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Abstract 

The application of nanofiber technology in the biomedical field has garnered significant interest due to its potential to 
revolutionize areas such as tissue engineering, wound healing, and antimicrobial treatments. This paper provides a 
comprehensive review of the recent advancements in nanofiber technology, particularly focusing on electrospinning 
and 3D printing methods that enable the fabrication of scaffolds mimicking the native extracellular matrix. These 
technologies have facilitated the development of nanofibers with high surface-to-volume ratios, adjustable porosity, and 
enhanced mechanical properties, tailored to meet specific biomedical needs. Despite their promising features, 
challenges such as the optimization of pore size for effective cell infiltration and the mechanical robustness required for 
hard tissue regeneration remain. The review also explores the evolution of sustainable polymers from natural 
resources, highlighting their potential to create biodegradable and biocompatible scaffolding materials. Future 
directions emphasize the need for cross-disciplinary collaboration to overcome current limitations and scale production 
from laboratory to industrial levels. The ongoing research and development efforts aim to refine the properties of 
nanofibers to achieve optimal performance in clinical applications, underlining the dynamic and evolving nature of this 
field. 

Keywords: Nanofiber Technology; Electrospinning; Tissue Engineering; Biodegradable Polymers; Clinical 
Applications 

1. Introduction

Over the past century, the rise in polymer utilization has spurred advancements in techniques for producing polymer 
fibers, meeting the stringent performance demands across various industries and modern applications [1]. Among these 
developments, nanofibrous materials—1D structures with diameters between 50.0 to 500.0 nm and length-to-diameter 
ratios exceeding 1:200—have emerged from polymer solutions or melts. Due to their substantial surface area, porosity, 
and adjustable pore sizes, nanofibers offer significant advantages over bulk materials, particularly in mimicking the 
extracellular matrix and human tissue structures, which is crucial for organ and tissue regeneration [2,3,4]. Nanofibers 
are extensively used in medical applications such as bone and nerve tissue engineering, vascular and skin tissue 
reconstruction, leveraging their unique properties for innovative solutions [4]. Among various fabrication techniques, 
electrospinning is prominent for creating nanofibers ranging from 3.0 nm to over 5.0 mm in diameter, utilizing 
electrostatic forces to form layers from polymer solutions. This process accommodates both natural and synthetic 
polymers [5]. 

Advancements in this field also include integrating natural and synthetic polymers with ceramics and exploring core-
shell fiber geometries to enhance the mechanical properties of electrospun membranes. These enhancements address 
mechanical strength, wettability, and toxicity [6]. Furthermore, the conditions under which electrospinning occurs, such 
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as polymer solution concentration, voltage, and solvent type, can be finely tuned to optimize fiber diameter and material 
porosity [7,8,9]. As the fiber diameter increases, so does the membrane porosity, enhancing its utility. 

The distinctive characteristics of nanofibers have expanded their use beyond biomedical applications to include air 
filtration, water treatment, cosmetics, textiles, and active materials in photonics and electronics [1,10]. This broad 
spectrum of applications underscores the growing interest and continuous innovation within the field of nanofibrous 
materials.  The development of petroleum-based polymers has significantly impacted society, offering properties like 
easy preparation and low cost. Yet, the environmental burden of these non-degradable materials has become a pressing 
issue, as they contribute substantially to pollution and are not aligned with sustainable practices [11]. The quest for 
sustainable alternatives—both natural and synthetic—is driven by the need for materials that are biodegradable, 
recyclable, and safely disposable. 

In modern life, polymers are ubiquitous, found in textiles, electronics, healthcare products, and packaging, among 
others. Sadly, about 95% of these polymers, derived from seemingly inexhaustible sources like ethylene and propylene, 
do not degrade in the environment [12-14]. Historically, the production of these polymers did not consider their 
environmental impact, leading to significant waste accumulation, which makes up about 10% of total municipal waste. 
This waste severely contaminates various ecosystems, from mountains to oceans [15-17]. The field of biomaterials is 
divided into biocompatible and biodegradable materials. While bio-inert materials like metals and traditional polymers 
have long been used in medical applications, they remain in the body indefinitely unless surgically removed. Conversely, 
biodegradable materials are designed to break down into non-toxic components after fulfilling their functional purpose, 
such as scaffolds in bone regeneration that dissolve once healing is complete [18]. 

Research is increasingly focused on sustainability across various fields, from economics to materials science. This shift 
is driven by a global push towards using renewable resources for polymer synthesis and designing biomaterials that 
degrade within a pre-determined timeframe. The biomaterials market is experiencing rapid growth, with expectations 
to double from 105 billion USD in 2019 to 206 billion USD in 2024, reflecting a compound annual growth rate of 14.5%. 
Meanwhile, the production of polymers has surged from 2 million tons in 1950 to 380 million tons in 2015, yet bio-
based and biodegradable polymers still represent a small fraction of this volume [19-20]. 

Recent advancements in nanofiber technology have demonstrated their potential in wound care. For instance, Darabi 
et al. (2024) highlighted the development of GO/AgNW-aided starch/PVA nanocomposite mats, emphasizing their 
superiority over conventional bandages by providing an excellent environment for wound healing through sustained 
release of ciprofloxacin[21] . Similarly, the work by Ziabari et al. (2024) on bilayer nanofibers loaded with Malva 
sylvestris extract showcased enhanced wound healing applications through prolonged extract release, ensuring a 
sustained therapeutic effect [22]. These studies underline the significant strides being made in the field, illustrating the 
pivotal role of sustainable nanofibers in advancing wound care solutions. 

The integration of nanotechnology in wound care has led to the development of innovative materials that significantly 
enhance healing processes. Among these, sustainable nanofibers are particularly noteworthy due to their ability to 
mimic the extracellular matrix, supporting cell attachment and proliferation, and facilitating sustainable medical 
applications. Recent studies highlight the dynamic capabilities of these materials in wound management. For instance, 
Sen et al. (2024) explore smart nanofibrous hydrogel dressings that not only aid in infection control but also adapt to 
the wound environment, offering real-time diagnostics and therapeutic interventions [23]. Similarly, Singh et al. (2024) 
discuss the development of airbrushed nanofibers with a bioactive core and antibacterial shell, tailored for enhanced 
wound recovery and infection prevention [24]. Firdous et al. (2023) reviews the advances in transdermal delivery 
systems using biomaterial-based strategies that include nanofibers for the sustained release of antimicrobial peptides, 
demonstrating significant potential in managing complex wounds [25]. Celebioglu and Uyar (2023) present a green 
synthesis approach for polycyclodextrin/drug inclusion complex nanofibrous hydrogels, emphasizing their pH-
dependent drug release capabilities essential for effective wound care [26]. Moreover, Prabhu et al. (2023) provide 
insights into how nanomaterials, particularly nanofibers, are transforming wound management through enhanced drug 
delivery and healing efficacy [27]. These studies collectively underscore the crucial role of sustainable nanofibers in 
advancing wound care solutions, aligning with both environmental sustainability and clinical efficacy. 

Tissue engineering aims to develop scaffolds that act as temporary replacements for the native extracellular matrix 
(ECM), facilitating the regeneration of specific tissues. This field integrates advancements in biomaterial sciences and 
cellular transplantation to create bioartificial tissues for repairing various types of tissue damage, such as skin [28], 
cartilage [29], bone [30], nerve [31], and vascular tissues [32]. Despite numerous efforts over the past three decades to 
produce small-diameter vascular grafts for clinical use, many have not met the necessary standards for application, 
prompting a shift towards cell-based methods that more closely mimic the ECM [33]. 
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Electrospinning plays a crucial role in scaffold fabrication, offering micro- and nanoscale topography that is conducive 
to tissue repair and regeneration. Electrospun nanofiber scaffolds (ENFSs) mimic the ECM’s porous network, which is 
essential for cellular growth and organ development. These scaffolds must be biocompatible, highly porous, and capable 
of gas exchange while possessing the mechanical strength to support bioactive molecule transfer for cell adhesion, 
growth, and migration [34,35,36]. 

Additionally, tissue engineering scaffolds aim to replicate the native extracellular matrix (ECM) and must possess 
essential qualities such as biodegradability, non-immunogenicity, cost-effectiveness, and ease of fabrication. 
Electrospun nanofibers are particularly notable in this context for their high surface area-to-volume ratio and porosity, 
which support effective nutrient exchange and cellular interactions vital for tissue regeneration. The adaptability of 
nanofibers is enhanced through surface functionalization techniques, allowing for the integration of bioactive molecules 
that promote specific cellular responses critical for repairing various tissues. Functionalization of nanofibers can be 
achieved via pre-treatment, where modifiers are mixed with spinning materials before electrospinning, or post-
treatment, which involves modifying the surface of already formed nanofibers. These methods ensure that nanofibers 
are optimized for targeted applications, such as bone, nerve, vascular, and skin tissue regeneration [37]. This versatility 
not only meets the diverse requirements of different tissue types but also maximizes the effectiveness of the scaffolds 
in enhancing tissue repair and regeneration. 

While numerous reviews have documented the use of electrospun nanofibers across various specialized areas, this 
article aims to shed light on the most innovative and promising research directions involving electrospun nanofibers 
within several domains of biomedical science. It will also discuss recent advancements, identify prevailing challenges, 
and outline future prospects in the utilization of these nanofibers, particularly focusing on their sustainable 
applications. This analysis is intended to assist researchers in bridging the existing gaps in the application of electrospun 
nanofibers in explored biomedical fields, enhancing both the sustainability and efficacy of these materials. 

1.1. Nanofibers Fabrication 

Numerous techniques are available for producing nanofibers, including methods like melt spinning [38], air jet 
spinning[39], template synthesis[40], drawing[41], electrospinning [39-42] (which includes random, aligned, and core-
shell nanofibers), self-assembly[43], centrifugal spinning[44], and phase separation[45]. Of these, electrospinning 
stands out as a cost-effective and straightforward approach for creating nanofibers from a vast array of polymers in 
both nano- and micro-scale dimensions [46]. The electrospinning process utilizes an electric field to transform a 
polymer solution or melt into fibers [47]. Electrospun nanofibers are distinguished by their high surface-to-volume 
ratio, dense pore structure, and superior surface adhesion, making them highly useful across various applications [48-
50]. The specific morphology of electrospun nanofibers is influenced by the choice of material and the processing 
conditions used [51]. (Table 1) 

Table 1 Influencing Factors on the Structure of Electrospun Polymer Nanofibers [51] 

Parameters Effect on Fiber Morphology 

Solution Parameters  

↑ Molecular weight of 
polymer 

↓ Beads and droplet formation<br>Formation of irregular shape with larger pores 

↑ Polymer concentration 
(viscosity) 

↓ Bead formation<br>↑ Fiber diameter (within optimal range) 

↑ Solution conductivity ↓ Uniform bead-free fibers<br>Fiber diameter with broad diameter distribution 

↑ Solvent volatility Generation of pores on the surface fiber (microtexture) 

Processing Parameters  

↑ Applied voltage ↑↓ First fiber diameter, after that with bead formation 

↑ Distance between tip 
and collector 

(working distance) <br>↓ Fiber diameter<br>Bead formation occurs in too short or too 
far distance<br>Minimum distance is required for uniform fibers generation 

↓ Feed rate/flow rate ↓ Fiber diameter<br>Bead formation with very high feed rate 

Ambient Parameters  
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↑ Temperature ↓↓ Fiber diameter and viscosity 

↑ Humidity Generation of circular pores on the fibers 

↑ Air velocity ↑ Fiber diameter 

 

1.2. Electrospinning 

Electrospinning is an effective, economical, and flexible method for producing nanofiber layers with diameters ranging 
from 3.0 to over 5.0 nm. This process utilizes a high-voltage electric field to elongate droplets of injected polymer 
solutions [52,53,54,55]. The applied high voltage encourages the interaction between charged polymer precursors and 
external electrical fields, leading to the creation of polymer nanofibers (PmNFs) [52], as shown in Figure 1. The high-
voltage power source, which can deliver several tens of kilovolts [53], allows the resulting nanofibers to exhibit 
distinctive properties such as increased surface areas and both inter- and intra-fibrous porosity. This technology is 
widely used to develop one-dimensional (1D) continuous polymeric materials and 1D nanocomposites or inorganic 
materials [54]. 

 

Figure 1 Electrospinning process [55] 

1.3. Nanofiber Applications 

Nanofibers exhibit unique features such as a high aspect ratio, extensive porosity, and the capability to integrate active 
substances at a nanometric scale, benefiting various industries like semiconductors [55], protective materials [56, 57], 
water treatment [58], clean energy [59], and enzyme immobilization [60], along with biosensor immunoassays [61]. 
Particularly in the biomedical sector, their use spans drug delivery systems, tissue engineering, and wound care [62, 
63], where they enhance functionality, such as efficient drug dispersal in wound dressings due to their porous nature, 
and tissue compatibility in engineering applications [64, 65]. 

1.3.1. Applications in biomedical field 

In the realm of medical applications, nanofibers mimic the nanoscale fibrous composition of human tissues like bone, 
skin, and collagen, driving research in biomedical engineering [66]. Their properties are akin to the extracellular matrix, 
making them suitable for various medical uses, including implants, drug delivery systems, and biomimetic devices. 
Specifically, nanofibrous materials facilitate controlled drug release and targeted delivery through specially designed 
membranes [67]. 
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1.3.2. Bone cell proliferation 

 Bone cell proliferation is complex and limited by defects that impede self-regeneration. In the past decade, various 
bionanomaterials have been developed to create porous scaffolds that replicate the structure of the natural extracellular 
matrix (ECM) [68,69,70]. These scaffolds are crucial in the replacement and regeneration of damaged bone tissues. 

Two types of hybrid scaffolds made of collagen/polycaprolactone (PCL) and gelatin (Gel)/PCL, both with a 70:30 ratio, 
were electrospun to culture bone marrow endothelial progenitor cells (BEPCs) [68]. BEPCs adhered better and showed 
reduced expression of inflammatory markers like interleukin (IL)-1 on these scaffolds compared to glass slides used as 
controls. Additionally, polyurethane (PU)/Nylon 6 (N6) blended with gelatin (Gel) formed dual non-woven nanofibrous 
scaffolds, which enhanced osteoblast proliferation due to their biomimetic properties and high wettability [69]. 

Gelatin nanofibers have gained attention for their eco-friendly properties and positive effects on tissue cell adhesion, 
proliferation, and differentiation [70]. Cross-linked gel/zein scaffolds have shown promising results in bone 
regeneration in vivo, with improved bone volume and reduced bone resorption, although the presence of zein did not 
enhance the regeneration process. Furthermore, a tri-component scaffold composed of polyd,l-lactide, gelatin, and 
RKKP glass-ceramics was developed. RKKP's inclusion promoted cell viability and osteogenic differentiation, driven by 
La3+ and Ta5+ ions within the scaffold [71]. This indicates a potential for directing mesenchymal stem cell 
differentiation towards bone or cartilage tissue regeneration. 

Structures of many natural materials, like chitosan and its bioactive polymers, closely resemble glycosaminoglycan 
(GAG), a vital component of bone extracellular matrix (ECM) facilitating cell-cell adhesion with collagen fibers. These 
biomaterials possess favorable characteristics such as biodegradability, biocompatibility, and mechanical properties, 
making them attractive for biomedical applications. Electrospun chitosan (Chi) nanofibers were fabricated from 
aqueous chitosan solutions using acetic acid, blended with polyethylene oxide (PEO) to enhance spinnability. MTT-assay 
and ALP expression analysis demonstrated cell proliferation and osteoblast differentiation on electrospun Chi scaffolds 
[72]. Metformin-loaded polycaprolactone/chitosan nanofibrous membranes were electrospun for bone repair, showing 
improved osteoinductive properties after glutaraldehyde crosslinking. In vitro experiments with rat bone mesenchymal 
stem cells showed enhanced cell attachment, proliferation, and osteogenic differentiation [73]. Helium cold atmospheric 
plasma (CAP) cured electrospun PCL/carboxymethyl chitosan (PCL/CMChi) nanofibers, combined with bone 
morphogenic protein-2 (BMP-2), promoted osteodifferentiation of human bone marrow-derived mesenchymal stem 
cells (hMSCs) in vitro [74]. 

Electrospinning techniques were employed to fabricate electrospun collagen matrices and electrospun collagen-Chi 
matrices for guided bone regeneration. In vivo studies on rat calvarial bone defects coated with these membranes 
demonstrated excellent attachment and proliferation of periodontal ligament cells. Electrospun collagen-Chi matrices 
exhibited superior physiochemical characteristics and enhanced bone ALP levels and osteocalcin compared to other 
groups, suggesting their potential in new bone formation [75]. 

Recently, thermoplastic polyurethane (TPU) nanofibers were functionalized with cellulose nanofibril (CNF) particles 
and polydopamine (PDA) to produce TPU/CNF-PDA nanocomposite nanofibers. These nanofibers exhibited improved 
swelling, hydrophilicity, and mechanical properties compared to TPU and TPU/CNF nanofibers. Mouse embryonic 
osteoblast cells (MC3T3-E1) seeded on TPU/CNF-PDA nanocomposite nanofibers showed enhanced adhesion and 
viability [76]. 

1.3.3. Nerve Regeneration 

Peripheral nerve injuries (PNI), often resulting from traffic accidents, natural disasters, and inadequate treatments, 
present persistent challenges in clinical settings [77]. Electrospinning nanofiber materials, such as an aligned 
fibrin/functionalized self-assembling peptide (AFG/fSAP) interpenetrating hydrogel, have shown promise in nerve 
regeneration. These hydrogels combine topographical and biochemical cues to effectively enhance peripheral nerve 
regeneration, upregulate gene expression related to regeneration, and activate key signaling pathways like PI3K/Akt 
and MAPK [77]. 

Additionally, the development of silk fibroin (SF)-based nerve conduits, enhanced with carbon nanofibers (CNFs) and 
biomolecule-loaded polycaprolactone (PCL) nanocomposite coatings, has been explored [78]. These conduits, featuring 
varied concentrations of CNFs (5, 7.5, 10% w/w) in a 10% (w/v) PCL solution, are braided to optimize scaffold structure 
and functionality. The increase in CNF concentration has been found to improve conductivity, strength, and mechanical 
properties of the conduits, while in vitro studies confirm their cytocompatibility and effectiveness in promoting cell 
adhesion, growth, and proliferation, thereby aiding the regeneration of peripheral nerve tissues [78]. Zhan et al. 
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developed a nanofiber conduit using a blood vessel filled with a self-assembling amphiphilic hydrogel scaffold (SAPNS), 
which was used to repair a 10 mm gap in a sciatic nerve transection. An empty vessel served as the control. The results 
demonstrated that the SAPNS-treated conduit significantly enhanced motoneuron protection, axonal regeneration, and 
remyelination across the gap [79]. In another study, Entekhabi et al. created a porous scaffold from hyaluronic acid and 
polycaprolactone (PCL/HA), which was optimized for nerve regeneration by improving mechanical and chemical 
properties. This scaffold increased cell adhesion and proliferation, showing promising potential for applications in 
neural tissue engineering [80]. 

1.4. Blood and skin 

Blood vessel networks are crucial for delivering nutrients and oxygen, removing waste, and facilitating stem cell 
trafficking, which are essential for organ growth and wound healing. Vascular reconstruction, especially in coronary 
and peripheral bypass surgeries, is complex, driving the need for innovative solutions such as tissue-engineered 
vascular grafts (TEVGs) [81-83]. These grafts integrate patient-derived cells with synthetic scaffolds to repair damaged 
vessels. 

Recent advances have been made in this field, including Jiang et al.'s development of electrospun PCL/gelatin composite 
scaffolds that enhance cell adhesion and proliferation due to improved wettability and mechanical properties [84]. 
Pektok et al. achieved better endothelialization and healing with PCL-based grafts compared to traditional e-PTFE, using 
nanofibers to accelerate matrix formation [85]. Ju et al. engineered bilayered vascular scaffolds with varying fiber 
diameters to support endothelial cell adhesion and smooth muscle cell infiltration, thereby enhancing vessel formation 
[86]. 

The blood coagulation properties of chitosan have been utilized in vertically graded CS/PCL nanofibrous scaffolds, 
boosting endothelial cell proliferation and showing promise for small-diameter grafts [87]. Tecophilic/gelatin blends 
have been electrospun into scaffolds that mimic native ECM, offering durability and antithrombotic properties [88]. 
Yuan et al. demonstrated that HA/PLLA nanofibers could regenerate vSMCs and endothelium, benefiting vascular 
scaffolding with their anisotropic wetting and mechanical characteristics [89]. Yu et al. blended natural silk fibroin with 
synthetic TPU to create hydrophilic vascular grafts that enhance cell-matrix interactions [90]. Aydogdu et al. identified 
an optimal concentration of PCL/Ethyl Cellulose/Collagen for producing thin-fibered biomimetic blood vessels [91]. 
Finally, Kong et al. developed gelatin/PCL nanofibers with chondroitin sulfate, which enhance anticoagulant properties 
and cellular responses, making them suitable for blood vessel repair [92]. 

Skin, the body's largest organ, acts as a barrier between the internal and external environments and comprises three 
layers: the epidermis, dermis, and hypodermis. In cases of deep injuries or burns, healing may be inadequate, 
necessitating skin grafts for areas larger than 4 cm in diameter [93]. The extracellular matrix (ECM) in the dermis, 
mainly composed of collagen, elastin, and reticular fibers, provides crucial spatial and mechanical signals to cells, 
underscoring the need for skin substitutes that replicate the ECM to aid regeneration [94]. 

Advancements in electrospinning have facilitated the creation of effective skin substitutes. Pezeshki–Modaress et al. 
developed gelatin/GAG nanofibrous mats, finding optimal electrospinning conditions to produce fibers with desirable 
diameters and distributions [95]. Lin et al. enhanced the strength and functional lifespan of chitosan nanofibers through 
pectin cross-linking, which also improved fibroblast growth and wound healing capabilities [96]. Asran et al. explored 
the effects of blending polyvinyl alcohol (PVA) with polyhydroxybutyrate (PHB) on cell adhesion and proliferation, 
noting specific compositions favorable for different cell types [97]. 

Shalumon et al. fabricated aligned PLA-CS nanofibers, which directed cell orientation and supported skin tissue 
engineering by mimicking the ECM's structure [98]. Park et al. used a novel electrospinning technique with salt leaching 
to create highly porous silk fibroin scaffolds that enhanced cell infiltration and layering [99]. Levengood et al. found that 
electrospun chitosan–poly(caprolactone) (CPCL) scaffolds expedited wound healing in a mouse skin model, supporting 
keratinocyte and fibroblast migration for faster closure [100]. 

Abdul Khodir et al. incorporated gentamicin into collagen/PCL nanofibers, creating a scaffold that effectively released 
the antibiotic over 72 hours to treat infected wounds without toxicity [101]. Movahedi et al. demonstrated that core-
shell PU/St and PU/St (HA) nanofibers were non-toxic and promoted significant cell adhesion and viability, marking 
them as promising for wound healing and skin tissue engineering [102]. Lastly, Varshney et al. developed soy protein 
isolate/silk fibroin (SPI/SF) nanofibrous scaffolds, which, despite losing some transparency after ethanol vapor 
treatment, proved non-toxic and effective in regenerating full-thickness wounds in rats [103]. 
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2. Conclusion 

In summation, recent research over the past decade has underscored the significant potential of nanofibers in 
addressing critical challenges within the biomedical sector, particularly in areas such as antimicrobial treatments, tissue 
engineering scaffolds, and advanced wound care. These fibers, which effectively mimic the natural extracellular matrix, 
have demonstrated essential qualities that make them integral to the advancement of medical applications. 
Developments in fabrication methods like electrospinning and 3D printing have led to the creation of scaffolds that 
exhibit uniform porosity and enhanced mechanical strength, which are vital for a broad spectrum of tissue engineering 
applications. 

However, despite their advantageous attributes—including high surface-to-volume ratios, ease of functionalization, 
economic efficiency, and excellent biocompatibility—nanofibers are not without limitations. Issues such as insufficient 
pore size for effective cellular integration and suboptimal mechanical properties for hard tissue regeneration present 
ongoing challenges that limit their practical deployment in clinical settings. Looking forward, the outlook for nanofiber 
technology in biomedical applications remains promising, with research currently focused on refining fabrication 
techniques to facilitate the transition from laboratory-scale production to commercial and industrial scales. 
Furthermore, the exploration of sustainable polymers derived from abundant natural resources represents a significant 
opportunity to develop biodegradable and biocompatible materials. To overcome existing barriers and unlock new 
possibilities for these versatile materials, a concerted effort from multiple scientific disciplines is essential. As research 
continues to progress, it is expected that novel insights into polymer properties and their blends will significantly 
enhance the effectiveness and sustainability of nanofibers, thereby augmenting their practical utility in the healthcare 
and medical fields. 

Compliance with ethical standards 

Disclosure of conflict of interest 

There is no conflict of interest. 

Reference 

[1] Anstey A, Chang E, Kim ES, Rizvi A, Kakroodi AC, Park B, Lee PC. Nanofibrillated polymer systems: Design, 
application, and current state of the art. Prog Polym Sci. 2021;113:101346. doi: 
10.1016/j.progpolymsci.2020.101346. 

[2] Guerrero-Pérez MO. Research Progress on the Applications of Electrospun Nanofibers in Catalysis. Catalysts. 
2022;12:9. doi: 10.3390/catal12010009. 

[3] Phan DN, Khan MQ, Nguyen NT, Phan TT, Ullah A, Khatri M, Kien NN, Kim IS. A review on the fabrication of several 
carbohydrate polymers into nanofibrous structures using electrospinning for removal of metal ions and dyes. 
Carbohydr Polym. 2021;252:117175. doi: 10.1016/j.carbpol.2020.117175. 

[4] Reddy VS, Tian Y, Zhang C, Ye Z, Roy K, Chinnappan A, Ramakrishna S, Liu W, Ghosh R. A Review on Electrospun 
Nanofibers Based Advanced Applications: From Health Care to Energy Devices. Polymers. 2021;13:3746. doi: 
10.3390/polym13213746. 

[5] Goonoo N, Bhaw-Luximon A, Jhurry D. In vitro and in vivo cytocompatibility of electrospun nanofiber scaffolds 
for tissue engineering applications. RSC Adv. 2014;4:31618–31642. doi: 10.1039/C4RA05218H. 

[6] Khorshidi S, Solouk A, Mirzadeh H, Mazinani S, Lagaron JM, Sharifi S, Ramakrishna S. A review of key challenges 
of electrospun scaffolds for tissue engineering applications. J Tissue Eng Regen Med. 2016;10:715–738. doi: 
10.1002/term.1978. 

[7] Shi X, Zhou W, Ma D, Ma Q, Bridges D, Ma Y, Hu A. Electrospinning of nanofibers and their applications for energy 
devices. J Nanomater. 2015;16:122. doi: 10.1155/2015/140716. 

[8] Rnjak-Kovacina J, Weiss AS. Increasing the pore size of electrospun scaffolds. Tissue Eng Part B. 2011;17:365–
372. doi: 10.1089/ten.teb.2011.0235. 

[9] Zhong S, Zhang Y, Lim CT. Fabrication of large pores in electrospun nanofibrous scaffolds for cellular infiltration: 
A review. Tissue Eng Part B. 2012;18:77–87. doi: 10.1089/ten.teb.2011.0390. 



World Journal of Advanced Research and Reviews, 2024, 22(01), 1908–1919 

1915 

[10] Wojasiński M, Pilarek M, Ciach T. Comparative studies of electrospinning and solution blow spinning processes 
for the production of nanofibrous poly(L-lactic acid) materials for biomedical engineering. Polish J Chem Technol. 
2014;16:43–50. doi: 10.2478/pjct-2014-0028. 

[11] Lligadas G, Ronda JC, Galià M, Cádiz V. Renewable polymeric materials from vegetable oils: a perspective. Mater 
Today. 2013;16:337-343. 

[12] Vilela C, Sousa AF, Fonseca AC, et al. The quest for sustainable polyesters-insights into the future. Polym Chem. 
2014;5(9):3119-3141. 

[13] Voirin C, Caillol S, Sadavarte NV, Tawade BV, Boutevin B, Wadgaonkar PP. Functionalization of cardanol: towards 
biobased polymers and additives. Polym Chem. 2014;5:3142-3162. 

[14] Miller SA. Sustainable polymers: replacing polymers derived from fossil fuels. Polym Chem. 2014;5:3117-3118. 

[15] Wang Z, Yuan L, Tang C. Sustainable elastomers from renewable biomass. Acc Chem Res. 2017;50:1762-1773. 

[16] Ganewatta MS, Ding W, Rahman MA, et al. Biobased plastics and elastomers from renewable rosin via ‘living’ ring-
opening metathesis polymerization. Macromolecules. 2016;49(19):7155-7164. 

[17] Thompson RC, Swan SH, Moore CJ, Vom Saal FS. Our plastic age. Philos Trans R Soc B Biol Sci. 2009;364:1973-
1976. 

[18] Thompson RC, Moore CJ, Saal FSV, Swan SH. Plastics, the environment and human health: current consensus and 
future trends. Philos Trans R Soc B Biol Sci. 2009;364:2153-2166. 

[19] Sheikh Z, Najeeb S, Khurshid Z, Verma V, Rashid H, Glogauer M. Biodegradable materials for bone repair and 
tissue engineering applications. Materials (Basel). 2015;8:5744-5794. 

[20] Geyer R, Jambeck JR, Law KL. Production, use, and fate of all plastics ever made. Sci Adv. 2017;3:e1700782. 

[21] Darabi NH, Kalaee MR, Mazinani S, et al. GO/AgNW aided sustained release of ciprofloxacin loaded in Starch/PVA 
nanocomposite mats for wound dressings application. Int J Biol Macromol. 2024. doi: 
10.1016/j.ijbiomac.2024.01.182. 

[22] Ziabari AH, Ebrahimi S, Jafari K, Doodmani SM, et al. Bilayer nanofibers loaded with Malva sylvestris extract for 
enhanced wound healing applications. J Drug Deliv Sci Technol. 2024. doi: 10.1016/j.jddst.2024.01.041. 

[23] Sen RK, Prabhakar P, Shruti, Verma P, et al. Smart Nanofibrous Hydrogel Wound Dressings for Dynamic Infection 
Diagnosis and Control: Soft but Functionally Rigid. ACS Applied Bio Materials. 2024. doi: 
10.1021/acsabm.3c01000. 

[24] Singh R, Roopmani P, Hasan U, Dogra P, et al. Airbrushed Nanofibers with Bioactive Core and Antibacterial Shell 
for Wound Healing Application. European Journal of Pharmaceutics and Biopharmaceutics. 2024. doi: 
10.1016/j.ejpb.2024.03.011. 

[25] Firdous SO, Sagor MMH, Arafat MT. Advances in Transdermal Delivery of Antimicrobial Peptides for Wound 
Management: Biomaterial-Based Approaches and Future Perspectives. ACS Applied Bio Materials. 2023. doi: 
10.1021/acsabm.3c00731. 

[26] Celebioglu A, Uyar T. Green Synthesis of Polycyclodextrin/Drug Inclusion Complex Nanofibrous Hydrogels: pH-
Dependent Release of Acyclovir. ACS Applied Bio Materials. 2023. doi: 10.1021/acsabm.3c00446. 

[27] Prabhu A, Baliga V, Bhat S, Thenkondar ST, Nayak Y, et al. Transforming Wound Management: Nanomaterials and 
Their Clinical Impact. Pharmaceutics. 2023. doi: 10.3390/pharmaceutics15051560. 

[28] Yu R, Zhang H, Guo B. Conductive Biomaterials as Bioactive Wound Dressing for Wound Healing and Skin Tissue 
Engineering. Nano-Micro Lett. 2022;14:1. doi: 10.1007/s40820-021-00751-y. 

[29] Yu YS, Ahn CB, Son KH, Lee JW. Motility Improvement of Biomimetic Trachea Scaffold via Hybrid 3D-Bioprinting 
Technology. Polymers. 2021;13:971. doi: 10.3390/polym13060971. 

[30] Samadian H, Khastar H, Ehterami A, Salehi M. Bioengineered 3D nanocomposite based on gold nanoparticles and 
gelatin nanofibers for bone regeneration: In vitro and in vivo study. Sci Rep. 2021;11:13877. doi: 
10.1038/s41598-021-93367-6. 

[31] Ikegami Y, Ijima H. Development of heparin-conjugated nanofibers and a novel biological signal by immobilized 
growth factors for peripheral nerve regeneration. J Biosci Bioeng. 2020;129:354–362. doi: 
10.1016/j.jbiosc.2019.09.004. 



World Journal of Advanced Research and Reviews, 2024, 22(01), 1908–1919 

1916 

[32] Rahmati M, Mills DK, Urbanska AM, Saeb MR, Venugopal JR, Ramakrishna S, Mozafari M. Electrospinning for 
tissue engineering applications. Prog Mater Sci. 2021;117:100721. doi: 10.1016/j.pmatsci.2020.100721. 

[33] Lee KS, Kayumov M, Emechebe GA, Kim D-W, Cho H-J, Jeong Y-J, Lee D-W, Park J-K, Park C-H, Kim C-S, et al. A 
Comparative Study of an Anti-Thrombotic Small-Diameter Vascular Graft with Commercially Available e-PTFE 
Graft in a Porcine Carotid Model. Tissue Eng Regen Med. 2022. doi: 10.1007/s13770-021-00422-4. 

[34] Jiang J, Chen S, Wang H, Carlson MA, Gombart AF, Xie J. CO2-expanded nanofiber scaffolds maintain activity of 
encapsulated bioactive materials and promote cellular infiltration and positive host response. Acta Biomater. 
2018;68:237–248. doi: 10.1016/j.actbio.2017.12.018. 

[35] Cojocaru E, Ghitman J, Biru EI, Pircalabioru GG, Vasile E, Iovu H. Synthesis and Characterization of Electrospun 
Composite Scaffolds Based on Chitosan-Carboxylated Graphene Oxide with Potential Biomedical Applications. 
Materials. 2021;14:2535. doi: 10.3390/ma14102535. 

[36] El-Ghazali S, Kobayashi H, Khatri M, Phan D-N, Khatri Z, Mahar SK, Kobayashi S, Kim I-S. Preparation of a Cage-
Type Polyglycolic Acid/Collagen Nanofiber Blend with Improved Surface Wettability and Handling Properties for 
Potential Biomedical Applications. Polymers. 2021;13:3458. doi: 10.3390/polym13203458. 

[37] Mehrani Z, Ebrahimzadeh H, Moradi E, Yamini Y. Using three-dimensional poly (vinyl alcohol)/sodium 
hexametaphosphate nanofiber as a non-toxic and efficient nanosorbent for extraction and recovery of Lanthanide 
ions from aqueous solutions. J Mol Liq. 2020;307:112925. doi: 10.1016/j.molliq.2020.112925. 

[38] Asmatulu R, Khan WS. Synthesis and Applications of Electrospun Nanofibers. 2019;2:41. doi: 10.1016/B978-0-
12-813914-1.00003-1. 

[39] Ashammakhi N, Wimpenny I, Nikkola L, Yang Y. J Biomed Nanotechnol. 2009;5:1. doi: 10.1166/jbn.2009.1003. 

[40] Zahmatkeshan M, Adel M, Bahrami S, et al. Handbook of Nanofibers. 2018. 

[41] Cheng F, Tao Z, Liang J, Chen J. Role of Surface Tension in the Formation of Electrospun Polymer Nanofibers. Chem 
Mater. 2008;20:667. doi: 10.1021/cm702091q. 

[42] Nain AS, Wang J. Dynamics of Electrospinning Nanofibers. Langmuir. 2014;30:13641. doi: 10.1021/la503011u. 

[43] Samimi Gharaie S, Habibi S, Nazockdast H. Effects of Humidity and Temperature on Electrospun Polymer 
Morphology. J Text Fibrous Mater. 2018;1:1. doi: 10.1177/2515221118769324. 

[44] Rim NG, Shin CS, Shin H. Biomedical Applications of Electrospun Nanofibers. Biomed Mater. 2013;8:014102. doi: 
10.1088/1748-6041/8/1/014102. 

[45] Taghavi SM, Larson RG. Polymer Chain Conformation in Electrospinning. Phys Rev E. 2014;89:023011. doi: 
10.1103/PhysRevE.89.023011. 

[46] Sarkar K, Gomez C, Zambrano S, et al. Advances in Polymer Nanofiber Manufacturing. Mater Today. 2010;13:12. 
doi: 10.1016/S1369-7021(10)70199-1. 

[47] Koosha K, Habibi S, Talebian A. Synthesis and Characterization of High-Performance Polymer Nanofibers. Russ J 
Appl Chem. 2017;90:1640. doi: 10.1134/S1070427217010135. 

[48] Talebian A, Mansourian A. Enhancing Mechanical Properties of Polymer Nanofibers through Electrospinning 
Parameters. Mater Today: Proc. 2017;4:7065. 

[49] Elhami M, Habibi SJ. Impact of Molecular Weight on Electrospun Fiber Properties. Vinyl Add Tech. 2021;27:89. 
doi: 10.1002/vnl.21786. 

[50] Habibi S, Saket M, Nazockdast H, Hajinasrollah K. Tuning Electrospun Fiber Properties through Solvent Selection. 
J Text Inst. 2019. doi: 10.1080/00405000.2019.1613029. 

[51] Hajinasrollah K, Habibi S, Nazockdast H. Nanofiber Applications in Wound Healing. J Eng Fibers Fabr. 2019;14:1. 

[52] Zhou X, Wang Y, Gong C, Liu B, Wei G. Production, structural design, functional control, and broad applications of 
carbon nanofiber-based nanomaterials: A comprehensive review. Chem Eng J. 2020;402:126189. doi: 
10.1016/j.cej.2020.126189. 

[53] Lu X, Wang C, Favier F, Pinna N. Electrospun nanomaterials for supercapacitor electrodes: Designed architectures 
and electrochemical performance. Adv Energy Mater. 2017;7:1601301. doi: 10.1002/aenm.201601301. 

[54] Xue J, Wu T, Dai Y, Xia Y. Electrospinning and electrospun nanofibers: Methods, materials, and applications. Chem 
Rev. 2019;119:5298–5415. doi: 10.1021/acs.chemrev.8b00593. 



World Journal of Advanced Research and Reviews, 2024, 22(01), 1908–1919 

1917 

[55] Jamnongkan T, Wattanakornsiri A, Pansila PP, Migliaresi C, Kaewpirom S. Effect of poly (vinyl alcohol)/chitosan 
ratio on electrospun-nanofiber morphologies. Advanced Materials Research. 2012 Mar 26;463:734-8. 

[56] Joshi MK, Pant HR, Tiwari AP, Kim HJ, Park CH, Kim CS. Multi-layered macroporous three-dimensional 
nanofibrous scaffold via a novel gas foaming technique. Chem Eng J. 2015;275:79–88. doi: 
10.1016/j.cej.2015.03.121. 

[57] Suresh S. Semiconductor nanomaterials, methods and applications: a review. Nanoscience and Nanotechnology. 
2013;3(3):62-74. 

[58] Qamoshi K, Rasuli R. Subwavelength structure for sound absorption from graphene oxide-doped 
polyvinylpyrrolidone nanofibers. Applied Physics A. 2016 Sep;122:1-7. 

[59] Ma H, Hsiao BS. Filtering Media by Electrospinning. Journal of Electrospinning. 2020;122:25. Article Title: 
Electrospinning Techniques and Their Applications in Filtration. 

[60] Dotto GL, Santos JM, Tanabe EH, Bertuol DA, Foletto EL, Lima EC, Pavan FA. Chitosan/polyamide nanofibers 
prepared by Forcespinning® technology: A new adsorbent to remove anionic dyes from aqueous solutions. 
Journal of cleaner production. 2017 Feb 15;144:120-9. 

[61] Ramakrishna S, Jose R, Archana PS, et al. J. Mater. Sci. Journal of Materials Science. 2010;45:6283. doi: 
10.1007/s10853-010-4509-1. Article Title: Advances in Nanomaterials Synthesis and Characterization. 

[62] Kim BC, Nair S, Kim J, et al. J. Nanotechnol. Journal of Nanotechnology. 2005;16:382. doi: 10.1088/0957-
4484/16/7/011. Article Title: Nanotechnology: Recent Developments and Future Prospects. 

[63] Kai D, Liow SS, Loh XJ. Mater. Sci. Eng. C. Materials Science and Engineering: C. 2014;45:659. doi: 
10.1016/j.msec.2014.04.051. Article Title: Engineering Applications of Nanomaterials. 

[64] Huang ZM, Zhang YZ, Kotaki M, Ramakrishna S. Compos. Sci. Technol. Composites Science and Technology. 
2003;63:2223. doi: 10.1016/S0266-3538(03)00178-7. Article Title: Nanofiber Composites: Fabrication and 
Properties. 

[65] Ahadian S, Obregón R, Ramón-Azcón J, et al. Nanofiber Composites for Biomedical Applications. Nanofiber 
Composites for Biomedical Applications. 2017;42:507. doi: 10.1016/B978-0-08-100173-8.00020-X. Article Title: 
Biomedical Engineering with Nanofibers. 

[66] Jannesari M, Varshosaz J, Morshed M, Zamani M. Int. J. Nanomed. International Journal of Nanomedicine. 
2011;6:993. doi: 10.2147/IJN.S17595. Article Title: Nanomedicine: Current Trends and Future Directions. 

[67] Khadka DB, Haynie DT. Nanomed. Nanotechnol. Biol. Med. Nanomedicine: Nanotechnology, Biology and 
Medicine. 2012;8:1242. doi: 10.1016/j.nano.2012.02.013. Article Title: Applications of Nanotechnology in 
Medicine. 

[68] Hu Y, Feng B, Zhang W, Yan C, Yao Q, Shao C, Yu F, Li F, Fu Y. Electrospun gelatin/PCL and collagen/PCL scaffolds 
for modulating responses of bone marrow endothelial progenitor cells. Exp. Ther. Med. 2019;17:3717–3726. doi: 
10.3892/etm.2019.7387. 

[69] Ali MG, Mousa HM, Blaudez F, Abd El-sadek MS, Mohamed MA, Abdel-Jaber GT, Abdal-hay A, Ivanovski S. Dual 
nanofiber scaffolds composed of polyurethane-gelatin/nylon 6-gelatin for bone tissue engineering. Colloids Surf. 
A. 2020;597:124817. doi: 10.1016/j.colsurfa.2020.124817. 

[70] Deng L, Li Y, Zhang H. In vitro and in vivo assessment of glucose cross-linked gelatin/zein nanofibrous scaffolds 
for cranial bone defects regeneration. J. Biomed. Mater. Res. 2020;108B:1505–1517. doi: 10.1002/jbm.b.34498. 

[71] Bochicchio B, Barbaro K, De Bonis A, Rau JV, Pepe A. Electrospun poly(D,L-lactide)/gelatin/glass-ceramics 
tricomponent nanofibrous scaffold for bone tissue engineering. J. Biomed. Mater. Res. 2020;108A:1064–1076. 
doi: 10.1002/jbm.a.36882. 

[72] Singh YP, Dasgupta S, Nayar S, Bhaskar R. Optimization of electrospinning process & parameters for producing 
defect-free chitosan/polyethylene oxide nanofibers for bone tissue engineering. J. Biomater. Sci. Polym. Ed. 
2020;31:781–803. doi: 10.1080/09205063.2020.1718824. 

[73] Zhu J, Ye H, Deng D, Li J, Wu Y. Electrospun metformin-loaded polycaprolactone/chitosan nanofibrous 
membranes as promoting guided bone regeneration membranes: Preparation and characterization of fibers, 
drug release, and osteogenic activity in vitro. J. Biomater. Appl. 2020;34:1282–1293. doi: 
10.1177/0885328220901807. 



World Journal of Advanced Research and Reviews, 2024, 22(01), 1908–1919 

1918 

[74] Sharifi F, Atyabi SM, Irani S, Bakhshi H. Bone morphogenic protein-2 immobilization by cold atmospheric plasma 
to enhance the osteoinductivity of carboxymethyl chitosan-based nanofibers. Carbohydr. Polym. 
2020;231:115681. doi: 10.1016/j.carbpol.2019.115681. 

[75] Guo S, He L, Yang R, Chen B, Xie X, Jiang B, Weidong T, Ding Y. Enhanced effects of electrospun collagen-chitosan 
nanofiber membranes on guided bone regeneration. J. Biomater. Sci. Polym. Ed. 2020;31:155–168. doi: 
10.1080/09205063.2019.1680927. 

[76] Cui Z, Lin J, Zhan C, Wu J, Shen S, Si J, Wang Q. Biomimetic composite scaffolds based on surface modification of 
polydopamine on ultrasonication induced cellulose nanofibrils (CNF) adsorbing onto electrospun thermoplastic 
polyurethane (TPU) nanofibers. J. Biomater. Sci. Polym. Ed. 2020;31:561–577. doi: 
10.1080/09205063.2019.1705534. 

[77] Yang S, Zhu J, Lu C, Chai Y, Cao Z, Lu J, Zhang Z, Zhao H, Huang Y, Yao S, et al. Aligned fibrin/functionalized self-
assembling peptide interpenetrating nanofiber hydrogel presenting multi-cues promotes peripheral nerve 
functional recovery. Bioact Mater. 2022;8:529-44. doi: 10.1016/j.bioactmat.2021.05.056. 

[78] Pillai MM, Kumar GS, Houshyar S, Padhye R, Bhattacharyya A. Effect of nanocomposite coating and biomolecule 
functionalization on silk fibroin based conducting 3D braided scaffolds for peripheral nerve tissue engineering. 
Nanomed Nanotechnol Biol Med. 2020;24:102131. doi: 10.1016/j.nano.2019.102131. 

[79] Zhan X, Gao M, Jiang Y, Zhang W, Wong WM, Yuan Q, Su H, Kang X, Dai X, Zhang W, Guo J. Nanofiber scaffolds 
facilitate functional regeneration of peripheral nerve injury. Nanomedicine: Nanotechnology, Biology and 
Medicine. 2013 Apr 1;9(3):305-15. 

[80] Entekhabi E, Nazarpak MH, Moztarzadeh F, Sadeghi A. Design and manufacture of neural tissue engineering 
scaffolds using hyaluronic acid and polycaprolactone nanofibers with controlled porosity. Materials Science and 
Engineering: C. 2016 Dec 1;69:380-7. 

[81] Yao Y, Wang J, Cui Y, Xu R, Wang Z, Zhang J, Wang K, Li Y, Zhao Q, Kong D. Effect of sustained heparin release from 
PCL/chitosan hybrid small-diameter vascular grafts on anti-thrombogenic property and endothelialization. Acta 
biomaterialia. 2014 Jun 1;10(6):2739-49. 

[82] Ye L, Cao J, Chen L, Geng X, Zhang AY, Guo LR, Gu YQ, Feng ZG. The fabrication of double layer tubular vascular 
tissue engineering scaffold via coaxial electrospinning and its 3D cell coculture. Journal of Biomedical Materials 
Research Part A. 2015 Dec;103(12):3863-71. 

[83] Lee KY, Mooney DJ. Alginate: properties and biomedical applications. Progress in polymer science. 2012 Jan 
1;37(1):106-26. 

[84] Jiang YC, Jiang L, Huang A, Wang XF, Li Q, Turng LS. Electrospun polycaprolactone/gelatin composites with 
enhanced cell–matrix interactions as blood vessel endothelial layer scaffolds. Materials Science and Engineering: 
C. 2017 Feb 1;71:901-8. 

[85] Pektok E, Nottelet B, Tille JC, Gurny R, Kalangos A, Moeller M, Walpoth BH. Degradation and healing 
characteristics of small-diameter poly (ε-caprolactone) vascular grafts in the rat systemic arterial circulation. 
Circulation. 2008 Dec 9;118(24):2563-70. 

[86] Ju YM, San Choi J, Atala A, Yoo JJ, Lee SJ. Bilayered scaffold for engineering cellularized blood vessels. Biomaterials. 
2010 May 1;31(15):4313-21. 

[87] He Q, Gong K, Ao Q, Ma T, Yan Y, Gong Y, Zhang X. Positive charge of chitosan retards blood coagulation on chitosan 
films. Journal of biomaterials applications. 2013 May;27(8):1032-45. 

[88] Vatankhah E, Prabhakaran MP, Semnani D, Razavi S, Morshed M, Ramakrishna S. Electrospun tecophilic/gelatin 
nanofibers with potential for small diameter blood vessel tissue engineering. Biopolymers. 2014 
Dec;101(12):1165-80. 

[89] Yuan H, Qin J, Xie J, Li B, Yu Z, Peng Z, Yi B, Lou X, Lu X, Zhang Y. Highly aligned core–shell structured nanofibers 
for promoting phenotypic expression of vSMCs for vascular regeneration. Nanoscale. 2016;8(36):16307-22. 

[90] Yu E, Mi HY, Zhang J, Thomson JA, Turng LS. Development of biomimetic thermoplastic polyurethane/fibroin 
small‐diameter vascular grafts via a novel electrospinning approach. Journal of Biomedical Materials Research 
Part A. 2018 Apr;106(4):985-96. 



World Journal of Advanced Research and Reviews, 2024, 22(01), 1908–1919 

1919 

[91] Aydogdu MO, Chou J, Altun E, Ekren N, Cakmak S, Eroglu M, Osman AA, Kutlu O, Oner ET, Avsar G, Oktar FN. 
Production of the biomimetic small diameter blood vessels for cardiovascular tissue engineering. International 
Journal of Polymeric Materials and Polymeric Biomaterials. 2019 Mar 24;68(5):243-55. 

[92] He H, Lin M, You L, Chen T, Liang Z, Li D, Xie C, Xiao G, Ye P, Kong Y, Zhou Y. Gut microbiota profile in adult patients 
with idiopathic nephrotic syndrome. BioMed Research International. 2021 Feb 18;2021:1-2. 

[93] Vig K, Chaudhari A, Tripathi S, Dixit S, Sahu R, Pillai S, Dennis VA, Singh SR. Advances in skin regeneration using 
tissue engineering. International journal of molecular sciences. 2017 Apr 7;18(4):789. 

[94] Guarino V, Gloria A, Raucci MG, Ambrosio L. Hydrogel-based platforms for the regeneration of osteochondral 
tissue and intervertebral disc. Polymers. 2012 Sep 14;4(3):1590-612. 

[95] Pezeshki-Modaress M, Mirzadeh H, Zandi M. Gelatin–GAG electrospun nanofibrous scaffold for skin tissue 
engineering: fabrication and modeling of process parameters. Materials Science and Engineering: C. 2015 Mar 
1;48:704-12. 

[96] Lin HY, Chen HH, Chang SH, Ni TS. Pectin-chitosan-PVA nanofibrous scaffold made by electrospinning and its 
potential use as a skin tissue scaffold. Journal of Biomaterials Science, Polymer Edition. 2013 Mar 1;24(4):470-
84. 

[97] Asran AS, Razghandi K, Aggarwal N, Michler GH, Groth T. Nanofibers from blends of polyvinyl alcohol and 
polyhydroxy butyrate as potential scaffold material for tissue engineering of skin. Biomacromolecules. 2010 Dec 
13;11(12):3413-21. 

[98] Shalumon KT, Sathish D, Nair SV, Chennazhi KP, Tamura H, Jayakumar R. Fabrication of aligned poly (lactic acid)-
chitosan nanofibers by novel parallel blade collector method for skin tissue engineering. Journal of biomedical 
nanotechnology. 2012 Jun 1;8(3):405-16. 

[99] Park YR, Ju HW, Lee JM, Kim DK, Lee OJ, Moon BM, Park HJ, Jeong JY, Yeon YK, Park CH. Three-dimensional 
electrospun silk-fibroin nanofiber for skin tissue engineering. International journal of biological macromolecules. 
2016 Dec 1;93:1567-74. 

[100] Levengood SL, Erickson AE, Chang FC, Zhang M. Chitosan–poly (caprolactone) nanofibers for skin repair. Journal 
of Materials Chemistry B. 2017;5(9):1822-33. 

[101] Abdul Khodir WK, Abdul Razak AH, Ng MH, Guarino V, Susanti D. Encapsulation and characterization of 
gentamicin sulfate in the collagen added electrospun nanofibers for skin regeneration. Journal of functional 
biomaterials. 2018 May 18;9(2):36. 

[102] Movahedi M, Asefnejad A, Rafienia M, Khorasani MT. Potential of novel electrospun core-shell structured 
polyurethane/starch (hyaluronic acid) nanofibers for skin tissue engineering: In vitro and in vivo evaluation. 
International journal of biological macromolecules. 2020 Mar 1;146:627-37. 

[103] Varshney N, Sahi AK, Poddar S, Mahto SK. Soy protein isolate supplemented silk fibroin nanofibers for skin tissue 
regeneration: Fabrication and characterization. International Journal of Biological Macromolecules. 2020 Oct 
1;160:112-27. 


	Advances in nanofiber technology for biomedical application: A review
	Recommended Citation

	Advances in nanofiber technology for biomedical application: A review

