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ABSTRACT

Our skin is very sensitive and easily prone to damage. Studies have shown that more
than 50,000 people are hospitalized with burns each year in the United States, and 5,500 die.
Approximately 4 million people suffer from non-healing wounds. This review summarizes the
various techniques in the synthesis of artificial skin. Artificial skin finds application in a broad
range of areas including robotics; MEMS, human-computer interfaces and other areas that
involve mechanical deformation .Scientists have made a step forward in their ability to mimic
the sense of touch. Sensitive artificial skin is really a boon in the field of robotics. The main
objective is to create an artificial skin that functions like the human skin, which has the ability

to feel and touch objects.
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INTRODUCTION

Skin is the body’s largest organ, a
waterproof barrier that protects the internal
organs against infection, injury and harmful
sun rays. It is a vital organ and it’s
impossible to survive without skin. Artificial
skin is a product which can be used for
temporary or permanent replacement of
damaged skin. There are various
methodologies in the synthesis of artificial
skin according to the patient needs.

Anatomy and function of skin

The primary layers of skin are the
epidermis and the dermis. The epidermis is
composed of the outermost layers of the
skin. It forms a protective barrier over the
body's surface, responsible for keeping
water in the body and preventing pathogens
from entering, and is a stratified squamous
epithelium, composed of proliferating basal
and differentiated supra basal keratinocytes
[ The epidermis also helps the skin
regulate body temperature. The dermis is the
layer of skin beneath the epidermis that
consists of connective tissue and cushions

the body from stress and strain. The dermis

provides tensile strength and elasticity to the
skin through an extracellular matrix
composed of collagen fibrils, micro fibrils,
and  elastic  fibers, embedded in
proteoglycans?. The epidermis and dermis
are separated by a thin sheet of fibers called
the basement membrane, and is made
through the action of both tissues. The
basement membrane controls the traffic of
cells and molecules between the dermis and
epidermis but also serves, through the
binding of a variety of cytokines and growth
factors, as a reservoir for their controlled
release during physiological remodeling or
repair processes PL.As well acting as a
physical barrier, skin also plays an important
immunological role. It normally contains all
the elements of cellular immunity, with the

exception of B cells .

ARTIFICIAL SKIN

Skin damage or loss can occur
suddenly due to a fire accident or a
mechanical accident. Loss of skin can also
occur in a chronic manner, as in skin ulcers.
Some common diseases that damage the

skin are psoriasis, vitiligo, keloids, nevus
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Figure 1 Pictorial representation of the Function of Skin

and genodermatoses such as xeroderma,
pigmentosum and epidermolysis bullosa!®.
Skin color is determined from the melanin
and carotene pigments in the epidermis.
Melanin protects the skin from sunburn.
After a burn, the burnt skin may not be able
to produce melanin, hence leading to sun
burn. Also the skin may become lighter
(depigmented or hypo pigmented) as
compared to the normal skin or darker
(hyper
invariably lack sufficient adequate skin

pigmented).Severe burn patients

donor sites requiring alternative methods of
skin replacement . Patients with major
of their

bodysurface area often do not survive since

burns exceeding 60% total
too much of the organ has been destroyed

and cannot be permanently replaced [,

HISTORY OF ARTIFICIAL SKIN

Until the late twentieth century, skin
grafts were constructed from the patient's
own skin (auto grafts) or cadaver skin

(allografts).
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The disadvantages in auto and allo skin graft
are as follows:

> Bacterial infection

» Limited availability of donor sites

> Tissue rejection

To overcome these  difficulties

researches  developed artificial  skin.
Artificial skin was invented by John F.
Burke, chief of Trauma Services in
Massachusetts General Hospital in the year
1970. He was assisted by loannis V. Yannas,
a chemistry professor at Massachusetts
Institute of Technology, Cambridge, and
From that time till today there are many
researches were going on to create a perfect
substitute for human skin. Biotechnology,
Nano technology and tissue engineering
plays a major role in the production of

artificial skin.

TYPES OF ARTIFICIAL SKIN
According to the needs of patients,
there are different types of artificial skin.

They are discussed below.

Spray-on skin

Spray-on skin is a patented skin
culturing treatment for burns victims,
developed by scientist Marie Stoner and
plastic surgeon Dr. Fiona Wood of Perth,
Western Australia. In this technique, healthy
skin is taken from a donor and the surface
cells called the keratinocytes are separated.
The cells are cultured for 2 to 3 weeks until
a suspension is formed.The other skin cell
tissue is put into a meshing machine, meek
mesher, and then the skin sample is cut into
tiny squares. Finally the cultured cells are
sprayed onto small pieces of tissue and they

are combined tocreate new skin forpatient!®l,

Temporary skin graft:

In this method skin cells are taken
from unwounded epidermal layer and
cultured. Large cell sheets are made out of
the cultured cells. Skin grafts are made from
these large sheets. This is applied on wounds
and the growth of new dermis is stimulated.
After the curing process is completed, the
protective upper layer is removed.
Temporary skin substitutes provide transient

physiologic wound closure, including
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protection from mechanical trauma, physical
barrier to bacteria and creation of a moist

wound environment 1,

Permanent skin graft

Skin is extracted from other parts of
body and fibroblast from dermal layer is
isolated. The cells are tested for viruses and
other infectious pathogens (e.g. HIV,
hepatitis B and C). Then the cells are grown
on mesh scaffolding. Later the cell is
thawed, expanded and stored. As a next step,
it is implanted to the patient’s wounds. The
new blood vessels will take approximately
one week’s time to grow in the implanted

skin. After that, recovering takes place 1%

Artificial electronic skin (e-skin)

The e-skin consists of semiconductor
nanowires that can operate using low
voltages, and it's more flexible than previous
inorganic synthetic skins. Large amount of
pressure-sensitive components are attached
with an active-matrix backplane on a thin
plastic support substrate. Previously, organic
transistors have been used for the active-

matrix backplane of e-skin™".

Gelatin-containing artificial skin

Artificial skin is synthesized with
gelatin which is a polymer isolated from
collagen. 1t is also called as bio-artificial
skin. Porous gelatin scaffolds were equipped
by a salt-leaching method and these were
related to scaffolds fabricated using a freeze-

drying method ).

Composite Biocompatible Epidermal Graft
(CBEG)

Researchers at the Hong Kong Skin
Bank and the Chinese University of Hong
Kong have found that resurfacing wounds
with artificial skin and a composite
biocompatible epidermal graft is successful
in elective reconstructive procedures. To
produce CBEG, keratinocytes were reserved
from the normal edge of the lesion and
cultured. Adequate cells were grown within
2 weeks. Then the integra is applied on
wounds of the patients. When the neodermis
of the Integra was fully vascularized, the
silicone membrane of the Integra was
removed and replaced with the CBEG ™!,
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Progress in skin replacement therapy

Nanotechnology plays an important
role in the development of sensitive artificial
skin. It upgrades the making of artificial skin
to the next level. Carbon Nanotubes is used
for the synthesis of artificial skin because it
behaves a temperature and pressure sensor
as part of a material with thermal and
mechanical properties similar to human skin
[ Normally our body shows rejection to
foreign materials but carbon nanotubes get
attached with other proteins and amino acids
avoiding rejection °. It is a cost effective
method when compared to human cadaver
allograft (HCA) method 1),

Researchers from Stanford
University have established transparent and
super stretchy, synthetic skin. The specialty
of this product is that it can be stretched to
more than twice its original length and
bounce back perfectly to its original shape.
This finds applications in prosthetic limbs,
robotics and touch-sensitive computer

[17]

displays

French researchers have found a way
of using human embryonic stem cells to
create new skin which could help serious
burns victims. The stem cells grew into fully
formed human skin 12 weeks after being

grafted on to mice.

A material is created with a micro
vascular network which is capable of
pumping self-healing polymers to repair
sites of skin by Micro vascular Autonomic
Composites Initiative. This is known as self
-healing artificial skin. The surface layer
makes it polymerize upon contact and the
micro vascular network carries the healing

agent 181,

Researchers from Robotics
Laboratory at Laval University designs
artificial skin used in industry to maximize
the  human-robot  cooperation.  This
technology interprets the touch as a
command from a human and sends to the
robot brain a signal to respond to request.
This is a simple way to reduce the accidents
in factories where humans works shoulder to

shoulder with robots.
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FUTURE TRENDS Research is now also being done to

Oka Ridge National Laboratory’s
Nanomaterial Synthesis And Properties

flexible,
[19]

Group is developing

multifunctional skin used for robots

Australian researchers are currently
searching for a new, innovative way to
produce artificial skin. This would produce
artificial skin quicker, and in a more
efficient way. The skin produced would only
be 1 millimeter thick and would only be
used to rebuild the epidermis. They can also
make the skin 1.5 millimeters thick, which
would allow the dermis to repair itself if
needed. This would require bone marrow

from a donation or from the patient's body.

Neuroscientists at the Rehabilitation
Institute of Chicago are trying to make brain
accurately response to the signals sensed by

the artificial skin.
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CONCLUSION

In this paper, various methods for the
synthesis of artificial skin were reviewed.
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guarantees the survival of burn victims and
assure to decrease the mortality rate Y.
Although many new technologies were
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flaws in the functionality of artificial skin.
Scientists and engineers around the world
are trying their level best to design a better

skin equivalent.
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