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Abstract: Objective To explore the impact of the PBL teaching method combined with 3D printing technol-
ogy, digital tools, and artificial intelligence (AI) feedback systems in the clinical teaching of Spinal Surgery on
postgraduate students’ theoretical knowledge, clinical skills, comprehensive competencies, and acceptance
of the teaching, and construct a “digital-qualitative-intelligent” three-in-one teaching system. Methods A
total of 68 professional degree medical postgraduates rotating in the Department of Spinal Surgery of our
hospital from March 2023 to March 2025 were enrolled (in batches; each teaching cycle lasted 8 weeks) and

randomly assigned to the experimental group and the control group (n=34 each). The control group received
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traditional teaching, while the experimental group received an integrated mode combining PBL, 3D printing,

a digital teaching platform, and an Al feedback system. Theoretical knowledge, clinical skills,

comprehensive competency, and teaching evaluation scores were compared between the two groups.

Results The experimental group achieved significantly higher scores in theoretical knowledge (82. 5645. 32),
clinical skills (85. 36 4. 89), comprehensive competency (88. 62+4. 15), and teaching evaluation (35. 28+
3. 15) than the control group (75. 12+6. 18, 73.25+5. 67, 76.3545. 23, and 26. 75+4. 23, respectively),

with all differences being statistically significant (P<<0.05). Conclusion This new teaching mode enhances

various competencies of professional master’ s students and provides an effective pathway for reforming clini-

cal education in Spinal Surgery, making it worthy of promotion.

Keywords: PBL. teaching method; 3D printing; Digital technology; Al feedback; Spinal Surgery; Clinical
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