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Abstract 

Stem cell therapy (SCT) has emerged as a promising regenerative approach in the 

management of complex orthopedic conditions and orthodontic alveolar bone 

remodeling. Mesenchymal stem cells (MSCs) derived from bone marrow, adipose 

tissue, and other sources possess the ability to differentiate into osteogenic lineages 

and modulate inflammation, facilitating endogenous repair mechanisms. This 

systematic review consolidates recent clinical and preclinical evidence regarding the 

safety, efficacy, and mechanisms of SCT in orthopedic bone regeneration and alveolar 

bone remodeling during orthodontic treatment. Results demonstrate significant 

enhancements in bone healing rates, function, and structural restoration, although 

challenges remain regarding optimal delivery, standardization, and long-term 

outcomes. Future directions involve advanced biomaterials, gene editing, and 

personalized medicine to refine therapeutic protocols.
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Introduction 

Orthopedic injuries, including fractures, osteoarthritis, and critical-sized bone defects, represent significant clinical challenges 

due to their impact on mobility and quality of life. Similarly, orthodontic treatment often requires alveolar bone remodeling to 

facilitate controlled tooth movement and maintain periodontal health. Traditional surgical and grafting techniques are limited by 

donor site morbidity, graft availability, and incomplete integration. Stem cell therapy offers an innovative solution by harnessing 

multipotent cells capable of osteogenic differentiation and immunomodulation. This review explores the dual application of SCT 

in orthopedic regeneration and orthodontic alveolar bone remodeling, critically assessing clinical outcomes and future prospects. 

 

Methods 

Search Strategy 

Databases PubMed, ScienceDirect, Web of Science, and clinical trials registries were searched for articles from 2015 to 2025 

using keywords: “stem cell therapy,” “orthopedic regeneration,” “bone marrow stromal cells,” “orthodontic bone remodeling,” 

“mesenchymal stem cells,” and combinations thereof. 

 

Inclusion/Exclusion Criteria 

Included: Clinical trials, cohort studies, case series (n≥10), and reviews reporting on SCT in orthopedic and orthodontic bone 

repair with quantitative outcomes. Excluded: Non-human studies without clinical correlation, studies lacking outcome data, or 

reviews without systematic analysis. 

 

Data Extraction 

Extracted data included patient demographics, stem cell source and type, delivery method, outcome measures (radiographic 

healing, functional scales, bone volume, tooth movement rate), adverse reactions, and follow-up duration.
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Stem Cell Therapy in Orthopedic Regeneration 

Cell Sources and Characteristics 

 Bone Marrow-Derived MSCs (BM-

MSCs): Traditionally most studied; characterized by 

osteogenic potential and immune modulating effects. 

 Adipose-Derived Stem Cells (ADSCs): More abundant 

and easier to harvest, with comparable regenerative 

potential. 

 Umbilical Cord-Derived MSCs: Emerging candidates 

offering low immunogenicity and high proliferative 

capacity. 

 

Mechanisms of Action 

SCT promotes endogenous bone regeneration by 

differentiating into osteoblasts, secreting paracrine factors to 

stimulate angiogenesis and recruit endogenous progenitor 

cells, and modulating inflammation to create a favorable 

healing environment. 

 

Clinical Applications 

 Fracture Healing: Autologous BM-MSCs combined with 

scaffolds accelerate bridging in delayed union and non-

union fractures. 

 Osteoarthritis: Intra-articular MSC injections reduce 

cartilage degradation and inflammatory cytokine levels, 

improving pain and function. 

 Critical Bone Defects: Cell-loaded constructs facilitate 

bone volume restoration post-trauma or tumor resection. 

 

Outcomes 

Clinical trials demonstrate significant improvements in 

radiologic healing scores, pain scales (VAS), functional 

indices (WOMAC), and range of motion over 6–12 months. 

Safety profiles are favorable, though long-term data are 

pending. 

 

Stem Cell Therapy in Orthodontic Alveolar Bone 

Remodeling 

Rationale 

Orthodontic tooth movement relies on remodeling of alveolar 

bone and periodontal ligament. SCTs accelerate bone 

turnover, reduce treatment time, and support bone fill in 

alveolar defects from extractions or trauma. 

 

Cell Types and Delivery 

Primarily BM-MSCs or ADSCs, delivered via local injection 

or scaffold-assisted placement in periodontal sites; combined 

with platelet-rich plasma (PRP) or growth factors for 

synergistic effect. 

 

Mechanism 

Stem cells enhance osteoclast-osteoblast coupling, stimulate 

angiogenesis, and reduce local inflammation, promoting 

regenerative remodeling conducive to efficient tooth 

movement. 

 

Clinical Evidence 

Studies report accelerated orthodontic tooth movement rates 

by up to 40%, improved bone density in extraction sockets, 

and reduction in root resorption compared to controls. MSC-

treated sites exhibited enhanced alveolar bone volume and 

quality radiographically over 6 months. 

Comparative Insights 

Both orthopedic and orthodontic applications benefit from 

similar cell types and regenerative mechanisms. Differences 

arise in scale (large segmental defects vs. localized alveolar 

bone), mechanical environment, and treatment goals. In 

orthodontics, timing and bone turnover dynamics are critical 

to balance remodeling and stability, while orthopedic 

applications prioritize structural integrity and load-bearing 

capacity. 

 

Challenges and Limitations 

 Optimal Cell Source and Dose: Variability in stem cell 

populations and doses affect reproducibility and 

efficacy. 

 Delivery Systems: Scaffolds and matrices are needed to 

support cell viability and localization; injectable systems 

still under optimization. 

 Safety and Regulatory Issues: Potential for ectopic 

calcification, immune reactions, and tumorigenesis 

require cautious application and rigorous trials. 

 Standardization: Lack of uniform protocols hampers 

direct comparisons and meta-analyses. 

 

Future Directions 

 Advanced biomaterial scaffolds with controlled release 

of growth factors and gene-modified stem cells. 

 Tissue engineering combining SCT with 3D bioprinting 

for patient-specific constructs. 

 Longitudinal registries and multicenter trials to track 

long-term outcomes. 

 Personalized medicine approaches integrating patient 

genetics and stem cell profiles. 

 

Conclusions 

Stem cell therapy represents a versatile and potent therapeutic 

modality in orthopedic regeneration and orthodontic alveolar 

bone remodeling. Clinical evidence supports its efficacy in 

enhancing bone repair, accelerating functional recovery, and 

improving structural outcomes. However, further research 

focusing on standardized delivery methods, dosing regimens, 

and long-term safety is essential to fully integrate SCT into 

routine clinical practice. 
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