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Abstract

3D printing by Fused Deposition Modeling (FDM) is characterized as a technology to produce three-
dimensional objects/models from the deposition of successive layers of the molten material of interest,
on a work surface of a 3D printer. Most applications of the technique involve the use of conventional
polymeric filaments for the production of parts with different geometries, which meet the specific
demands of areas such as Engineering, Architecture and Education. In recent years, the manufacture and
use of functional, biocompatible and/or biodegradable polymeric filaments containing active substances
has been gaining prominence in the literature due to the possibility of producing prosthesis, artificial
tissues and medicines with controlled release, at a relatively low cost, high precision and reproducibility.
Here, we present a rapid communication about the possibilities of the FDM 3D printing using polymeric
filaments, for applications in the field of biotechnology.

Introduction

Fused Deposition Modeling (FDM) 3D printing is characterized as a technology for the
manufacture of three-dimensional objects, from successive depositions of layers of a fused
material (usually polymeric-type, available in the form of cylindrical filaments) on a work
surface of a 3D printer [1].
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Figure 1: Number of scientific works published in the 2010-2022 period
(2,383 document results), considering the keywords “3D printing” +
“biomaterials” in the title, abstract or keywords of the document. Source:
Scopus.com (2023).

Currently, most applications in FDM 3D printing involve the use of filaments produced
with conventional thermoplastic polymeric material such as, for example, poly(lactic acid)

Research & Development in Material science 2159


http://dx.doi.org/10.31031/RDMS.2023.18.000948
https://crimsonpublishers.com/rdms/index.php

RDMS.000948. 18(5).2023

2160

(PLA), poly(ethylene terephthalate) (PET) and poly(acrylonitrile-
butadiene-styrene) (ABS), for the production of conventional
objects with different geometries [2,3]. Unconventional filaments
based on biocompatible and (or) biodegradable polymers have also
been investigated for applications in emergency and related areas
in materials science, such as in Biotechnology. As a reference, the
global market for 3D printing for biological applications is forecast
to grow at an annual rate of 21.5% until 2024, with an open field for
research and industrial innovation in the sector [4]. Figure 1 shows
an example of the growing interest of the scientific community in
recent years for research involving 3D printing of biomaterials.

The FDM 3D printing has received attention in the field of
biotechnology for the possibilities of manufacturing biomedical
devices such as artificial tissues and organs, prosthesis, implants
and customized anatomical models and production of solid
solutions for controlled drug release, ensuring greater precision
in the shape of parts, ease of production and user customization
[5]. These new possibilities are directly influenced by advances in
research aimed at developing bio polymeric filaments.

The process to produce filaments for these last applications
is similar to that of conventional filaments, and differs from the
former due to the preference for the use of biopolymers (formed by
macromolecules, which provide biocompatibility, biodegradability
and non-toxicity to organism cells). Poly(vinyl alcohol) (PVA),
poly(vinyl pyrrolidone) (PVP), poly(ethylene glycol) (PEG) and
poly(caprolactone) (PCL) (from synthetic origin), and collagen and
chitosan (from natural origin), have been highlighted among the
main biopolymers for the 3D printing filaments production, with
biological applications [6].

Outstanding applications

Currently, the main applications of FDM 3D printing in
Biotechnology involve the development of artificial prosthesis
and tissues, and pharmaceutical solid solutions. The manufacture
of prosthesis and artificial organs by 3D printing aims to treat
pathologies resulting from accidents, and deformities resulting
from genetic alterations [7-9]. The 3D parts can be used as a model
for in vitro tests (replacing animal and human tests), as graft and/
or biologically active materials, and in surgical planning, taking
into account the anatomy and physiology of the organs. Three-
dimensional models assist professionals to explore the different
possibilities of interventions, gain experience with simulated
surgical procedures and obtain superior results from the action of
materials [4].

Another outstanding application is the production of
customized pharmaceutical solid solutions of polymeric matrix
to safely introduce a pharmaceutical substance into the body, for
a specific therapeutic effect [10]. The first product approved for
successful commercialization for this type of device, produced via
3D printing, was Spritam, which has been used in the treatment of
epilepsy since 2015 [11].

The arrangement of drugs in selective polymeric matrices
emerged with the strategic objective of proposing new kinetic

profiles of drug action, increasing their bioavailability and/or their
delivery to specific organism regions, to the detriment of other
usual forms of administration. 3D printing has proven to be a
technology with great capacity to create medicines in a precise, fast
and simplified process, providing all the necessary characteristics
for the controlled and personalized release of drugs to the patient
[12].

Personalized treatments can help, for example, patients who
need several daily administrations of medication to maintain a
certain functional concentration of the active in the organism.
The use of solid solutions with hydrophilic polymers or with
solubility dependent on the pH of the medium, with a variety of
geometries and concentrations, can change the release profile of
a drug to reduce the number of daily drug administration [8,14].
Another possibility of using the technique is to produce customized
medicines for instantaneous release at the specific site of action, in
order to reduce its side effects [13-15].

Conclusion

A rapid communication about FDM 3D printing polymeric
filaments with applications in biotechnology was presented. In
summary, the mentioned applications of FDM 3D printing have
fulfilled demands in Biotechnology with high precision and
composition control and chemical reactions from the process.
In addition, the technology has a relatively low cost to meet the
requirements of biocompatibility and functionality, compared to
other conventional techniques.
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