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Fig. S1. Fabrication and structural versatility of PEEK filament and 3D-printed PEEK constructs. Optical images of (a) fabricated PEEK filament and (b) architecturally diverse PEEK constructs fabricated via FDM-based 3D printing.
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Fig. S2. Design versatility and anatomical applicability of 3D-printed PEEK implants. Representative CAD designs, corresponding fabricated PEEK constructs, and simulated implantation into anatomical bone models, including cranial patch, suture anchor, spinal cage, suture anchor, and bone plate.
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Fig. S3. Schematic illustration of MoS2 synthesis and MoS2@PEEK fabrication via polymer-assisted transfer. MoO2 solution was dispersed on a wafer and MoS2 was grown on the wafer by nanoseed-initiated APCVD using the MoO2 dispersed wafer and sulfur powder. Polystyrene was spin-coated onto the MoS2 grown wafer and MoS2 was transferred onto PEEK surface via polymer-assistant transfer process.
.
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Fig. S4. X-ray diffraction spectrum of MoO2 nanoparticles precursor for MoS2 synthesis.
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Fig. S5. Surface SEM and EDX analysis of MoO2 dispersed wafer. (a) SEM image and EDX elemental maps of (b) Mo and (c) O on the surface of MoO2 dispersed wafer.
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Fig. S6. Optical images and optical microscopy images of bare wafer and 2D MoS2-grown wafer.
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Fig. S7. SEM and EDX elemental mapping images of the bare wafer and the 2D MoS2 grown wafer.
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Fig. S8. TEM and EDX analysis of 2D MoS2 grown wafer. (a) Surface TEM and EDX images of the 2D MoS2 grown wafer. (b) Low and (c) high magnification of cross-sectional TEM image of 2D MoS2 grown wafer.
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Fig. S9. Surface chemical analysis of 2D MoS2 grown wafer. (a) Raman spectra of bare wafer and 2D MoS2 grown wafer. (b) Full XPS spectra of bare wafer and the MoS2-coated wafer. Deconvoluted high-resolution XPS spectra of (c) Mo 3d and (d) S 2p for the 2D MoS2 grown wafer.
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Fig. S10. Region-resolved Raman spectra of MoS₂@PEEK. (a) Positions of Raman analysis on MoS2@PEEK. (b) Raman spectra of the MoS2@PEEK from position 1 to 9. 
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Fig. S11. Water contact angle (WCA) comparison between PEEK and MoS2@PEEK. Representative images of water droplets on the surfaces of (a) PEEK and (b) MoS2@PEEK. (c) The average contact angles of the PEEK and the MoS2@PEEK (n = 3). Data are shown as mean ± standard deviation (SD). Normality was assessed using the Shapiro-Wilk test. Statistical significance between two groups was determined using an unpaired Student’s T-test, with significance at *p<0.05, **p<0.01, ***p<0.005, and ****p<0.001.




[image: ]
Fig. S12. Temperature elevation profiles under NIR irradiation with a wavelength of 650 nm.
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Fig. S13. Time-dependent singlet oxygen generation evaluated by SOSG fluorescence intensity under 808 nm irradiation.
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Fig. S14. Live and dead staining fluorescence images of cancer cells after 1 day of culture on different 3D-printed scaffolds.
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Fig. S15. Live and dead staining fluorescence images of cancer cells after 3 days of culture on 3D-printed PEEK scaffold.
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Fig. S16. SEM observation of E. coli and S. aureus attached to 3D-printed PEEK scaffold.
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Fig. S17. Live and dead staining fluorescence images of E. coli and S. aureus attached to 3D-printed PEEK scaffold.
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Fig. S18. Representative colony images of E. coli and S. aureus on 3D-printed PEEK scaffold.
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Fig. S19. In vitro assessment of pre-osteoblast attachment. (a) Quantitative analysis of cell adhesion coverage based on fluorescence imaging (n = 3). (b) Quantification of cell spreading area determined from SEM micrographs (n = 3). Data are shown as mean ± standard deviation (SD). Normality was tested using the Shapiro-Wilk method, and one-way ANOVA followed by Tukey’s HSD post hoc analysis was applied. For non-normally distributed data, statistical analysis was performed using the Kruskal-Wallis H test followed by pairwise comparisons with the Mann-Whitney U test, with significance at *p<0.05, **p<0.01, ***p<0.005, and ****p<0.001.
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Fig. S20. Representative optical images of ARS staining of 3D-printed PEEK and MoS2@PEEK scaffolds under NIR-induced hyperthermia after 7 and 14 days of culture.
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Figure S3. Schematic illustration of MoS, synthesis and MoS,@PEEK fabrication via polymer-
assisted transfer. MoO, solution was dispersed on a wafer and MoS, was grown on the wafer by
nanoseed initiated APCVD using the MoO, dispersed wafer and sulfur powder. Polystyrene was spin-
coated onto the MoS, grown wafer and MoS, was transferred onto PEEK surface via polymer-assistant

transfer process.
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Figure S4. X-ray diffraction spectrum of MoO, nanoparticles precursor for MoS, synthesizing.
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Figure S6. Optical images and optical microscopy (OM) images of bare wafer and MoS, grown wafer.
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Figure S7. SEM and EDX elemental mapping images of the bare wafer and the MoS, grown wafer.
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Figure S8. Surface TEM and EDX analysis of MoS, grown wafer. (a) TEM and EDX images of the
MoS, grown wafer. (b) Low and (c) high magnification of cross-sectional TEM image of MoS, grown

wafer.
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Figure S9. Surface chemical analysis of MoS, grown wafer. (a) Raman spectra of bare wafer and
MoS, grown wafer. (b) Full XPS spectra of bare wafer and the MoS, grown wafer. Deconvoluted high-
resolution XPS spectra of (c¢) Mo 3d and (d) S 2p for the MoS, grown wafer.
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