Renewy,
7o b

6
§

gf!\v\

3
"o

e, e
o’"ur suot®

<
b pue K535

ISSN: 20004541 &
S

Energy and Applications

OPEN @ ACCESS Freely available online

Journal of Fundamentals of Renewable

Commentary

Biomechanical Energy Harvesting for Implantable Medical Devices

Cynthia Amy

Department of Energy Management, Columbia University, New York, USA

DESCRIPTION

Implantable medical devices have revolutionized healthcare by
providing innovative solutions for monitoring, diagnosis, and
treatment. However, one of the major challenges faced by these
devices is the limited lifespan of their power sources, often
requiring invasive procedures for battery replacement or
recharging. Biomechanical Energy Harvesting (BEH) offers a
promising alternative by utilizing the body's mechanical
movements to generate power for these devices. This study
explains the principles, technologies, applications, and future

prospects of BEH in the area of implantable medical devices.

Biomechanical energy harvesting involves the conversion of
mechanical energy, generated by the body's movements or
physiological processes, into electrical energy suitable for
powering implantable medical devices. The human body is a rich
source of mechanical energy, with potential sources including
muscle contractions, joint movements, blood flow, respiration,
and even subtle vibrations. BEH systems typically utilize
transduction mechanisms such as piezoelectricity, electrostatics,
electromagnetic induction, or triboelectricity to convert
mechanical motion into electrical power. Piezoelectric materials
generate electric charge in response to mechanical stress or
deformation. In BEH applications, piezoelectric harvesters are
integrated into flexible substrates or implants placed near
moving body parts, such as joints or muscles. When subjected to
mechanical strain during motion, these harvesters generate
electrical voltage and current, which can be stored in capacitors
or batteries for later use by implantable devices. Electromagnetic
induction harvesters consist of coils or magnets arranged in
proximity to each other. When subjected to relative motion,
such as the movement of a magnet within a coil or wvice versa,
electromagnetic induction occurs, generating electrical energy.
BEH systems using electromagnetic induction may utilize
magnetic coupling between moving body parts and stationary
coils to generate power for implantable devices. Triboelectric

electric charge. In BEH applications, triboelectric generators are
integrated into wearable or implantable devices, capturing
mechanical energy from body movements or vibrations. As the
materials rub against each other, they produce electric potential,
which is harvested and stored for powering medical implants.

Pacemakers, defibrillators, and cardiac monitoring devices are
essential for managing heart conditions. BEH systems can
harvest energy from the mechanical motion of the heart, such as
myocardial contractions or blood flow, to power these implants
continuously without the need for battery replacement surgeries.
Implantable devices used in orthopedic applications, such as
bone stimulators, joint monitors, or prosthetic limbs, can
benefit from BEH technology. Harvesting energy from joint
movements or muscle contractions enables these implants to
operate autonomously, enhancing patient mobility and quality
of life. Brain-computer interfaces, neurostimulators, and deep
brain stimulators rely on continuous power to function
effectively. BEH systems can extract energy from neural activity
or cerebral blood flow, providing a sustainable power source for
these implants and reducing the need for frequent surgical
interventions. Implantable drug delivery systems require power
for drug release mechanisms, sensors, and communication
modules. BEH technology offers a renewable energy source for
these devices, enabling controlled and programmable drug
administration while discomfort
intervention. BEH systems must optimize power generation
efficiency and energy density to meet the demanding power
requirements of medical implants while minimizing device size
and weight. Materials in BEH be
biocompatible and resistant to degradation within the body
environment to ensure longterm reliability and safety of
implantable devices. BEH systems need to be seamlessly
integrated into implantable devices while considering factors
such as mechanical compatibility, hermetic sealing, and surgical
implantation procedures. BEH technologies must demonstrate

minimizing patient and

used systems must

reliable performance under real-world conditions, accounting for

generators exploit the phenomenon of triboelectricity, where Variations in  patient physiology, activity levels, and
contact and separation between two dissimilar materials generate ~ environmental factors.
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CONCLUSION

Biomechanical energy harvesting holds tremendous potential for
powering implantable medical devices, offering a sustainable
and patientfriendly alternative to conventional battery-based
solutions. By using the body's mechanical energy, BEH
systems can enable continuous operation of medical implants,
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improve patient outcomes, and reduce healthcare costs

associated with device maintenance and replacement.
Continued research, innovation, and collaboration across
multidisciplinary fields are essential to overcome existing
challenges and realize the full potential of BEH in transforming
healthcare delivery and enhancing quality of life for patients

worldwide.
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