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ABSTRACT | INTRODUCTION: Photobiomodulation therapy (PBM) is a non-pharmacological and non-invasive therapeutic strategy
that has shown promising results in several health conditions. Despite important advances in knowledge of its modulatory effects
at the molecular, cellular, and tissue levels, the cost of PBM equipment still greatly limits its use in the clinical setting, especially
in developing countries. In this context, the use of new technologies such as 3D printing has presented several possibilities for
application in the health area. OBJECTIVES: To develop a 3D printing PBM device and test its technical and operational viability.
METHODS AND MATERIALS: Development of Health Technology on a Photobiomodulation Device with 3D Printing Tests of the
safety, emission, and support of the light beams were carried out. RESULTS: The PBM device demonstrated operational safety and
good quality in the maintenance of light beams. CONCLUSION: A three-dimensional (3D) printed LED PBM device is technically,
operationally, and financially viable. However, more experimental tests and clinical validation are required before this prototype can
be used in human health applications.
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Therapy through photobiomodulation (PBM) is a non-pharmacological and non-invasive therapeutic strategy that
is widely used in physical rehabilitation for various health conditions.* The mechanisms of PBM are still not fully
understood, but some evidence suggests that parameterization plays a critical role in its effectiveness.” The
wavelength and emission power, for example, stand out as key variables.? In physical rehabilitation, the most
common forms of PBM are low-level laser therapy (LLLT) and light-emitting diode (LED) therapy. These PBM
methods are frequently used to attenuate inflammatory processes'® and stimulate tissue healing.™'2 Currently,
given its potential ability to optimize cellular reactions', several studies have investigated the effect of PBM in
healthy populations. For example, it has been shown to reduce muscle fatigue'>¢, to improve oxygenation uptake
and energy metabolism™, as well as post-exercise muscle recovery.’® Taken together, these findings suggest that
PBM has enormous potential as a non-pharmacological and non-invasive resource for improving physical capacity
and sports performance.’?

Although much progress has been made in understanding the mechanisms of action and benefits of PBM with
LED and laser, their use is still limited by their high cost and application methods. In this context, the use of
new technologies, such as 3D printing, has opened up a slew of new possibilities and opportunities for the
application of PBM. In the medical industry, there is an increasing demand for healthcare products. 3D printing is
an innovative technology in healthcare that can be used to create custom prosthetic limbs, dental implants, organ
development, physical therapy, and medical product development.?2 The ability to build patient-specific solutions
at a low cost gives clinicians and patients more healthcare options. In comparison to traditional biomedical device
manufacturing, 3D printing technology employs low-cost materials with excellent mechanical properties, such as
thermoplastics.? It is worth noting that biomedical devices made with 3D printing must follow the same validation
rules as traditional manufacturing before being used for human health. However, this revolutionary industry is
rapidly transforming the healthcare system.

The purpose of this research was to develop a 3D printing PBM device and evaluate its technical and operational viability.

2.1. Equipment Development
2.1.1. Polymers and LEDs

The polymer chosen to be used in the printing was ABS (Acrylonitrile Butadiene Styrene) for its rigidity and lightness
and for presenting a good balance between flexibility and resistance, ensuring good durability for the equipment.
During printing, to minimize potential damage from the Warp Effect (“warping”), the longitudinal arches that join
the mesh rings suffer a slight opening of 0.5 mm radius; after cooling, the structure has the exact dimensions
expected before printing.

The LEDs were chosen based on their wavelength, which is the most important physical aspect of light in terms
of treatment, given its direct relationship with penetration into biological tissue.'* Because LEDs with visible light
wavelengths reach very low wavelength ranges, 850 nm and 940 nm infrared LEDs were provided because they
have a greater tissue reach (Figure 1).
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Figure 1. PBM device

Source: the authors (2023).

2.2. Software

The software was written in the C++ programming language, which supports multiple paradigms, is object-
oriented, and is widely used. Since a complex integration environment is not necessary, it is unique in how easily
it can integrate with machines. The man-machine interface (MMI) was developed to receive information through
the display with an interface that is easy for the user to access and can receive various information, such as the
mode, the intensity, and the time of application. The interface was designed so that the user could interact in a
simple way, allowing for the development of a better model and its application to the patient. At the same time,
the user will not have access to some parameters of the source code of the equipment that stores the most
complex information for controlling the different variations of excitation of the LEDs, which only the developer has
access to, thereby preventing application errors based on the software.

2.3. Hardware

The system hardware basically consists of: an Arduino® Uno R3 board; a board widely used for control and
automation of several prototypes?; a 16x2 LCD; an Arduino® keypad shield keyboard; and an excitation module
for LEDs, developed at the Sensoriomotor Performance and Pain Neuromodulation Laboratory (LANDS) of the
Parnaiba Delta Federal University (UFDPar), as well as a case made in a 3D printer (Creality FDM Ender-2 Pro,
Shenzhen - China).

The UNO R3 was chosen because of its ease of adaptation to the most diverse systems and because it has a wide
range of utilities, including the ability to control not only the energizing of the circuit but also the frequency and
working time (duty cycle), the application, and wave frequency, which favors different ways of using the plate for
different irradiation modes, such as different irradiation sectors at different times of work.
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2.4. Safety Test

We used the data sheet of the instruments used in the device's preparation to perform calculations on the equipment.
The duty-cycle information (Figure 2) and waveform were collected using an oscilloscope (Hantek 6022bl, Qingdao -
China), and data from the circuit were collected using a multimeter (ET-1639 Minipa, Sao Paulo - Brazil).

Figure 2. Duty-cycle. Graphical representation generated by the oscilloscope guarantees that the analog signal has been corrected into a digital signal and that
this signal is being sent to the board correctly. The duty cycle output was consistent with the treatment parameters

Source: the authors (2023).

We calculated the average power provided by each LED (Pm), the irradiance (Ap), and the energy density (Ae)
based on the following equations:

Pm (W) =P (W) x T (s) x f (Hz) equation (1)
Ap (W/cm?) = Pm (W) / beam area (cm?) equation (2)

Ae (J/cm?) = Ap (W/cm?) x t (s) equation (3)
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The system was tested with code variations using an oscilloscope to determine the correct waveform, duration,
and pulse frequency until the desired dose was achieved (Table 1). The circuit and controller components were
placed on the mesh's surface.

Table 1. Device specifications

LED Power (P) 30 mw
Pulse Duration (T) 3s
Frequency (f) 490 Hz
Average Power (Pm) 44 W
Irradiance (Ap) 35 mW/cm?
Application Time (t) 300s
Energy Density (Ae) 10 J/em?

Source: the authors (2023).

The main goal of this research was to develop a three-dimensional (3D) printed PBM device and evaluate its
viability. In terms of operation, the device provided perfectly symmetrical waves at continuous intervals without
overloading the processor. In terms of the device's financial viability, the manufacturing costs were approximately
R$600.00. Given the prices of PBM devices on the Brazilian market range from R$1,797.00 to R$5,880.50%%,
the PBM device using 3D printing technology had a low production cost, indicating that this technology has
the potential to be useful in the future. However, more research is needed to refine our device, determine its
effectiveness, and meet the needs of end-users. For instance, experimental tests to determine LED power and
the distribution of relative light beam intensity with respect to the angle of incidence. A phase | and Il randomized
controlled trial, for example, is required to ensure the safety and best dosage to achieve clinical benefits.%

There is a large body of literature demonstrating the clinical benefits of photobiomodulation methods using
lasers?*or LED diodes.>> However, PBM using light-emitting diodes has some advantages that should be considered
when weighing the cost-effectiveness of these methods, particularly when used in public health systems where
resources are generally scarce. PBM using LED therapy is, on average, much cheaper than laser devices. LEDs
can also be used in conjunction with multiple diodes to increase the beam area and thus treat larger body areas
more efficiently, including promising approaches like transcranial photobiomodulation.?® Although the clinical
equivalence of laser and LED remains debatable, there is evidence that both types of phototherapies can promote
health benefits.?

The development of a photobiomodulation device using a 3D printer has some limitations that need to be
addressed. First, the device lacks a full test for usability system and user satisfaction. Second, the rigid net mesh
may need to be replaced with more flexible filaments. Third, the device is powered by a high-voltage current,
limiting its portability. Finally, this prototype must be tested in terms of LED heating as well as data on the
distribution of relative intensity in relation to the angle of light incidence.

Brain Imaging Stimul., Salvador, 2024;3:e5306
http://dx.doi.org/10.17267/2965-3738bis.2024.e5306 | ISSN: 2965-3738


http://dx.doi.org/10.17267/2965-3738bis.2024.e5306

5. Conclusion

A three-dimensional (3D) printed LED PBM device
is technically, operationally, and financially viable.
However, more experimental tests and clinical
validation are required before this prototype can be
used in human health applications.
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