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Abstract

With the advent of Nano Technology Health Care is being redefined with the help of smart micro-devices both
for health monitoring and administering drugs .This article looks into the efficiency of the current micro and nano
devices and explores the possibility of bio-machining as an alternate to current micro-machining technologies as an
efficient and scalable alternative .There is limited research in the field of bio-machining and its application is limited.
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Introduction

Healthcare costs

Healthcare costs are increasing and the world population is ageing,
there is a need to monitor a patient's health status while he is out of
the hospital in his personal environment [1]. The proportion of young
workers in developed countries has been shrinking. Elderly people
have a higher level of disability due to age-related diseases, a greater
need for care and assistance and are more likely to be admitted to a
hospital or nursing home. Permanent admission to a care home is an
expensive way of providing care for elderly, most of whom prefer to
remain in their own home [2,3]. Data on health from 30 countries of
the organization for Economic cooperation and Development show
that health care expenditures as a proportion of GDP are at an all-time
high, due to both increased expenditures and to a general economic
slowdown. France spent 11% of its GDP on healthcare delivery in 2015
according to OECD statistics, the USA about 16.9% which is also the
highest in the world, Canada and Switzerland are spending around
11.4% of their GDP respectively [4,5].

Telecare, Telehealth and Telemedicine

Telecare, Telehealth and Telemedicine are new models of care
already in use, bringing solutions to healthcare issues. The role of
Smart wearable system is to match the living environment with the
physical and cognitive abilities and limitations of those suffering from
disabilities or disease, thereby enhancing performance and minimising
the risk of illness, injury, and inconvenience. These systems support
independent living for the elderly, post-operative rehabilitation
for patients to expedite recovery and assessment or enhancement
of individual sportive or technical abilities [6]. Smart Wearable
System may include a wide range of wearable or implantable devices,
including sensors, actuators, smart fabrics, power supplies, wireless
communication networks, processing units, multimedia devices, user
interfaces, software and algorithm for data capture ,processing and
decision support. These systems are able to measure vital signs, such
as body and skin temperature, heart rate, arterial blood pressure, blood
oxygen saturation, electrocardiograms (ECG), electroencephalograms
(EEG), and respiration rate [7,8]. The measurements are forwarded via
a wireless sensor network either to a central connection node, such as a
personal digital assistant or directly to a medical centre. The physician
can then manage the patient based on the transmitted data .The patient
wears the SWS such that the medical professionals monitor the patient

in real-time for longer periods than are possible during a hospital stay
or a visit, the importance of SWS seems higher in developing countries
where the healthcare facilities are limited and doctors to patient ratio
is poor. SWS system can even issue alerts in the event of an emergency.
During a change in climate one is prone to infections for example
during summers one is prone to have a lung infection, dehydration,
however, it can be avoided if the patient's behaviour as a result of
disease are collected early and adequate preventive cure is suggested or
initiated before the situation becomes dangerous [9].

Bio-therapeutic drugs

Bio-therapeutic drugs such as peptides, proteins, DNA and RNA
are large molecules that cannot be easily administered orally or through
transdermal means. Nanotechnology is providing new tools and
materials to probe and manipulate biological processes at the Nanoscale
(1-100 nm) [10,11]. One-dimensional Nanomaterials are being used
as intracellular biosensors, drug delivery carriers and imaging agents.
Further, there has been a rapid development of microfluidics-based
industry including the expansion of the use of micro-dispenser, Drug
Delivery Systems (DSSs) and biochips warranting increased demand for
micro and Nanoneedles. For the treatment of dermatological conditions
such as psoriasis and cosmetic applications, micro rollers have been
developed for drug delivery into large areas of skin simultaneously and
without pain. Typically these micropumps are micro-electrochemical
systems (MEMS) devices which are integrated with other systems on
a single chip for controlled drug delivery system [12]. Advances in the
field of MEMS have addressed a number of clinical indications such as
drug release and biosensors for point of care testing. MEMS devices
including micro-reservoir drug depots, micropumps, valves, and
sensors, have been developed for the delivery of microgram quantities
of drugs, biosensors and other features that are responsive to the local
device environment can enable MEMS to function in an integrated
manner with its biological surroundings [13,14].
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Micro and nanoneedles: Microneedles have been used mainly for
drug delivery into the skin [15]. Recent research has opened the window
for microneedles to be used as diagnostic tool for extraction of analytes
from the skin for ex-vivo analysis. Further advancement has been made
into integrating sensors onto the microneedles for in situ sensing in the
skin, lactates, dissolved oxygen and glutamate [16]. These microneedles
have also been used as bio-electrical interfaces for neural recording and
stimulation, measurements in ECG and EEG. Beyond intracellular
delivery, Nano needles are being used in biological experiments in
living cells. These are made electrically conductive and being fabricated
as a probe to measure electrochemical reactions and signal processing
process inside cells. Presently glass, silicon and polymers are used as
primary material for microneedles. Micro and nano needles fabricated
with glass and silicon have high mechanical strength but are brittle in
nature making them vulnerable to bending and shock effect. Polymers
offer low production cost and ease of fabrication but have relatively
low mechanical strength. Considering metals for micro and nano
needles, they exhibit good mechanical properties (toughness, strength,
thermal conductivity) and electrical conductivity. As per research data
available, metal microneedles have been prepared by three-dimensional
ablation, laser cutting, wet etching and metal electroplating methods.
Metal microneedles have been fabricated as solid and hollow types. The
solid metal microneedles tend to be very strong whereas hollow metal
microneedles are susceptible to fracture.

Metal micro pumps: In microfluidic systems, the target
applications include chemical and biological analysis, sensing and drug
delivery. A microfluidic system is one in which fluid flows in miniature
devices at micro and nano level. Micro level tubes have been fabricated
by conventional processes such as extrusion, drawing and the non-
traditional process of EDM [17]. Mechanical micro pumps use the
motion of a solid such as gear or diaphragm or a fluid to generate the
pressure difference to move the fluid. At present, these pumps are being
fabricated of polymers and metals using conventional processes. Shape
Memory Alloy (SMA) micro pumps are metals that show two unique
properties such as pseudoelasticity and shape memory. The diaphragm
of SMA micropumps is mostly made of titanium and nickel alloy due
to their high force-to-volume ratio and high damping capacity [18].

Micro-needle-rollers: Cosmetic applications and dermatological
conditions such as psoriasis require drug delivery into large areas.
To address this issue, microneedle rollers were introduced. These are
mounted on a surface generally cylindrical and rolls on the skin such
that each micro-needle may pierce the skin multiple times. As per
research data available, microneedle rollers have been fabricated with
stainless steel which has received the most attention. The disadvantage
is that they are not cost effective and as multiple use devices require
regular cleaning [19].

Miniaturisation

Miniaturisation is the key to success of any product being
manufactured but it presents its own set of challenges to scientists
and engineers. Microfabrication process is applied in various
industrial micro-applications such as electronics, optics, aerospace
and biotechnology. Reliability and repeatability are two major aspects
of these processes. The present processes of micromachining include
micro-milling, micro-EDM (Electro Discharge Machining) and
chemical etching [20]. The biggest problem associated with these
techniques is the HAZ on the material being machined affecting the
physical and chemical properties. The reliability is often undermined
especially in the case of implantable devices. Bio-machining can be
considered as a viable option for fabrication of micro and Nano needles

based on metals since this technology is environment-friendly and has
the potential for scaling up as required. The disadvantage as of now is
that Bio-machining has been only studied for iron and copper whereas
microneedles have been fabricated with stainless steel and titanium
metal sheets and nickel. Bio-machining can suitably be used to fabricate
the gears of the micropumps which have been demonstrated wherein a
gear shape was obtained from copper with tooth depth of 45 pm.

Bio-machining: It is a process in which micro-organisms attack the
material in a controlled environment which produces an environment-
friendly, energy efficient and cost effective approach for material
removal. There are three basic principles of Bio-machining (i) Redox
reaction (ii) Formation of organic and inorganic acids (iii) Excretion
of complexing agents. CAD software may be used to design the final
product on the workpiece [21]. After the formation of the photoresist
masked layer, the material is kept in a bacteria cultured solution (with or
without the presence of bacteria) for the removal of bacteria as per the
principles defined earlier. The experiments conducted by researchers
have been based on Acidic Thiobacillus Ferrooxidans/Thiooxidans.

Advantages of Bio-machining

The major advantage of using Bio-machining as micromachining
process is no Heat affected Zone (HAZ), environmental friendly and
can be scaled up for mass production [22]. Further, there is no tool
wear as it can be recycled/regenerated continuously. The bacteria used
as a tool has a size of 1 pm, thus theoretically machining resolution of
this size is possible, however, in experiments, the 3 um resolution has
been achieved. The disadvantages associated with this process is that
the bacteria used for machining grows only in acidic pH, slow process,
culturing of bacteria under controlled conditions is time-consuming
and research has undertaken only on materials such as iron and copper.

Conclusion

Fabrication of a metal based micro-feature through bio-machining
is still in nascent stage and research is underway to optimise the process
and make it suitable for mass production. Due to global concern on
environmental effects of machining and adoption of green technologies,
there exists a bright future for non-traditional processes such as bio-
machining which are eco-efficient and reduce the unwanted outputs
and can be recycled.
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