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 Tissue engineering is a cutting-edge discipline that brings together scientific 

and health-related, biological, and engineering principles in order to build 

tissue-engineered constructions able to restore or sustain the physiological 

properties of native tissue, or to marginally enhance those properties. This 

field is called "regenerative medicine". By constructing structures that are 

analogous to the extracellular matrix, it will be possible to improve the 

transmission of oxygen and nutrients, as well as the release of toxins during 

the process of tissue healing, all while simultaneously maturing tissues. Over 

the past few years, various studies have concentrated on looking at 

nanostructures in three dimensions with the goal of using them in tissue 

engineering. In this group of methods, electrospinning stands out as one of the 

most successful options. Over the course of the past few decades, a great 

number of nanofibrous scaffolds have been produced for the purpose of 

restoring and repairing damaged tissue. In this article, the engineering of new 

tissues using nanofibrous textures as scaffolds are reviewed. In addition, 

recent developments in tissue regeneration and the difficulties related to 

electrospinning are discussed in this article, along with their respective 

solutions. 
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1. INTRODUCTION 

Since Nobel prize-winning physicist Richard Feynman proposed building small molecules bots, 

researchers have studied society's role in nanotechnology [1], [2]. Nanotechnology is the study and 

manipulation of objects on the "nano-scale" (1-100 nm) [3]. Recent nanotechnology advancements have 

established exceptionally high benchmarks in the life and health sciences [4]–[6]. To fabricate uniform 

nanofibers, electrospinning is a flexible and easy technique [7]. Electrospinning's allure stems mostly from the 

ease and adaptability of the equipment and production of nanofibers [8]. 

Explosive growth in tissue engineering over the past three decades has resulted in a plethora of novel 

therapeutic approaches meant to outperform more conventional methods of repairing injured live 

tissue [9], [10]. This method employs some elementary engineering, material science, and biology concepts to 

aid in the restoration of deficient living tissue [9]. The structural and mechanical properties of these nanofibers, 

https://creativecommons.org/licenses/by-sa/4.0/
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which are similar to those of the extracellular matrix (ECM), encourage the development of 3D tissue 

architecture [11], [12]. Nanofibers have a large surface area compared to their volume [3]. 

The tissue designed scaffold generates the three-dimensional plug necessary for the repair and growth 

of diseased, injured, or damaged cells, and the substance that is used is significantly impacted [13]. The 

development of scalable biomaterials into three-dimensional structures that mirror theoriginaltissue [14]. This 

is the case regardless of the function for which the biomaterials are intended. Electrospinning is a method that 

can be used to create 3D nanostructures that are similar to the ECM and that can be modified with biomolecules 

to help with cell attachment and migration [4], [8]. These nanostructures can be made relatively easily and can 

adapt to different circumstances. 

Natural and synthetic polymers that are biodegradable, biocompatible, and resorbable can be made 

using electrospinning [15]. Electrospun nano-intriguing mesh's properties have piqued the interest of medical 

researchers, who are exploring its potential applications in the neural, cardiovascular, skin, cartilage, and 

tendon fields. Thus, deploying nanofibers scaffolds mats in tissue regenration is the focus of this review study, 

which aims to analyze the most recent cutting-edge methods for producing such materials. 

 

 

2. CONFIGURATION AND PROCEDURE FOR CONVENTIONAL ELECTROSPINNING UNITS 

A syringe pump, a high-voltage generator, and a collector are required for electrospinning. 

Figure 1 [16] depicts the voltage differential between a syringe pump's collector and needle, which generates 

an electrical field. If the electric potential of a charged droplet generated by the Taylor Cone is greater than the 

surface tension of the polymer solution, the droplet will explode into a jet. The jet whips are extended through 

a thin fiber, bringing them closer to the collector. The instability of the jet and the opposing forces shatter it 

into smaller fibers. Thin, continuous fibers are growing on the collector as the solvent evaporates into the 

needle-collector space [17]. 

 

 

 
 

Figure 1. Configuration and procedure for conventional electrospinning units 

 

 

3. THE ROLE OF PARAMETERS IN THE ELECTROSPINNING PROCESS 

Characteristics of the polymeric solution, processing parameters, and environmental factors all affect 

the size and shape of the nanofibers in the end [18], [19]. Since the concentration of the solution plays a crucial 

role in the electrospinning process, only a smalamount of solution is needed to operate the electrospinning 

device [20]. Electrospinning is the only method for producing nanofibrous biomaterials when the solution 

concentration is optimized for the process. Due to surface tension effects, solutions of low concentration can 

cause the development of undesirable droplets [21]. Furthermore, at high concentrations, the solution's high 

viscosity and fiber structure would present a difficulty. Fiber diameter increases are a possible side effect of 

polymer concentration increases [22]. The viscosity of the solution can also have a significant effect on the 

fibers' final dimensions and geometry. Electrospinning calls for a solution with a specific viscosity;  

low-viscosity solutions prevent the molding of homogeneous and fine fibers, while high-viscosity solutions 

prevent the generation of fibers due to a continuous jet [22], [23]. 

The forces cause the droplet to transform from a sphere to a cone when the voltage reaches a critical 

threshold [24]. The correct surface tension of a solvent is a function of the type of solvent and can have an 

effect on electrospinning and fiber fabrication [25]. In a high-surface-tension solution, the formation of fibers 

can be impeded by an unstable jet and the subsequent dispersion of droplets [26]. Reduced surface tension 

makes electrospinning easier at lower electric fields [27]. 
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Another important class in electrospinning fabrication is process parameters [28]. The voltage being 

applied, and the rate at which polymer solution is being pumped through the system. To electrospin fibrous 

scaffolds, a voltage threshold must be reached at which sufficient charge differences in the solution are 

generated [29]. Adjusting voltage and charge quantity [30] is necessary for controlling droplet and bead growth 

in fibers. 

Also, Consideration must be given to the rate of flow of the polymer solution. When the input rate is 

reduced, the solvent takes longer to evaporate [31]. The solvents in nanofibrous scaffolds can be evaporated 

completely when the flow velocity in electrospinning is slowed down [32]. Many parameters, including 

distance from needle to collector, affect the diameter and form of spherical fibers [33], [34].  

When working with the challenge of producing homogenous fiber sheets during electrospun sheet 

manufacturing, it is important to keep environmental factors like humidity and temperature in mind. When 

humidity levels are high, manufacturing slows down and charging jets takes longer [35]. A longer solidification 

period is correlated with higher humidity. The morphology of nanofibrous scaffolds is also temperature 

dependent. Low-temperature formation of beads and high-temperature formation of condensed, flat fibers are 

both detected [36]. Because the polymer solution becomes more viscous as the temperature rises, the resultant 

fibers have a narrower cross section [37].  

 

 

4. DEVELOPED ELECTROSPINNING METHOD 

Using standard electrospinning techniques, nanofibrous structures can be generated with the help of 

the collector's shape and angular velocity [38]. A coaxial sprayer, with two spinners of various sizes, one of 

which wraps around the other, is used in coaxial electrospinning, as it is in conventional electrospinning [39]. 

Those nozzles with smaller internal diameters are used to transport the polymeric spray toward the core, while 

those with larger diameters are used to move the shell solution. Core polymeric spray and shell polymeric spray 

are pumped simultaneously from separate storage tanks to create a core-shell nanofiber, with the spinner 

employing the same voltage difference as in conventional electrospinning [40]–[42]. 

Similar to coaxial electrospinning, emulsion electrospinning uses a polymer emulsion to create 

nanofibers with a core-shell configuration. This method is helpful because it eliminates the requirement [43]. 

The drops to form a multi-core architecture or result in a nanostructure mesh to produce a shape.  

Non-electrospun medicines and growth factors in polymeric solution could be manufactured by emulsification 

electrospinning [44]. 

 Yarn flows into the minor watershed and accumulates on a rotational collector, forming a porous 

nano-yarn scaffold. These materials produce tissue engineering scaffolds that are more porous, broader, and 

rougher than those produced using standard electrospun nano-meshes. They appear to be more adapted to 3D 

tissue development because of this [45], [46].  In contrast, a bi-spray of electrospun nanofibers is used to create 

continuous nano-yarns, while a second spinner can produce a nanofibrous mesh with a negative charge by 

supplying a strong magnetic field. After being arranged in this way, the charged fibers become entangled with 

one another and can be gathered into a spiral form by use of a rotary nozzle [47]. 

 

 

5. THE ROLE OF 3D NANOFIBROUS MATS FOR TISSUE REGENARATION  

Electrospinning's huge promise for constructing tissue engineering scaffolds [48] is due to the fact 

that it allows for the construction of biomimetic micro-platforms in terms of both level and morphological 

properties. The ECM is actually a nanofibrous structure composed of structural proteins found in the human 

body. Fibers in the ECM have a diameter of 50-300 nm and play an important role in cell attachment and the 

integrity of the tissue/organ as a whole [12], [49]. 

The adaptability and customization of electrospinning for tissue-specific applications make 

electrospun nanofibers useful for constructing tissue-engineered nanostructures [48]. Most biomimetic 

biodegradable polymers can be utilized to create nanofibers, either on their own or as part of a polymer 

mesh [15]. The orientation of nanofibers can be manipulated to control cell adhesion and alignment within 

nanostructured plugs. This is helpful for tissues like cartilage and tendons that have an oriented ECM [50]. 

 

 

6. THE ROLE OF 3D NANOFIBROUS MATS FOR NEURAL REGENARATION  

Patients suffering from peripheral nerve injury may experience problems with sensation, movement, 

or autonomic function [51]. There is a higher potential for regeneration in peripheral nerves as compared to the 

central nervous system [52]. In cases where the length of the severed nerve is more than 5 mm, biodegradable 

polymers must be used to hold the two ends of the nerve together for restoration to take 

place [53]. These studies led to the development of more complex materials for use in electrospinning to 

produce neural scaffolds, from simple hollow fibers to nerve guiding conduits [54]. 
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Wang et al. [55] electrospun a silk fibroin scaffold and a P(LLA-CL) mixed aligned nanofiber 

scaffold, then twisted the resulting structure around a metal rod to create a nerve-guiding conduit. A 

biocompatible implant was used to treat a 10-mm nerve root incision in a nerve guidance conduit in rats to 

assess the animals' ability to regenerate the damaged nerve. Here, restoration was aided by the nerve guiding 

conduit, and the resultant nerve was steadier overall and had denser, thicker nerve fibers than the artificial 

control nerve. 

Aligned electrospun fibers and coaxial electrospinning were used to build nerve guiding conduits, 

which Zhang et al. [56] claim aid in neuron regeneration. In that research, the nerve guiding conduit was 

gradually removed from the electrospun scaffold, and sustained activity was found to be essential to the  

long-term effectiveness of the recovery process. The nerve guidance conduit-containing scaffold also 

functioned better than the control after 12 weeks in an in vivo animal. 

Wang et al. [57] looked into the use of poly (lactic-co-glycolic acid) nerve guiding conduit, which 

was made of aligned shell fibers that were wrapped around a steel rod and then covered with a nylon nozzle. 

Regeneration was stimulated by the scaffold. For 85 days, rats with a 13-mm-diameter sciatic nerve wound 

were treated with growth factors. After creating a composite fiber scaffold with polyaniline for conduction and 

nerve guiding conduit using coaxial electrospinning, Zhang et al. [58] examined the additive effects of 

electrical stimulation and nerve guidance conduit on tissue regeneration. Schwann cell proliferation was 

promoted by nerve guiding conduit, and pheochromocytoma cells underwent differentiation into new long 

axonal plugins, both of which are indicative of positive effects on neural tissue healing. 

Wu et al. [59] developed an electrospun poly (lactic-co-glycolic acid) nano-yarn-filled nerve guiding 

conduit coated with laminin to enhance cell adhesion. In vitro studies indicated that the laminin membrane 

promoted cell migration and invasion of Schwann cells, demonstrating the importance of topographies in the 

regulation and enhancement of neurovascular regeneration. In another research effort, electrospun 

polycaprolactone nano-yarn filaments coated with polypyrrole were used to create a capacitive, microtubule 

circuit nerve guiding conduit. As stated by Sun et al. [60], a nanofiber sponge with large holes and high porosity 

was created using electrospinning. Histological examination of rat nerve tissue revealed that the inner 

configuration of the nerve package was embedded with Schwann cells. This procedure was successful for 

repairing lesions in the sciatic nerve measuring 10 mm. When comparing a sponge-filled scaffold to a hollow 

nerve guiding conduit, the former performed better in terms of full nerve recovery as measured by muscle 

weight and motion study.  

 

 

7. THE ROLE OF 3D NANOFIBROUS MATS FOR CARDIOVASCULAR REGENARATION  

Many groups of biomedical researchers are actively developing electrospun nano-structurer meshes, 

absorbable slight span vascular grafts, and methods for avoiding the limitations of standard synthetic 

grafts [61] to guide blood vessel recovery. Heparin and anticoagulant growth factors have been studied to better 

understand their role in reducing clotting and enhancing endothelial function [62]–[64]. Vascular grafts were 

thought to secrete heparin and vascular endothelial growth factor (VEGF), two substances with potent 

anticoagulant and endothelial progenitor cell proliferation effects. The P(LLA-CL) used in the study by 

Yin et al. [65] was a combination of collagen and chitosanCoaxial electrospinning with heparin-loaded silica 

nanoparticles and an outer shell of salvianolic acid B was utilized by Kuang et al. [66]. After prolonged 

exposure to heparin and SAB, endothelial cells isolated from the umbilical cord vein developed more and 

became more blood-compatible (about 4 weeks). 

Dynamic liquid electrospinning was employed to prepare nanoyarns by Wu et al. [67], with 75% 

P (LLA-CL) and 25% collagen used in covalent electrospinning to create nanoyarns. Researchers observed 

that linked nanoyarns directed cell development in a certain direction, while flexible nanoyarns regulated 

infiltration of vascular smooth muscle. This provides evidence for the potential of both nanostructures for use 

in the treatment of tunica media injuries. Tightly packed nanofibers were developed by Wu et al. [68], with an 

inner layer that aids in preventing transmural blood leakage and an exterior layer of loose nanoyarn that aids 

in guiding vascular smooth muscle regeneration. A second study found that after two months of adding heparin 

and CD133 to the rat abdominal aorta, the monolayer cells grew back and smooth muscle cells moved in. 

Physiochemically and physiologically moldable polyurethane nanofibers, such as those utilized by  

Tondnevis et al. [69], have been shown to aid in cardiac regeneration following infarction. Improvements in 

the Young modulus and ultimate strength of composite scaffolds have allowed them to mimic the physical 

properties of biological systems like blood veins. A dense layer of cardiac myoblast and endothelial cells 

formed after 7 days of incubation, protecting the nanofibrous surface and making it suitable for cardiovascular 

tissue engineering. Trials showed the scaffolds were successful for cardiovascular tissue creation. Ahmadi et 

al. [70] used polyurethane-chitosan and aligned and random carbon nanotube electrospun nanofibers to create 

a heart tissue extracellular matrix-like structure. H9C2 cells were biocompatible with nanofibrous scaffolds 
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electrospun randomly and aligned. Nanoscale electro-conductivity and aligned nanofibers in nanofibrous 

composite scaffolds are promising for infarcted myocardial healing. 

 

 

8. THE ROLE OF 3D NANOFIBROUS MATS FOR SKIN REGENARATION 

The skin is the body's largest organ and acts as a barrier to keep harmful substances out [71]. 

Autologous skin grafts are a typical way to acceleratewound healing, but they might cause adverse effects and 

problems, and donation may not be an option depending on the extent of tissue damage [72]. Alternatively, a 

tissue engineering scaffold can be used to facilitate healing and offer protection [73]. The scaffold also prevents 

bacteria from growing around it, keeps the wound wet, absorbs secretions, and is highly permeable to air [74]. 

Therefore, electrospun scaffolds are a desirable choice for skin tissue regeneration due to their benefits [75]. 

Zhang et al. [76] developed an in vivo model including a silk fibroin-antimicrobial electrospun nanofiber mesh 

incorporating a peptide matrix with significant antibacterial capabilities and a faster rate of wound healing. 

Nanofibers of electrospun fish collagen were modified by using bioactive glass to improve the 

biomaterial's mechanical properties [77]–[79]. The control nanofibers outperformed the nanocomposite 

generated from 100% fish collagen in terms of ultimate strength, antibacterial activity against Staphylococcus 

aureus, and the promotion of fibroblast migration and proliferation in the skin. Electrospinning, mechanical 

cutting/mincing, freeze-drying, and heat-treating are used by Yu et al. [80] to produce a scaffold with improved 

porosity and adsorption. The polyethylene glycol and polycaprolactone scaffold was 3.3 times more  

water-absorbent than a two-dimensional lipid bilayer due to its big pores and high porosity. 

Narayanan et al. [81] proposed that scaffolds made from electrospun nanofibers of glucose-reduced 

graphene oxide chemically crosslinked with acidic glutaraldehyde and strengthened with polyvinyl alcohol 

might be utilized to replace the extracellular matrix in skin tissue engineering. Nanofibrous scaffolds' biological 

efficacy was measured using live/dead cell imaging as well as in vitro hemolytic, viability, and proliferation 

assays with CCD-986Sk (a human skin fibroblast cell line). Fibroblasts were able to colonize nanofibrous 

scaffolds with little to no toxicity, and the increased metabolism helped the cells survive. By increasing 

fibroblast viability and proliferation, nanofibrous scaffolds promoted skin tissue growth. The  

strain-strengthening properties of tissue are mimicked in the sandwich scaffold created by Jiang et al. [82]. 

When we electrospin polycaprolactone yarns, we soak them first. The yarns will be polycaprolactone and the 

fabric will be crocheted. With order to finish the sandwich scaffold, two electrospun mats are coated in fabric 

and sandwiched between two more mats. Wet electrospun polycaprolactone threads are used to align cells in 

test animals and lengthen them. Tensile strength is a hallmark of textile sandwich scaffolds. When the outer 

layer of the sandwich is the right thickness, the scaffold promotes cell proliferation and invasion. Based on 

these findings, it seems that textile sandwich scaffolds can well mimic human skin and other tissues. 
 

 

9. THE ROLE OF 3D NANOFIBROUS MATS FOR TENDON REGENARATION 

Ruptures and tears of tendons are the most common types of tendon injuries, and they can be 

extremely painful and require up to 50 million surgeries annually [83], [84]. Electrospun fibers used to make 

tissue engineering scaffolds offer a promising way to treat and heal damaged tendons [85]. Using double 

electrospinning and a multilayer PCL/methacrylated gelatin composite scaffold, Yang et al. [86] successfully 

incorporated human adipose stem cell intercalations. The scaffold was reinforced by a layer of methacrylated 

gelatin sandwiched between five sheets of crosslinked polyethylene. 

The mechanical properties and structure of tendons are mimicked in a novel cell-scaffold construct 

made from gelatin and PCL nanofibrous scaffolds, which also promote the native tendon cell. 

Rinoldi et al. [87] used their electrospun nanocomposite approach to create tendon tissues. Improved 

bioactivity was achieved by designing bead-on-string fiber constructions and including silica particles 

Exposure of human adipose-derived stem cells to the scaffolds induced a tenogenic-like phenotype 

and enhanced ECM deposition by the cells. The stress-strain curves of the scaffolds were similar to those of 

tendons, with the exception that they did not show the normal plastic deformation observed in tendons when 

subjected to extreme strain. Human adipose-derived stem cells were exposed to the scaffolds, and their 

differentiation into a tenogenic-like phenotype was accompanied by an increase in extracellular matrix 

deposition in the tissue [88]. 

Zhang et al. [89] examined the effect of electrospinning trichostatin A, an inhibitor of histone 

deacetylase, into a framework, and then investigated the scaffold's ability to promote tenocyte differentiation. 

When compared to control groups that did not receive either the signaling molecule or the randomized PLLA 

nano-platforms, trichostatin's effects were significantly more pronounced. This study demonstrates that 

trichostatin and topographical signals from aligned fibers could be used to enhance teno-lineage differentiation 

and repair of tendon lesions after dramatically raising the expression of tendon markers. Scientists employed 

an electrospun mesh to simulate the natural interaction between tendons and bones. 
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In order to promote adipogenic stem cell tenogenic development, Perikamana et al. [90] immobilized 

platelet-derived growth factor (PDGF-BB) on its aligned fibers in a curved pattern. An anisotropic structure, 

with long cytoskeletons like at a tendon-bone insertion site, was produced byPDGF-BB gradients on aligned 

nanofibers working in conjunction with topographical signals to spatially guide cell differentiation. This 

evidence lends credence to the theory. Tendon biomarker levels were found to be increased during the course 

of a 14-day research study due to the scaffold. Li et al. [91] employed a double-layer scaffold made of PLLA 

and PLLA layers packed with nano-hydroxyapatite to replicate mineralized and non-mineralized enthesis 

fibrocartilage. When compared to electrospun polylactic acid, the plug significantly enhanced collagen 

structure and increased glycosaminoglycan staining at the tendon-bone contact in in vivo studies. 

 

 

10. THE ROLE OF 3D NANOFIBROUS MATS FOR CARTILAGE REGENARATION 

Cartilage damage can occur from overuse, direct trauma, or simply becoming older [92], [93]. This 

can result in osteoarthritis, severe pain, and the need for joint replacement surgery. Novel electrospun 3D 

nanofibrous scaffolds for cartilage regeneration and recreating the native ECM for minimal and severe cartilage 

defects are needed to reduce osteoarthritis and total joint replacement [94], [95]. 

Chen et al. [96] established that a finely diced layer of hyaluronic acid and polyethylene oxide 

solution-electrospun poly Lactic-co-Glycolic Acid/gelatin nanofibers. The hydrophilic scaffold was shown to 

have a high porosity and water-induced shape memory, as well as a significant number of regular pores between 

the fibers. The rapid recovery time of the 3D printable scaffold suggests it could be utilized to direct in vivo 

cartilage tissue engineering. 

Zhang et al. [97] employed a double-layer scaffold composed of electrospun polylactic acid 

nanofibers and compressed type I collagen to heal an osteochondral lesion. In vitro and in vivo studies using 

rabbit models showed that the bi-layer scaffold promoted osteogenic differentiation and induced fast 

subchondral bone formation, outperforming a collagen-only control. By combining bovine serum albumin with 

recombinant transforming growth factor (TGF)-3, Wang et al. [98] developed a novel core-shell P  

(LLA-CL)/collagen nanofiber scaffold. The TGF-3 was secreted over the course of two months, and the 

secretion of type II collagen and aggrecan by chondrocytes demonstrated its bioactivity. Wharton's jelly 

mesenchymal stem cells seeded on scaffolds have been demonstrated to boost cell proliferation, morphological 

evaluations, and chondrogenic differentiation.  

For cartilage regeneration, Irani et al. [99] created a nanofibrous scaffold based on gelatin/polyvinyl 

alcohol/chondroitin sulfate to promote chondrogenesis and differentiation of mesenchymal stem cells. Cell 

viability assays showed that the nanofibrous scaffold was superior for promoting the attachment and survival 

of mesenchymal stem cells, as well as for expressing chondrogenic markers such as collagen type II and 

chondrogenic proteoglycan. These findings suggest that the engineered nanofibrous scaffold nanofiber may be 

useful for cartilage tissue engineering. Electrospun nanofibrous silk fibroin was coupled with alginate/cartilage 

extracellular matrix hydrogel by Shojarazavi et al. [100] to promote cartilage tissue regeneration. A 3D porous 

electrospun polylactic acid mixture with gelatin and chondroitin sulfate scaffold was developed by  

Chen et al. [101] to aid in the repair of cartilage tissue. By upregulating the expression of chondrogenic markers 

such collagen type II and chondrogenic proteoglycan, the created nanocomposite scaffold demonstrated 

enhanced chondrogenic potential after inducing chondrogenic differentiation in injured rabbit cartilage in vivo. 

In contrast, the engineered nanocomposite scaffold had inflammatory inhibitory activity as measured by 

significant decreases in two critical inflammatory variables, hence demonstrating the material's preferred 

property for cartilage tissue engineering and its immuno-regulating ability. 

 

 

11. ELECTROSPUN NANOFIBROUS SCAFFOLDS FOR BONE TISSUE ENGINEERING 

Though tissue engineering allows for an almost infinite range of tissue types to be generated, there 

are a number of considerations that must be made to guarantee the health and viability of the cells or tissues 

being grown [102], [103]. One of the first considerations of the engineers and researchers who develop the 

scaffolds is whether or not they will be biologically compatible with the cells they will be used with. The 

biodegradability of the scaffolds is another important consideration. After being effectively implanted in the 

patient, the scaffold should deteriorate over time [104], [105]. Because this is bone tissue engineering, it is 

important to take into account issues like the scaffold's ability to endure ambient pressure until the cells merge. 

In spite of this, it is crucial that the scaffold's surface area be large enough to allow the scaffold's size to be as 

small as possible [105]–[107] Scaffolds can be made from a wide variety of polymers, selected according to 

implant site and desired end-product [108]. Researchers and engineers take scaffold biocompatibility, 

biodegradability, and stiffness into account while working with bone tissue. Those characteristics are crucial 

for the success of bone and cartilage growth on scaffolds, as these tissues' primary roles in the body are to 
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provide support and structure; nonetheless, the growing and implanting processes are notoriously difficult 

[109], [110]. Scaffolds used in bone tissue engineering promote cell proliferation and adhesion, which in turn 

leads to bone production [103]. Rajzer and coworkers have demonstrated that scaffolds can be produced with 

improved tissue growth by injecting polyaniline using an inkjet to incorporate calcium phosphate osteogenic 

nano particles [111]. In another study, hydroxyapatite was used because its properties are similar to those of 

bone minerals. 

 

 

12. CONCLUSION AND FUTURE PERSPECTIVE 

The use of innovative nanomaterials in tandem with improved engineering approaches has the 

potential to advance tissue regeneration research. Electrospinning is a robust technology that may be used to 

manufacture a wide range of nanostructured fibers due to its versatility and aesthetic appeal. Tissue engineering 

uses a wide range of coupling strategies, including combinations with the following materials with distinct 

morphological properties. It has been found that electrospun nanofibrous forms more closely resemble the 

ECM nanostructure than other traditional approaches. A large body of research has proven the usefulness of 

these state-of-the-art nanofibrous scaffolds. Micro and nano-scale fibers that have been generated in the past 

have not yet been fully described, either in vitro or in vivo. Researchers should narrow their focus to specific 

applications of nanofibrous scaffolds generated for biomedical technologies by fine-tuning system 

functionalities to mimic the stated target cells and tissues. Improving the mechanical behavior of electrospun 

nanostructures was crucial, but tissue engineers face a major roadblock. Consequently, scientists are 

investigating polymer-ceramic composite fibers and heat treatments to improve fiber bonding. It's also feasible 

that multilayered, three-dimensional scaffolds will be required. 
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