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Abstract: Medical textiles are one the most rapidly growing sector in technical textile market. Medical Textile involves the combination
of textile technology and medical sciences. Application of textiles in medicine includes extra corporeal, implantable, non-implantable,
health and hygiene products. In implantable and extracorporeal devices, biomaterials are the base to produce the end products.
Biomaterials can be Ceramics, Metals, and Polymers. In textile field, polymers are taken as a base material, from which 
woven/knitted/braided/nonwoven fabrics are produced for Medical applications. Tissue engineering is one of the emerging fields, in 
which biomaterial polymers are widely used. Mostly widely biodegradable polymers are used, and nanofibers are produced from that 
which is further converted into fabrics, to be used for tissue engineering applications. Nanofibers can be produced by both naturally 
occurring and synthetic polymers by various techniques like Rotary Jet Spinning method, Electrospinning, Centrifugal Spinning etc.  
When spun, the material stretches much like molten sugar does as it begins to dry into thin, silky ribbons.The most commonly used 
natural biopolymers for tissue engineering include silk, chitosan, collagen, etc. Synthetic polymers include degradable polymers such as, 
polymethylmethacrylate (PMMA), polylactic acid (PLA), polyurethane (PU) etc. The biodegradable nanofibers are used in the areas of 
tissue engineering such as neural, bone, cartilage, skeletal muscle, blood vessel, skin and ligament., Polymers possess great 
biocompatibility, good mechanical strength, good biodegradability, and it is used to replace diseased part, assists in healing, improves or 
corrects the function also assists in cell adhesion, growth, proliferation.
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1. Introduction 

Biomaterials acts as 3D frames, which can be scaffolds, 
matrices or constructs. These 3D frames due to their high 
surface area to volume and their micro porous structure 
areused in cell binding, growth and differentiation.And as 
biodegradable nanofibers are used as scaffolds it eliminates 
the necessity of surgical removal.  Hence the applications of 
nanofibers as scaffolds playa vital role in tissue engineering. 
The potential of nanofibers are widely followed in biological 
and non-biological applications. This report deals with the 
fabrication and application of nanofibers in tissue 
engineering.Nanofibers have been used in all areas of tissue 
engineering such as bone, cartilage, ligament, skeletal 
muscle, vascular, neural and skin, and also it controls the 
delivery of drugs, proteins and DNA. Tissue engineering is 
an alternative method for organ transplantation, and its 
prime job is to (i) replace natural tissues characteristics, (ii) 
fill the space until damage tissue is regenerated, (iii) 
temporarily replace tissue function, (iv) to help in managing 
tissue growth. The main aim of tissue engineering is to 
repair or replace the damaged or diseased tissue. 

2. Biomaterials 

A natural or synthetic material (as a polymer or metal) that 
is suitable to introduce into living tissue especially as a part 
of medical device, to repair damaged or diseased parts. 

2.1 Types of Biomaterials 

1. Metals 
2. Polymers 
3. Ceramics 

Polymers are classified into three types namely Natural and 
synthetic. 

Natural Polymers 
Natural polymers occur in nature and can be extracted. They 
are often water-based. Examples of naturally occurring 
polymers are Silk, Collagen, Chitosan, Alginate etc 

Synthetic Polymers 
Synthetic polymers are derived from petroleum oil, and 
made by scientists and engineers. Examples of synthetic 
polymers include PMMA, Polyethylene etc. 

Biomaterials For Tissue Engineering 
1) It has a good biodegradable property 
2) It is used to replace diseased part 
3) It assists in healing 
4) It improves or corrects the function 
5) It has a good biocompatibility and mechanical properties 

2.2 Importance of Biomaterials 

Toxicology 
Biomaterial should not be toxic. Toxicology for biomaterials 
deals with the substance that migrates out of the 
biomaterials. It is reasonably to say that a biomaterial should 
not give off anything from its mass unless it is specifically 
designed to do so. 

Biocompatibility 
The ability of a material to perform with an appropriate host 
response in a specific application.Material should not bring 
out a prolonged inflammatory response. 
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Healing
Injury to tissue will stimulate an inflammatory reaction that 
leads to healing. When a foreign body is present in a wound 
site then it is known as foreign body reaction. Biomaterials 
assist for wound healing. 

Functional Tissue Structure 
Biomaterials are implanted into tissues and organs. The 
structure and role of biomaterial should mimic the natural 
one. 

Biodegradability 
The degraded products of the scaffold must have a safe route 
for removal from the host. 

Mechanical And Performance Requirements 
Biomaterials and devices must have mechanical and 
performance requirements that originate from the physical 
properties of the materials. The three categories of such 
requirements are mechanical performance, mechanical 
durability, and physical properties. The scaffold must be 
able to provide support to the forces applied to it and the 
surrounding tissues (especially true for the engineering of 
weight-bearing orthopaedic tissues).

3. Silk 

Silk fibroin is a natural protein produced by the domestic 
silkworm. Biodegradability is the essential properties of 
biomaterial. Silk is popular for its luster and mechanic 
properties. It is a natural filament produced by silkworm. 
This contains fibrous protein termed as fibroin, and that 
forms sericin which helps to reinforce together. Removal of 
sericin from silk is done for biomedical, cosmetic, 
biotechnological, tissue engineering, drug delivery 
applications in order to prevent inflammatory. Silk has more 
mechanical strength and it has a very high strength and 
toughness. 

Figure 1: Silk Fibers 

Properties of Silk 
 Supports in cell adhesion, growth, proliferation 
 Excellent luster and good texture 
 Excellent temperature retain ability 
 High mechanical properties, high strength and excellent 

elasticity 
 Very good tensile strength 
 Good degradability and biocompatibility

Chitin and Chitosan 
Chitin is a white, hard, inelastic, nitrogenous polysaccharide 
found in the outer skeleton of insects, crabs, and shrimps. It 
is basically obtained from prawn/crab shells. Chitosan is 
produced by chemically treating chitin. They both are 

suitable material for wound healing. They are natural 
polymers and they have excellent biodegradability, 
biocompatibility, non-toxicity and adsorption. They are also 
antibacterial and act against fungi. They possess low 
mechanical strength. They are more suitable for wound 
dressing materials as they have a very good wound healing 
property. 

Figure 2: Chitosan 

Collagen 
Collagen is an important biomaterial in medical application 
for its excellent biocompatibility, biodegradability and weak 
antigenecity. Collagen makes up one quarter of all the total 
protein in the body. It possesses a fibrous structure and 
imparts strength to tissues such as tendons, ligament, and 
skin. It is very good to promote cell, tissue attachment and 
growth. It possesses low mechanical strength and has safety 
issues when derived from animals. 

Figure 2: Collagen

Poly (Methylmethacrylate)
It is a light weight synthetic material. It is alternate to 
polycarbonate, where extreme strength is not necessary. It 
does not contain potentially harmful substance. It possesses 
moderate properties, easy handling, processing and low cost. 
It has a good degree of compatibility with human tissue. In 
cosmetic surgery, PMMA injected under the skin to reduce 
wrinkles or scars permanently. It is rresistant to inorganic 
solutions. It has excellent optical properties. It is suitable for 
Blood pump and reservoir, implantable ocular lenses, bone 
cement.

Figure 4: PMMA

Polyvinylchloride (PVC)
It is amorphous & rigid polymer, have high melt viscosity. It 
is made flexible and soft by the addition of plasticizers. It is 
suitable for blood and solution bag, surgical packaging.

Figure 5: PVC
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Polyurethanes (PU) 
They have excellent mechanical properties and good 
biocompatibility. They are used in the fabrication of medical 
implants such as vascular grafts. Polyurethanes can be 
designed o have chemical linkages that are degradable in 
biological environment. They are very much suitable for 
tissue engineering applications because of their mechanical 
properties and good biocompatibility. 

Figure 6: PU

4. Applications of Tissue Engineering 

Tissue engineering is widely used in the fields as mentioned 
below.

4.1 Bone Tissue Engineering

It is based on physical properties of scaffolds such as 
mechanical strength, pore size, porosity, hardness and 3D 
architecture etc. Scaffolds with greater porosity are preferred 
for better cell/tissue-in-growth and enhanced bone 
regeneration. Studies have shown that PCL based 
nanofibrous scaffolds are potential candidates for skin tissue 
engineering.

Figure 7: Bone tissue engineering 

4.2 Cartilage Tissue Engineering 

PCL based nanofibrous scaffolds by electrospinning are the 
most suitable one for this. It possesses very good mechanical 
properties. It has a good degradation, cell attachment and 
growth factor delivery. 

Figure 8: Cartilage tissue engineering 

4.3 Ligament Tissue Engineering 

They are connective tissue responsible for joint movement 
and stability. Ligament ruptures result in damage of 
connective tissues leading to tissue degenerative diseases, 
which do not heal naturally and cannot repair by clinical 
methods. PU nanofiber aligned tissue engineering 
successfully meet this challenge. 

Figure 9: Ligament tissue engineering 
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4.4 Skin Tissue Engineering 

Skin wounds heal naturally by formation by epithelialized 
scar tissue rather than by regeneration of full skin. Of the 
two of d layers of skin, epidermis and dermis, has less 
capacity to heal. But when large areas to be heal, normal 
regeneration is lacking, hence epidermis to be replaced. The 
scar tissue that forms in the absence of dermis lacks 
elasticity, flexibility and strength. Scar tissue causes pain, 
limit movements. 

For this, skin tissue engineering is the very good alternative 
to stimulate the regeneration of dermis. Nonwoven based 
silk nanofibers by electrospinning method are much suitable 
for skin tissue engineering due to their high porosity and 
high surface area to volume. And also this coated with type I 
collagen is suitable to promote cell adhesion and spreading. 

Figure 10: Skin tissue engineering 

4.5 Blood Vessel Tissue Engineering 

Conventional spinning method produces randomly oriented 
nanofibers. Biodegradable PLLA-CL nanofibers explored to 
fabricate tubular scaffolds that could be used for blood 
vessel. They mimic the natural ECM, provide mechanical 
properties and give a good architecture which helps for cell 
adhesion and proliferation. 

Figure 11: Blood vessel tissue engineering

5. Applications of Tissue Engineering With 
Suitable Polymers 
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6. Research and Trends 

Research in tissue engineering has revealed the design rules 
for joining cells with materials and for understanding the 
mechanism by which cellular functions can be influenced or 
interrogated by materials. Development of cell based micro-
systems outside tissue engineering will in the long term 
provide technologies that will be applied to tissue 
engineering. The technology developed to integrate the 
functions of cells with electrical or mechanical processes in
materials will have important benefits to the growth of tissue 
for transplantation and for prosthetic interfaces between 
indwelling devices and natural tissue.

Cell based engineering addresses the development of hybrid 
devices that combine cellular and tissue components with
conventional materials and processes found in micro-
fabrication. Research and development activities span a 
broad range of topics including technical development of 
methods and fabrication routes to join cells with materials, 
exploratory and discovery research to identify strategies for 
matching cellular processes with materials processes, and 
engineering of complete systems that exploit the unique 
realization that combining man made devices and biological 
systems.
Many consolidated findings that stem have enhanced the 
comprehension of molecular and process related to various 
diseases and physiological properties. Knowledge been 
applied to various types of medical treatments, such as 
creating intelligent biological drug system, and also helpful 
to better medical systems such as apoptosis and 
carcinogenesis. It must help us from mechanisms of aging, 
human development, and prevent from cancer, heart disease, 
mental illness, as well as several conditions. Hopefully it 
may help to successfully treat malignant disease in future.

Silk

 
 

Degumming of Silk 
Silk is degummed with 1g/L of Na2Co3 for 45 minutes and 
80o C and washed. 

Recipe 
MLR – 1:50 
Na2Co3  - 1g/L 
Soap – 5g/L 

Dissolving Silk In Libr 
50 ml of LiBr solution at 9.3M concentration, calculated 
amount of LiBr powder is 40.4 grams, which is dissolved in 
32-33ml water. Then 2 grams of Silk is dissolved in 10 ml of 
9.3M LiBr solution at 60oC for 4 hours in a closed container. 

Stirring Silk Using Magnetic Stirrer 
Silk solution is stirred using magnetic stirrer till it reaches 
the gel state. 

Silk Spinning Using Rotary Jet Spinning Method 
The prepared polymer solution gel is poured into the 
reservoir of the RJS machine. As soon as the machine is 
switched on, with the help of the controllable motor, 
reservoir starts to rotate. There is a hole made in the 
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reservoir. Due to the centrifugal force, polymer inside the 
reservoir ejects out and forms a thin ribbon like fibre 
structure, which is collected in the collector. The fibre forms 
it own path during rotation.

PMMA

 
Stirring PMMA Using Magnetic Stirrer 
2 grams of PMMA is taken with 10ml of Chloroform in a 
beaker. And it is stirred using magnetic stirrer till the 
polymers are completely dissolved in Chloroform and 
homogeneous mixture of solution is formed. The process is 
carried out till it reaches the gel state. 

PMMA Spinning Using Rotary Jet Spinning Method 
The prepared polymer solution gel is poured into the 
reservoir of the RJS machine. As soon as the machine is 
switched on, with the help of the controllable motor, 
reservoir starts to rotate. There is a hole made in the 
reservoir. Due to the centrifugal force, polymer inside the 
reservoir ejects out and forms a thin ribbon like fibre 
structure, which is collected in the collector. The fibre forms 
it own path during rotation. 

7. Conclusion 

Thus Silk has a very good biocompatibility, 
biodegradability, high surface area to volume, improved 
mechanical properties and hence very much suitable for skin 
tissue engineering. PMMA are light weight, which does not 
contain potentially harmful substance, moderate properties, 
easy handling, easy processing and low cost, good degree of 
compatibility with human tissue. Hence it is very much 
suitable for craniofacial and bone tissue engineering. In 
cosmetic surgery, PMMA injected under the skin to reduce 
wrinkles or scars permanently.
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