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Abstract 

This article provides a comprehensive overview of the properties, applications, and fabrication 
techniques of nanofi bers, which are characterized by their ultrafi ne diameters and unique features 
such as high surface area and aspect ratio. These attributes render nanofi bers particularly 
advantageous for a wide range of applications, especially in the biomedical sector, encompassing 
areas like tissue engineering, drug delivery, and wound dressing. The article highlights various 
studies that illustrate the potential of nanofi bers in addressing healthcare challenges, particularly 
their utilization in scaffolds for regenerative medicine and as carriers for controlled drug delivery. 
Furthermore, it discusses different preparation methods for nanofi bers, including electrospinning 
and alternative techniques, while stressing the importance of polymer selection in achieving optimal 
drug-release properties. The article also delves into the application of nanofi bers in tissue engineering, 
specifi cally for bone, cartilage, and vascular applications, and examines their emerging roles in 
 organ-on-a-chip technology and contraceptive development. In conclusion, the article emphasizes 
the versatility and signifi cance of nanofi bers in advancing medical technologies and their potential 
to address contemporary health challenges. Collaborative efforts between material scientists and 
biologists are essential to foster interdisciplinary research aimed at improving electrospinning 
methodologies.

Introduction
Nanoϐibers have found extensive applications across 

various industries and ϐields, including biomedical and 
healthcare, environmental remediation, textiles and apparel, 
electronics, and energy. In the biomedical sector, nanoϐibers 
play a pivotal role in tissue engineering, drug delivery 
systems, wound dressings, and scaffolds for regenerative 
medicine. Their unique properties and adaptable nature 
render nanoϐibers invaluable in advancing technological 
innovations and addressing contemporary challenges across 
multiple domains.

Numerous studies have substantiated the immense 
potential of nanoϐibers in tackling current challenges 
within the medical and healthcare sectors. Rasouli, et al. 
[1] discussed nanoϐiber technologies, unique properties, 
fabrication techniques (including physical, chemical, and 
biological methods), and emerging applications in biomedical 
and healthcare ϐields. Ghajarieh, et al. [2] summarized the 
applications of nanoϐibers in various biomedical areas, 

such as tissue engineering, wound dressing, and facemasks, 
highlighting opportunities to develop new materials and 
techniques that enhance the ability to create rapid, sensitive, 
and reliable analytical methods. Sharma, et al. [3] examined 
the challenges and opportunities facing multifunctional 
nanoϐibers for active therapeutic applications. Toriello, et al.
[4] presented recent advancements in the fabrication 
and applications of electrospun nanoϐiber composites, 
demonstrating the outstanding potential of composite 
nanoϐibers for biomedical applications. Cui, et al. [5] provided 
a comprehensive summary of electrospinning techniques 
that regulate the composition and structure of nanoϐibrous 
materials. These materials have potential applications in 
various ϐields, including skin, blood vessels, the nervous 
system, and bone tissue engineering, as well as drug delivery. 

Material used for membranes
Polymeric membranes

The primary advantage of polymeric compounds lies in 
their ability to offer a wide range of chemical and physical 
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characteristics. Optimal polymeric membranes, inϐluenced 
by factors such as the structure of monomers, crystallinity 
percentage, molecular weight of the polymer, and type, 
can be achieved through blending with other polymers. 
Numerous membrane polymers are either grafted, custom-
modiϐied, or synthesized as copolymers to enhance their 
properties. The most prevalent polymers utilized in 
membrane synthesis include cellulose acetate, nitrocellulose, 
and cellulose esters (CA, CN, and CE), as well as polysulfone 
(PSf), polyether sulfone (PES), polyacrylonitrile (PAN), 
polyamide, polyimide, polyethylene, polypropylene (PE and 
PP), polytetraϐluoroethylene (PTFE), polyvinylidene ϐluoride 
(PVDF), polyvinyl chloride (PVC), and saccharides.

Biodegradable polymers

Polymers can be categorized into two main types: 
biodegradable and non-biodegradable, based on their 
biodegradability. Biodegradable polymers play a crucial role 
in various pharmaceutical and biomedical applications due 
to their low toxicity and compatibility with biological tissues 
and cells. Among these, cellulose is recognized as the ϐirst 
natural biopolymer known to humanity [6]. Bacterial cellulose 
(BC) represents a highly pure form of cellulose, produced 
as a swollen membrane by certain bacteria [7]. Research 
by Lazarini, et al. [8] highlighted the signiϐicance of BC 
membranes as a support for antimicrobial sustained release 
in skin wound treatment. The biocompatibility of BC makes 
it an exceptionally desirable material for wound healing 
applications [9]. Additionally, pullulan, a naturally occurring 
substance derived from the fungus Aureobasidium pullulans, 
is sometimes called 'edible packaging.' This polysaccharide 
polymer consists of maltotriose units, also known as α-1,4-
; α-1,6-glucan. Pullulan possesses unique characteristics, 
being water-soluble, non-mutagenic, non-immunogenic, and 
non-toxic, making it an important biopolymer. 

 Due to the unique properties of gelatin and the distinctive 
characteristics of electrospun nanoϐibers, electrospun 
gelatin nanoϐibers (GNFs) represent optimal materials for 
transdermal or topical drug delivery, wound dressings, 
and as carriers and scaffolds for cell and tissue culture. A 
signiϐicant application of gelatin is in biomineralization, 
which refers to the synthesis of nanomaterials aimed at 
various biomedical applications, including drug and cell 
therapy engineering, cancer/tumor targeting, and bone tissue 
engineering [10] Natural polysaccharides, including alginate, 
pullulan, hyaluronic acid, dextran, cellulose, chondroitin 
sulfate, chitosan, xanthan gum, and gellan gum, are examined 
by Priya, et al. [11] for their properties, pharmaceutical 
applications, and biomedical uses.

Preparation of nanofi bers

Several techniques for creating nanoϐibers include 
electrospinning, which is preferred for its high surface area 
to volume ratio [12]. Key methods of electrospinning are: 

- Coaxial electrospinning: Produces core-sheath 
nanoϐibers. 

- Multi-jet electrospinning: Designed for large-scale 
production. 

- Emulsion electrospinning: A quick and cost-effective 
method for core-shell nanoϐibers. 

- Bubble electrospinning: Uses electrical forces to 
manipulate bubbles. 

- Roller electrospinning: A needleless method using 
rollers for ϐiber preparation. 

- Electrospinning by a porous hollow tube: Enhances 
efϐiciency with a porous wall tube. 

Other methods for producing nanoϐibers include milling, 
Physical Vapor Deposition (PVD), laser ablation, and spin 
fabrication. Electrospinning technology is a technique 
that uses electrostatic forces to spray polymer solutions to 
form nanoϐibers. The advantages of nanoϐibers produced 
via electrospinning exhibit distinctive characteristics, 
encompassing a substantial surface area, a diverse range 
of matrix materials, the capacity for loading and delivering 
various drugs, a microstructure akin to the ECM, and high 
porosity with interconnectivity.

Medical applications
Wound dressing

Researchers have developed nanoϐiber-based wound 
dressings that signiϐicantly enhance the wound healing 
process by creating an optimal environment for tissue 
regeneration. A recent study published in the journal 
"Acta Biomaterialia" provides a comprehensive review of 
nanoϐiber dressings infused with essential oils for treating 
various types of wounds [13]. This study emphasizes the 
application of electrospun nanoϐibers in wound healing. 
The primary characteristics and functionalities of these 
asymmetric membranes used in wound dressing applications 
are illustrated in Figure 1.

Recent studies on wound healing applications of nanoϐiber 
membrane show that electrospun composite membrane 
is promising in anti-infective therapy [15], chronic wound 
treatment [16], and skin reparation [17]. Alyamani, et al. 
[18] reported on the use of polycaprolactone/chitosan 
(PCL/CH) nanoϐibers infused with Cordia myxa fruit extract 
(CMFE) as a potential biocompatible antibacterial agent for 
wound dressings. Their study highlights the effectiveness 
of these nanoϐibers in providing antimicrobial properties, 
making them a promising option for enhancing wound care. 
Doxycycline (DCH) is a broad-spectrum antibiotic and matrix 
metalloproteinases inhibitor, which has prominent efϐicacy 
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for chronic wound treatment. DCH/PLA nanoϐiber mats 
hold great potential as wound dressings for chronic wound 
treatment [5] (Table 1).

Drug delivery

Nanoϐibers are being explored as carriers for controlled 
drug delivery. They can release drugs at a controlled rate, 
improving patient compliance and reducing side effects. 
Zhu, et al. [20] discussed the use of nanoϐiber-based drug 
delivery systems. Nanoϐibers for modiϐied drug release are 
categorized based on characteristics such as prolonged, 
stimulus-activated, and biphasic release. In general, 
swellable or degradable polymers are used to modify the 
drug release. The formulation of nanoϐibers is very complex 
and depends on many variables, although at the same time, 
the design of the formulation offers many opportunities to 
achieve the desired nanoϐiber drug-release properties [21]. 

To achieve the desired drug-release properties, it is 
essential to select the appropriate polymer(s). For immediate 
drug release, a water-soluble polymer is recommended. For 
prolonged drug release, a swellable or degradable polymer 
should be considered. Additionally, a stimulus-responsive 
polymer can be utilized for stimulus-activated drug release. 
The choice of solvent and the electrospinning setup, such 
as single nozzle or coaxial electrospinning, are also critical 
factors in this process.

Tissue engineering 

Tissue engineering encompasses a diverse array of 
applications, primarily associated with the repair or 
replacement of speciϐic tissues or entire organs, including but 
not limited to bone, cartilage, blood vessels, bladder, skin, and 
muscle. The methodologies employed in tissue engineering 
often involve the utilization of scaffolds in conjunction with 
biological supplements and cellular components. Notable 
references in this ϐield include works by Ye, et al. [22], which 

highlight signiϐicant advancements in the application of 
these technologies. Furthermore, nanoϐiber-based scaffolds 
have emerged as pivotal tools in various tissue engineering 
applications, facilitating the regeneration of bones, cartilage, 
ligaments, skeletal muscles, skin, blood vessels, and 
neural tissues, as discussed by Kumar, et al. [23] in their 
comprehensive analysis of nanomaterials in this domain. 
Gabriel, et al. [24] fabricated electrospun polyurethane 
membranes for tissue engineering such as epithelial, drug 
delivery, or cardiac applications.

Vascular tissue engineering: Cardiovascular diseases 
(CVDs) are the leading cause of death globally, taking an 
estimated 17.9 million lives each year. CVDs are a group 
of disorders of the heart and blood vessels and include 
coronary heart disease, cerebrovascular disease, rheumatic 
heart disease, and other conditions [25]. To effectively 
replicate the biological and mechanical properties of 
autologous vessels, a small-diameter, tissue-engineered 
vascular graft (TEVG) is required [23,26]. Electrospinning 
is a promising technique for developing tissue-engineered 
vessel grafts (TEVGs). Electrospun nanoϐibers are 
excellent fabrication materials for arterial TEVG 
applications, as they provide desired mechanical 
properties, elasticity, biocompatibility, bioactivity, 
and antithrombotic scaffold characteristics  [27]. 

Cuenca, et al. [28] developed vascular grafts using 
electrospun polycaprolactone (PCL) combined with 

Figure 1: Illustration of the main features displayed by asymmetric 
membranes aimed to improve wound healing [14].

Table 1: Shows the therapeutic agents incorporated into nanoϐibers to improve 
wound healing [19].
Therapeutic Agents Nano ibers Purpose

Lysozyme Chitosan/PVA Antibacterial

Silver
Gelatin/polyurethane; gelatin; 
polyurethane; poly(ethylene-

co-vinyl alcohol)
Antibacterial

ZnO PCL; alginate/PVA Antibacterial
Cefoxitin sodium PLGA Antibacterial

Gentamicin Chitosan Antibacterial

Ciproϐloxacin HCl Polyurethane/dextran; PVA/
poly(vinyl acetate) Antibacterial

Polyhexamethylene 
biguanide

Cellulose acetate/polyester 
urethane Antibacterial

Lidocaine, mupirocin PLLA Pain management and 
antibacterial

Fibrinogen PLLA Hemostasis
Curcumin PCL Antioxidant

VEGF Chitosan/PEO; HA/collagen Angiogenesis

PDGF-BB Polyurethane; HA/collagen Angiogenesis, granulation 
tissue formation

EGF

PCL–PEG/PCL; poly(l-
lactic acid)-co-poly-(ε-

caprolactone); HA/collagen; 
PCL/PEG

Keratinocyte migration and 
maturation, angiogenesis

Basic-FGF PELA; HA/collagen

Cell adhesion, proliferation, 
ECM secretion, re-

epithelialization, and skin 
appendages regeneration, 

angiogenesis
Abbreviations: ECM: Extracellular Matrix; HA: Hyaluronic Acid; PCL: 

Polycaprolactone; PELA: Poly(Ethylene Glycol-Co-Lactide); PEO: Polyethylene Oxide; 
PLLA: Poly-L-Lactic-Acid; PVA: Polyvinyl Alcohol
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a decellularized rat aorta matrix (ECM), followed by 
the incorporation of heparin and vascular endothelial 
growth factor (VEGF). In vitro studies demonstrated that 
the PCL/ECM/VEGF vascular grafts exhibited excellent 
hemocompatibility and biocompatibility. The authors 
suggested that these grafts should be considered for potential 
applications in small-diameter vascular grafts within clinical 
settings. Di Francesco, et al. [29] discussed the progress in 
making tissue-engineered blood vessels and using natural 
materials to support the creation of these vessels. 

 Bone tissue engineering: Tissue damage related to 
bone and cartilage is a common clinical disease. The primary 
connective tissues of the human body that carry weight 
are bones. They are highly susceptible to deterioration. 
Bone abnormality is the most challenging and has been an 
important research topic. Recently, the study of scaffolds for 
bone, cartilage, and osteochondral tissue engineering has 
become more advanced and is getting more attention [26]. 
Raja, et al. [30], elaborated on the importance of polyphenol-
loaded electrospun nanoϐibers in bone tissue regeneration 
and discussed the possible challenges and future directions 
in this ϐield.

 Skin tissue engineering: Skin is the body's outermost 
layer and the largest organ of the integumentary system. 
There has been a lot of recent research on biomimetic 
nanoparticles that can help to regenerate injured tissues. 
 Skin tissue engineering (STE) is an effective strategy for 
skin regeneration, utilizing synthetic biomaterials with 
favorable ϐibrillar characteristics. However, these materials 
often lack in situ degradation. Recent advancements include 
hydrogels, nanoϐiber scaffolds, and 3D-printed composites, 
with electrospun nanoϐiber scaffolds gaining attention 
for their availability, resemblance to natural structures, 
and regenerative capabilities. Despite their potential, 
improvements in degradation and mechanical properties are 
needed for clinical effectiveness [31-33]. 

Electrospun ϐibers with a high surface area to volume ratio 
and structures mimicking extracellular matrix (ECM) have 
shown great potential in tissue engineering applications. 
The ability of electrospun nanoϐibers to mimic the structure 
and composition of certain components of the extracellular 
matrix (ECM) has been widely used in the construction 
of tissue regeneration scaffolds [34]. 

 Cartilage tissue engineering: The primary cause of 
disability is cartilage disintegration, which can be brought 
on by trauma or common joint conditions like osteoarthritis. 
Nanoϐibers are vital in managing cartilage tissue regeneration 
[26] 

Cartilage is a vital tissue in both animals and humans, 
but it lacks nerves, blood vessels, and lymphatics, making its 
healing and repair complex. In tissue engineering, 'repair' 

involves replacement and regeneration. Replacement 
restores severely damaged tissues through connective 
tissue deposition. Nanomaterials offer opportunities for 
scaffolds that mimic the extracellular matrix (ECM) of 
cartilage, enhancing cell interaction and tissue functionality. 
Innovative nanotechnology methods like 3-D ϐiber deposition 
and electrospinning improve nanoscaffold quality. 
Nanoϐibers from electrospinning are widely used in cartilage 
engineering, while polymer-hydroxyapatite nanocomposites 
show potential for cartilage regeneration. Natural materials 
like polysaccharide-based and protein-based scaffolds are 
crucial for effective cartilage repair [35]. 

Nanomaterials show promise in creating scaffolds 
that better mimic the extracellular matrix (ECM) of 
cartilage, enhancing cell interaction and engineered-tissue 
functionality [36,37]. 

Hemodialysis (artifi cial kidney)

The kidney is a key component of the body's waste disposal 
and acid-base regulation mechanisms. In hemodialysis, 
membranes are used as artiϐicial kidneys to remove toxins 
from patients' blood, such as urea, creatinine, uric acid, 
and other compounds that are usually eliminated by the 
kidneys through the formation of urine. The use of various 
nanomaterials (including carbon nanotubes, nanoϐibrous 
membranes), mesenchymal stem cells-derived nanovesicles, 
and nanomaterial-based adsorbents and membranes that are 
used in wearable blood puriϐication systems and synthetic 
kidneys [32].

Blood oxygenation (artifi cial lung) 

Polymeric membranes have extensive applications 
as oxygenators or for hemodialysis.  Membrane oxygenators 
with advanced characteristics usually use aromatic polyimide, 
silicone-coated polypropylene (PP), poly-4-methylpentene-1 
(PMP), and polydimethylsiloxane (PDMS) copolymer hollow 
ϐiber membranes. Oxygenators are a vital component of 
respiratory support devices, initially developed as a heart-
lung machine for treating cardiac diseases. Hollow ϐiber 
membranes are widely used in oxygenators due to their 
remarkable efϐiciency in facilitating the exchange of oxygen 
and carbon dioxide with the bloodstream. Extracorporeal 
membrane oxygenation (ECMO) has become the standard 
treatment for advanced acute heart and respiratory failure. 
A key feature of an Extracorporeal Life Support (ECLS) 
circuit is the integration of a membrane oxygenator, which 
is synonymous with ECMO. Furthermore, a miniaturized 
oxygenator, also known as a microϐluidic membrane 
oxygenator, is created using advanced microfabrication 
techniques for artiϐicial lung applications. These devices 
consist of three essential components: the blood side 
ϐlow manifold, the gas side ϐlow manifold, and a thin gas-
permeable membrane. Membrane oxygenators with 
advanced characteristics typically utilize materials such as 
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 Organ-on-a-chip technology

Organ-on-a-chip membranes have gained traction as a 
promising technology for research in tissue engineering, drug 
discovery, and precision medicine. Current investigations 
focus on constructing various organ-on-a-chip systems, 
which simulate the functions of human organs, including lung, 
kidney, gut, and brain models. The integration of nanoϐiber 
technology in these systems is expected to enhance their 
functionality and mimic real tissue characteristics

As highlighted in the study by Corral-Nájera, et al. [44], 
these polymeric and biological membranes are pivotal for 
the development of organ-on-a-chip devices. The anticipated 
applications of organ-on-a-chip technology in preclinical 
research and therapeutic testing are signiϐicant. Current 
investigations are focused on the fabrication of various 
organ-on-a-chip models, including lung-on-a-chip, kidney-
on-a-chip, gut-on-a-chip, and brain-on-a-chip systems. The 
integration of ϐiber materials in the construction of organ-
on-a-chip devices, whether utilized as a three-dimensional 
scaffold for cell culture or to more accurately replicate the 
characteristics of real tissues and organs, presents innovative 
approaches for the advancement of novel organ-on-a-chip 
systems, as discussed by Yang, et al. [45], in their exploration 
of micro- and nanoϐibers for organ-on-a-chip applications. 
Furthermore, nanoϐiber membranes play a crucial role in the 
development of organ-on-a-chip devices that replicate the 
functionalities of human organs, encompassing applications 
such as lung-on-a-chip, heart-on-a-chip, liver-on-a-chip, 
nerve-on-a-chip, and multi-organ-on-a-chip systems.

 Xu, et al. [42] developed a sophisticated device utilizing 
hyaluronic acid (HA) and polyethyleneimine (PEI) modiϐied 
electrospun poly (lactic-co-glycolic acid) (PLGA) nanoϐibers 
for the capture and culture of cancer cells. Yang, et al. [46], 
developed a lung-on-a-chip with a poly (lactic-co-glycolic 
acid) (PLGA) electrospinning nanoϐiber membrane as the 
chip substrate and cell scaffold for lung cancer. Table 2 
shows a few applications of microϐibers in organ-on-a-chip 
construction 

 Contraceptives

Recent studies have highlighted the potential of 
vaginal nanoϐibers in addressing diseases such as cancer 
and infections. Researchers are actively exploring the 
formulation of nanocarriers for vaginal drug delivery. 
Different nanoplatforms based on drugs, peptides, proteins, 
antigens, hormones, nucleic material, and microbicides are 
gaining momentum for vaginal therapeutics [50].

 Misleneous

 Kharaziha, et al. [51] developed novel nanoϐibrous 
membranes through electrospinning of PCL-forsterite 
nanopowder. It was reported that composite nanoϐibrous 
membranes possessed signiϐicantly improved cellular 

aromatic polyimide, silicone-coated polypropylene (PP), 
poly-4-methylpentene-1 (PMP), and polydimethylsiloxane 
(PDMS) copolymer hollow ϐiber membranes [38]. 

Artifi cial pancreas

Pancreatic regeneration is increasingly recognized as a 
potential treatment for diabetes mellitus, pancreatic cancer, 
and pancreatic dysfunction. The development of a bioartiϐicial 
pancreas began in 1933 when tissue containing insulin-
secreting cells was ϐirst transplanted as a potential diabetes 
treatment [39] . Nanostructured materials serve as three-
dimensional scaffolds that can replicate the physiological 
characteristics of the natural extracellular matrix of the 
pancreas. This replication facilitates the anabolic activities 
of pancreatic islets through the regulation, differentiation, 
and proliferation of beta cells within the pancreatic 
microenvironment.

Scaffolds at the nanometer scale, such 
as nanoparticles, nanoϐibers, and nanocomposites, are 
promising in biomedical and clinical applications. Oran, et 
al. discuss the current state of nanostructured biomaterials 
and their applications in pancreatic regeneration [40].  Two 
common designs of bio-artiϐicial pancreas using membranes 
are hollow ϐiber and micro-encapsulation [41] 

 Cancer therapy

Cancer cells are surrounded by a dynamic ϐluid-
mosaic membrane that functions as both a barrier and a 
communication ϐilter. Cell membrane-coated nanoparticles 
(CMNPs) have demonstrated signiϐicant potential in the 
precise targeting and delivery of therapeutic agents to 
cancerous sites. Electrospun nanoϐiber-derived scaffolds 
offer a promising platform for cancer therapy, facilitating 
the targeted delivery of therapeutic agents while minimizing 
adverse effects on healthy tissues. Ongoing research is 
focused on the application of electrospun nanoϐibers across 
various cancer treatment modalities, including chemotherapy 
and gene therapy. Xu, et al. [42], developed a device utilizing 
hyaluronic acid (HA) and polyethyleneimine (PEI)-modiϐied 
electrospun poly (lactic-co-glycolic acid) (PLGA) nanoϐibers 
for the capture and culture of cancer cells, as detailed in their 
study published in Biomaterials Science.

Electrospun nanoϐiber-derived scaffolds emerge as a 
promising platform for cancer therapy, allowing the delivery 
of therapeutic components in the target sites, minimizing 
adverse effects on normal tissues, and offering functional 
versatility. Kuang, et al. [43] provides guidance on nanoϐibers-
derived scaffolds for cancer therapy, and explores state-of-
the-art research on electrospun nanoϐibers or their derived 
composite scaffolds in the realm of cancer treatment, and 
various modalities are employed, covering chemotherapy, 
photodynamic therapy, thermal therapy, gene therapy, 
antitumor combination therapy, and multifunctional therapy. 
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responses in terms of attachment, proliferation and 
mineralization of pre-osteoblasts compared to PCL 
membrane. Thus, the currently developed nanoϐibrous 
composite membranes embedded in forsterite nanopowder 
expected to be attractive in GBR (guided bone regeneration) 
membrane applications. Xu, et al. suggested that three-
dimensional (3D) monolithic structures (i.e., aerogels/
sponges/scaffolds) from fragmented electrospun nanoϐiber 
mats/membranes can be obtained, and it can be used in 
biomedical engineering (e.g., tissue engineering, hydrogel, 
and drug delivery).  Table 3 shows few recent use of 
nanoϐiber/mats/membranes applications in medical ϐield.

Summary
The article offers an extensive examination of the 

properties, applications, and fabrication techniques of 
nanoϐibers, which are deϐined by their ultraϐine diameters 
and unique characteristics, such as high surface area and 
aspect ratio. These features make nanoϐibers particularly 
beneϐicial for a diverse array of applications, particularly 
in the biomedical ϐield, which includes areas like tissue 
engineering, drug delivery, and wound dressing. The article 
showcases numerous studies that demonstrate the potential 
of nanoϐibers in addressing challenges within healthcare, 
particularly their use in scaffolds for regenerative medicine 
and as carriers for controlled drug delivery. Additionally, it 
elaborates on various preparation methods for nanoϐibers, 
including electrospinning and alternative techniques, 
while emphasizing the crucial role of polymer selection in 
achieving optimal drug-release properties. The article further 
explores the application of nanoϐibers in tissue engineering, 
speciϐically for bone, cartilage, and vascular applications, 
and investigates their emerging roles in organ-on-a-chip 
technology and contraceptive development. In conclusion, 
the article underscores the versatility and importance of 
nanoϐibers in the progression of medical technologies and 
their potential to tackle contemporary health challenges. 

Currently, despite the promise of electrospun ϐibrous 
materials, in vivo investigations remain notably limited. For 
drug delivery applications, it is essential to develop more 
advanced electrospinning techniques that are speciϐically 
tailored to the requirements of biomedical applications. 
Collaborative efforts between material scientists and 
biologists are vital to promote interdisciplinary research 
aimed at enhancing electrospinning methodologies.

Table 2:  Application of microϐibers in organ-on-a-chip construction.
Type of Chip Materials Fiber Manufacturing Method & Size Cell Type Cell Loading Method Point Ref

Nerve-on-a-chip Alginate, GelMA Capillary-based; Diameter: 200/400 μm Schwann cell Inner wall of hollow 
microϐibers

Study the relationship between nerve cell 
proliferation in microϐibers [47]

Islet-on-a-chip Alginate, GelMA Microchip-based; Cross-section: 390–720 
μm, Cavity: 140–360 μm MS1, β-TC6 Inner wall of hollow 

microϐibers
Achieve vascularization and evaluate sugar-
substituted insulin and glucagon secretion [48]

Nerve-on-a-chip Alginate, GelMA Microchip-based HUVEC, PC12 Inner wall of hollow 
microϐibers

Construct a neural model based on HUVEC-
loaded hollow microϐibers [49]

Table 3: Few recent use of nanoϐiber/mats/membranes applications in medical ϐield.

Membrane Application Ref.

Polyacrylonitrile/MoS2 composite 
nanoϐibers

Growth behavior 
of bone marrow 

mesenchymal stem cells
Wu, et al. 2018 [53]

Biomimetic Domain-Active Electrospun 
Scaffolds

Facilitating Bone 
Regeneration 

Synergistically with 
Antibacterial Efϐicacy for 

Bone Defects.

Qian, et al. 2018 [54]

N-maleoyl-functional chitosan (MCS)/
PEO NFMs (nanoϐiber meshes)

Utilized as tissue 
scaffolds, especially 

for functional wound 
healing dressings.

Chen, et al. 2020 [55]

PEO-chitosan nanoϐibers containing 
carboxymethyl-hexanoyl chitosan/

dodecyl sulfate nanoparticles loaded 
with pyrazoline

Cancer treatment Rengifo, et al. 2019 [56]

Tri-layered composite nanoϐiber 
scaffold (PVA-PVAc loaded with 
simvastatin / PCL-CA-β-tcp/PCL

Drug release
Bone tissue 

regeneration
Rezk, et al. 2018 [57]

Nanoϐibrous silk ϐibroin/reduced 
graphene oxide scaffolds

Tissue engineering and 
cell culture

Nalvuran, et al. 2018 
[58]

Polyurethane/graphene nanocomposite Biomedical (tissue 
engineering) Bahrami, et al. [59]

Composite nanoϐibrous membranes 
of PLGA/Aloe vera containing lipid 

nanoparticles
Wound dressing Garcia-Orue, et al. 2019 

[60]

Chitosan based nanoϐiber (Chitosan/ 
silver nanoparticles and another one 

with cinnamaldeyhde)

Wound healing and 
tissue regeneration 

applications.
Cremar, et al. 2018 [61]

Electrospun polyurethane nanoϐibrous 
composite impregnated with metallic 

copper
Wound healing Jaganathan, et al. 2018 

[62]

Polyhydroxybutyrate-co-
hydroxyvaletare (PHBV) nanoϐibrous 
scaffolds containing treated bredigite 

(T-BR)

Bone Tissue Engineering Kouhi, et al. 2019
[63]

Composite nanoϐibers of magnesium 
oxide 

(MgO), poly (ε-caprolactone)(PCL) and 
chitosan (CS)

Tissue Engineering Rijal, et al. 2018
[64]

Chitosan/polyurethane (CSP) 
nanoϐibrous membrane incorporated 

silver nanoparticles (AgNPs) within the 
membrane.

Dental barrier 
membrane

Lee, et al. 2018
[65]

Multifunctional PVA/ZnO nanoϐibers 
composite membranes

Surgical gown 
Application

Khan, et al.
2019 [66]

Electrospun poly(lactic acid)/
poly(butylene carbonate)/graphene 

oxide nanoϐiber membranes

Antibacterial 
applications

Gu, et al. 2019
[67]

Starch-based nanoϐibrous scaffolds Wound healing Waghmare, et al. 2018 
[68]

Carbon nanotubes- silver nanoparticles- 
polyvinyl alcohol nanoϐibers.

Antibacterial wound 
dressing

Jatoi, et al. 2019
 [69]

PCL/chitosan/Sr-doped calcium 
phosphate electrospun nanocomposite 

membrane.

Guided bone 
regeneration Ye, et al. 2019 [70]

Electrospun composite scaffold of 
poly(3-hydroxybutyrate)-chitosan/

alumina nanowires
Bone tissue engineering Toloue, et al. 2019 [71]

Ciproϐloxacin-Loaded Povidone Foils 
and Nanoϐiber Mats

Delivery and Efϐicacy of 
in a Wound-Infection 

Model Based on Ex Vivo 
Human Skin.

Rancan, et al. 2019 [72]

Gelatin/PCL/ chondroitin sulfate (CS) 
composite nanoϐiber

Vascular tissue 
engineering Kong, et al. 2021 [73] 

Fe3O4/ poly-L-lactide) PLLA (nanoϐibers Bone tissue engineering Lai, et al. 2018 [74]
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