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Abstract 

Consistently a great many surgeries are performed to repair tissue that has been harmed through injury or 

any malfunction in it. The developing field of tissue designing (TE) expects to recover harmed tissues by 

collecting cells from the body with very permeable framework biomaterials, which act as source for tissue 

recovery, to control the development of new tissue. This article discusses about the various aspects of 

tissue engineering starting from the tools used in it. This review focuses on the different models of tissue 

engineering and how different scaffolds have been formed. Moreover, it depicts the difficulties and where 

future research and course is required in this quickly propelling field. 

1. Introduction 
Tissue engineering is the combination of two fields i.e. Life sciences and engineering. The fundamental of 

life sciences and engineering has been applied for the development of biological analogs. This 

interdisciplinary area helps in restoring, improving and maintaining the tissue functions. Tissue 

engineering is the field of biomedical research which involves the regeneration of patient’s own tissue 

with good biocompatibility as well as biofunctionality. 

1.1 Process of tissue engineering:  

Tissue engineering process involves the use of cells from the donor body. These removed cells are 

expanded in the culture medium after expansion of cells they are seeded into the 3D support structure 

named scaffold. In addition to this growth factors and cytokines can be provided with the scaffold 

structure. Again scaffolds are placed in culture media followed by implantation in the body of concern 

person. This engineered tissue helps in repairing the damage site. 

1.2 Why tissue engineering? 

To cure the severe diseases a therapy called transplantation is highly preferable. In the recent past, 

technique of transplantation has been proved beneficial but less availability of donors makes it less useful.  

In a report, it has been stated that 15% of patients requiring transplantation for kidney, liver or heart have 

died due to shortage of donors. As shortage of organ donors remains, new modified techniques for the 

surgery have been developed like transplanting whole organ from living person, their relative donors. In 

addition to that splitting of adult organs has also been done for e.g. transplanting any organ’s part from 

parents to their offspring. Despite of these successful modifications, shortage of organ donors still 

remains the same. Transplantation rejection is another reason behind its less use. Whereas, transplant 

rejection is of three types mainly: 1. hyper acute rejection 2. Acute rejection 3. Chronic rejection. All 

these rejection are classified on the basis of response time. Acute rejection takes the longer period of 

months to year to show rejection symptoms. Though use of another donor species such as rat or pig is 

also possible as alternative source but due to the possibilities of immune response generation and 

development of hazardous viral or bacterial infection. This pathogenic transmission and immune response 
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generation makes use of this technique speculative [1]. To solve out this issue, tissue engineering has 

been developed with an innovative idea of constructing an engineered tissue as an alternative to direct 

transplantation of organs. The principle of tissue engineering involves the ensembling of various 

techniques for repairing, regenerating and replacing the damaged or diseased organ/tissue. This technique 

is preferable due to its outstanding advantages like it does not involve immune response generation and 

have less risk of viral or bacterial infection [1]. Targets of tissue engineering includes life sustainment, 

Replacement, improvement of organs and tissues. Artificial organs can also be synthesized via this field. 

 

1.3 Different models of tissue engineering 

 

 

Fig1.3: Different models of tissue engineering [8] 

Three models of tissue engineering are generally followed1) invitro model involves seeding of stem cells 

onto an porous scaffold in the laboratory room before implantation to in vivo cultur.2) In vivo model 

involves seeding of porous scaffold in combination with stem cells.3) In situ model involves stem cell 

taken endogenously and implanted into porous scaffold in in-vitro conditions. 

 

2. Material required for tissue engineering  

 
Tissue engineering process involves the use of 1) cells 2) scaffolds and 3) cell signaling between the cells. 

In the past it has been observed that nonspecific and specific both kinds of cells can be utilized.  For e.g. 

fibroblast cells obtained from dermal layer have been utilized for engineering of heart valve tissue.  But 

mostly specific types of cells are preferred. Various types of cells that can be utilized for tissue 

engineering on the basis of source from which they have been taken. These are 1) autologous cells- cells 
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which have been obtained from the exact location they are going to be implanted. The use of autologous 

cells provides benefits of less chance of rejection and less pathogenic transmission. 2) Allogenic cells- 

these are the cells whose location source is same species of donor. 3) Xenogenic cells- cells in which two 

different species have been involved. 4) Isogenic cells- are the cells which have been extracted from the 

organism which are identical genetically. 5) Stem cells- most effective cell type which are 

undifferentiated by nature having capability for division in the culture media. This undifferentiated cell 

becomes specialized to perform specific function. Stem cells can be pluripotent, totipotent and 

multipotent. Stem cells have been preferred widely due to their ability to undergo proliferation via 

multiple generations to form different type of cells in appropriate culture medium. In past studies stem 

cells have been obtained from embryonic, bone marrow and progenitor cells. In comparison to stem cells 

progenitor cells are highly differentiated and multipotent by nature [2].  But there have been some issues 

reported with the use of stem cells. The issues include difficulty in understanding the mechanism of 

induction and control for differentiation process into desired type of cell for e.g. cells for liver, kidney and 

heart.Scaffolds for tissue engineering: scaffolds are the kind of structure which allows cells to grow in 

three dimensional views. Key uses of scaffolds include 1) use for cell attachment, growth and their 

migration.2) for the diffusion of nutrient materials 3) for maintain the correct shape of the cells. In 

addition to that properties which a scaffold should include are 1) biocompatibility 2) Mechanical needs 3) 

bio functionality 4) biodegradability 5) porous interconnectivity 6) surface properties etc. 

 

 

 

 

 

 

 

 

 

Fig 1.4: Tissue engineering important tools 

2.1 Techniques used for generation of scaffolds 

Following are the techniques used for scaffold generation 1) assembly of nanofibres 2) tissue cultures 3) 

bioreactors 4) Gas foaming 5) CAD/CAM technologies 6) Electro spinning. Hydrogel nanofibres have 

been utilized for healing processes of nerve fibres. Nanofibres provides nutrient to the cells for their 

growth. Computer aided design and manufacturing techniques also played role for matching the real 

internal structure of organ with the scaffold structure. Gas foaming method of tissue engineering involves 

paste of polymer gel having CO2 and NH2 gases introduced in kit to form porous surface. Electro spinning 
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method involves use of high voltage to get network like structure. Bioreactors and tissue culture systems 

are also in use for the designing of scaffolds [4]. 

 

 

Fig 2.1 a): different methods of scaffold designing a) Nanofibre technology b) Bioreactor c) CAD/CAM 

technology d) Gas foaming             

 

 

 

 

                                    Fig 2.1 b): Porous scaffold formed after the use of different methods [8] 

2.2 Cell signaling molecules 

 
Signaling molecules makes the interconnection between culture grown cells. These molecules can be 

hormones, neurotransmitters, neurohormones, growth factors and cytokines. Signaling molecules can be 

of three types 1) endocrine 2) paracrine 3) autocrine. Depending upon the distant and diffusibility these 

factors have been categorized. Application of tissue engineering involves the generation of artificial 

organs like heart valve, human ear and vascular graft has been done till now.  Along with this, artificial 

skin also has been prepared using tissue engineering. 

3. Current status of Tissue engineering 
 

Starting from the past tissue engineering field has broaden its area. Till now all types of tissues and 

organs has been exploited for the use in tissue engineering. Specifically skin clinical trials and cartilage 

clinical trials have been performed for the purpose of defects in the joints and urethra. As discussed above 

the major problem with tissue engineering technique is supply of nutrients and removal of wastes. 

Challenges for tissue engineering: tissue engineering is a part of biomedical engineering covering 

different aspects of cell biology has faced different challenges in terms of cell isolation and cell 

purification. In addition maintainance of pure culture i.e. contamination of different cells with desired 

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 5, Issue 9, September 2018

ISSN NO: 0972-1347

http://ijics.com/218



type of cells is also critical issue.  Earlier work related to tissue engineering involved use of static culture 

conditions for in vitro culture before implanting as in vivo. Although in case of cartilage and blood 

vessels good quality and good quantity of tissue has been generated due to the mechanical force applied 

i.e. shear stress. The applied shear stress proves beneficial for the blood vessels as it shows increased 

amount of myosin chains, collagen amount and good morphology of the cells. But in case of cartilage 

nutrient transportation, exchange of materials like waste and gas has been proved problematic. To solve 

this out stirring process was used to get more transportation or exchange of nutrients between the cells. 

Although in brief it can be stated the shear force has been proved beneficial but optimum conditions for 

the in vitro processing have not been categorized. The appropriate type of cells like multipotent, 

pluripotent is under scanning nowadays Tissue engineering also associates with some ethical, social and 

legal issues. This field can surely reach to tremendous achievements with the cooperation of researchers 

of various fields like biology, chemistry and engineering in order to get successful and beneficial tissue 

restoration. 
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