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Abstract

Limb-salvage surgery for osteosarcoma remains a major clinical challenge, primarily due to diffi-
culties in achieving precise tumor resection, reconstructing complex defects, and minimizing post-
operative complications. Three-dimensional (3D) printing, as a paradigm-shifting technology ena-
bling patient-specific digital design and additive manufacturing, has emerged as a key solution to
address these limitations. This review provides a comprehensive and structured overview of the
full workflow of 3D printing in osteosarcoma management, spanning multimodal imaging fusion
(CT/MRI), three-dimensional surgical planning, patient-specific instrumentation, and personalized
prosthesis fabrication with optimized materials and architectures. We further synthesize current
clinical evidence and emphasize functional outcomes assessed by the Musculoskeletal Tumor Soci-
ety (MSTS) score. Beyond overall score improvement, 3D printing-assisted reconstruction demon-
strates domain-specific benefits, particularly in pain relief, baseline function, and emotional ac-
ceptance, while recovery of weight-bearing capacity, gait, and upper-limb dexterity remains site-
dependent and variable. Importantly, emerging trends indicate a shift from isolated technological
applications toward multidisciplinary integration. Bioactive interfaces combining porous struc-
tures with region-specific coatings and localized drug delivery are enhancing osseointegration and
infection control. Concurrently, artificial intelligence (Al) is advancing from static topology optimi-
zation to dynamic, data-driven design paradigms that integrate anatomical, kinematic, and biome-
chanical loading information for truly personalized reconstruction. Despite these advances, intelli-
gent, dynamically adaptive prostheses remain in early-stage development, constrained by challenges
related to long-term safety, mechanical reliability, energy supply, and cost-effectiveness. Looking
forward, the convergence of 3D printing, Al, biofunctional materials, and sensing technologies is
expected to drive a transition from static structural replacement toward intelligent, responsive re-
construction systems characterized by a “sensing-prediction-response” framework.
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