backpack may increase the load
applied on the muscle and cause fatigue sooner, thereby resulting
in increased musculoskeletal pain and the prevalence of various
abnormalities (2, 27). However, the present study did not
investigate the relationship between backpack carrying with
musculoskeletal pain or the prevalence of various abnormalities,
therefore, it seems necessary to carry out future studies. On the
other hand, Naderi et al. (27)stated that less than 10% BW was the
best backpack weight for male students aged 10-12 years. Overall,
considering that muscle activity mainly changed at 15% BW and
20% BW, it seems that the backpack weighting 10% BW is more
suitable.

In contrast, the results of the present study on the effects of
backpack weight on the selected lower-limb muscle activity are
inconsistent with the results of the studies of Motmens et al. and
Al-Khabaz et al. (28, 29). Motmens et al. (28) investigated the
activity of trunk muscles when carrying a backpack and did not
observe a significant difference in the EMG activity of trunk
muscles between two conditions of carrying no backpack and the
carrying a two-compartment backpack. In a study of the effects of
backpack weight on the activity of trunk and lower-trunk muscles
of male students, Al-Khabaz ef al. (29) showed that carrying a
backpack with different weights had no significant effect on biceps
femoris, vastus medialis, and spinal erector and only activity of
rectus abdominis was increased in proportion to the backpack
weight. Some of the reasons for this discrepancy in the results of
studies can be due to differences in the way of backpack carrying
(one versus both shoulder), change in the duration and distance
of backpack carrying (short versus long-term) (24, 27), and
location of the backpack on the spine (lower, middle or upper part
of the spine) (27). In addition, differences in the statistical
population of studies (such as age, sex, level of physical activity,
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geographical location, lifestyle, etc.), differences in the type of
motor function (walking on the ground vs. a treadmill), and
changes in the examined muscles (trunk muscles or upper-trunk
versus lower-truck) may also be other possible reasons for these
conflicting results. Also, different methods of EMG signal analysis
can change the mean and maximum muscle activity (30).

On the other hand, the results of the present study showed that
carrying a backpack with heavier weights (especially 15% and 20%
BW) reduced the median frequency of selected lower-limb
muscles of the dominant leg while walking forward on a smooth
surface. These results are consistent with the results of a study by
Ghamari et al. (1). They investigated the effects of backpack
weight on EMG variables of selected lower-limb muscles among
15 students aged 9-11 years in Hamedan and showed that the
median frequency of lower-limb muscles was decreased by
increasing the backpack weight to 15% and 20% BW (1).
However, only forward walking was investigated in their study,
and walking backwards used in students' daily lives, were not
investigated. Overall, the decrease in median frequency of the
muscles is due to the reduction in the conduction velocity of the
action potential of the muscle fibers and the increase in the
duration of the action potential of the motor unit and can be
associated with reduced force produced in the muscle as well as
decreased muscle performance (20). It should be noted that the
decrease in the muscle median frequency is a clear sign of fatigue
(20), which can indicate the occurrence of fatigue while carrying
backpacks weighting 15 and 20% BW. In this regard, Hong et al.
(23) observed that fatigue in trapezius muscle was created only
after the first five minutes of carrying the backpack weighting 20%
BW for 15 minutes. According to these studies, fatigue seems to
be the reason for increasing activity and decreasing the median
frequency of the lower-limb muscles while carrying a backpack
weighting 15 and 20% BW. However, variables indicating general
and muscular fatigue were not examined in the present study,
which requires future research. Anyway, fatigue from carrying a
heavy backpack can result in musculoskeletal pain or various
abnormalities in different parts of the body (especially during
childhood and adolescence) (2, 23). Awareness of these negative
effects of carrying a heavy backpack should be considered by
parents, educators, teachers, as well as students themselves.

Furthermore, the results of the present study showed that
carrying a backpack with different weights did not change the co-
contraction rate of the knee and ankle joints of dominant leg while
walking backward and forward. Today, new EMG variables, such
as co-contraction, are used in studies that can better show the
mechanism of muscle contraction during various movements.
Unfortunately, we found no study on the effects of carrying a

backpack on the co-contraction rate of the knee and ankle joints.
However, considering that muscle co-contraction also indicates
the performance of the neuromuscular system during each
movement (21, 31), it seems that effects of carrying backpacks
with different weights have been only created on the muscular
characteristics and have not made major changes in the nervous
system that controls the lower-limb muscles.

In the present study, the effect of backpack carrying on the
body stability was not investigated, therefore further studies are
warranted. Also, the kinematic and kinetic aspects and their
relationship with the EMG aspect of the lower-limb muscles
during backpack carrying were not addressed in the present study,
which are suggested as new research fields in future research. On
the other hand, considering small number of studies on the effects
of backpack carrying on the muscle co-contraction rate, it is
necessary to conduct studies to
biomechanical aspect as closely as possible.

more investigate this

Conclusion

The results of the present study showed that increasing backpack
weight (especially at 15% and 20% BW) increased the activity and
decreased the median frequency of the selected lower-limb
muscles. These changes likely cause earlier fatigue in students and
increase the risk of musculoskeletal injuries. In contrast, carrying
backpacks with different weights did not change the co-
contraction rate of the dominant knee and ankle joints of 7-10-
years old students while walking backward and forward. It seems
that a change in backpack weight only affects the muscular
characteristics of the lower limbs, but not major changes in the
control of the nervous system of these muscles. On the other hand,
due to small biomechanical changes under the conditions of
carrying a backpack weighting 10% BW, this weight range is
suitable for a backpack.
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