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The purpose of the work is to study the medical and biological aspects of creating
implants with controlled biodegradation using 3D-bioprinting from biocompatible compos-
ite materials based on polylactide (PLA4) with biocompatible nano-sized fillers.

Three-dimensional printing (3D-bioprinting) of implants using biocompatible
PLA-based materials can be used to create porous three-dimensional scaffolds (matrices, cell
scaffolds) to replace human tissue defects in regenerative surgery [1]. Biodegradable three-
dimensional structures provide replacement mechanical and transport functions, including drug
delivery with subsequent replacement of the scaffold with the body's own tissues.

To carry out the experiments, we used PLA, CAS No: 33135-50-1, from eSunMed,
China with additives of hydroxyapatite (HAp) and calcium phosphate ( CaP ) (Figure 1).
For 3D-printing (bioprinting) of samples, a specialized 3D machine was used FDM (Fused
Deposition Modeling) bioprinter with an extruder temperature of 165-180 °C and a layer
thickness of 0.2—0.4 mm.

Figure 1. SEM image of nanoparticles HAp in PLA matrix

Tests to assess the fragility of scaffolds representing a three-dimensional composition
of PLA thermoplastic filaments (with unidirectional or multidirectional strengthening com-
ponents and cellular components) were carried out according to State Standard 4647-2015
for measuring impact strength using the Charpy method, which made it possible to determine
the mechanical characteristics of the samples at high strain rates. The typical Charpy impact
strength values for the samples with continuous filling are 4.6-4.8 kJ/m?, for samples with
gradient filling — 3.5-4.0 kJ/m?, depending on the type of filling. Laboratory (accelerated)
tests of biodegradation of PLA-based tissue-engineered matrices were carried out in
a thermostated simulated body fluid (SBF) with a composition and concentration of ions
close to the concentration of ions in human blood plasma. The testing regime included plac-
ing samples in SBF at a temperature of 37—40 °C for a period of 24 to 580 hours with peri-
odic monitoring of the mass and structure of the tested samples.

It is established that the main mechanism of PLA matrices destruction from PLA
formed by the FDM method is the hydrolysis of ester bonds. In this case, hydrolytic degra-
dation is additionally catalyzed by the newly formed carboxyl groups of PLA, as a result
the destruction of massive fragments of three-dimensional structures of tissue-engineered
implants can occur faster, due to the accumulation of lactic acid and localized low pH
values (3.2-3.4).
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To reduce the volume of the polymer (PLA) framework, it is proposed to use the to-
pology of gyroids with a periodic surface of minimum energy, trigonometrically approxi-
mated by the equation cos(x)sin(y) + cos(y)sin(z) + cos(z)sin(x) = 0, to fill the internal vol-
ume, that allows the formation of three-dimensional biocompatible structures with low
density and high strength (Figure 2).

Figure 2. PLA frame model (a) and test sample with a 3D-gyroid structure (b)

The surface of the gyroid with a constant average curvature allows dividing the vol-
ume of the tissue-engineered framework into two congruent labyrinths with the channels
formed in the directions (100) and (111) and passages at an angle of 70.5 degrees to any
channel. The formation of the implant framework filling with a gyroid structure was per-
formed using Slik3 and Ultimaker Cura slicers. The obtained results made it possible
to determine the characteristics of the degradation of three-dimensional PLA scaffold
structures with a gradient density and a variable type of filling of the internal volumes
of the frame (scaffold) and to create a computer model of the biodegradation of 3D-com-
posite PLA structures (Figure 3).
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Figure 3. Localization of stress deformations in a gyroid structure
under loading in the direction [0, 0, 1]
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It was also found that the failure of the gyroid-type structures under mechanical load
has several features related to their geometry and the materials they are made of. In par-
ticular, failure can occur in areas with the highest stress concentrations. In gyroids, such
zones can occur at the points of connection of elements or near defects. In addition, gyroid
structures can respond differently to static and dynamic loads. For example, fatigue cracks
can be expected to form under dynamic loads.

Gyroid structures can exhibit fractal properties to the greatest extent, which affects
the nature of crack propagation and failure. This can complicate the prediction of behavior
under loads.

At the same time, modern gyroid structures can be made adaptive, changing their ri-
gidity in response to changes in loads, which can help avoid failures.

Studying these features can help in the development of more stable and durable PLA
structures based on gyroids, taking into account specific application conditions and the
characteristics of materials with nanoscale fillers.This work was supported by the Belaru-
sian Republican Foundation for Basic Research (Project No. T23KUB-007).
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