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1. Introduction – Disadvantages in the use of PLA for tissue engineering applications include the low

osteoconductivity of this biomaterial, its acidic degradation and the deficient cellular adhesion on its

surface [1]. Taking into account these drawbacks, calcium carbonate (CaCO3) and β-tricalcium phosphate

(Ca3(PO4)2, β-TCP) were proposed as additives of PLA-based scaffolds manufactured by the method of

additive manufacturing, under the category of “material extrusion” (ISO/ASTM 52900:2015), commonly

known as fused deposition modeling (FDM). In this work, degradation tests of pure PLA and composite

(PLA:CaCO3:β-TCP 95:2.5:2.5) scaffolds catalyzed by proteinase K enzymes [2] were carried out. This

contribution is part of the project BioAM (DPI2017-88465-R) funded by the Science, Innovation and

Universities Spanish Ministry.

2. Experimental – The 3D printed scaffolds were 9.8 mm in diameter and 7

mm in height. The scaffolds were placed individually in a well-plate and

immersed in 2 mL of 0.05 M pH 8.6 Tris–HCl buffer solution containing 0.2

mg/mL of proteinase K from Tritirachium album (Merck) and 0.2 mg/mL of

sodium azide (Merck). The enzymatic degradation was evaluated at 37°C for

time periods up to 5 and 10 days and the buffer/enzyme solution was replaced

daily. Four replicas of each type of scaffolds were used. Scaffolds incubated

without enzymes in Tris–HCl solution were also evaluated as control samples.

The scaffolds were characterized before and after the degradation test by

optical microscopy to evaluate porosity and pores size, as well as by

thermogravimetric and calorimetric analysis to assess crystallinity changes.

Compression test of all samples was also performed (1 mm/min).

3. Results and Discussion - The scaffolds manufactured had a mean pore size

between 420-520 µm, while after the 10-days degradation test this range is

increased up to 460-580 µm. The higher rate of degradation observed in the

composite scaffolds after 5 and 10 days (Image 1) could be explained by its lower

initial crystallinity (Table I), as degradation is initially targeted at amorphous

structures of the scaffolds [2]. Also, the statistically higher microporosity of

composite scaffolds compared to the pure PLA samples could enhance the

degradation rate at the early steps of the test. Regarding the compression test, a

statistically significant decrease of the elastic modulus after 10 days of enzymatic

degradation was confirmed for both PLA and composite scaffolds, with results still

in the range of values reported for cancellous bone (20–500 MPa) [3].

4. Conclusions – The combination of the PLA matrix with the proposed additives increases the

degradation rate of the 3D printed scaffolds, which is an advantage for the application of the composite

scaffold in the field of tissue engineering, taking into account the large amount of time necessary for the

degradation of PLA structures. The ratio of use of these additives could be adjusted to the degradation

rate required to match the growth rate of new bone tissue.
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Image 1. Weight loss percentage of 3D printed scaffolds at 
the time periods studied. 

Table I. Values determined from TGA 

and DSC analysis. 

Sample 
Tpeak 

(ºC) 
Xc (%) 

PLA 369 57.2 

PLA 5D 369 43.3 

PLA 10D 369 40.0 

COMPOSITE 367 34.3 

COMPOSITE 5D 368 35.9 

COMPOSITE 10D 368 30.0 
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