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DESCRIPTION 

 

Cartilage damage in the knee and hip joints presents a significant challenge to 

orthopedic medicine, often leading to pain, disability and diminished quality of 

life. Articular cartilage, which provides a smooth surface for joint movement, 

has limited regenerative capabilities due to its avascular nature. Traditional 

treatments such as rest, anti-inflammatory medications and joint replacement 

surgeries have proven effective in symptom management but do not address 

the root cause of cartilage damage. Recent advances in cartilage repair 

techniques offer exciting possibilities for enhancing cartilage regeneration and 

restoring joint function. 

Current challenges in cartilage repair 

The intrinsic limitations of cartilage regeneration stem from its lack of blood 

vessels and low cellular turnover. Once damaged, cartilage does not 

regenerate effectively, often leading to osteoarthritis, a progressive joint 

disease. Traditional treatment options, including microfracture, Autologous 

Chondrocyte Implantation (ACI) and osteochondral autograft transplantation, 

provide varying degrees of success but are often limited by issues such as 

suboptimal cartilage quality, donor site morbidity and inadequate long-term 

outcomes [1-3]. 

Therefore, there has been an increasing focus on developing more effective 

cartilage repair techniques that promote true cartilage regeneration, restore 

joint functionality and delay or prevent the need for joint replacement surgery.  

Advances in cartilage repair techniques 

Stem cell therapy: Stem cell-based therapies have emerged as a promising 

solution to promote cartilage repair and regeneration.  
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Mesenchymal Stem Cells (MSCs) derived from sources such as bone marrow, adipose tissue, or synovial fluid are known 

for their ability to differentiate into chondrocytes and promote tissue repair. When delivered to the site of cartilage injury, 

these stem cells can potentially regenerate hyaline-like cartilage, which closely mimics the native articular cartilage. 

Recent studies have highlighted the potential of stem cell therapies in both knee and hip cartilage repair. MSCs, combined 

with biomaterials such as hydrogels or scaffolds, have been shown to enhance chondrogenesis and support the 

regeneration of damaged cartilage. The use of scaffolds that provide structural support and promote cell proliferation and 

differentiation is a critical advancement in stem cell therapy, improving the repair process [4-6]. 

Gene therapy and genetic modulation: Gene therapy is a cutting-edge technique aimed at directly modifying the genetic 

material of the target cells to promote cartilage regeneration. This approach involves the introduction of genes encoding 

for growth factors that enhance cartilage formation, such as BMP-7 (Bone Morphogenetic Protein) or TGF-β. These growth 

factors stimulate chondrocyte differentiation and collagen production, promoting the repair of damaged cartilage. Gene 

therapy has shown promise in animal models, with studies demonstrating the potential for enhanced cartilage 

regeneration and improved functional outcomes. Recent advances in viral and non-viral vectors have made it easier to 

deliver therapeutic genes to the cartilage lesion site, offering a targeted approach that could enhance the efficacy of 

existing repair methods [7-9]. 

Microfracture and novel enhancements: Microfracture, a technique that involves creating small holes in the bone beneath 

the cartilage to stimulate healing, remains one of the most widely used cartilage repair procedures. However, the type of 

tissue formed through microfracture is often fibrocartilage, which does not possess the same mechanical properties or 

longevity as hyaline cartilage. Recent innovations have focused on enhancing microfracture techniques by combining them 

with other therapies, such as stem cell injections, Platelet-Rich Plasma (PRP), or growth factor delivery, to improve the 

quality of the newly formed tissue. 

Despite these promising advancements, several challenges remain in the field of cartilage repair. Achieving the 

regeneration of high-quality hyaline cartilage remains difficult and the long-term durability of repaired cartilage continues 

to be a major concern. Additionally, the optimal delivery methods for stem cells, growth factors and genetic material require 

further refinement to ensure targeted and efficient treatment.  
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