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Osteosarcoma is a highly aggressive primary malignant bone tumor, whose initiation, progression, and
metastasis are closely linked to dynamic interactions within the bone microenvironment. Metastatic
disease remains the major clinical challenge and a critical determinant of prognosis, with approximately
20 - 30% of patients presenting with pulmonary metastases at diagnosis. Furthermore, the five—
year survival rate for patients with postoperative recurrence is less than 30%, significantly lower than
the 60 - 70% observed in non—metastatic cases, highlighting the limitations of current therapeutic
strategies. Recent studies have revealed that the bone microenvironment regulates osteosarcoma
metastasis through mechanical signaling (e.g., YAP/TAZ pathways), metabolic reprogramming, and
immune suppression. However, effective translation of microenvironment—targeted interventions
remains challenging. To address this, biomimetic three—dimensional (3D) culture systems that replicate
in vivo biomechanical heterogeneity—such as extracellular matrix stiffness, hypoxic gradients, and
fluid shear stress—have emerged as promising research tools. Compared with traditional two—
dimensional models, 3D systems better reproduce tumor - stroma interactions, drug response
heterogeneity, and metastatic cascades, particularly in elucidating chemoresistance mechanisms and
immune evasion phenotypes. This review summarizes advances in bioprinting, microfluidic chips, and
organoid co—culture technologies for osteosarcoma research, emphasizing their potential in modeling
vascular invasion and uncovering drug resistance mechanisms. Although standardized protocols and
multicenter validation remain to be established, these interdisciplinary innovations offer new directions
for translational research in precision medicine and lay a foundation for developing individualized,
microenvironment—targeted therapies for osteosarcoma.
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