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Piezoelectric-based transducers are comprehensively applied in biological treatments and cures. In this
work, I would like to portray the chronicle and advancements of this. Parts of the human body like skin,
bones, and blood cells exhibit piezoelectric property, as well as an inherent property, which helps disease
treatment. The paper also discusses how piezoelectric materials can be utilized in medical implants, as
sensors, and replace natural body parts. The review provides a better understanding of prospects and con-
fronts regarding the future implementation of piezoelectric ceramics as a replacement for parts of the hu-

man body and its significance in the medical industry.
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1. INTRODUCTION
1.1 Technology Development

Piezoelectric biotic sensors are extensively studied
and reported in the literature such as bone piezo-sensors
or biopolymers. In the present work, we try to explore a
broader overview and implementations for the advance-
ment of technology. Fukada showed that piezoelectricity
was present in the vein, bone, muscles, ligaments, and
intestines [1]. There have been several more studies
since that time, which also contributed to the general
understanding of the piezoelectric characteristics of the
body, its origins, and how medical science should apply
them. The human body's organic piezoelectric effects will
make piezoelectricity a fundamental biological charac-
teristic because most biological molecules are not sym-
metric. Most of the organs tend to move proteins as they
pose piezoelectric properties. The indispensable building
blocks of proteins present in homo sapiens are amino
acids. As reported by Fukuda and researchers, these
structures predominate over molecules such as elastin,
collagen, and keratin and in the organs [2-5].

Pure amino acids with their own, because of the
presence of polar-side dipoles, piezoelectric properties
are seen in groups in Fig. 1. The piezoelectric property
of macromolecules is due to the reorientation and
transfer of biological dipole moments. At least fifteen
piezoelectric properties are exhibited by amino acids,
mainly the "L" form; p-glycine, however, are present.
One of the strongest piezoelectric amino acids is DL-
alanine. Most ceramic mixtures or DL alanine, since
their crystal types have a center of symmetric amino
acids, do exhibit piezoelectric properties. The structure
of amino acids is shown in Fig. 1. Medical piezoelectric
devices and many biomedical piezoelectric uses are
beyond the aforementioned aims of replicating or using
biological piezoelectric phenomena.

In most applications, the choice of the sensor de-
pends on the strength of the piezoelectric effect and
financial requirements. Lead zirconium titanate (PZT)
or quartz are the most commonly used materials in the
industry. The primary reason is their cost-effectiveness,
higher value of piezoelectric coupling coefficient, and
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the parameters can be modified with ease. But PZT is
environ-mentally hazardous, so we recommend to use
lead-free bismuth layered structured ferroelectric
(BLSF) materials which are oxide center compounds
operated at a wide range of temperatures. The devel-
opment of implants or technologies that require direct
human touch is more constrained. Since lead is not
present in ceramics such as quartz, barium titanate,
and sodium niobate potassium, they are well adapted
biologically [4]. Furthermore, several biomedical doc-
tors, due to the complex nature of instruments, require
greater versatility than ceramics can offer. Bioattuned
polymers are found in the majority of biological materi-
als and PVDF copolymers. To date, PVDF polymer
applications include, but are not limited to, biomechan-
ical energy extraction systems, sensors, and wound
scaffolds. Table 1 gives details of the piezoelectric prop-
erties of organs and their corresponding molecules.

Fig. 1 — Structure of amino acid [6]

2. EXPERIMENT

2.1 Lead-Free Piezoelectric Materials:
Preparation Technique

The following flow chart explains the preparation of
bismuth layered perovskite ferroelectric (BLPF) materi-
als. BLPF plays an enhanced function in comparison to
PZT materials as lead is environmentally hazardous
over SBT. The chemicals are taken as per the weight in
an extreme pure 99.9 % form of sigma Aldrich make.
They are mixed in a proper ratio as per the balancing
conditions followed by grinding with mortar and pretzel
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for 4 h. Then the powder sample is subjected to calcina-
tion at 825 °C for 2 h. As the compounds are taken in the
form of oxides and carbonates, the process of calcination
will help remove carbon dioxide, leading to the formation
of the balanced stoichiometry of the compound. Using
the desired die of known diameter, the samples are
pressed into pellets. The pellets are then sintered at
1200 °C to obtain the final densified samples [2, 3].
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Fig. 2 - Flow chart: preparation of lead-free piezoelectric
ceramics

2.2 Piezoelectric Sensors

Piezoelectric devices act as transducers converting
mechanical energy into electrical one, hence can be
used to produce and detect charge based on physical
body movements. They can be extremely useful in iden-
tifying diseases and sometimes cure. They are especial-
ly important for the analysis of dynamics. Pressure
changes, rhythmic movements such as pulse or heart-
beat, and higher pressures (1 Pa-10 kPa) provide sound
waves and tactile sensing. By structure or material,
piezoelectric sensors offer a wide pressure range that
meets standard requirements, so they are widely used
as wearable devices or implants in biotic applications
and become more user-friendly. The program examines
the patient for early warning indicators that may have
gone unnoticed between scheduled check-ups while
wearing their device. A particular application is a syn-
thetic skin for piezoelectric pressure sensing.

Like the minimum requirements, it is the amount of
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force, specific location of the touch, and above all the
sensitivity factor of the skin that must be part of the
synthetic skin. People have a wide range of mechanore-
ceptors with a frequency range of 0 to 0.5 kHz and a
spatial resolution of less than 5 mm. It should also have
thermal measurements. One of the sources of vibration
sensors is the human skin, amplifying tactile stimuli.
Transducers such as piezoelectric materials offer a solu-
tion for the measurement and positioning of contact
forces. Polymer artificial skin is widely used due to its
touch, feel, and adaptability to human skin. Polymers,
such as fingerprints, can be sculpted to replicate human
traits and increase their sensitivity. Electrospinning, for
example, can be improved by aligning the dipoles of
molecules. In an analogous technique, the use of compo-
site materials or materials with higher piezoelectric
properties can be achieved by structuring ceramics and
polymers. Although there is a list of products that can be
used for this tenacity, they are organized in ranks called
arrays. An electrical signal is produced by a single unit
in the array, indicating the array function. The electrical
signal will arrive at a point in prosthetics where it can
still detect tactile contact. Interference between signals,
sometimes called Yeah, is one of the problems of arrays,
along with intermodulation. During intermodulation, the
unit experiencing force affects neighboring units, be-
comes activated, and starts to send signals of their own.

2.3 Organic Materials — Piezoelectricity

Organic materials possess low crystal symmetry.
Hence the piezoelectric effect is due to the motion of
dipoles in polymers. In recent years, silk and collagen
are considered as most favorable piezoelectric materials
[7]. Table 2 shows the piezoelectric coefficients for vari-
ous piezoelectric materials classified as organic or inor-
ganic. Because of its high piezoelectricity, remarkable
chemical resistance, thermal stability, outstanding
processability, and mechanical properties, polyvinyli-
dene fluoride (PVDF) and its copolymers are the most
researched piezoelectric materials. PVDF piezo-crystals
are available in five phases, out of which the S-phase
has excellent piezoelectric properties [8-10]. PVDF
tends to show a dipole moment above zero [1, 11, 12] In
some structures, dipole alignments are antiparallel, so
that the total dipole moment is zero. Suitable examples
are a PVDF piezo-crystals.

Polylactic acid (PLLA) exhibits lower dss than inor-
ganic ceramics like PZT but shows large piezoelectric
shear constant due to the shape of the nanofilm. De-
pending on the stretching direction, a PLLA crystal can
change from a to S-crystal based on the arrangement of
dipoles [13]. PLLA is a compliant polymer and an excel-
lent candidate for mobile device diligence [14].

Table 1 — Body organs and the corresponding molecules exhibiting piezoelectricity

Body organ Molecules representing piezoelectric
Hair Keratin
Lung tissue Elastin
Skin (horny layer and epidermis) Keratin
Breast nerves Collagen
Bone Collagen
Hair — surface Prestin
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Table 2 — Piezoelectric coupling coefficients for assorted piezoelectric materials

Material Type dss (pC/N) | ds1 (pC/N) Refs

Organic PVDF Polymer -33 23 [15]
PLLA 6-12 - [16]

AIN Ceramic 3-6 -2 [17]

PZT-5H 593 - 274 [18]

Inorganic BaTiOs 190 - 78 [19]
LiNbOs 16 -1 [20]

PMT-PT Single crystal | 2000-3000 - [21]

Quartz 2.3 —0.67 [22]

2.4 Piezoelectric Biotic Balance

Piezoelectric sensors can be used in the detection of
diseases or smell by exploiting the chemical properties
of the sensors. A piezoelectric biotic balance can be
used for a range of applications in compositional analy-
sis and gas leakage detection. The density and viscosity
of the liquid can be determined with 99.99 % accuracy.
This technique is based on changes in mass in a crys-
tal-covering film. In general, the 5-10 MHz range of
quartz microbalances works; the Sauerbrey equation
measures the accumulation of mass. Biotic molecules
embedded in piezoelectric materials are used as sen-
sors. The quartz vibration frequency is a function of
mass, as mass varies, the vibration frequency changes.
As mass increases beyond the threshold, the results are
inaccurate, so a more precise estimate in the form of a
sensor is required.

2.5 Energy Harvesting

They require a handy supply of energy to have im-
planted sensors inside the body. If the sensor is pow-
ered by a battery, removing and repairing it would
necessitate additional surgery. In the case of the pace-
maker, the main aim is to restrict the count of sensors
to be installed in the body during surgery. The charge
storage issues in the case of pacemakers can be elimi-
nated using piezoelectric energy harvesting devices,
which are capable of producing charges using body
movements and can be used as integration or replace-
ment of batteries.

Special attention and accuracy are required to reap
energy from the organs. Biocompatibility should be one
of the keys to this. The energy harvesting system
should not contain toxic elements like lead, etc.

One of the most essential areas for power generation
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Fig. 3 — Piezoelectric energy harvesting sensor

3. CONCLUSIONS

The purpose of this paper was to show an outline of
the biomedical piezoelectric productiveness. We talked
about the piezoelectric characteristics of biotic materi-
als and prospective applications. They might be utilized
to cure diseases. Piezoelectric materials are also used
in sensors and other devices. There are huge opportu-
nities for research, development and implementation in
the fields of human biological devices and in the medi-
cal industry, and they have impeachable scope for inev-
itable development.
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Beaceunieri n’e3oenekTpuuHi MmaTepianu qjia MeJUIHOI podooTH
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II'e30emexTpuyH] IepeTBOPOBAYl IINPOKO 3aCTOCOBYIOTHCS B 0l0JI0TiYHOMY JIiKyBaHHI Ta Teparii. Y po-
60Tl 5T XOTIB OM 300pa3UTH XPOHIKY Ta JOCATHEHHS ITHOT0. JaCTHHHU JIIOJCHKOrO TijIa, TaKl K ITKIpa, KICTKA
Ta KJIITUHA KPOBI, MAIOTh II'€30€JIEKTPUYH] BJIACTUBOCTI, & TAKOK BHYTPIIIIHIO BJIACTHBICTH, sIKA JoIIoOMarae
JIIKYBaTH 3aXBOPIOBAHHS. Y CTATTI TAKOK OOrOBOPIOETHCS, AK II'€30€JIEKTPUYHI MaTeplasii MOYKHA BHKOPUC-
TOBYBATH B MEIUYHUX IMILIAHTATAX SK JATUAKK TA 3aMIHIOBATH IIPUPOIHI yacTuru Tia. Orisy 3abesmneuye
Kpalie pOo3yMIHHS MEePCIeKTUB 1 IPOTUCTOSHB 100 MAMOYyTHBOTO BIIPOBAIYKEHHS IT'€30€JIEKTPUYHOI Kepa-
MIKH K 3aMiHHM YaCTHH JIIOJICHKOrO Tijia Ta 11 3SHAYeHHS B MeJUYHIN IIPOMUCIIOBOCTI.

Kmiouosi cnosa: I1'esoenexrpuunnit edpexr, Cencopu, [leperBopioBaui, Biosoriusi 3acrocyBasHs.
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