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Abstract

The aim of this study was to design a kyphosis backpack with the ability to show the pressure and maintain the
curvature of the spine for people who use backpacks for a long time. This backpack is designed with
tracholambosacral brace. It is designed to distribute good pressure on the shoulder, which is suitable for all ages
and has two metals to maintain the natural alignment of the spine and adjustable straps on the front of the trunk
and front of the abdomen. The backpack consists of three fabric bands, an electrical circuit consisting of three
bending sensors and a pressure sensor, as well as two stabilizing metals. Designed to communicate between
sensors in a mobile backpack (mobile app) that displays information about its degree of curvature through
bending sensors. In order to display the amount of pressure, the pressure sensor also shows this information on
the mobile phone. The design of this circuit and application is such that if the amount of curvature and pressure
is more than the allowable limit, it informs the person through vibration so that it can maintain the normal level
of the spine and also adjust the bag load. To use this feature, the application must turn on the electronic circuit,
then connect to the circuit via Bluetooth to establish a connection between the circuit and the mobile
application. The kyphosis backpack with the ability to measure pressure and maintain the curvature of the spine
designed in the present study can be used in correctional training programs, carrying classroom equipment as
well as sports equipment. The warning system and display of the pressure on the spine, makes this backpack a
comfortable and user-friendly backpack.
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Introduction

The use of backpack among community people especially students and athletes are very common to
transport proper load (1). Also, using heavy backpack can result in a change in the body structure, and
physiological problems (2). Previous studies have been reported that the use of heavy backpacks leads
to premature fatigue, body misalignments, and injuries (3).

Negative effects of carrying heavy backpacks include kyphosis, scoliosis (4, 5) and forward head (6).
In addition to the type of bag, its weight and time duration of carrying, as well as the placement of the
bag on the back of the user can be important in causing such problems (7). A previous study showed
that most musculoskeletal disorders related to the backpack weight are present in the shoulders and
lower back (8). Rampersad (2010) examined the effect of backpack weight on curvature angle of the
spine in adolescents and concluded that non-standard backpack weight significantly increases the
curvature angle of spine and eventually it causes skeletal disorders (9). According to this research, the
suitable weight ranges for backpacks are 10 to 15% of body weight (4). Another study showed that
the appropriate weight for these people is 8% of body weight (10).

Despite many studies about weight range and ergonomic features of backpacks, very few studies have
been done on its design and construction. One of the studies that designed backpacks with a user-
centered design approach based on individual needs is Tarkam’s research (11). Therefore, in order to
pay attention to the weight of the backpack and maintain the alignment of the spine during daily
activities, it is necessary to design a novel backpack bag such as a kyphosis backpack. The purpose of
this study is to design a kyphosis backpack with ability to measure imposed force for people who use
backpacks for a long time. We hypothesized that flexion and pressure sensors could give us
information on the amount of load on the spine, based on which we could determine the weight of the
bag for people with kyphosis so that the curvature of their thoracic spine would not increase.

Material and Methods

To design a bag with the ability of a brace, we have made a bag by restraining the parts of the spine in
the thoracic-lambo-sacral region (Figure 1). Its unique design creates a good distribution of pressure
on the shoulder that is suitable for all ages, and has two metals to maintain the natural alignment of
the spine and adjustable arms in the front of the trunk and front of the abdomen.

Figure 1. The bars embedded in the backpack make it look like a bracelet.

The structure of the bag consists of three fabric bands, an electrical circuit consisting of three bending
sensors and a pressure sensor, as well as two stabilizing metals (Figure 2).
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Figure 2. Backpack structure in two modes with brace capability and sensor

Mobile-designed software (mobile app) displays the amount of curvature of the spine through bending
sensors. In order to display the amount of pressure, the pressure sensor also displays this information
at the mobile. The design of this circuit and application are such that if the amount of curvature and
pressure is more than the allowable level, it informs the person through vibration to maintain the
natural alignment of the spine and also to adjust the bag load (Figure 3). To use this feature,
individuals must turn on the electronic circuit, and then connect to the circuit via Bluetooth to
communicate between the circuit and the mobile app.

Figure 3. Software

Electronic components are as follows: Bending sensor (Artman, Iran), Vibration sensor (SW-18010P,
Mobicon), Pressure sensor (FSR402, Hagler, Germany), Electronic circuit for sensor coordination
(made by the authors) and rechargeable battery (Samsung, South Korea) (Figure 4).
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Figure 4 - Electronic circuit, bending sensors and pressure sensors

The block diagram of the newly designed kyphosis bag is shown in Figure 5.
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Figure 5- The block diagram

Results and Discussion

The aim of this study was to design a kyphosis backpack with the ability to show pressure and
maintain the curvature of the spine for all people and use the backpack for a long time. On the other
hand, it can be used to eliminate kyphosis and lordosis anomalies, and it has the ability to adjust
(increase or decrease the arches according to the improvement or severity of the anomaly using
mobile app).

Body malalignments altered body mechanics during daily activities (12-18). Previous studies have
shown that a proper backpack can reduce back, knee and shoulder pain (19) and also help with
ventilation in lung function (20). The type of bag used in the study of Tarkam design is different from
the study of Norman and Draper (11), which is selected based on the taste and ergonomic
characteristics of the individual. The designed kyphosis backpack was able to show the pressure and
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maintain the curvature of the spine, such as the wireless thoracolumbo-sacral brace with the ability of
vibration and mobile control (21), which was made by the researcher. The designed kyphosis
backpack have a pressure sensor to know the assess pressure values on the spine, suitable for people
with kyphosis (degree 0-90), washability, use of two simple and electronic forms. Unlike previous
designs, this design is suitable for all people who use backpacks and have abnormality in the spine
area. In this design, special attention is paid to the type of bag (sports and classroom), the amount of
force and also equipped with an alarm system to maintain the natural alignment of the spine and the
ability to access the electronic system instantly.

Focusing on kyphosis and not focusing on people with scoliosisis one of the limitations of this study.

Conclusion

The kyphosis backpack with the ability to show the pressure and maintain the curvature of the spine
designed in the present study can be used in correctional training programs, class items as well as for
carrying sports equipment. The warning system and the amount of pressure on the backbone of this
backpack make it a convenient and user-friendly backpack. However, it should be noted that further
studies on this backpack is nessory to establish it’s effeciency.
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