12

AST Asian Journal of Applied Science and Technology (AJAST)

EXCELLENCE THROUGH RESEARCH \Volume 7, Issue 4, Pages 55-67, October-December 2023

An Overview on Advanced Materials Used in Health Care Applications

Kh. Abd El-Aziz*?

*Mechanical Engineering Department, College of Engineering, Taif University, Taif, Saudi Arabia. *Materials Engineering
Department, Faculty of Engineering, Zagazig University, Zagazig-44519, Egypt. Email: kalidelaziz@gmail.com g4 Crossref

DOI: https://doi.org/10.38177/ajast.2023.7407

Copyright: © 2023 Kh. Abd EI-Aziz. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Article Received: 02 September 2023 Article Accepted: 19 November 2023 Article Published: 30 November 2023

ABSTRACT

Wearable devices possess immense potential that could bring about a revolutionary, nonclinical approach to health monitoring and disease diagnosis.
Through ongoing innovation and dedicated focus on materials and fabrication technologies, the development of these healthcare devices is being
actively encouraged. The integration of wearable devices capable of collecting diverse physiological data is gradually becoming a part of people's
daily lives. Monitoring physiological indicators is crucial for assessing health, enabling early detection of diseases, and reducing the occurrence of
more severe health issues. This proactive approach to disease prevention can also contribute to lowering overall public sector healthcare costs. This
review emphasizes the importance of fabrication technologies and the properties of materials utilized in wearable healthcare devices.
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1. Introduction

Humankind has benefited greatly from the manipulation of materials' properties. Inherent qualities of materials
include electrical conductivity, toughness, toughness, magnetization, dielectric constant, and optical transmittance
[1]-[5]. The internal structures of the materials—including the kinds of atoms, their local configurations, and the
arrangements of these configurations into microstructures—are the source of these properties. To quickly review
the emerging literature and determine the applications of different materials, extensive research has been conducted

to identify the most important characteristics required for protection and ease of use.

When discussing materials in healthcare applications, they are often grouped according to their use in wearable
healthcare devices. A noteworthy area of wearable technology development has been the emergence of wearable
medical devices [6]-[8]. These gadgets gather several physiological data of the human body using wireless
connection, multimedia, and sensor technology, allowing for the monitoring of bodily indicators [9],[10]. The
wearability, portability, and sustainability of wearable technology help them to overcome the drawbacks of

conventional medical equipment [11],[12].

The next generation of portable gadgets for remote medical practices is predicted to include wearable or attachable
health monitoring smart systems [13],[14]. Integration of wearable electronics is a relatively new, big breakthrough
that is spreading widely over time. Wearable technology is used in the medical field to track several physiological
characteristics such as skin conductance, heart rate (HR), respiration rate, humidity, body temperature, and blood
pressure [15],[16].

Flexible sensing electronics, which offer wearability, mobility, remote capabilities, and real-time data, have the
potential to completely transform medical equipment and traditional diagnosis techniques [17]. Nowadays, medical
facilities are able to get health signals in real-time, which helps with illness diagnosis and intervention selection.

However, because central hospitals house the majority of healthcare services, getting care for a large number of

ISSN: 2456-883X OPEN @ ACCESS



https://creativecommons.org/licenses/by-sa/4.0/

12

AST Asian Journal of Applied Science and Technology (AJAST)

EXCELLENCE THROUGH RESEARCH \Volume 7, Issue 4, Pages 55-67, October-December 2023

patients can be time-consuming and arduous. Patients may experience inadequate or delayed treatment, which
might worsen their agony or possibly cause them to pass away, especially if they live in impoverished nations.
Further impeding disease diagnosis and treatment is the expensive expense of buying, utilizing, and maintaining
medical equipment, which places a heavy financial strain on hospitals and patients. There are many obstacles to
overcome in the development of wearable sensors for healthcare applications, such as choosing appropriate
substrates, biocompatible materials, manufacturing processes, and guaranteeing continuous monitoring,

washability, and uninterrupted signal display circuits [18]-[20].

Three basic parts make up flexible and stretchable sensors: the substrate, the active element, and the
electrode/interconnect. Although organic materials are very stable chemically and mechanically, very few of them
have desired active properties. However, because of their fragility and stiffness, conventional inorganic electronic
materials lack mechanical compliance despite being responsive to a wide range of stimuli. Thus, integrating various
materials can provide a way to attain mechanical robustness, flexibility/stretchability, and high-performance
measurements in a single device. Developments in material preparation, such composite synthesis and dimensional
scaling, can aid in the creation of these gadgets. The upcoming sections will delve into commonly used materials
and their roles in substrates, active elements, and electrodes [21],[22].

2. Materials Used in Wearable health care devices

In recent years, wearable systems incorporating unique sensing materials and device structures have demonstrated
high sensitivity in simulating human somatosensory systems. These systems have demonstrated the ability to easily
and noninvasively track biophysical and biochemical signals, such as blood pressure, metabolites, functional
proteins, body movements, body temperature, and oligonucleotides [1],[23]. Furthermore, by gathering thorough
data on human health and producing sizable datasets, these wearable healthcare systems not only help to improve
health status but also significantly advance medical technology [24]. But despite the market for wearable devices
expanding quickly, there are a number of obstacles that have made the actual implementation of wearable

healthcare systems comparatively sluggish.

First and foremost, materials with strength, abrasion resistance, and compatibility are needed for these systems to be
wearable and compatible with the skin or other surfaces of the human body [25]. This means eschewing the
semiconductor industry's standard use of integrated circuit technology and brittle materials. Second, the human
body demonstrates intricate characteristics [26],[27]. In the development of wearable sensors for healthcare
applications, the choice of appropriate substrates, biocompatible materials, and manufacturing processes is critical
to addressing these issues. Other difficulties include the requirement for continuous signal readout circuits,

washability, and the simultaneous monitoring of multiple analysts.

It is expected that wearables of the future will have more sophisticated features, like more precise recording. In
order to do this, a variety of cutting-edge materials will be crucial to the creation of wearable technology with
distinctive uses. Using the right materials and assembly techniques is essential to getting wearable sensors with high
sensitivity, great stability, and a broad strain range. Because of their exceptional mechanical and electrical

properties, a variety of materials, involving carbon-based materials, metal nanoparticles (MNPs), nanowires
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(NWs), and conductive polymers (CPs), have been widely used in the creation of wearable healthcare devices in
recent years [28]-[36]. Among the different material options, advanced carbon-based materials like graphene,
carbon nanotubes (CNTSs), carbon black nanoparticles (CBNPs), and carbon-based nanofibers offer unique
advantages. These materials possess excellent electrical conductivity, high chemical and thermal stability, and ease
of functionalization, making them highly suitable for wearable electronic products and applications [37]-[42].
Graphene is an essential carbon-based material for the development of wearable medical devices. Graphene's small
size, exceptional mechanical properties, and superior electrical conductivity make it a good material to use as an

active sensing element in flexible sensors [43].

Furthermore, because of their excellent sensing capabilities, large surface area, strong adaptability, and
compatibility with low-cost manufacturing processes, a variety of inorganic nanomaterials are used as building
blocks for wearable sensors [44]-[47]. These materials offer the advantage of being broadly applicable, and they
could significantly progress wearable technology. All things considered, the use of cutting-edge materials, such as
carbon-based materials and inorganic nanomaterials, is essential for propelling wearable device innovation in a fast,
steady, and predictable manner and allowing the devices to carry out a variety of tasks with greater accuracy.
Because of its superior electrical conductivity, metal is a material that is frequently used in wearable sensors. Metals
can be used as active materials in a variety of ways, such as liquid at room temperature, as flexible or stretchable
configurations, or even as nanowires or nanoparticles. Piezoresistive composites and conductive inks are

commonly made with fillers like nanowires (NWs) and nanoparticles (NPs).

Many different types of nanomaterials have been used in the development of wearable temperature sensors. In
particular, conductive polymers, graphene, carbon nanotubes (CNTS), graphene, and nanoparticles of copper and
nickel metal have all been employed as thermal sensing elements [48]-[52]. In order to give the active materials in
flexible wearable sensors stability, it is imperative to use a flexible substrate. The flexible substrates polyurethane,
polydimethylsiloxane (PDMS), polyethylene terephthalate, Ecoflex, and polyethylene naphthalate are among the

most often used ones in wearable sensors for health monitoring [53]-[56].

The creation of flexible sensors that can adapt to the body and continue to function while moving and engaging in
different activities is made possible by these materials. The utilization of biocompatible materials is crucial for
wearable health sensors, as they come into contact with human skin. In this regard, both inorganic and organic
materials exhibit biocompatibility. Piezoelectric sensors have been made using both organic and inorganic
materials, including poly-L-lactic acid, polyvinylidene fluoride, and poly-D-lactic acid, as well as inorganic
materials like zinc oxide, lead zirconate titanate, and lithium niobate [57]-[59]. Notably, because of their

affordability and usability, piezoelectric polymers have drawn a lot of interest.

The most popular flexible piezoelectric material for wearable electromechanical sensors is polyvinylidene fluoride.
The material's unique physical characteristics and semi-crystalline features are caused by its compact linear
molecular structure. Apart from the inorganic and organic piezoelectric materials that were previously discussed,

silk is a naturally occurring, flexible material that holds great potential for use in textile-based wearable sensors.
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Due to its piezoelectric properties, silk can be applied to many different types of wearable sensors. In [60]. It is a
good option for incorporation into wearable technology due to its biocompatibility and flexibility.

“# 3. Manufacturing of wearable devices

The advancement of wearable devices is driving progress in materials science and manufacturing methods.
Depending on the intended use, wearable sensors can have different fabrication techniques and materials. Many
production methods have been documented over time, with printing technologies becoming more and more
common for creating high-performance electronic components and related sensor devices on flexible substrates at
the necessary processing temperatures [61]-[65]. Printing technology's additivity—the ability to create structures
and patterns by layering on materials—is a key benefit. Traditional manufacturing methods, on the other hand,
depend on material subtraction, which frequently increases waste production and causes environmental problems.
Because printing processes are additive, there are fewer manufacturing steps needed on the assembly line, which
leads to much faster production routes. This not only improves efficiency but also helps address environmental

concerns associated with waste generation.

Screen-printing is a widely utilized technique due to its advantageous characteristics, including low cost, suitability
for large-scale manufacturing, and robustness [66]. This process is widely used to produce sensing elements for

electromechanical sensors and functional electrodes for electrochemical sensors [67]-[69].
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Figure 1. The PMSCSS (Printable Micron-Scale Cracked Strain Sensor) fabrication steps; (a) A paintbrush was
used to apply carbon black (CB)-based ink to glossy paper during the screen-printing process. (b) A uniformly
solidified ink film was produced by removing the mask used during printing once the ink had dried. (c) After that,
the samples were bent to a radius of 1 mm, which caused a cracked morphology. After that, they were clamped
between two glass slides in order to restore their flattened shape. (d) The layers and components of the PMSCSS are
highlighted in the schematic structure. () A picture shows eight semi-finished PMSCSSs arranged on a glossy
paper sheet the size of an A6. The image inset showcases the sensor's versatility. Each sensor has lateral dimensions

of 21 x 50 mm and is printed on glossy paper that is 286 pum thick [70]
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Figure 1 illustrates the fabrication steps for a printable micron-scale cracked strain sensor (PMSCSS) created using
screen-printing [70]. Another printing technique, known as roll-to-roll gravure printing, offers a robust approach for
various electrochemical sensing applications in wearable sensors. This manufacturing technique enables fast
production on an industrial scale [71],[72]. Figure 2 presents a schematic diagram depicting gravure printing on a
flexible substrate [73].

Inkjet printing is an advanced technique that involves precise deposition of functional ink droplets onto various
substrates such as paper, plastic, or others, using a nozzle. This technique has gained significant importance in
sensor development due to its accuracy, speed, and reproducibility [74]. An alternative to templates is inkjet

printing, which has the following benefits:
(@) It uses less materials, which minimizes waste.
(b) It makes precise nanomaterial deposition possible, guaranteeing precise sensor fabrication.

(c) It provides flexibility in sensor design by making it simple to alter digital patterns [75].
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Figure 2. Gravure printing on a flexible substrate as shown in the schematic diagram [73]
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Figure 3. Schematic of the fabrication of the DO and pH sensors by inkjet printing on plastic substrates. At the right

side can be observed pictures of the final printed sensors on PEN and Kapton substrates [76]
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Currently, printing techniques, particularly screen printing, can produce thick membranes using a range of
materials. However, their pattern resolution may not meet the demands of complex geometries. This has led to the
development of a hybrid fabrication process that combines lithography and printing as a potentially effective
method for producing highly patterned and sensitive devices [77]-[83]. This hybrid fabrication strategy enables the
creation of diverse and adaptable wearable devices and can be further enhanced with custom-made inks and tools
for screen printing. Another technique that demonstrates excellent performance in sensor manufacturing is laser
scribing (LS) [1].
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Figure 4. The device principle and the microscale 3D-printing procedure [82]
Figure 4 illustrates the device principle and the microscale 3D-printing procedure for the sensor fabrication.
(A) Print step 1 involves the printing of a 0.5-um dextranthin-film sacrificial layer.
(B) A 3 um TPU thin-film cantilever base is printed in print step 2.
(C) Print step 3 modifies the cantilever base by adding a 6.5-pm-thick CB:TPU strain sensor loop.
(D) A 1.5-um TPU wire cover is added in print step 4.

(E) Print step 5 entails printing PDMS microfilaments in lines that slightly overlap, measuring 20 pm in height and
60 pm in width. These filaments direct cardiomyocytes to form anisotropic laminar tissues and function as the

cantilever's upper portion.

(F) High-conductivity Ag: PA ink is used to add electrical leads and contacts in print step 6.
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(G) Lastly, in print step 7, covers consisting of PLA, ABS, or PDMS are printed to form wells for holding cells and
media and to insulate exposed wires [82].

7 4. Summary

The development of portable and wearable electronics is essential for many industries, including point-of-care
medical applications and environmental monitoring. For the purpose of monitoring physiological parameters such
as skin conductance, heart rate (HR), respiratory rate, body temperature, physical pressure, blood pressure, and
humidity, wearable technologies are critical to the healthcare sector. Nonetheless, there are several barriers standing
in the way of the advancement of wearable sensors for use in medicine. These difficulties include choosing
appropriate substrates, biocompatible materials, and fabrication methods in addition to the requirement for
continuous signal readout circuits, washability, and the simultaneous monitoring of multiple analytes. The use of
biocompatible materials becomes essential because the majority of wearable health sensors come into contact with
human skin. In this regard, both organic and inorganic piezoelectric materials, such as poly-L-lactic acid,
polyvinylidene fluoride, and poly-D-lactic acid, provide biocompatibility. Examples of the former include zinc
oxide, lithium niobate, and lead zirconate titanate. Notably, because of their affordability and usability,
piezoelectric polymers have drawn a lot of interest. The creation of wearable technology is driving advances in
manufacturing processes and materials science. The materials and fabrication techniques used to create wearable
sensors vary depending on the uses for which they are designed. Printing technologies have become increasingly
popular in the past few years as a means of manufacturing high-performance electronic components and sensors on
flexible substrates, while adhering to the necessary processing temperatures.
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