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A backpack is an essential item that has been used
for a long time as a tool for carrying objects.
Generally, students who go to school and grow up to
become a part of the society, carry various kinds of
backpacks as they age.1 In the modern society, espe-
cially, there are various shaped backpacks such as
cross-backpacks and clutches, and many backpacks
are used for fashion reasons. In general, we effi-

ciently carry everything we need in our backpacks.
Carrying a backpack puts stress on the body due to
its weight and can cause postural changes caused by
the mechanical or physiological effects.2 The 77.1% of
students reported symptoms of the musculoskeletal
system in the neck, shoulders and lower back. These
symptoms may be caused by a variety of reasons, but
heavy backpacks are a crucial factor that contributes
to pain.3 The 44% of male adolescents and 53% of
female adolescents carrying backpacks reported that
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they had a significantly higher prevalence of experi-
encing musculoskeletal problems in the neck, shoul-
ders, and lower back.4,5

The causes of musculoskeletal problems of the neck,
shoulders, and back due to a backpack include the
time it takes to hold the backpack, the weight, and
the length of the backpack straps. It has been
reported that muscle fatigue builds up when one
walks more than 15 minutes carrying a backpack that
weighed more than 15% of the body weight.5-7

Another study has found that walking with a back-
pack on one's back for 15 minutes caused pressure,
fatigue, and pain.8 In addition, when the length of
the backpack straps is stretched down, the stride
length decreases and the upper body tilts forward due
to the adaptation mechanism of the human body in
order to save energy consumed during walking.9

There is also a study which concluded that the heav-
ier the backpack weight, the more the subject's neck
flexion and torso angle were tilted forward.10 It has
also been found that severe compression of certain
parts of the body from wearing a backpack for a long
time may cause not only fatigue on the lower back
but also inability to use a backpack due to lower back
pain.11 Furthermore, the gap between the backpack
and the human body is increased due to the differ-
ence in human body dimensions, which causes an
increase in fatigue on the lower back caused by the
impact of the backpack load during walking.11 Based
on previous research evidence, adolescents are
exposed to musculoskeletal problems such as in the
neck, shoulders, and the back caused by backpacks.
Therefore, it is necessary to study the backpack
design to solve the problems that may arise with
backpack use. Although, there are many studies on
the resulting pain caused by backpacks and their
ergonomic stability, there are limited number of
studies on the design of comfortable backpacks.7,11

The neutral posture reduces the load on the cervical
due to incorrect vertebrae, cervical, and scapula pos-
tures.12 This neutral posture minimizes tone and
stress. Round shoulder posture, one of the dysfunc-
tion of body alignment, is a position where the
acromion of scapula protrudes forward against the
line of gravity of the body, which increases forward
head posture, and this forward head posture causes
muscle tone by increasing stress on the neck and
shoulder muscles.13-15 However, when a backpack is
worn, the body holds the center of mass forward to
respond to the weight applied to the back, resulting
in a change in vertebral alignment.16 The overly heavy
backpacks, the shape of the backpacks, the way of
carrying, or the position of the backpack may not

distribute the weight of the backpack evenly, result-
ing in an abnormal posture.17

As the objects within a backpack are shaken while
walking with a common backpack, the body also
shakes. Accordingly, muscles located in the trunk are
irregularly activated to control the muscles, which
increases muscle fatigue or decreases trunk stabili-
ty.18,19

In the previous studies, research has been conduct-
ed on the pain and changes in body alignment and
muscle tone caused by the type or carrying method of
the backpack. However, research on the design of the
backpack itself is limited to backpack straps.
Although there are certainly some types of backpacks
that prevent musculoskeletal problems resulting from
backpacking, there is little research on the shape of
the backpack itself, and this study focused on the
effective backpack design. The force of the human
body can have mechanical benefits as the external
moment arms locate closer to the body. If there is a
mechanical advantage, the muscles do not have to
spend energy to generate unnecessary power.20 If a
backpack is made using these mechanical principles,
it can reduce stress on muscles and joints even when
the backpack is carried. This study investigated the
fatigue of the subject's muscles and analyzed the
changes in the craniovertebral angle and sagittal
shoulder angle.

For this study, 36 healthy university students par-
ticipated in this study. Through the preliminary
questionnaire, the subjects who had no had no neu-
rological diagnosis or had no orthopedic diagnosis
were selected first for the past six months. In the
process, two subjects were excluded for neurological
problems and, four subjects were excluded for ortho-
pedic problems. General characteristics such as gen-
der, age, height, weight, and dominant hand were
identified among the selected subjects. The general
characteristics of the subject are given in Table 1.
This study has been approved by the Institutional
Review Board of Daejeon University (1040647-
201910-HR-003-03), and is registered in the WHO
International Clinical Trials Registry Platform:
KCT0005364.

SUBJECTS AND METHODS

Subjects 
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This study was done with a cross-over design. Each
subject was randomly assigned to use either a com-

mon backpack or a body-adhesive backpack condi-
tion. Randomization is done in computer program R
(R Studio Desktop 1.2.5033). They answered a brief
questionnaire about their name, age, height, weight,
and filled their backpacks with objects, such as books
or pencil cases, to make backpacks weigh about 15%
(±20 g) of their own bodyweight. Subjects were
evaluated for three times craniovertebral and shoul-
der angles in a lateral view in front of the lattice
mirror under three different conditions: with back-
pack, without backpack and after carrying the back-
pack on treadmill. For evaluate muscle fatigue, elec-
trodes were placed on upper trapezius, lower trapez-
ius, erector spinae, and rectus abdominis. They
walked on the treadmill that was set at an incline of 

Procedures

Sex (M/F)

Age (years)

Height (cm)

Weight (kg)

Dominant hand (Rt/Lt)

ValuesVariable

20 / 10

21.87 ± 3.31

171.60 ± 8.80

67.33 ± 14.27

27 / 3

Table 1. General characteristics of the study participants (n=30)

Figure 1. Procedure
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0 ° and a speed of 4 km/h (1.1 m/s) for a total of 15
minutes with the backpack which were filled with 15%
of their bodyweight.5 For the first five minutes, they
walked without any measurement to adapt to the
backpack and the treadmill.10,20 After five minutes, the
subjects walked 10 more minutes for measurement,
and the muscle fatigue signal was measured at 5-6
minutes, 10-11 minutes, 14-15 minutes. After the
experiment of one backpack was completed, washing
out was performed for 24 hours to minimize the
variable and the experiment of another backpack was
conducted (Figure 1).

Common backpack
The backpacks that people commonly carry were

used; they did not have any special functionality, and
the shoulder strap from the bottom of the backpacks
to the top was used. The dimension of the backpacks
was 30 cm × 42 cm × 12 cm (Figure 2).

Body-adhesive backpack condition
The same backpack was used to provide the subject

with only one variable, which was the backpack that
adheres to the body. The backpack was designed to
fit the torso tightly. The details were as follows: two
straps were crossed at the backside of the backpack's
center of gravity, and the top of the strap was buck-
led to the shoulder. In addition, the bottom of the
strap was also buckled up, supporting the bottom of
the backpack, and connected to the shoulder buckle
so that the backpack tightly fit the body (Figure 3).

Craniovertebral angle and sagittal shoulder angle
Subjects were evaluated for three times craniover-

tebral and shoulder angles before and after carrying
the backpack in a side position in front of the lattice
mirror, and after carrying the backpack on treadmill.
For accurate measurement, the body markers were
attached at the midpoint of the 7th cervical vertebrae
and acromion of scapula. The camera was located at
2 m distance from the subjects.21 Image J (ImageJ
1.51k, National Institute of Health, USA) was used to
measure the craniovertebral and sagittal shoulder
angles, and Galaxy S10 5G was used for photography
(Figure 4).

Outcome measures

Intervention

Figure 2. Common backpack

Figure 3.Body-adhesive backpack

Figure 4.Craniovertebral angle & Sagittal shoulder angle
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Muscle fatigue
Muscle fatigue was assessed by attaching electrode

pads to the dominant lateral muscles of upper
trapezius, lower trapezius, erector spinae, rectus
abdominis.6,7 About 5 cm upwards of the lateral of
spinous process of upper trapezius was palpated and
attached to electrodes. Lower trapezius was the lat-
eral of spinous process that palpated about 5 cm
downward and attached to.6 About 5 cm the lateral of
3rd lumbar spinous process of erector spinae was
palpated and attached to electrodes and for rectus
abdominis, the electrode was attached 2 cm to the
lateral of umbilicus midline of the navel.6,7,22,23 The
equipment of EMG (QEMG-4 LXM3204, Laxtha,
Daejoen, Korea) was used to measure the muscle
fatigue. Telescan ver.3.2.8.0 (Laxtha, Daejoen,
Korea) program was used to analyze the raw data of
the muscle fatigue. The sampling frequency was set
to 1024 Hz, and band-pass filtering was performed at
20-500 Hz to remove the noise of electronic equip-
ment. The median power frequency by the effective
amplitude and the frequency spectrum reflecting the
amplitude of the EMG signal was set to 20-500 Hz
and the special edge frequency was set to 50. The
measurement was done in three-time sections: 5-6
minute, 10-11 minute, and 14-15 minute. 

Treadmill
The subjects walked the treadmill with incline 0° and

speed of 4 km/h for 15 minutes (Figure 5).

Collected data was analyzed using IBM SPSS
Version-25.0 for Windows (SPSS Inc., IBM, USA).
Descriptive statistics were conducted to analyze the
demographics of the subjects, and Shapiro-Wilks test
was conducted for normality test. A one-way
repeated measure analysis of variance (ANOVA) was

used to discover the periodic measurement in the
changes baseline, post-test, follow up for each
group. A mixed model 2 × 3 two-way repeated
measures analysis of variance (ANOVA) with time
(baseline, post-test, follow up) as the with-in subject
factor, group (common backpack, body-adhesive
backpack condition) as the between subject factor.
Bonferroni correction was used for post-hoc analysis.
An alpha level of .05 was used to determine signifi-
cance level.

Comparison of changes of angles of neck and
shoulder with and without backpacks after walking
on the treadmill.

The results of one-way repeated measures ANOVA
indicated that were statistically significant decrease
both groups (P<.05). As a result of post-hoc analysis,
there was a significant decrease the craniovertebral
angle between common backpack before wearing the
backpack and after wearing the backpack, between
common backpack before wearing the backpack and
after the treadmill (P<.05). In the body-adhesive
backpack condition, there was a significant decrease
between before and after wearing the backpack and
after the treadmill (P<.05) (Table 2). The results of
the two-way repeated measurement ANOVA showed
that the main effect of time was a significant
decrease (P<.05) on the cranial angle and the time ×
group interaction, which show that body-adhesive
backpack condition significant effect on cranioverte-
bral angle (P<.05). In addition, the main effect of the
group showed a significant decrease in the craniover-
tebral angle (P<.05) (Table 2).

The results of one-way repeated measures ANOVA
indicated that were statistically significant increase
both groups (P<.05). As a result of post-hoc analysis,
there was a significant increase sagittal shoulder
angle between common backpack before wearing the
backpack and after wearing the backpack, between
common backpack after wearing the backpack and
after the treadmill (P<.05). 

Comparison of sagittal shoulder angle

Comparison of craniovertebral angle

Data analysis 

Figure 5. A. 

B.

Measurement of muscle fatigue of common
backpack, 
Measurement of muscle fatigue of body-
adhesive backpack condition

RESULTS
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In the body-adhesive backpack condition, there was
a significant increase between before wearing the
backpack and after the treadmill (P<.05) (Table 2).
The results of the two-way repeated measurement
ANOVA showed that the main effect of time was a
significant increase (P<.001) on the sagittal shoulder
angle and the time × group interaction, which show
that body-adhesive backpack condition significant
effect on sagittal shoulder angle (P<.05). In addition,
the main effect of the group showed a significant
increase in the sagittal shoulder angle (P<.05) (Table
2).

Upper trapezius
The results of one-way repeated measures ANOVA

indicated that were statistically significant decrease
both groups (P<.05). As a result of post-hoc analysis,
there was a significant decrease the Upper trapezius
fatigue between common backpack 5-6 minute and
9-10 minute, between common backpack 5-6 minute
and 14-15 minute (P<.05). In the body-adhesive
backpack condition, there was a significant decrease
between 5-6 minute and 9-10 minute, between 5-6
minute and 14-15 minute (P<.05) (Table 3). The
results of the two-way repeated measurement
ANOVA showed that the main effect of time was a
significant decrease (P<.05) on the Upper trapezius
fatigue and the time × group interaction, which
show that body-adhesive backpack condition signifi-
cant effect on Upper trapezius fatigue (P<.05). In
addition, the main effect of the group showed a sig-
nificant decrease in the Upper trapezius fatigue
(P<.05) (Table 3).

Lower trapezius
The results of one-way repeated measures ANOVA

indicated that were statistically significant decrease
both groups (P<.05). As a result of post-hoc analysis,
there was a significant decrease the Lower trapezius
fatigue between common backpack 5-6 minute and
9-10 minute, between common backpack 5-6 minute
and 14-15 minute (P<.05). In the body-adhesive
backpack condition, there was a significant decrease
between 5-6 minute and 9-10 minute, between 5-6
minute and 14-15 minute (P<.05) (Table 3). The
results of the two-way repeated measurement
ANOVA showed that the main effect of time was a
significant decrease (P<.05) on the Lower trapezius
fatigue and the time × group interaction, which
show that body-adhesive backpack condition signifi-
cant effect on Lower trapezius fatigue (P<.05). In
addition, the main effect of the group showed a sig-
nificant decrease in the Lower trapezius fatigue
(P<.05) (Table 3).

Erector spinae
The results of one-way repeated measures ANOVA

indicated that were statistically significant decrease
both groups (P<.05). As a result of post-hoc analysis,
there was a significant decrease the Erector spinae
fatigue between common backpack 5-6 minute and
9-10 minute, between common backpack 5-6 minute
and 14-15 minute (P<.05). In the body-adhesive
backpack condition, there was a significant decrease
between 5-6 minute and 9-10 minute, between 5-6
minute and 14-15 minute (P<.05) (Table 3). The
results of the two-way repeated measurement
ANOVA showed that the main effect of time was a
significant decrease (P<.05) on the Erector spinae
fatigue and the time × group interaction, which
show that body-adhesive backpack condition signifi-
cant effect on Erector spinae fatigue (P<.05). In addi-
tion, the main effect of the group showed a signifi-
cant decrease in the Erector spinae (P<.05) (Table 3).

Cranio cervical
angle (°)

Sagittal shoulder
angle (°)

55.07 ± 6.53

57.77 ± 4.40

68.45 ± 24.16

54.20 ± 2.66

23.428**

10.558**

5.668*

12.558**

Without 
backpack 

With 
backpack

Variable
After treadmill

walking
Time

Time×Group
Interaction

57.20 ± 4.89

58.31 ± 4.35

63.38 ± 23.72‡

54.67 ± 2.56

59.23 ± 4.94†‡

59.19 ± 4.62‡

58.78 ± 17.02‡

55.13 ± 2.00‡

CB Condition

BAB Condition

CB Condition

BAB Condition

Table 2. Comparison of craniovertebral angle and sagittal shoulder angle according to each type of backpack

Values are expressed as mean±SD, CB: Common backpack, BAB: Body-adhesive backpack condition
* P<.05, ** P<.001
† Significant difference (P<.05) from with backpack (P<.05)
‡ Significant difference (P<.05) from after treadmill walking (P<.05)

Comparison of muscle fatigue by types of backpack
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Rectus abdominis
The results of one-way repeated measures ANOVA

indicated that were statistically significant decrease
both groups (P<.05). As a result of post-hoc analysis,
there was a significant decrease the Rectus abdominis
fatigue between common backpack 5-6 minute and
9-10 minute, between common backpack 5-6 minute
and 14-15 minute (P<.05). In the body-adhesive
backpack condition, there was a significant decrease
between 5-6 minute and 9-10 minute, between 5-6
minute and 14-15 minute (P<.05) (Table 3). The
results of the two-way repeated measurement
ANOVA showed that the main effect of time was a
significant decrease (P<.05) on the Rectus abdominis
fatigue and the time × group interaction, which
show that body-adhesive backpack condition signifi-
cant effect on Rectus abdominis fatigue (P<.05). In
addition, the main effect of the group showed a sig-
nificant decrease in the Rectus abdominis (P<.05)
(Table 3).

This study measured and compared the changes of
craniovertebral and sagittal shoulder angle and mus-
cle fatigue after walking on the treadmill for 15 min-
utes with and without different types of backpack,
that weighed 15% of the subjects' weight.

In this study, significant differences were found in
craniovertebral angle and sagittal shoulder angle by
types of backpack. In order to save the gait energy

consumption of the human body, the stride is reduced
and the upper body is inclined forward.9 The heavier
the weight, the more the subject was found to tilt the
flexion of the neck and the anterior angle of the torso
forward.10 Previous studies have suggested exercise
programs, including push-up plus, pectoralis minor
stretching, massage, and theraband, and shoulder
brace to correct round shoulder posture. Push-up
plus and massage did not improve the shortening of
pectoralis minor, but there was a significant differ-
ence between pectoralis minor stretching and thera-
band exercise program.24-27 Like the figure 8 shoulder
brace, the body-adhesive backpack used in this study
was produced by attaching the backpack strap from
the back of the backpack to the front of the body
shoulder to have the function of shoulder brace. The
comparison of the sagittal shoulder angle of body-
adhesive backpack showed that body-adhesive back-
pack can be considered to improve shoulder posture
than common backpack.
As a result of muscle fatigue, there was a significant

difference between the time points in all groups. In
comparison between backpacks, body-adhesive
backpacks showed significant differences compared to
common backpacks. As the weight of the backpack
changes over time, the body egment is inclined to the
opposite side, so that the backpack is positioned
upward. However, muscle activation of the shoulder
occurred, and consequently, muscle fatigue did not
appear.29,30 Therefore, this study suggests that the
body-adhesive backpack condition, which had a sta-
ble position of the backpack on the upper part of the
body, had less muscle sfatigue than the common 

Values are expressed as mean±SD, CB: Common backpack, BAB: Body-adhesive backpack condition
* P<.05, ** P<.001
† Significant difference (P<.05) from 9-10 min (P<.05).
‡ Significant difference (P<.05) from 14-15 min (P<.05).

Variable

CB Condition

BAB Condition

CB Condition

BAB Condition

CB Condition

BAB Condition

CB Condition

BAB Condition

14-15 min.

27.68 ± 0.83

41.39 ± 7.22

41.39 ± 5.14

54.86 ± 2.16

42.95 ± 4.01

57.04 ± 1.45

45.90 ± 21.63

64.64 ± 1.62

Time

150.111**

111.656**

114.983**

41.466**

5-6 min.

52.55 ± 6.15†‡

47.92 ± 12.68†‡

51.32 ± 4.21†‡

63.37 ± 4.06†‡

56.43 ± 10.57†‡

64.43 ± 1.37†‡

69.11 ± 9.21†‡

71.21 ± 2.35†‡

9-10 min. 

48.28 ± 2.63‡

47.72 ± 11.05‡

46.63 ± 1.97‡

57.76 ± 0.56‡

51.60 ± 7.85‡

61.20 ± 2.71‡

60.03 ± 3.37‡

65.85 ± 1.48‡

Time × Group Interaction

46.350**

2.125

4.250*

14.266**

Upper
Trapezius

(Hz)

Lower
Trapezius

(Hz)

Erector
Spinae
(Hz)

Rectus
Abdominis

(Hz)

Table 3. Comparison of muscle fatigue according to each type of backpack

DISCUSSION
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backpack did. In this study, it was thought that the
common backpack affected muscle fatigue as the
objects of the backpack shook. The body-adhesive
backpack condition in this study was designed to
stick tightly with straps and buckles on the line next
to the backpack to prevent the objects in the back-
pack from shaking. On a mechanical basis, mechani-
cal gains can occur when the external moment arm is
close to the body.20 Considering this mechanical prin-
ciple, it is thought that the distance between the bag
and the torso also affected the muscle fatigue. The
body-adhesive backpack condition used in this study
was designed to connect the upper strap with the
shoulder and the lower strap with the upper strap
shoulder while supporting the bottom strap. As a
result, there was a significant difference in muscle
fatigue compared with common backpack. As a result
of this study, when carrying a bag which weighed
15% of the bodyweight, it is recommended to wear it
as close to the body as possible. If the bag does not
have a strap that is in close contact with the body,
adjusting the existing bag strap to fit the body may
be one way.

The limitation of this study was that subjects were
asked to walk on the treadmill for first 5 minutes for
backpack adaptation, which might have caused loss
of data for the first of 0-1 minute. Future studies will
be able to provide more accurate muscle fatigue
results by measuring 0-1 minutes of data. Body-
adhesive backpack condition had a significant
increase in craniovertebral angle changes compared
to common backpacks, but it was difficult to see a
correlation with forward head posture. Further
research is needed to analyze whether body-adhesive
backpack condition can improve forward head pos-
ture. Body-adhesive backpack condition had a sig-
nificant decrease in sagittal shoulder angle compared
to common backpacks, but there was not enough
evidence to conclude that body-adhesive backpack
condition are correlated with correction of round
shoulder posture. Further research is needed to ana-
lyze if body-adhesive backpacks can help improve
the round shoulder posture.

The body-adhesive backpack condition showed sig-
nificant effect on craniovertebral angle and sagittal
shoulder angle than common backpack. The compar-
ison of two types of backpack showed that body-
adhesive backpack condition had significant effect on

muscle fatigue on upper trapezius, lower trapezius,
erector spinae, and rectus abdominis, compared to
the common backpack.

Therefore, as a way of preventing incorrect posture
caused by backpack, it is recommended to wear a
backpack with adhesive function on the body like
shown in the results of this study. However, if you do
not have such a backpack, it is recommended that
you carry a backpack of the appropriate weight and
avoid carrying the backpack for a long time. In addi-
tion, shortening length of the backpack straps and
tightening them to fit your body figures can be a
helpful way. It is hoped that wearing these backpacks
in the proper way will reduce the prevalence of mus-
culoskeletal disorders.

CONCLUSION
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