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The electrospun nanofiber membrane has a unique structure and biological function similar to the extracellular
matrix (ECM), and is considered an advanced wound dressing. They have significant potential in encapsulating

and delivering active substances that promote wound healing.

wound dressing electrospinning nanostructure nanocomposite

| 1. Introduction

Skin is the largest important organ of the human body and the first barrier against external pathogens [, However,
external mechanical forces, surgical operations, burns, chemical injuries, and ulcers from certain chronic diseases
can cause varying degrees of damage to the skin [&. Wound healing is a complicated and dynamic process of
tissue regeneration, mainly composed of four stages: hemostasis, inflammation, proliferation, and remodeling [,
Although the skin can undergo a certain degree of spontaneous repair, bacterial infection has always been the
main reason hindering wound healing. For an infected wound, it will not only disrupt the normal healing process,

but also cause the wound tissue to be deformed, causing great pain to the patient 41,

Wound dressings play an essential role in wound healing management. They protect the wound from external risk
factors, and speed up the healing process . On the basis of the mechanism of wound healing, an ideal wound
dressing ought to have the accompanying attributes: (1) absorb excess exudate; (2) protect the wound from
microbial infection; (3) maintain a moist healing environment at the wound site; (4) facilitate gas exchange; (5) non-
toxic, biocompatible, and degradable; (6) does not adhere to the wound, easy to replace and remove; (7) promote
angiogenesis and tissue regeneration BBl Different wound needs should be integrated when choosing wound
dressings. So far, the common dressings on the market mainly include film &, foam 29 sponge 1], hydrogel 12
(23] and nanofiber membrane 4115 Among these materials, the unique structure of the small pore size and high
porosity of the nanofiber membrane can protect the wound from pathogen infection and ensure the free
transportation of gas and liquid molecules. At the same time, a large amount of research has been carried out,
combining the adjustable characteristics of physical and mechanical properties to make it stand out among

biomaterials [26][17],

So far, methods such as drawing 18, self-assembly 19 phase separation 29 and template synthesis [l have
been used to prepare nanofibers. However, they have disadvantages such as high cost, time-consuming and low

efficiency. Therefore, simple and practical electrospinning technology is widely used to manufacture fibers with
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diameters in the nanometer or micrometer range 22, Electrospun nanofiber membranes represent a new class of
materials. Because of their high surface-to-volume ratio, high microporosity and versatility, they can be used in
various biomedical applications 23!, such as tissue engineering scaffolds 2423 drug delivery 28271281 and wound
dressings 2239, Nanofiber wound dressings prepared by electrospinning technology have many advantages. First,
the structure and biological function are similar to the natural extracellular matrix (ECM), which provides an ideal
microenvironment for cell adhesion, proliferation, migration and differentiation 2132, Secondly, the polymer matrix
used for electrospinning can simultaneously combine the biocompatibility of natural polymers and the reliable
mechanical strength of synthetic polymers 331, Furthermore, the nanofiber membrane’s wide surface area and
porous structure can be effectively loaded with various biologically active ingredients, including antibacterial drugs,
inorganic nanoparticles, vitamins, growth factors and Chinese herbal extracts. The rate and time of drug release
are controlled by adjusting the fiber structure and morphological size, thereby promoting effective healing of the
wound site B4, Therefore, electrospun nanofibers show great potential in the preparation of advanced bioactive

wound dressings.

| 2. Wound and Wound Dressing

2.1. Wounds Classification

Wounds are defined as skin deformities or tissue discontinuities brought about by physical or thermal injury, or
underlying ailments 3. Given the nature and duration of the healing process, wounds are usually divided into
acute and chronic types B8 Acute wounds mainly include mechanical injuries, chemical injuries, surface burns and
surgical wounds, etc. The healing process follows the normal wound healing cycle 788139 However, chronic
wounds refer to those cannot go through an orderly healing process and have been open for more than one month.
The causes of chronic wounds vary, and are mainly related to certain specific diseases (such as diabetes). They
are notorious for the terrible incidence of ulcers, and they are susceptible to infection by inflammatory bacteria that

affect wound repair #9411 Globally, chronic wounds impose a heavy burden on patients and healthcare systems
42,

2.2. Types of Wound Dressing

In 1962, Dr. Jorge Winter of the University of London put forward the “moist healing environment theory” first, and
related studies confirmed that a moist environment will speed up the wound healing process 43, In recent years,
the theory of moist healing has received extensive consideration. The U.S. Food and Drug Administration (FDA)
pointed out in an industry guide issued in August 2000 that one of the standard methods of wound treatment is to
maintain a moist environment on the wound surface 4!, With the in-depth study of wound healing, the types of
wound treatment and dressings are constantly improving and developing 2. Wound dressings are classified into
traditional wound dressing, modern wound dressing and bioactive wound dressing according to their functional

properties and wound origin. Table 1 classifies and summarizes wound dressings based on their functions.

Table 1. Types of wound dressing.
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Nature Category Advantages Disadvantages Ref.
- 1. Dry, unable to maintain a
Traditional . . .
. moist healing environment
Gauze, lint, ) 46
wound S Easy to use and economical [46]
andage . :
] g 2. Adhering to the wound site
dressing e
is difficult to remove
Modern 1. Transparent, can observe
wound wound changes 1. Absorptive capacity is not
dressing strong
Film 2. Form a bacterial barrier [47]
2. Obstruct the regeneration of
3. Gas and water vapor epithelial tissue
permeability
1. High water absorption
performance to maintain the
moist environment of the 1. Weak adhesion
Foam wound (48]
2. Completely opaque
2. Change the dressing without
damage
1. Stimulate tissue autolysis
and debridement -
1. Poor degradability
Hydrocolloid [49]
’ 2. The closed structure blocks )
] ] 2. Produce a special smell
the invasion of external
bacteria
Hydrogel 1. Ability to replenish water and 1. No adhesion, low =01

maintain a humid environment

2. Comfortable and easy to

replace

mechanical strength

2. High water content, limited
absorption capacity, not
suitable for wounds with high

exudate
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Nature Category Advantages Disadvantages Ref.

1. Non-toxic, fast hemostasis
Alginate 2. Good air permeability Not suitable for dry wounds (51]

3. Biodegradation

1. Good biocompatibility

) ] Drug-loaded B
Bioactive ) 2. Anti-inflammatory and
dressing, ) ) ) (52]
wound ) . antibacterial Induce immune response
) antibacterial
dressing

dressing 3. Promote the growth of cells

and tissues
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Figure 4. (A) In situ electrospinning process (3. (B) [24] (a) schematic diagram of portable electrospinning device
and preparation of EPU/FPU/thymol nanofiber; (b) schematic diagram of the breathable, waterproof and

antibacterial functions of EPU/FPU/Thymol nanofiber.
4.4. Application of Electrospinning Technology in Other Fields

In recent years, the advantages of electrospinning have attracted more and more attention. With the continuous
research of related scholars, the application of electrospinning nanofibers has become more and more extensive.
In addition to playing a role in the field of biomedicine (drug delivery B2RE8IRT tissue engineering 28 and wound
dressings), it also plays a pivotal position in environmental protection (air filtration, water treatment), energy and

chemical industries (light-emitting device, solar cell and supercapacitor) and other fields 91901 Fiher materials
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with unique structures and characteristics arranged by electrospinning have been generally utilized in different

fields (Figure 5). Combining the structural advantages of the materials with the properties of the materials will be

the focus of future research.
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Figure 5. Structure, performance and application of electrospun nanofiber.
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