
INTRODUCTION

Osteoarthritis (OA) is characterized by deterioration of the 
articular cartilage and subchondral bone. It is the most preva-
lent degenerative joint disease in the elderly population. Its 
common symptoms include joint stiffness and pain, synovial 
tissue inflammation, bone spur formation, joint cartilage deg-
radation, and changes in the underlying bone structure. Etio-
logical factors such as mechanical stress, structural injuries to 
the joints, inflammation, oxidative stress, and aging have been 
identified (Fig. 1). Despite ongoing research, a definitive cure 
or comprehensive management strategy for OA remains elu-
sive, owing to the unclear molecular mechanisms underlying 
tissue destruction. The onset and progression of OA are influ-
enced by inflammatory cytokines produced by chondrocytes 
and present in joint tissues and fluids, as well as by low-grade 

inflammation in intra-articular tissues. The imbalance between 
cartilage synthesis and degradation is the primary cause of this 
disease (Abramoff and Caldera, 2020; Kulkarni et al., 2021). 
Natural products are excellent sources for developing new 
drugs (Hossain et al, 2022a, 2022b; Huh et al., 2023; Hwang 
et al., 2023;  Jang et al., 2023; Kim et al., 2023a, 2023b; Ko 
et al., 2023; Lee et al., 2023; Ryu et al., 2023). Therefore, we 
aimed to develop effective pharmacological strategies to re-
store balance and improve OA treatment, particularly by using 
novel agents derived from medicinal plants and natural prod-
ucts (Kang et al., 2014; Park et al., 2015; Nam et al., 2016; 
Park et al., 2016; Kang et al., 2017; Ra et al., 2017; Kang et al., 
2018, 2019). However, neither our team nor other researchers 
in this field have identified or established definitive therapeu-
tic agents. The current approaches for regulating OA focus 
on symptom management to alleviate pain, improve quality of 
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Current approaches to regulating osteoarthritis primarily focus on symptom management; however, these methods often have 
significant side effects and may not be suitable for long-term care. As an alternative to conventional treatments, injecting stem cells 
into knee joint cartilage is a promising option for repairing damaged cartilage. In this review, we outline the general procedure for 
stem cell treatment of knee joint cartilage regeneration, emphasizing the potential of intra-articular stem cell injections as a thera-
peutic option for osteoarthritis. We examined and summarized patient evaluation and preparation for knee joint stem cell therapy, 
stem cell harvesting, stem cell preparation, injection procedures for stem cell therapy, post-injection care and monitoring, poten-
tial outcomes of stem cell therapy, and considerations and risks associated with stem cell therapy. Overall, stem cell injections 
for knee joint cartilage damage represent a promising frontier in orthopedic care. They offer potential benefits such as pain and 
inflammation reduction, promotion of cartilage repair and regeneration, and the possibility of avoiding more invasive treatments 
such as knee surgery. Ongoing collaboration among researchers, clinicians, and regulatory organizations is crucial for advancing 
this field and translating scientific discoveries into effective clinical applications.
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life, and reduce disability. The treatment options include both 
pharmacological and non-pharmacological interventions (Fig. 
2, Table 1). Non-pharmacological methods emphasize weight 
loss, exercise, use of alternative medicines, diverse anti-in-
flammatory medicinal herbs, nutraceuticals, and surgical in-
terventions (Vincent et al., 2022). Pharmacological treatments 
include nonsteroidal anti-inflammatory drugs (NSAIDs), slow-
acting drugs for OA, analgesics, potential disease-modifying 
drugs, bone-targeted agents, and intra-articular injections 
of corticosteroids and hyaluronic acid (Gregori et al., 2018). 
However, these therapies do not address the root cause of 
OA, are associated with significant side effects and may not 
be suitable for long-term management (Shen and Gatti, 2013). 
As an alternative to this conventional approach for the regula-
tion of OA, injecting stem cells into the knee joint cartilage is a 
promising treatment option aimed at curing damaged cartilage 
and potentially delaying or avoiding the need for knee replace-
ment surgery. Stem cells are defined as undifferentiated cells 
characterized by their dual capacity as follows: the ability to 
undergo numerous cycles of cell division while maintaining an 
undifferentiated state and the capacity to differentiate into spe-
cialized cell types with distinct functions and properties (Fig. 
3). Stem cells have three types. First, embryonic stem cells 

(ESCs) are derived from the inner cell mass of blastocysts 
(early stage embryos). These cells can differentiate into all 
cell types in the three germ layers (ectoderm, mesoderm, and 
endoderm). ESCs can form any cell type in the body, mak-
ing them highly versatile for research and therapeutic applica-
tions. Second, adult stem cells (ASCs) are present in various 
tissues, including the bone marrow, adipose tissue, and skin. 
They are limited in differentiating into cell types based on their 
tissues of origin. For example, hematopoietic stem cells from 
the bone marrow can differentiate into various blood cells, 
but not into neurons or muscle cells. ASCs play an important 
role in tissue maintenance and repair. They are less versatile 
than ESCs, but are less likely to cause ethical issues because 
they do not involve embryos. Induced pluripotent stem cells 
(iPSCs) are generated by reprogramming adult somatic cells 
(e.g., fibroblasts or keratinocytes) to a pluripotent state. They 
are similar to ESCs and can differentiate into almost any type 
of cell. iPSCs are powerful tools for research and personal-
ized medicine. They avoid the ethical concerns associated 
with ESCs since they do not require the use of embryos (Tian 
et al., 2023). Based on the aforementioned information, this 
review primarily aims to explain the general procedure of stem 
cell treatment for knee joint cartilage regeneration, highlight-
ing the potential of intra-articular stem cell injection for effec-
tive cartilage regeneration in the knee joint as a therapeutic 
option for OA (Fig. 4). 

Fig. 1. Pathophysiology of knee osteoarthritis. Osteoarthritis is the 
most prevalent degenerative joint disease affecting the elderly 
population and is characterized by the deterioration of articular car-
tilage and subchondral bone. Common symptoms include joint 
stiffness and pain, synovial tissue inflammation, bone spur forma-
tion, joint cartilage degradation, and changes in the underlying 
bone structure. Etiological factors such as mechanical stress, 
structural injuries to the joints, inflammation, oxidative stress, and 
aging have been identified.

Fig. 2. Current strategy for management of knee osteoarthritis. 
The current approaches for regulating osteoarthritis focus on 
symptom management to alleviate pain, improve quality of life, and 
reduce disability. Treatment options include both pharmacological 
and nonpharmacological interventions.

Table 1. The conventional management of knee osteoarthritis

Pharmacological management Analgesics 
Nonsteroidal anti-inflammatory drugs (NSAIDs)
Symptomatic slow-acting drugs in osteoarthritis
Agents for intraarticular injection including corticosteroids and hyaluronic acid 
Putative disease-modifying agents
Bone-acting agents

Non-pharmacological management Articular surgery 
Taking exercises 
Body weight loss
Use of medicinal herbs and neutraceuticals
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EVALUATION AND PREPARATION OF PATIENTS 
FOR KNEE JOINT STEM CELL THERAPY

Patient evaluation and preparation for stem cell therapy for 
knee joint cartilage damage involve a comprehensive assess-
ment of the knee joint condition through advanced imaging 
studies, such as magnetic resonance imaging (MRI), coupled 
with careful consideration of patient-specific criteria, including 
age, overall health, severity of knee OA, and response to pre-
vious treatments. This systematic approach ensures that stem 
cell therapy is tailored to individual patient needs, maximizing 
potential benefits, and minimizing risks (Wei and Bao, 2022; 
Kyriakidis et al., 2023). A crucial aspect of evaluating the knee 
joint condition before stem cell therapy is the use of advanced 
imaging techniques. MRI is particularly favored for its ability 
to provide detailed images of soft tissues such as cartilage. 
MRI helps assess the extent and location of cartilage damage, 
which is essential for determining the feasibility and potential 
benefits of stem cell therapy. Moreover, MRI allows clinicians 
to visualize cartilage defects, assess the integrity of the liga-
ments and tendons, and evaluate the overall joint structure 
and alignment. This imaging modality is pivotal for identifying 
suitable candidates for stem cell therapy by providing compre-
hensive insights into the extent and severity of knee OA (Tsou 
et al., 2006; Trattnig et al., 2011; Menashe et al., 2012). Age 
is a significant factor in the selection of patients for stem cell 
therapy. Although no strict upper age limit is imposed, younger 
patients generally exhibit better outcomes because of their po-
tentially higher regenerative capacity and better overall health. 
Nevertheless, older patients can still benefit from stem cell 
therapy depending on their general health status and knee OA 
severity. Ensuring that patients are in good overall health to 
tolerate the procedure and potential rehabilitation process is 
crucial (Vega et al., 2015; Spasovski et al., 2024). The severity 
of knee OA and extent of cartilage damage are critical factors 

in determining candidates for stem cell therapy. Patients with 
mild-to-moderate knee OA and localized cartilage defects are 
typically better candidates. Stem cell therapy is more effective 
in the early to moderate stages of OA, when some cartilage 
remains, allowing regeneration and repair. For patients with 
severe knee OA and extensive cartilage loss, the benefits of 
stem cell therapy may be limited, and alternative treatments, 
such as joint replacement surgery, may be more appropriate. 
Another important consideration is the patient’s response to 
previous treatments such as physical therapy, NSAIDs, cor-
ticosteroid injections, or hyaluronic acid injections. As an al-
ternative strategy, stem cell therapy may be considered for 
patients who do not respond well to conservative treatment 
(Centeno et al., 2010; Diekman and Guilak, 2013).

STEM CELL HARVESTING

Stem cells used for knee joint cartilage repair can originate 
from several locations in the body. The bone marrow contains 
a population of mesenchymal stem cells (MSCs), adult stem 
cells that can differentiate into various cell types, such as 
bone, cartilage, and fat cells. The procedure used to obtain 
bone marrow-derived stem cells involved bone marrow aspi-
ration. Bone marrow aspiration is typically performed under 
local anesthesia. A needle is inserted into the bone marrow 
cavity, generally the iliac crest of the pelvic bone, and a small 
amount of bone marrow is withdrawn. The aspirate contains 
a mixture of cells, including MSCs, which are then processed 
in a laboratory to isolate and concentrate stem cells for ther-
apeutic use. Bone marrow-derived MSCs have been exten-
sively studied and used in clinical trials owing to their regen-
erative potential in the treatment of OA and cartilage defects. 
They are effective in promoting cartilage repair and reducing 
inflammation in joints affected by OA (Lee and Wang, 2017; 
Doyle et al., 2020; Mello et al., 2024; Pharoun et al., 2024). 
The adipose tissue also contains numerous MSCs, making it 
a viable source of stem cells. stem cells were obtained using a 
minimally invasive procedure known as liposuction. It involves 

Fig. 3. Stem cells for knee osteoarthritis. As an alternative to the 
conventional approach for the regulation of osteoarthritis, injecting 
stem cells into knee joint cartilage is a promising treatment option 
aimed at curing damaged cartilage and potentially delaying or 
avoiding the need for knee replacement surgery. Stem cells are 
defined as undifferentiated cells characterized by the ability to un-
dergo numerous cycles of cell division while maintaining an undif-
ferentiated state and the capacity to differentiate into specialized 
cell types with distinct functions and properties, including chondro-
cytes.

Fig. 4. Process of stem cell therapy for knee osteoarthritis. The 
general procedure of stem cell treatment for knee joint cartilage re-
generation is briefly described, highlighting the potential of intra-ar-
ticular injection of stem cells for the effective regeneration of carti-
lage in the knee joint as a therapeutic option for osteoarthritis.
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extracting fat tissue from areas such as the abdomen or thighs 
using a small cannula under local anesthesia. The harvested 
fat is processed to isolate MSCs, which are then prepared for 
therapeutic use. Adipose tissue is a relatively abundant source 
of MSCs, and the harvesting procedure is less invasive than 
bone marrow aspiration. In preclinical and clinical studies, 
adipose-derived MSCs have shown regenerative capabilities 
similar to those of bone marrow-derived MSCs. Clinical trials 
have demonstrated the safety and efficacy of adipose-derived 
MSCs in improving joint function and reducing pain in patients 
with knee OA (Pers et al., 2016; Damia et al., 2018; Malige 
et al., 2024). Bone marrow aspiration and adipose tissue ex-
traction are both minimally invasive procedures. Harvesting 
stem cells from bone marrow or adipose tissue offers promis-
ing therapeutic potential for knee joint cartilage repair. These 
minimally invasive procedures provide a source of MSCs ca-
pable of promoting cartilage regeneration and reducing the 
inflammation associated with OA. The choice of harvesting 
method may depend on factors such as patient preference, 
quantity of stem cells required, and specific clinical consider-
ations. Typically performed in an outpatient setting, bone mar-
row aspiration involves the insertion of a needle into the bone 
marrow cavity. The procedure is guided by imaging (such as 
fluoroscopy or ultrasound) to ensure accurate placement. It is 
generally well tolerated with minimal discomfort (Imam et al., 
2017). Liposuction for stem cell harvesting is performed under 
local anesthesia. A small incision is made to insert a cannula 
to suction the fat tissue. The procedure is relatively quick and 
associated with minimal recovery time (Wilson et al., 2019).

STEM CELL PREPARATION

Stem cell preparation involves the meticulous isolation and 
concentration of MSCs from the harvested bone marrow or 
adipose tissue. These processes are essential to obtain po-
tent stem cell products that can effectively promote cartilage 
repair and regeneration in patients with knee OA. Quality con-
trol measures, including viability assessment, purity checks, 
and characterization, ensure that the stem cell preparation 
meets the safety and efficacy standards for clinical use. After 
harvesting stem cells from either the bone marrow or adipose 
tissue, the next critical step is processing in a laboratory to 
isolate and concentrate the stem cells (Zuk et al., 2002; Kemp 
et al., 2005; Dominici et al., 2006). Harvested tissue contain-
ing stem cells is processed to separate stem cells from other 
cellular components, such as red blood cells, fat cells (in the 
case of adipose tissue), and debris. Bone marrow aspirates 
are typically processed using centrifugation and density gra-
dient separation techniques to isolate MSCs. stem cells are 
isolated by enzymatic digestion of the extracted fat tissue, fol-
lowed by centrifugation or filtration to concentrate the MSCs. 
Once isolated, stem cells are concentrated to increase their 
potency and ensure an adequate number of cells for thera-
peutic use. This step involved the removal of excess fluid and 
non-stem cell components to obtain a concentrated suspen-
sion of MSCs. Ensuring stem cell quality and viability is crucial 
for their therapeutic efficacy and safety. The stem cells were 
rigorously tested to assess their viability and functionality after 
isolation. Viability tests evaluate the percentage of live ver-
sus dead cells to ensure that the majority of the isolated cells 
are viable and capable of performing their intended regenera-

tive functions. Quality control measures include screening for 
contaminants such as bacteria, fungi, endotoxins, and other 
pathogens, which could compromise the safety of stem cell 
products. Sterility testing is essential to confirm that stem cell 
preparations are free of microbial contamination. Stem cells 
are characterized by a specific set of positive surface markers 
that are identified by the absence of certain negative markers. 
Negative markers were used to distinguish MSCs from other 
cell types and confirm their identity. Surface marker analysis 
using flow cytometry ensured that the isolated cells expressed 
characteristic MSC markers (e.g., CD73, CD90, and CD105) 
and lacked hematopoietic or endothelial cell markers. Nega-
tive markers for MSCs such as CD34, CD45, CD14, CD19, 
CD11b, human leukocyte antigen-DR, and CD69, are used in 
conjunction with positive markers to accurately identify and 
characterize MSCs (Pittenger et al., 1999; Barry and Murphy, 
2004; Dominichi et al., 2006; Wankhade et al., 2016; Zakrze-
wski et al., 2019).

INJECTION PROCEDURE FOR STEM CELL THERAPY

The injection procedure for stem cell therapy involves pre-
cise guidance using ultrasound or fluoroscopic imaging tech-
niques to ensure accurate localization of stem cells to the af-
fected areas of the knee joint. These methods enhance the 
effectiveness of stem cell therapy by targeting specific regions 
involved in cartilage damage or OA. Additionally, adjunctive 
therapies, such as platelet-rich plasma (PRP), are often em-
ployed to complement stem cell treatment, harnessing their 
synergistic regenerative effects to promote tissue repair and 
improve clinical outcomes in patients with knee OA (Lungu 
and Moser, 2015; Kyriakidis et al., 2023). Ultrasound imaging 
is commonly used during stem cell injections into the knee 
joint. It provides real-time visualization of the joint structures 
and allows the clinician to accurately guide the needle to a 
targeted area within the knee. Ultrasound guidance ensures 
the precise placement of stem cells into specific regions of 
cartilage damage or osteoarthritic changes. It enhances the 
accuracy of the injection, reduces the risk of misplaced injec-
tions, and improves the overall effectiveness of the treatment 
(Berkoff et al., 2012; Lungu and Moser, 2015). Fluoroscopy 
involves real-time X-ray imaging to guide stem cell injection 
into the knee joint. It provides detailed visualization of bone 
structures and allows for precise needle placement under fluo-
roscopic guidance. Fluoroscopic guidance is particularly ben-
eficial in cases where the anatomy of the knee joint is complex 
or when targeting specific areas within the joint affected by 
OA. This ensures the accurate delivery of stem cells to opti-
mize therapeutic outcomes (Lorbach et al., 2010; Lungu and 
Moser, 2015; Graf et al., 2022). In addition to precise injection 
techniques, stem cell therapy for knee joint cartilage repair 
may be combined with adjunctive therapies to enhance heal-
ing (Yun et al., 2016; Ruane et al., 2021; Chen et al., 2023; 
Householder et al., 2023). PRP is derived from the patient’s 
blood and contains a concentrated source of growth factors 
and cytokines. When injected into the knee joint alongside 
stem cells, PRP enhances regenerative potential by promot-
ing tissue repair, reducing inflammation, and improving joint 
function. Clinical studies have shown that combining PRP with 
stem cell therapy can improve outcomes in patients with knee 
OA, leading to reduced pain and improved joint function com-
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pared with either therapy alone (Sampson et al., 2008; Pintat 
et al., 2017; Gato-Calvo et al., 2019; Zhao et al., 2022). Other 
than PRP, growth factors such as insulin-like growth factor-1 
or transforming growth factor-beta may be used to further en-
hance the regenerative effects of stem cell therapy. Research 
continues to explore the potential synergistic effects of com-
bining stem cells with various growth factors to optimize carti-
lage repair and mitigate osteoarthritic symptoms.

POST-INJECTION CARE AND MONITORING

Post-injection care and monitoring are integral components 
of knee joint cartilage stem cell therapy, aimed at enhancing 
therapeutic outcomes and ensuring patient safety and satis-
faction. Rehabilitation protocols are tailored for each patient to 
promote joint healing and functional improvements. Regular 
follow-up visits allow clinicians to monitor patient progress, as-
sess treatment effectiveness through clinical evaluation and 
imaging studies, and adjust management strategies as need-
ed. Effective symptom management strategies contribute to 
the overall success of stem cell therapy in managing knee OA 
and improving patients’ quality of life (Aly, 2020). After stem cell 
injection into the knee joint, rehabilitation plays a crucial role in 
optimizing the healing process and maximizing joint function. 
Rehabilitation typically includes a combination of exercises, 
physical therapy modalities (such as ultrasound or electrical 
stimulation), and functional training tailored to the specific 
needs of the patient and extent of cartilage damage. Reha-
bilitation is intended to restore range of motion, strengthen 
the surrounding muscles to support the joint, improve stability, 
and enhance overall functional capacity (Centeno et al., 2008; 
McKay et al., 2019). Monitoring the progress through regular 
follow-up visits allows healthcare providers to assess the ef-
fectiveness of stem cell therapy and adjust treatment plans 
as necessary. During follow-up visits, the clinician evaluates 
changes in symptoms, joint function, and overall improvement 
in the patient’s quality of life. Periodic imaging studies, such as 
MRI or radiography, may be performed to visualize changes 
in the cartilage structure and assess the extent of tissue re-
generation (Vangsness et al., 2014; Wiggers et al., 2021). Pa-
tients may experience temporary discomfort or mild swelling 
at the injection site that typically resolves within a few days. 
NSAIDs or analgesics may be prescribed to manage pain and 
inflammation as needed. Strategies for long-term symptom 
management include lifestyle modifications (such as weight 
control and physical activity), joint protection techniques, and 
continuation of prescribed medications (Freitag et al., 2016; 
Wang et al., 2017).

POTENTIAL OUTCOMES OF STEM CELL THERAPY

Stem cell therapy offers promising outcomes for patients 
with OA, including significant pain relief, stimulation of carti-
lage regeneration, and potential long-term benefits such as 
delaying or avoiding knee replacement surgery. Clinical evi-
dence supports the efficacy of stem cell therapy in improv-
ing joint function and quality of life, highlighting its role as a 
valuable treatment option for managing knee OA (Arshi et 
al., 2020; Huang et al., 2020). One of the primary goals of 
stem cell therapy for knee joint cartilage repair is to alleviate 

pain associated with OA. Stem cells have anti-inflammatory 
properties and release growth factors that promote tissue 
repair and reduce joint inflammation. Studies have reported 
significant improvements in pain scores and reduced reliance 
on pain medications following stem cell therapy (Arshi et al., 
2020; Thoene et al., 2023; Xie et al., 2024). Stem cells can dif-
ferentiate into chondrocytes (cartilage cells) and stimulate the 
regeneration of damaged cartilage. MSCs secrete bioactive 
molecules that promote the proliferation and differentiation of 
nearby cells including chondrocytes, leading to cartilage re-
pair. Research has demonstrated improvements in cartilage 
volume and structure on MRI following stem cell therapy, in-
dicating the potential for cartilage regeneration (Koelling and 
Miosge, 2009; Borakati et al., 2018; Iturriaga et al., 2018). By 
reducing pain and promoting cartilage repair, stem cell thera-
py may delay or prevent knee replacement surgery in some 
patients. Longitudinal studies have suggested that patients 
treated with stem cell therapy experience sustained improve-
ments in knee function and may avoid or delay invasive surgi-
cal interventions (Koh et al., 2013; Davatchi et al., 2016; Doyle 
et al., 2020).

CONSIDERATIONS AND RISKS OF STEM CELL 
THERAPY

Stem cell therapy offers potential benefits for manag-
ing OA-related symptoms, including pain relief and cartilage 
repair. However, factors such as the variability in treatment 
effectiveness among individuals, the overall safety profile of 
autologous stem cell therapies, and the cost and availabil-
ity challenges associated with accessing these treatments 

Fig. 5. Summary of intra-articular injection of stem cells for the re-
generation of knee joint cartilage as a therapeutic option for knee 
osteoarthritis. Treatment options for knee osteoarthritis include 
both pharmacological and nonpharmacological methods. However, 
these treatments often have significant side effects and may not be 
effective for long-term management. An alternative to traditional 
methods is the direct injection of stem cells into the knee joint carti-
lage. This promising approach aims to repair the damaged carti-
lage and potentially delay or eliminate the need for knee replace-
ment surgery. This figure highlights the potential of intra-articular 
stem cell injection as a therapeutic option for regenerating knee 
joint cartilage in osteoarthritis.

Biomol  Ther 33(1), 86-94 (2025) 
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should be considered. The effectiveness of stem cell thera-
py in knee joint cartilage repair may vary among individuals. 
Factors such as age, OA severity, overall health, and specific 
characteristics of stem cell preparations may influence treat-
ment outcomes. Studies have shown variable responses to 
stem cell therapy, with some patients experiencing significant 
improvements in pain relief and joint function, whereas oth-
ers may have more modest or transient benefits (Biazzo et 
al., 2020; Thoene et al., 2023). Stem cells used in knee joint 
cartilage therapy are typically derived from the patient’s own 
body (autologous), which reduces the risk of immune rejection 
or adverse reactions. Harvesting and injection procedures are 
generally considered safe, with a minimal risk of complications 
such as infection or tissue damage (McIntyre et al., 2018; Bi-
azzo et al., 2020). The cost of knee joint cartilage stem cell 
therapy may vary widely depending on the geographic loca-
tion, healthcare facility, specific protocols used, and extent of 
treatment required. The availability and insurance coverage of 
stem cell therapy may also vary, potentially limiting its acces-
sibility for some patients (Vilquin and Rosset, 2006; Desando 
et al., 2013; Chen et al., 2023).

FUTURE DIRECTIONS IN STEM CELL INJECTION 
FOR KNEE JOINT CARTILAGE DAMAGE

Ongoing research aims to refine stem cell isolation, pro-
cessing, and delivery techniques to enhance the efficacy and 
consistency of outcomes in the treatment of knee joint carti-
lage damage. Researchers are currently investigating novel 
methods for optimizing stem cell viability, differentiation ca-
pacity, and retention within the joint environment to promote 
long-term cartilage regeneration. Moreover, stem cell therapy 

faces evolving regulatory challenges regarding safety, efficacy 
standards, and ethical considerations. Regulatory agencies 
worldwide are developing and revising guidelines to govern 
the clinical application of stem cell therapies and ensure pa-
tient safety and treatment efficacy. Stem cell injection for knee 
joint cartilage damage represents a promising frontier in ortho-
pedic care, offering potential benefits such as reduction in pain 
and inflammation, promotion of cartilage repair and regenera-
tion, and avoidance of more invasive treatments such as knee 
surgery (Fig. 5, Table 2).
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