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Pressure ulcers cause a lot of pain and discomfort in the patient. It also has a negative impact on the
quality of life. Some patient’s treatment process may be take longer in hospitals. Like accident injuries,
orthopedic treatments, long-term oncologic treatments. In these processes the time that spent on patient
beds is very important. These patients must not be moved while the healing process. Especially elderly
patients’ and in these long-term patients some bed injuries may occur because of the pressure on their
body named bed sores. Due to the negative effects of pressure ulcers on patients and costly treatment,
they must be prevented. Controlling the pressure intensity can help prevent pressure ulcers. Currently,
the solutions to prevent pressure ulcers include using different methods for movement and displacement
of patients. In this study, a patient bed has been designed to prevent pressure ulcers in long-term
inpatients as application of electronics in medicine. In this bed, several plastic balls placed on pressure
points. These points are the most pressurized points of the human body. The control of pressure in this
points to be implemented in real time by an arduino mega controller board. Then the simplified control
system is tested on the designed bed. The air inside the airbags placed at the pressure points according to
the pressure sensor values connected to the designed system is changed by the compressor. It has been
observed that the pressure values decreased by an average of 8-11% by inflating the balls at the pressure
points in the designed patient bed system In this way, pressure ulcers occurring at pressure points can be
reduced and pressure ulcers can be prevented.

Introduction

Nowadays, depending on factors such as sedentary
lifestyles and unhealthy eating disease has increased.
Due to these increased diseases, the time spent in the
hospital and therefore in the bed has extended. If a
person lying on bed for a long time without any
movement, some injuries will occur on specific
pressure points. They are localized areas of damage
to skin and adjacent tissues due to applied pressure,
friction or shear. Failure to prevent this situation will
result in edema and tissue loss in these points. To
prevent these ulcers from forming, changing the
pressure points of the body is a healthier solution.
Turning the patients’ body or changing the position

may harm the patients’ that should not move and
requires educated staff. Infection and prolong wound
healing can be seen on inactive patients [1].
Conditions such as immobility, skin condition,
edema, diabetes, vascular disease, smoking are
effective in the formation of pressure ulcers [2].

These formations, are tissue damage that occurs in
areas exposed to is chemia (reduced or stopped blood
flow) after unbalanced pressure distribution [3].
These ulcers not only cause difficult treatment
processes, but also increase the length of hospital
stay, decrease the quality of life of patients and their
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relatives, and increase the cost of health services [4-
6].

The exact definition of bed sores is; these are tissue
damages formed directly with under pressured or
exposed to friction points either on the skin or under
the skin [7,8].

Currently, the solutions to prevent pressure ulcers
include using different methods for movement and
displacement of patients. This situation is not
possible for some patients or dangerous for some of
them. In addition to it occurs problems for health care
providers. To avoid such difficulties placing some
air-filled balls to specific pressure points and
changing the air pressure in them is an efficient way.
Pressure ulcers cause a lot of pain and cause
discomfort. They also have a negative impact on the
quality of life[9]. While the incidence of pressure
sores within the hospital in the USA is 8-11%, this
rate is outside 15-20% outside the hospital [10].

The incidence of pressure ulcers in hospital in Turkey
varies between 10-23% [11]. Furthermore, in studies
conducted, it is observed that the pressure ulcer is
4.7-15% in intensive care units and 7.2-17.6% in
other clinics[12]. No evidence studies have been
found regarding which of the interventional practices
for preventing pressure ulcers are more effective and
which indicate their superiority. It has been stated
that only precautions should be taken in almost all of
the studies [12]. Pressure ulcers consist of four
category/stage. Visual of these categories/stages is
given in Figure 1.

Category/stage |: The skin looks red and warm to the
touch. Itching sensation may occur.

Category/stage I1: Painful open ulcers or blisters may
appear colorlessly.

Category/stage Ill: A crater-like appearance may
occur due to tissue damage under the skin surface.

Category/stage IV: Serious infection may occur on
the skin. Muscles, bones and even tendons can be
seen.

Category/Stage I Category/Stage I~ Category/Stage Il Category/Stage IV
Non-blanchable erythema  Partial-thickness skinloss ~ Full-thickness skinloss  Full-thickness tissue loss

ht g i o~
Figure 1. Visual of pressure ulcers categories/stages
Pressure ulcer or bedsore is the third costly disorder

after cancer and cardiovascular diseases. In various
studies, treatment costs have been estimated to be

nearly $125-451 for stage 1 and 2 of bedsore and
$1,400-2,300 for stages 3 and 4 of bedsore [13].

The treatment of pressure ulcers can be expensive,
with patients spending an estimated $4,000 to
$40,000 in additional hospital costs and care
depending on the severity [14]

The cost of treating a pressure ulcer varies from
£1214 (stage 1) to £14108 (stage 1V). Costs increase
with ulcer severity because the time to heal is longer
and the incidence of complications is higher in more
severe cases [15]. In all settings, the cost of
preventing pressure ulcers per patient daily varies
between € 2.65 and € 87.57. The cost of daily
pressure ulcer treatment per patient in different
settings ranges from € 1.71 to € 470.49 [16].

Related Works

Treatments for pressure ulcers need to be prevention
as they are both laborious and expensive. A few of
research has been carried out in area of pressure
ulcers. Although the rate of pressure sores in the
hospital varies between 10-23% unfortunately, there
are not many studies related to pressure sores in our
country. Nearly in all studies, they just only advice to
take some actions to prevent from this sores [12]. The
treatment process after the formation of pressure
sores is a long-term and costly process, and it has
been found to be the third most costly health problem
after serious diseases such as cancer and
cardiovascular [17]. The most commonly used
method to prevent the formation of pressure sores is
to change the patient's lying position to relieve
pressure points. Knox and his friends advocated the
necessity of changing lying positions on the bed of
patients who has prone to pressure sores more
frequently than once every two hours [18]. According
to the researches; The most efficient method to
reduce pressure on the body points is using air filled
beds, pillows and materials made from hospital-
specific foam [19-27]. The incidence of pressure
sores, which is 10-23% in the hospital, can increase
to 56% in intensive care units. The bed sores cause
serious problems like overuse of intensive care units,
increasing the crude death rate and significantly
increasing the cost of treatment [28]. For this reason,
to manage an efficient treatment process to prevent
bed sores is; making a risk assessment.

Determination of the factors which cause
pressure ulcers and planning and implementing
initiatives for these factors are the most effective way
to prevent bedsores. The most efficient treatment
method is to prevent the development of pressure
ulcers [17]. Simulation, and experimental testing of a
mechanically actuated smart hospital bed for the
prevention of pressure ulcers in hospital patients [29].



DUJE (Dicle University Journal of Engineering) 12:5 (2021) Page 719-728

An air mattress that prevents patients from
developing bedsores, thereby improving their quality
of life, promoting their rehabilitation, and reducing
the burden of caregivers when changing a patient’s
body position had been developed [30]. The steps for
preventing the pressure ulcers can be listed as risk
assessment, evaluation and care of the skin, changing
the patients’ position, education, nutrition, supporting
surfaces on patients’ bed [31-35]. As it is clear
from all the researches taking precautions before the
bed sores occur is the best way in treatment process.
The best method of this process is reducing the
pressure on the specific points.

Lowering or eliminating continuous pressure in areas
with bone protrusions in the body, minimizing

Prone Position

s00 " N\ sco)

60° Supine Position

30° side rotation position

0° Supine Position

90° Supine Position

friction damage and changing the lying positions of
patients’ bodies must be done for Patients at high risk
of developing a pressure sore [36]. Changing the
patients' lying positions is only done to reduce the
pressure at the pressure points. This process will save
the points of the most pressurized points from bed
sores before they occur. Physical inactivity evaluated
as the biggest risk factor for pressure sores and
changing the position of the patient is a commonly
used pressure-ulcer prevention strategy in patients
which are hospitalized or in long-term care units [37].
The lying positions on a standard human body shown
in Figure 2. The lying positions are effective in the
formation of pressure sores.

=
>

30°Supine Position

= 30°

30°- 30° Semi Fowler

90° side rotation position

Figure 2. Lying positions for a standard human body

In a treatment process there can be many lying
positions for patients. Depending on the type of
disease, the lying position may vary. In all cases, it
seems that the most effective method will be pressure
reduction. most pressurized points of a human body

;

while lying has been shown in Fig. 3. It is aimed to
prevent the contact of bone protrusions with each
other by changing positions, and to minimize the
damage that occurs after prolonged pressure, friction
and shear[17].

%

Heel

Head ghoulder Elbow Buttock

Figure 3. Most pressurized points of a human body
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Instead of changing the positions of patients a patient
smart bed modification can help to reduce pressure
on these points. Because movement of a patient
during a treatment process can cause some Serious
problems depending on the disease.

The most important factor that plays a role in the
development of pressure ulcers is pressure. Intensity
and duration of pressure, tolerance of tissue,
individual or environmental factors are factors that
form ulcer. Changing the position shifts the pressure
to other points. Prevalent paient bed systems by
replicating the patient turning processes solely
through actuation of the bed without the need for a
nurse to exert themselves. The aim of this study is to
investigate whether the pressure at the pressure points
decreases or not automatically thanks to the designed
bed system. Because, controlling and monitoring the
pressure intensity in the body can help prevent
pressure ulcers.

Currently, a variety of techniques are used to prevent
bedsore solutions, movement and displacement of
patients. These techniques are not possible for some
patients or dangerous for others, and are a problem
for healthcare providers [38].

In this study, an electronic patient bed system was
designed, and various suggestions were made to
prevent pressure sores in long-term inpatients. The
air pressure in the airbags are constantly monitored
by a air-pressure sensor. Based on data getting from
this sensor, the amount of air is changing by a control
circuit to change the pressure on the pressure points.
It is aimed to prevent pressure sores before they
occur with repeating this process.

The rest of the paper has structured as follows. In
Section 111, materials and methods have explained. In
other words, hardware and software features of the
device prototype have described. Results and
discussion have investigated in Section IV. In Section
V, conclusions have been evaluationed.

Materials and Methods

This section consists of system components and
control system. In system Components, there are 8
pressure points on a lying body. These are head point
(1 ball), shoulder point (2 balls), buttock point (1
ball), elbow point (2 balls), heel point (2 balls). If you
don’t change the pressure on this points blood flow in
capillaries will slow down, the veins will tear, blood
flowing out of the vessel will cause edema and bed
sores will appear. To change the pressure, 8 x air
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filled plastic balls with 20 cm diameter placed on
these points.

The materials are listed below with their
features;

a) Bed: A sponge piece with 90 cm*190
cm*12 cm dimensions and 22 density. This
sponge is the same as it used in standard
orthopedic patient bed.

b) Solenoid Valves: These valves are special
mechanical devices that allows air or water
flow in it with a certain voltage. In this
study, 24 V DC operated solenoid valves are
used. These valves are controlled by a
sensor connected to the balls with pneumatic
hoses.

c) Air Compressor: 1,72 Mpa DC compressor
used in this system to inflate the balls.
Compressor output diameter is 6mm.

d) Pneumatic hose: The hose used in the
system is selected from durable and flexible
material with a diameter of 6 mm.

e) Plastic Inflatable Ball: The system uses a
durable and flexible plastic ball with a
diameter of 25 cm. Thus, it remains durable
against the inflated and deflated processes.

f) Software: Proteus, Solid Works, Arduino
Software

g) Power Supply: In the system different power
supplies used with 24V-5A, 12V-5A |, 5V-
2A values.

h) 8 Channel relay board: In the system a 8
channel relay board used to switch the
solenoid valves on and off. These relays
have controlled with Arduino board.

i) Arduino Mega Controller Board: The
arduino mega is a microcontroller board
based on the ATmega2560. It has 54 digital
input/output pins (of which 14 can be used
as PWM outputs), 16 analog inputs, 4
UARTSs (hardware serial ports), a 16 MHz
crystal oscillator, a USB connection, a
power jack, an ICSP header, and a reset

button

j)  0-2 Bar Gas Pressure Sensor (BCT 22): This
pressure  sensor is %100 domestic
production and can be used in many

different industrial applications. With this
sensor, which can measure between 0-2
bars, it can accurately measure the pressure
of the air in the airbags and send information
to trigger the circuit. The block scheme of
the experimental setup is shown in Figure 4.
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DC Power Supply ; A"
(G V-12V-24V) Pin connections for 73 Mpa Air compressor

8 channel relav board |

'
i

0-2 bar
Arduino mega card pressm’e sensor

’. — % c —’c

DC Solenoid 25 cm inflatable
valve (24 V) Pneumatic hose plastic ball

Figure 4. Block scheme of the experimental setup.

To programme the Arduino board, Arduino software that used in the system simulated and tested in
has used. The analog data from the sensor was Proteus software. System’s 3D design has prepared in
instantly monitored on the Arduino serial port screen. Solid Works software. Bed’s sponge dimensions and
All relays, valves, sensor and arduino board plastic balls’ locations shown in Figure 5.
g
i g
=
N
Figure 5. Balls' locations and dimensions
In the control system, a total of 9 solenoid valves sensor to control all air pressures in plastic balls.
were used as 8 discharge points and 1 discharge Instead of using many sensors, just one sensor used
valve. Every valve in the system is controlling with a and connected to balls with hoses. By opening the
relay connected to Arduino outputs. There is one valves one by one system can measure all pressure of
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air in all balls. Arduino mega controller board
(control system) and circuit connections drawn for

.

the designed patient bed are given in Figure 6. The
photo of the experimental setup is shown in Figure 7.

Figure 7. Photo of the experimental setup.

System operated while the patient in bed. The air
compressor starts and fills all plastic balls to a certain
level. Meanwhile all pressures of balls monitoring.
After the pressure of all balls comes to set point
system switches to standby for 25 minutes. The
waiting time of 25 minutes may vary depending on
the type of disease and the physical structure of the
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patient. This time value can be changed manually.
After this period end the solenoid drain valve is
triggered and air in all balls connected to the common
terminal will evacuated. Flow chart of the proposed
algorithm is shown in Figure 8.
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Figure 8. Flow chart of the proposed algorithm

be closed while

different microprocessor is disadvantageous in both

draining continues for a certain period of time, and
the pressure sensor will measure the pressures by
opening the solenoid valves connected to each pad
one by one. Once the system becomes stable, it will
wait for another 25 minutes. Afterwards, the solenoid
valve connected to each point will be opened and air
will be sent to the airbags one by one with the help of
a compressor, and the balls will be inflated. When the
inflation processes reach the standard pressure
values, first the compressor and then the solenoid
valve connected to that point will close and the same
processes will start for the next point. Pressure will
be measured for all points and when the pressure
reaches the maximum value, the valves will be
closed, and the system will enter a 25 minute waiting
period again. These processes will continue as long
as the system remains operational.

In the study, the use of arduino mega saves time and
increases efficiency. Making a circuit design using a
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cost and time. With arduino mega controller board,
pressure values can be read directly from analog
outputs and can be continuously monitored on the
serial port screen.

Result and Discussion

The pressure values obtained for a patient lying on
plastic inflatable balls used as airbags are different
for each point. The pressure increases as the patient's
weight increases. The buttock is the part where the
formation of bed pressure ulcers is most common.
This part where the high pressure values are read is
the buttock part.

The elbow is the region that receives the least
pressure. However, if pressure ulcers occur, it is more
difficult for the patient to return to normal life. Heel
part is one of the most important regions in body.
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Especially, it is a part that affects activities such as
moving and walking after treatment for a long time.

The maximum pressures of the balls used in the
patient bed have been measured as 1,165 bar.
As a result of the measurement, the compressor used
in the system can give 17 bar pressure and produce
enough pressure for the system. However, when the
system operates, it is necessary to make sure that the
compressor does not work before valve triggering

takes place. Otherwise, pneumatic hoses can be
thrown from the connection points or pipes at the ball
inlets may come off.

The pressure values read from the pressure sensors
placed at the pressure points in the patient bed for
patients with different weights are given in Table 1.
These values have been taken when the balls at the
pressure points have been not inflated.

Table 1. The pressure values read from the pressure sensors at the pressure points

Patient Head Shoulder Elbow point Buttock Heel
weight(kg) point(bar) point(bar) (bar) point (bar) point (bar)
70 0,763 0,817 0,744 0,858 0,751
75 0,817 0,876 0,797 0,920 0,805
80 0,872 0,935 0,851 0,981 0,858
85 0,926 0,993 0,904 1,042 0,912
90 0,981 1,052 0,957 1,104 0,966
95 1,035 1,110 1,010 1,165 1,020

For patients with weights specified in Table 1, the
pressure values read from the pressure sensors are
given in Table 2 by inflating the inflatable balls
placed at the pressure points with the compressor
thanks to the control system.

Table 2. The pressure values read from pressure sensors when inflatable balls are inflated

Patient Head Shoulder Elbow Buttock Heel point
weight(kg) point(bar) point(bar) point (bar) point (bar) (bar)

70 0,694 0,739 0,685 0,781 0,682

75 0,742 0,794 0,731 0,826 0,724

80 0,794 0,847 0,781 0,879 0,769

85 0,838 0,897 0,829 0,934 0,814

90 0,883 0,949 0,876 0,988 0,861

95 0,921 1,002 0,919 1,037 0,908
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When Table 1 and Table 2 were compared, it was
observed that the pressure values decreased by an average
of 8-11% by inflating the balls at the pressure points in
the designed patient bed system. Thus, it helps to prevent
pressure ulcers in pressure points in long-term inpatients.

Conclusions

In this study, patient bed modeling, simulation, design
and application were performed to prevent the
development of pressure sores. Patient bed made as a
prototype, can be used for patients with pressure ulcers.

In conclusion, the results clearly show that with
the bed designed, the pressure formed at the patient's
pressure points decreased with an average of 8-11%
pressure with the arduino mega board control. Thus, the
bed can be used as an auxiliary element in preventing
pressure ulcers. By using this bed, nurse support will be
reduced and the personnel will be saved. In addition, it
can be preferred that the dimensions and cost of the
electronic materials used in the control part of the bed are
low compared to other mechanical beds.

The materials used in the study have been selected from
materials that can be easily found in case of malfunction
or change and are very practical to change. Mattress
material other than airbags can be manufactured using
different animal feathers or wool instead of sponge. If the
compressor used is selected as quietly as possible or if the
pneumatic hoses can be placed far enough from the
patient, the patient will not be adversely affected by the
compressor operation. The study is a good example of
application of electronics in medicine.
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