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Introduction – The development of additive manufacturing has opened up many possibilities for 

scientific innovation in various fields, from aerospace and mechanical engineering to biomedical 

engineering. In the last one, particularly, it has allowed to create custom made implants (devices, 

prostheses) specific to the patient [1,2]. In the context of the project entlited “Sensorised Innovative 

Systems by Additive Manufacturing for Cranioplasty” (Call POR FESR 2014–2020 ‘Gruppi di Ricerca’), 

financed by Lazio Region, we developed innovative scaffolds for cranio/maxillofacial applications, 

starting from the design to the printing by fused deposition modelling and to their full characterisation, 

including phisico-chemical and biological tests. 

 

2. Experimental – In a preliminary step, the main process parameters, such as extrusion and bed 

temperatures, printing speed and flow of various thermoplastic materials (e.g., polylactid acid (PLA), 

polymethylmethacrylate (PMMA)) were set up. Specific shapes were modelled by 3D design software 

(Autodesk Inventor), the printing informations were given by the Ultimaker Cura Slicer, and the printing 

of the objects by the FDM technology printer Creality Ender 3 Pro. The reproducibility was validated by 

measuring the weight and size of the printed samples. The thermal properties of the material before and 

after the process were analysed by differential scanning calorimetry (DSC). Subsequently, a pattern 

deposition analysis of the cast material was performed (patterns provided by the slicer such as Line, Grid, 

Gyroids, Concentric, Octet, Triangle, Zig-Zag) in order to verify the best in terms of mechanical strength 

and biological responsiveness. Tensile and compression tests were carried out to evaluate the mechanical 

resistance. Cytotoxicity and osteoblastic differentiation tests were performed to initially verify the 

possible toxicity of the materials (PLA and PMMA). Then, to identify the pattern of deposition and the 

hierarchical porosity that best promotes cell proliferation, four different deposition patterns were tested 

(Line, Triangle, Quarter Cubic and Gyroids), varying the internal porosity (from 80 to 60 % of empty 

space). After 21 days of cell culture, the proliferated and differentiated cells were observed at the 

confocal microscope. 

 

3. Results and Discussion – Thermal tests showed a significant influence of the process on the material 

thermal properties, from the comparison between the DSC thermograms of raw and printed filament: a 

glass transition temperature decrease of 10 °C was revealed. Tensile test results evidenced that among the 

investigated geometries, Line pattern is the best candidate in terms of tensile strength with elastic 

modulus E~1.7 GPa and yield stress~11 MPa. According to the compression tests results, two group of 

patterns having similar properties were identified, not allowing, therefore, to determine a unique ideal 

candidate. The biological characterisation demonstrated non-toxicity of all the tested material, and 

identified the optimal patterns to promote the cell proliferation and differentiation. 

 

4. Conclusions - Optimal printing parameters of different materials for FDM technology were selected. 

An effective influence of the process on the thermal properties of the material was revealed. Fill pattern 

Line resulted the deposition pattern able to provide the best tensile strength; however, no infill has been 

found that guaranteed a significant mechanical reinforcement in terms of compression. Combining with 

the biological responsiveness data, the optimal deposition pattern was identified, being able to 

simultaneously provide the best mechanical and biological features. 
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