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Introduction

Nanofiber scaffolds have emerged as a promising biomaterial platform for soft tis-
sue engineering, owing to their ability to closely mimic the native extracellular ma-
trix (ECM) and provide a conducive environment for cell proliferation and differen-
tiation [1].

The unique structural and mechanical properties of nanofibers, such as their high
surface area to volume ratio and tunable porosity, facilitate cell adhesion, migra-
tion, and nutrient transport, which are crucial for effective tissue regeneration [1].

In the realm of cartilage regeneration, electrospun poly(lactic-co-glycolic acid)
(PLGA) nanofibers integrated with graphene oxide have shown enhanced chon-
drogenesis by significantly improving cell attachment and the expression of chon-
drogenic markers in mesenchymal stem cells [2].

For wound healing applications, functionalized chitosan-based nanofibers incor-
porating silver nanoparticles have demonstrated excellent antimicrobial properties
and accelerated tissue regeneration by promoting fibroblast migration and collagen
deposition [3].

In cardiac tissue engineering, silk fibroin nanofibers functionalized with vascular
endothelial growth factor (VEGF) have shown promise in promoting angiogene-
sis and improving cardiomyocyte function, suggesting their potential for treating
myocardial infarction [4].

For bone tissue engineering, polycaprolactone (PCL) nanofibers decorated with
hydroxyapatite nanoparticles exhibit enhanced mechanical properties and osteo-
conductivity, supporting osteoblast differentiation and proliferation for bone defect
repair [5].

In dermal regeneration, electrospun polyurethanes functionalized with epidermal
growth factor (EGF) provide a suitable microenvironment for keratinocyte and fi-
broblast proliferation, accelerating the healing of full-thickness skin wounds [6].

Skeletal muscle tissue engineering benefits from nanofiber scaffolds where con-
trolling fiber alignment, diameter, and incorporating myostimulatory factors can
guide myoblast differentiation and fusion, leading to functional muscle tissue re-
generation [7].

Soft tissue repair can also be enhanced by poly(vinyl alcohol) (PVA) nanofibers
loaded with curcumin, which exhibit anti-inflammatory and pro-regenerative ef-
fects by reducing inflammatory markers and promoting fibroblast migration and
extracellular matrix synthesis [8].

Furthermore, the synergistic effects of combining growth factors and hyaluronic

acid within electrospun PCL nanofibers have been explored for cartilage regener-
ation, promoting chondrogenic differentiation and matrix synthesis [9].

Description

The fabrication of nanofiber scaffolds involves various techniques, with electro-
spinning being a prominent method due to its versatility in creating continuous
fibers with controlled morphology and composition [1].

These engineered scaffolds are designed to recapitulate the complex architecture
of the native ECM, providing essential physical cues and biochemical signals that
guide cellular behavior and promote tissue regeneration [1].

Specifically for articular cartilage repair, the incorporation of graphene oxide into
PLGA nanofibers has been shown to significantly enhance the chondrogenic po-
tential of mesenchymal stem cells, leading to improved cartilage regeneration
strategies [2].

In the context of wound management, chitosan/silver nanoparticle composite
nanofibers offer a dual benefit of antimicrobial activity and accelerated tissue re-
pair, facilitating the healing process through enhanced fibroblast activity and col-
lagen production [3].

For cardiac applications, the strategic functionalization of silk fibroin nanofibers
with VEGF has demonstrated a clear ability to stimulate angiogenesis, a critical
factor in the regeneration of damaged cardiac tissue following events like myocar-
dial infarction [4].

The development of polycaprolactone/hydroxyapatite nanofiber composites rep-
resents a significant advancement in bone tissue engineering, offering improved
mechanical strength and osteoconductive properties essential for bone defect re-
generation [5].

In the area of skin regeneration, the controlled release of epidermal growth factor
(EGF) from polyurethane nanofibers has proven effective in accelerating dermal
wound healing by fostering the proliferation of key skin cells [6].

For skeletal muscle regeneration, the precise control over nanofiber alignment and
the inclusion of specific growth factors are key design principles that influence
myoblast behavior and promote the formation of functional muscle tissue [7].

The use of poly(vinyl alcohol) nanofibers loaded with curcumin presents a thera-
peutic approach for soft tissue repair, leveraging curcumin’s anti-inflammatory and
matrix-promoting properties to enhance healing outcomes [8].

Moreover, the strategic combination of bioactive molecules like growth factors and
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hyaluronic acid within PCL nanofibers represents a sophisticated approach to car-
tilage tissue engineering, enhancing cellular responses and matrix development
[9].

Conclusion

Nanofiber scaffolds are pivotal in soft tissue engineering due to their ECM-
mimicking properties. They are employed across various regenerative medicine
applications, including cartilage, bone, skin, muscle, and cardiac tissue repair.
Fabrication techniques like electrospinning allow for tailored scaffold properties.
Incorporating bioactive molecules such as growth factors, silver nanoparticles,
graphene oxide, and curcumin enhances cell behavior, promotes regeneration,
and provides antimicrobial or anti-inflammatory effects. These advanced bioma-
terials offer significant potential for improved therapeutic outcomes in tissue engi-
neering.
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