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ABSRACT 

Fibrous structures are useful for tissue engineering scaffolds due to morphology similar to that of the 

extracellular matrix. The structural optimization and the surface modification of the scaffolds could 

boost the cell attachment and its proliferation. Most materials for tissue engineering applications have 

been developed as scaffolds. Scaffolds are created by foaming that most closely match the 

requirements for an ideal scaffold and most closely resemble the trabecular bone structure. These 

include HA foam gel-cast, bioactive glass foam, and composites of biodegradable polymer foam / 

bioactive glass. Nevertheless, no material or manufacturing method has met all the requirements of an 

ideal scaffold. Scaffolds developed by RP and SFF methods show highly ordered microstructures and 

can be easily manufactured to complex forms dictated directly from the patient by CT scans. To 

achieve the goal of an ideal scaffold, a mixture of polymers and bio-ceramics with newly generated 

tissue should be used.For the construction of tissue-engineering scaffolds for bone, several approaches 

are described. There is also a high degree of interconnected pores in the correct scaffold for soft 

tissues such as nerve fibers (e.g. axons transmitting nerve impulses); furthermore, the pores can 

require orientation and may be smaller. Homogeneous, high-water-content hydrogels are commonly 

used as a scaffold with mechanical properties that match the soft nerve tissue, and the methods used to 

make them are reviewed. 

 

1. Introduction 

Hundreds of surgical procedures are performed every day to remove or restore tissue 

weakened by disease or trauma. The tissue engineering (TE) technology area aims at 

regenerating damaged tissues by combining body cells with highly porous scaffold 

biomaterials that serve as models for tissue regeneration to direct the growth of new 

tissue.Tissue engineering is a multidisciplinary discipline that is increasingly developing as a 

promising new approach to damaged tissue regeneration and reconstruction. Scaffolds play a 

pivotal role in this approach in supporting cells to accommodate and direct their growth into a 

particular tissue; thus, it is of great importance to build scaffolds that promote cell growth(2). 

Electrospinning is a simple, cost-effective and flexible technique recently applied to the 

manufacture of tissue engineering nano-featured scaffolds.It offers many advantages over 

conventional scaffolding methodologies by imitating a natural extracellular matrix. This 

paper reviews the current state of the art of using the electrospinning technique to design 

nanostructural scaffolds. In addition, an outline of this technique and its spinning mechanism 

is identified, with particular attention to the readers ' areas of interest(3).Tissue engineering 
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tools provide scaffolds with sufficient chemistry and design to facilitate cell penetration and 

colonization. The scaffold is designed with biology in mind, and according to the type of 

tissue, the architecture and chemistry differ. In this study, we concentrate on scaffolds for two 

types of tissue bone and nervous tissue and identify various approaches that are used to 

construct them. For a hard tissue such as bone, the ideal scaffold has a high degree of 

interconnected macroporosity and allows in rapid cell invasion while retaining a rigid 

structure(1). 

 

1.Polymeric scaffolds 

In tissue engineering applications, polymeric scaffolds have been commonly used. 

Biodegradable polymers provide the benefits of increased inflammatory tolerance, high 

biocompatibility, and in vivo non-toxic enzyme degradation. Several approaches to the 

manufacture of these biomimetic scaffolds have been applied, including electro-spinning, 

phase separation, solvent casting, freezing and self-assembly(4).Electro-spun nanofibers from 

biomaterials form structures similar to the native fibrous ECM and have beneficial 

mechanical properties and increased cell infiltration(5).Pre-vascularized tissue buildings with 

enhanced cell proliferation have been developed by endothelial pre-seeding cells and 

hydrogel fibroblasts(6). 

 

1.1 Natural polymers 

Natural polymers can be regarded as the first clinically used biodegradable biomaterials. 

Because of the bioactive properties, natural materials have stronger interactions with the 

cells, allowing them to improve the performance of the cells in the biological system. Natural 

polymers can be categorized as proteins (silk, collagen, gelatin, fibrinogen, elastin, keratin, 

actin, and myosine), polysaccharides (cellulose, amylose, dextran, chitin, and 

glycosaminoglycans), or polynucleotides (DNA, RNA)(7). 

1.2 Synthetic polymers  

Synthetic biomaterial guidance offered by biomaterials may help restore the structure and 

function of tissues that have been weakened or diseased. Since their properties (e.g. porosity, 

degradation time, and mechanical characteristics) can be tailored for specific applications, 

synthetic polymers are extremely useful in the biomedical field. Synthetic polymers are often 

cheaper than biological scaffolds; they can be produced in large standard quantities and have 

a long shelf life. The physicochemical and mechanical properties of many commercially 

available synthetic polymers are equivalent to those of biological tissues(8).The largest group 

of biodegradable polymers are synthetic polymers, which can be manufactured under 

controlled conditions. These demonstrate consistent and reproducible mechanical and 

physical properties in general, such as tensile strength, elastic modulus, and rate of 

degradation. One of the most widely used synthetic polymers in tissue engineering is PLA, 

PGA and PLGA copolymers. PHA is a microbial polyester form and is increasingly 

considered for tissue engineering applications(9). 

 

2. Textile scaffolds 
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Because cells can not live on their own and are dependent on substrates, the need for tissue 

engineering scaffolds is unquestionable. Nevertheless, no single universal scaffold can fulfill 

all the requirements of different tissues and hence the choice of a tissue scaffold depends on 

its characteristics. The following are some considerations for the selection of textile scaffolds 

to be critically examined (10). 

 

2.1 Micro structural aspects 

The microstructural dimensions of scaffolds include porosity, pore size distribution, pores 

reproducibility and pore connectivity. These are important as they assess the successful 

integration of the natural tissue and the scaffold and provide the cells with optimal spatial and 

nutritional conditions. Scaffold reproducibility determines their dimensional stability as well 

as tissue shape uniformity[9]. 

 

2.2 Mechanical aspects 

Scaffolding mechanical aspects include structural stability, strength, rigidity, and 

drapeability. We have a major influence on cellular activity. Woven scaffolds are typically 

inflexible and rigid due to the tight interlacing of the yarns, making them ideal for bone and 

ace tabular cup tissue engineering. The next rigid layer of scaffolds is the braided scaffold. 

Because of their looped yarn structures, knit scaffolds show significant deformability of all 

scaffolds, making them suitable for applications in blood vessels and bladder tissue 

engineering(11). 

 

3. porous scaffold 

In medicine, a paradigm shift occurs from the use of synthetic implants and tissue grafts to a 

tissue engineering approach using degradable porous material scaffolds integrated with 

biological cells or molecules to regenerate tissues(12). A new paradigm includes scaffolds to 

combine temporary mechanical function with mass transportation to enable biological 

transmission and regeneration of tissues. Since early scaffolds were not produced with 

precise porous architecture, little is known quantitatively about this balance(13).Recent 

progress in both computational topology design (CTD) and solid free-form manufacturing 

(SFF) has allowed regulated architecture to construct scaffolds. This paper reviews CTD's 

integration with SFF to construct tissue-engineering scaffolds for designers(14). It also 

describes the mechanical properties and tissue regeneration achieved using scaffolds from the 

designer. Finally, potential directions are proposed for using in vivo research designer 

scaffolds to refine tissue-engineering therapies, and for cell-printing coupling designer 

scaffolds to create model material / biofactor hybrids(15). 

 

4. 2D and 3D scaffolds 

In general, the types of cell culture are explained as 2D or 3D cell cultures in terms of the 

dimension of cell growth.2D suggests cell growth in culture flasks as a monolayer, usually 

involving a single type of cells growing on a planar surface. Due to factors such as simpler 

cell observation, direct measurement viability, inexpensive design, primary scope for drug 

testing, and cytocompatibility, 2D crops are commonly used in cell research(16). 2D cultures, 
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however, are not a perfect representation of an organism's natural cellular environment. As a 

consequence, in vivo testing, the 2D cultures display peculiar structural features, mechanical 

limitations, and often resulted in misleading tests(17). In the final analysis, a surprising 

disparity in findings was found in 2D and 3D cell cultures while considering pro-apoptotic 

factors in drug discovery and biocompatibility research. Major changes have been observed 

with regard to cell polarity, cell morphology, intracellular-extracellular protein production, 

receptor organization, gene expression, etc(18).In addition, 2D scaffold-based tissue 

engineering is concerned with mass transmission, whereby nutrient and oxygen availability is 

restricted to cells.(19) 

 

A cellular microenvironment is produced in 3D cell culture in the interactions of cell–cell or 

cell–ECM, which imitates the usual real-life scenario. Accordingly, this device will promote 

cell growth, differentiation, and proliferation. A 3D tissue culture offers a broader forum for 

therapeutic and drug discovery investigations(20). It provides a physiologically relevant 

morphology, a normal cellular microenvironment, and the possibility of co-culturing a variety 

of cells. Different approaches to 3D culture preparation such as forced floating, hanging drop, 

agitation-based methods, microfluidic cell culture platforms, matrices, and scaffolds are 

available.The choice of 3D cell culture scaffolds depends on the type of feature and cell. The 

properties of Scaffold vary based on concentration of polymer, ligand density, pore size, 

shape, strength, rigidity, etc(21). Natural polymers such as collagen, gelatin, elastin, silk 

fibroin, chitosan (CS), chitin, fibrin, and fibrinogen are commonly used in the preparation of 

3D scaffolds because of their biocompatibility. Also used in the preparation of 3D scaffolds 

were synthetic polymers such as polylactic acid (PLA), poly(glycolic acid), 

polyhydroxyalkanoate, and poly(lactic-co-glycolic acid) (PLGA) due to their porosity, 

degradation time, and mechanical characteristics easily adapted(22). 

 

5. Nano in scaffolds 

Scaffolds act as ECM, providing an effective medium for cellular interactions, transportation 

of nutrient-gas, removal of toxic metabolites, etc. The ECM follows a variety of 

nanotopographic patterns in normal cells to promote tissue formation, while ECM occurs in 

various nanostructures in bone tissues. Nanomaterials with a size range of 100 nm when 

introduced to 3D scaffolds can mimic the natural tissue conditions by enhancing tissue 

growth, differentiation, proliferation, cell signaling, etc(23).In addition, 3D scaffolds 

composed of nanofibers, nanotubes and nanoparticles made from polymers such as PLA, 

PLGA, polyvinyl alcohol (PVA) and polycaprolactone (PCL) have been found to be effective 

in affecting stem cell fate(24). Because of their biocompatibility and tremendous mechanical 

power, carbon materials offer a great choice of nanomaterials for tissue engineering as well 

as polymers.Carbon-based scaffolds have unique features consistent with the natural ECM 

and have been found to improve tissue engineering cell-cell interaction and normal cell 

functions. Therefore, these scaffolds with unique nanotopographic structures may affect the 

cells ' survival and their functions(25). 

 

6. Graphene-based scaffolds 
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Graphene-based nanomaterials serve as excellent components for scaffolding materials 

because of their unique electrical / thermal conductivity, mechanical stability, chemical 

composition, porous structure, biocompatibility, bioadhesion property, etc. Graphene 

preparation uses either top-down or bottom-up approaches.For various tissue engineering 

investigations such as neural, bone, lung, dental, and stem cells, the new graphene derivative, 

RGO foams, are used(26). Generally, either liquid exfoliation, ball milling, spray coating, 

chemical vapor deposition (CVD), GO reduction, etc. synthesize graphene.Graphite oxidation 

results in GO synthesis. GO is reduced through a number of reduction processes by reducing 

agents to create RGO. GO has excellent aqueous processability, amphiphilicity, surface-

functional ease, surface-enhanced Raman scattering properties, and fluorescence quenching 

capability(27). GO derives these fascinating properties from its unique chemical structures 

(sp2 carbon domains surrounded by sp3 carbon domains) and oxygen containing functional 

hydrophilic groups.The latter, RGO, which is synthesized by GO reduction, includes various 

methods of reduction such as hydrothermal, mechanical, photocatalytic, electrochemical, 

solvothermal, sonochemical, phytochemical (green chemistry) or multi-stage electrical 

conductivity, hydrophilicity, colour, and functional side groups. GO undergoes thermal 

deoxygenation, chemical deoxygenation, long-range conjugated structure reconstruction, and 

defect healing during the reduction process(28). 

 

7. Scaffold requirements 

Various platforms created from an assortment of biomaterials and made utilizing a plenty of 

manufacture methods have been utilized in the field in endeavours to recover various tissues 

and organs in the body. Despite the tissue type, various key contemplations are significant 

when planning or deciding the reasonableness of a platform for use in tissue designing: 

 

Biocompatibility 

The absolute first basis of any framework for tissue building is that it must be biocompatible; 

cells must follow, work typically, and relocate onto the surface and in the end through the 

platform and start to multiply before setting down new lattice. After implantation, the 

framework or tissue designed develop must evoke an immaterial resistant response so as to 

forestall it causing such a serious incendiary reaction, that it may diminish recuperating or 

cause dismissal by the body. 

 

 

 

Biodegradability 

The target of tissue building is to permit the body's very own cells, after some time, to in the 

end supplant the embedded framework or tissue built develop. Platforms and develops, are 

not proposed as perpetual inserts. The framework should in this way be biodegradable in 

order to enable cells to deliver their very own extracellular matrix5. The side-effects of this 

corruption ought to likewise be non-harmful and ready to leave the body without impedance 

with different organs. So as to enable corruption to happen couple with tissue development, a 

fiery reaction joined with controlled implantation of cells, for example, macrophages is 
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required. Since tissue building systems are entering clinical practice all the more routinely, 

the field of immunology is an assuming a job of expanding noticeable quality in the 

examination area. 

 

Mechanical properties 

In a perfect world, the platform ought to have mechanical properties predictable with the 

anatomical site into which it is to be embedded and, from a reasonable point of view, it must 

be sufficiently able to permit careful taking care of during implantation. While this is 

significant in all tissues, it gives a few difficulties to cardiovascular and orthopaedic 

applications explicitly. Creating frameworks with sufficient mechanical properties is one of 

the extraordinary difficulties in endeavouring to build bone or ligament. For these tissues, the 

embedded platform must have adequate mechanical uprightness to work from the hour of 

implantation to the finish of the rebuilding process. A further test is that recuperating rates 

fluctuate with age; for instance, in youthful people, cracks ordinarily mend to the point of 

weight-bearing in around about a month and a half, with complete mechanical respectability 

holding off on returning until roughly one year after break, yet in the older the pace of fix 

backs off. This too should be considered when planning platforms for orthopaedic 

applications. In any case, as the field has advanced, it could be contended that an excess of 

spotlight has been set on attempting to create platforms with mechanical properties like bone 

and ligament. Numerous materials have been delivered with acceptable mechanical properties 

yet to the inconvenience of holding a high porosity and numerous materials, which have 

exhibited potential in vitro have bombed when embedded in vivo because of lacking limit 

with regards to vascularization. Obviously a harmony between mechanical properties and 

permeable engineering adequate to permit cell invasion and vascularization is vital to the 

accomplishment of any framework. 

 

Scaffold architecture 

The design of frameworks utilized for tissue building is of basic significance. Frameworks 

ought to have an interconnected pore structure and high porosity to guarantee cell entrance 

and sufficient dispersion of supplements to cells inside the build and to the extra-cell lattice 

shaped by these cells. Moreover, a permeable interconnected structure is required to permit 

dissemination of waste items out of the framework, and the results of platform corruption 

ought to have the option to leave the body without impedance with different organs and 

encompassing tissues. The issue of centre debasement, emerging from absence of 

vascularization and waste expulsion from the focal point of tissue designed develops, is of 

significant worry in the field of tissue engineering. Another key segment is the mean pore 

size of the framework. Cells basically cooperate with frameworks by means of compound 

gatherings (ligands) on the material surface. Frameworks orchestrated from regular 

extracellular materials (for example collagen) normally have these ligands as Arg-Gly-Asp 

(RGD) restricting successions , while frameworks produced using engineered materials may 

require intentional consolidation of these ligands through, for instance, protein adsorption. 

The ligand thickness is impacted by the particular surface zone, for example the accessible 

surface inside a pore to which cells can follow. This relies upon the mean pore size in the 
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framework. The pores along these lines should be sufficiently enormous to enable cells to 

move into the structure, where they in the long run become bound to the ligands inside the 

platform, yet little enough to set up an adequately high explicit surface, prompting an 

insignificant ligand thickness to permit productive authoritative of a basic number of cells to 

the scaffold. Subsequently, for any platform, a basic scope of pore sizes exists,  which may 

differ contingent upon the cell type utilized and tissue being designed. 

 

8. Conclusion 

There is a socio-economic need to completely treat and replace damaged or non-functional 

tissues with innovative methods, designs and innovations that focus on the reconstitution of 

functional tissue. TERM has emerged as a research field based on materials engineering, 

biology, and medical knowledge seeking to create alternative methods for tissue regeneration 

and repair. Innovative strategies, such as those mentioned in this study, present out - of-the-

box solutions to some of the current TERM challenges, and may be key breakthroughs in the 

future. Such approaches will provide specific porosity and structure for the production of 

bulk bioactive temporary implants to help build new tissues to complete the medical tasks. 

The 3D scaffolds and hydrogel-based matrices are able to meet the challenges of personalized 

medicine, delivering effective treatments for a wide range of pathologies. There is no 

overarching scaffold that can fulfill all the needs of the human body's different tissues. That's 

why in tissue engineering scaffolds play a vital role. Textiles are used mainly in the field of 

tissue engineering since they can alter a wide range of scaffolds with a wide range of 

properties. While tissue engineering is in its relative infancy, considerable progress is being 

made through partnerships between stem cell biologists and chemists of materials. Problems 

surrounding the origins of cells and structure of scaffolds, however, control research into 

engineered tissues. This cycle will be improved by discovering novel stem cell populations 

such as UC-MSCs and scaffolds with unique properties. 
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