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Introduction

Fused deposition modeling (FDM) is one of the additive man-
ufacturing (AM) techniques, also known as a Fused Filament Fab-
rication (FFF). Additive manufacturing refers to the various types 
of three-dimensional printing methods, based on the gradual su-
perimposition of subsequent layers of material, in order to obtain 
a three-dimensional object [1,2]. FDM is one of the most commonly 
used and inexpensive 3D printing technology in medicine and it is 
based on the layering of plasticized thermoplastic polymeric mate-
rial on a mobile platform through the miniature nozzle [3,4]. The 
material is supplied in the form of a thin wire of constant diameter, 
so-called filament. FDM technology also allows the use of CAD mod-
els and images obtained from computed tomography (CT) or mag-
netic resonance (MRI) [5,6]. The following biomedical polymers are 
considered to be used for medical grade filaments production for 
FDM technology: poly-ε-caprolactone (PCL) [7], polylactide (PLA) 
[8], polyvinyl alcohol (PVA) [9], hydroxypropyl cellulose (HPC) 
[10], ethyl cellulose (EC) [11], ethylene vinyl acetate (EVA) [11] or 
thermoplastic polyurethanes (TPUs) [12,13]. Furthermore, poly-
meric systems designed as filaments for 3D printing can be easily 
modified with many inorganic and organic compounds through the 
hot melt extrusion (HME).

 For the improvement of the mechanical, thermal, rheological 
and viscoelastic properties of filaments, fillers and plasticizers can  

 
be applicated [14,15]. Low-molecular-weight plasticizers belong  
to the group of the most commonly used compounds for changing  
properties of polymers. They extend the free space between poly-
mer chains, what has positive effect on the material processing. The 
most popular fillers and plasticizers include tricalcium phosphate 
(TCP) [16,17], triethyl citrate (TEC) [15], hydroxyapatite (HA) [18], 
mannitol [19] or microcrystalline cellulose (MMC) [20]. Moreover, 
filaments can be modified with lubricants (e.g. glycerol) to solve 
the problem of blocking the material inside the nozzle [15,21-23]. 
Polymeric filaments filled with biologically active compounds can 
be applied for producing of tissue scaffolds characterized by en-
hanced biocompatibility and also for printing some polymeric drug 
delivery systems (DDS) such as tablets, patches or intrauterine sys-
tems [23-27]. The most frequently tested pharmaceutical ingredi-
ents for the FDM printed drug delivery systems include prednis-
olone, salicic acid, paracetamol, acetaminophen, theophylline and 
indomethacin [23]. DDS show the ability to controlled and directed 
release of mentioned active agents by changing their pharmacoki-
netic and pharmacodynamic properties, as well as affecting their 
biodistribution, ability to cross the biological barrier and also re-
sistance against metabolic reactions. The main advantage of using 
controlled release systems is to keep the concentration of the active 
compounds in the body in a safe therapeutic range, thus limiting 
the occurrence of side effects resulting from its use. An additional 
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benefit of using DDS is a definitely longer persistence of the active 
substance in the body [23,28,29]. 

Characterization of the Most Popular Modifiers
Hydroxyapatite (HA) is an excellent example of polymers mod-

ifier, which is frequently chosen inorganic filler for fabricating 3D 
scaffolds designed to rebuild bone tissue. Over 70% of inorganic 
composition of the bone mainly consists of hydroxyapatite, which 
makes it suitable component for promoting bone tissue regener-
ation [30]. Furthermore, it has been proven that hydroxyapatite 
has osteoconductive and osteoinductive properties, that result in 
a good cellular and tissue responses, while conducting in vitro and 
in vivo tests [31,32]. In biomedical constructs printed in FDM tech-
nology, hydroxyapatite generally occurs  in compositions with PLA 
[33,34] and PCL [35,36]. Moreover, hydroxyapatite has found appli-
cation as a modifier of filaments made of polyamide (PA) [37] and 
also of PLA/PCL blends of different molar ratio [38]. 

Another usually used modifier of polymers for medical 
application is tricalcium phosphate (TCP). It is an inorganic 
compound characterized by chemical composition and properties 
similar to HA. It was reported that all commercially available calcium 
phosphate ingredients, including TCP, enhances the bioactivity, 
osteoconducitivity, osteoinductivity of printed constructs and also 
increases the formation of bone interface through the composite 
scaffolds [39]. 

The literature provides examples of TCP applications as a 
modifier in the process of extruding filaments made of PCL [17,40], 
PLA [41] and polypropylene (PP) [40-42]. It was also observed 
that TCP in compositions with poly(α-hydroxy acids) improves 
their mechanical properties and biocompatibility. TCP also has an 
ability to buffer acid degradation products of scaffold matrix made 
of poly(α-hydroxy acids), which allows to avoid inflammatory 
effects of tissues [43]. More examples of particular modifiers will 
be provided in the extended review.

Examples of Modified Filaments and Printed Products
In 2016 Corcione et al. [18] evaluated the novel, solvent-free 

method of manufacturing PLA and also PLA/HA composite fil-
aments containing 5% of HA. At the first step, PLA pellets were 
mixed with HA powder in a Rotomoulding machine, at a tempera-
ture close to the melting point of PLA, to obtain homogenous dis-
persion of ceramic compound in the polymer. Afterwards, coated 
pellets were processed into the functional filaments by hot melt 
extrusion technique using a twin screw extruder. Obtained fila-
ments were characterized with a diameter of 1,75 mm. PLA/HA 
composite filaments showed slightly increased flexural modulus in 
comparison to PLA reference filaments. Furthermore, SEM and EDX 
analyses confirmed the homogenous distribution of HA within the 
PLA matrix of the modified filaments. A successful print attempt 
of porous maxillary sinus ultimately affirmed the usefulness of the 
filaments obtained from PLA and HA [18]. 

In 2003 Hutchmacher et al. [32] also reported the possibility 
to fabricate three-dimensional, porous and bioresorbable PCL and 
PCL/HA (90:10) frameworks combined with a fibrynogen hydrogel 
containing human mesenchymal progenitor cells (hMPCs). 

Scaffolds were prepared by fused deposition modeling (FDM) 
in order to obtain fully interconnected and honeycomb pore ar-
chitecture. Each scaffold was characterized by lay-down pattern 
of 0/60/120° and a porosity equal 65%. The results of scanning 
electron microscopy (SEM) and confocal laser microscopy (CLM) 
indicated the adhesion of hMPCs onto the both types of fibers and 
bridging the pores of both constructs through the formation of 
extracellular matrix (ECM) after 2 weeks of cultivating. 3 weeks 
from the beginning of culture, both kinds of scaffolds revealed 
architecture completely filled with cells and extracellular matrix 
(ECM), what was proved by SEM and phase-contrast microscopy 
(PCM). Moreover, a significant quantity of cells exhibited activity 
throughout the entire cultivating period and imaging data revealed 
no differences in proliferation patterns between PCL and PCL- HA 
constructs. Metabolic assays exhibited, that hMPCs revealed the 
greatest differentiation along osteogenic, chondrogenic and adipo-
genic lineages through both types of scaffolds [32]. 

The next example of modified filament was investigated by 
Kalita et al. [42]. They obtained biocompatible PP/TCP composite 
material and processed it into porous scaffolds for hard tissue 
engineering. PP and TCP were compounded together with 
processing aids such as hard paraffin (lubricant) and vegetable oil 
(plasticizer), using torque rheometer for 30 min at 170°C. Then, a 
single screw extruder was used to produce the filament of diameter 
1,78 mm. The final composition contained 20,5% of TCP. Obtained 
TCP- modified filament was used to print tissue scaffolds of 
different internal architecture and also compared with constructs 
made of neat PP and also PP/processing aids filaments. PP/TCP 
compositions were characterized by the highest elastic modulus. 
Biological assays confirmed that manufactured scaffolds were not 
toxic for modified human osteoblast cell-line (HOB). Furthermore, 
during the first 2 weeks of in vitro testing the excellent cell growth 
was observed [42]. 

Conclusion
In summary, it was found that FDM 3D printing technology 

could find a niche in the wide range of biomedical applications. Un-
fortunately, the quantity of polymeric biomaterials suitable to pro-
cessing into filaments is still limited. The most commonly consid-
ered biomaterials for producing medical constructs such as bone 
grafts, soft tissue scaffolds or another DDS include PCL, PLA, PVA, 
HPC, EVA copolymer, EC and TPUs. These materials should exhibit 
appropriate properties depending on the intended application, so 
to improve their mechanical and biological characteristics, numer-
ous modifiers such as TCP, HA, TEC, MMC and also wide range of 
pharmaceuticals may be used. The description of the modifiers in 
the point 2 and examples of filaments and printed constructs in-
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cluded in the point 3, allows to consider that the mentioned mod-
ifiers are promising compounds for producing filaments with in-
creased biocompatibility and also mechanical, thermal, rheological 
and viscoelastic properties of filaments.
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