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1. Introduction 

In the cranio-maxillofacial surgery sector, biometallic miniplates, commonly produced by means of tradi-

tional manufacturing technologies, are necessary in order to properly fix the produced implants. The used 

materials, i.e. biometals, although able to guarantee excellent mechanical characteristics, have some draw-

backs, linked to the lack of biodegradability and the need of a further surgery for their removal [1]. There-

fore, there is an urgent need for the development of innovative biodegradable systems, with comparable 

metallic properties and without causing inflammatory complications and foreign body reactions. In this 

context, the possibility of producing devices for maxillofacial fixation, made of biodegradable polymer 

(i.e., poly-lactic acid, PLA), using a low-cost fused deposition modeling (FDM) system, has been proposed 

and verified. For the experimentation, poly-lactic acid (PLA) was chosen: a biodegradable polymer, being 

commercially available at low cost. The mostly employed miniplates geometries were selected and repli-

cated, and, subsequently, the 3D printing process parameters were fine-tuned, in terms of nozzle diameter, 

deposition pattern, temperature of extrusion and printing bed and deposition speed. The used material and 

the obtained products were characterized from the morphological, thermal and mechanical points of view.  

 

2. Experimental 

The design of the selected miniplates [2-6] (Image 1) was replicated using the 3D CAD software Autodesk 

Inventor. The realization of the 3D PLA based objects was made using a Creality® Ender® 3 Pro printers, 

with a bowden-type setup extruder. The optimal printing parameters, in terms of nozzle size, infill percent-

ages and patterns, shell thicknesses, layer heights, extrusion temperatures, printing speeds and material flow 

percentages were set up. A fast post-process, through mechanical abrasion, was performed on the plates, in 

order to eliminate the most evident surpluses and superficial defects. The surface morphology and the di-

mensions of the printed miniplates were investigated, the thermal properties of both the used filament and 

the printed objects were studied by means of differential scanning calorimetry (DSC), mechanical (tensile, 

compression and three-points flexion) tests were performed. 

 

3. Results and discussion 

 

Image 2.1 – Plate models developed in Autodesk Inventor software ambi-

ent:(A) A-plate [2]; (B) Linear plate [3,4]; (C) L-plate I, [5]; (D) L-plate II, 

[5]; (E) V-plate, [1]. 



PLA based miniplates for maxillofacial applications were successfully obtained by FDM. Acceptable re-

sults in terms of morphology and surface smoothness were achieved, as evidenced by the micrographs 

acquired at the optical microscope. The influence of the production process on the thermal properties was 

evidenced by DSC tests, in terms of glass transition and cold crystallization temperatures. The detected 

tensile and compression properties were comparable to those of the bone tissue, whereas in the case of the 

three-point bending tests, better performance was revealed with respect to metals or polymers processed 

through traditional manufacturing. 

 

4. Conclusions 

In the present paper, the feasibility of making fixation miniplates, for a custom-made maxillofacial surgical 

use, in biodegradable material, by FDM, was reported and verified. Future developments concern the opti-

mization of the project design reproduction, also ensuring a better surface finish, and the achievement of 

better mechanical performances, comparable or superior to what can be obtained through industrial pro-

duction processes, as well as the evaluation of the printed objects properties after sterilization, and of bio-

logical responsiveness. Other biodegradable materials will be considered, also evaluating biocomposites, 

as well as alternative additive manufacturing technologies. 
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