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INTRODUCTION: In the last few years,

montmorillonite clay mineral has found

applications in various industries, but especially

in biomedical applications. This is because

montmorillonite is a low-cost product but also

an FDA-approved additive [1, 2]. With the

emerging modern technologies, the benefits of

using clay minerals have also been explored for

the additive manufacturing of customized

medical scaffolds. Due their high specific

surface, swelling capacity, adjustable

rheological behaviour and hydrophilicity, clay

minerals were proved to be suitable candidates

for the obtaining of hydrogel based composites

materials. By blending clay with various

polymer matrices, improvements of mechanical

and biological properties, have been found. It

was also proved that the integration of clay

allowed the obtaining of 3D constructs with high

printing fidelity [3].

In this study, we successfully printed 3D

composite constructs using a biopolymer based

composite ink. Methacrylated gelatine was used

as the biopolymeric ink and several types of

clay as inorganic filler. Through the inclusion of

clay, our goal was to decrease the requisite

polymeric content while preserving printing

fidelity. The presence of clay into the printing ink

influenced the printing parameters of the 3D

constructs but also the morphological and

structural properties of the resulted composite

materials.

Therefore, the present preliminary studies could

be very useful for the development of soft

material based composite inks foreseen for the

additive manufacturing of customized implants

for bone tissue engineering applications.
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CONCLUSIONS: The newly developed GelMA based inks compounded with different types of clay allowed the printing of 3D constructs which will further serve as a

suitable support for the administration of nutrients and oxygen to the target growing tissues. The type of clays induced changes in morphology, structure and

properties of nanocomposite inks, but also to the 3D printed constructs. The biological analyses revealed an enhanced cell proliferation upon increasing time, both

at the surface and inside of the materials, the nanocomposite inks generating biocompatible scaffolds which allowed cells to attach, migrate and proliferate.
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1H-NMR spectra of a) GelMA and b) Gelatin I.  FTIR spectra of: a) Cloisite Na, b) GelMA- Cloisite Na, c) GelMA; 

II.  FTIR spectra of: a) Cloisite 30B, b) GelMA- Cloisite 30B, c) GelMA; 

III.  FTIR spectra of: a) Cloisite 15A, b) GelMA- Cloisite 15A, c) GelMA

X-ray diffractograms with 

the characteristic diffraction peak at 

2θ for GelMA-ClNa, GelMA-Cl15A, 

GelMA-Cl30B

TEM images of a) GelMA-ClNa

and b) GelMA-Cl15A

SEM images showing the microstructure aspect of GelMA, 

GelMA-ClNa, GelMA-30B and GelMA-15A scaffolds 

(magnitude x25, x50, x50, x100, x1000)

Microscopy images in fluorescence  and visible (VIS) light for cell growth in all 

polymers stained for actin (green) and for nucleus (blue); the blurry aspect is 

consistent with the growth of cells inside the materials

Swelling degree of GelMA, GelMA-ClNa, 

GelMA-Cl30B, GelMA-Cl15A

Shear viscosity versus shear rate of inks at 37 °C, B. Elastic modulus versus 

frequency of swollen samples at equilibrum (37 °C), C. Compressive stress 

versus compressive strain of samples at equilibrum (37 °C) 

Water contact angle measurements 

a) GelMA, b) GelMA-ClNa, 

b) c) GelMA-30B, d) GelMA-15A 
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