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Fig. S1. Schematic diagram depicting the fabrication process of the multilayer film featuring 

leaf-stacked structures (MFLSS).



Fig. S2. Schematic diagram illustrating the procedure for loading proteins or growth factors 

onto the films (DF or MFLSS) using Franz diffusion cells.



Fig. S3. (A) Schematic depiction of the MFLSS/PDGF used for the rat epithelium adhesion 

model and mechanical strength analysis (lap-shear test). (B) Overview of the rat epithelium 

adhesion model protocol and (C) experimental design for the rat calvarial defect model.



Fig. S4. Representative animal model setup and surgical procedures for Collaguide and 

MFLSS/GF. (A) The teeth ranging from the right mandibular first premolar to the last molar 

were extracted in Beagle dogs. (B) Following tooth extraction, a rectangular defect was 

generated using both reciprocating and sagittal saws. (C) 3 months post-osteotomy, bone 

grafting was conducted to address the defect utilizing bone substitutes and membrane 

application.



Fig. S5. Mechanical strength analysis (lap-shear test) of film-epithelial adhesion samples 

(Collaguide and MFLSS/GF).



Fig. S6. Confocal microscopy-based three-dimensional visualization of F-actin (red) stained 

cells cultured on each film (DF and MFLSS).



Fig. S7. Quantitative analysis of the new bone area fraction within rat calvarial defects at 8 

weeks post-implantation. The bone area fraction was calculated from dorsal micro-CT images 

as the percentage of mineralized tissue within the predefined defect region of interest (ROI). 

Data are presented as mean ± SD (n = 3). **p < 0.01.



Fig. S8. Representative examples of epithelial healing following bone grafting with bone 

substitutes, Collaguide, and MFLSS/GF. Epithelial integrity was maintained without 

membrane exposure, a critical factor for optimal bone regeneration.


